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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 .  

4 A. D6RGE, R. RICK, [(. GEHRING, J. MASON and K. THURAU, J. 
Microsc. Biol. cell. 22, 205 (1975). 

5 R. STXMP~'I.I, in Physiologic des Menschen (Eds. O. H. GAUER, 
I{. I~RAMER and R. J'UNC; Urban und Schwarzenberg, Mtinehen, 
]3erlin, Wien 1971), p. 37. 

6 W. STOECI4ENIUS and K. ZEIGER, in Ergebnisse der Anatomic und 
Entwicklu•gsgeschichte (Springer Verlag, Berlin, G6ttingen, Heidel- 
berg 1956)~ vol. 35, p. 419. 
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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. 

1 S. STRANDGAARD, J. OLESEN, E. SKINIIOJ and N. A. LASSEN, 
Br. reed. J. /, 507 (1973). 
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Cerebral  v e n o u s  o x y g e n  t ens ion  (cPvO2), cor rec ted  b y  a 
s t a n d a r d  p H ,  was  used  as an  i ndex  of cerebral  b lood flow. 

Ar te r ia l  c a r b o n  dioxide  t e n s i o n  (PaCOe) was  m a i n t a i n -  
ed r a n g i n g  b e t w e e n  33 a n d  43 m m  H g  a t  t he  cont ro l  
s ta te ,  an d  t h e n  s y s t e m i c  blood p ressu re  was  lowered 
s tepwise  b y  b leeding  a n i m a l s  or  b y  i.p. in jec t ion  of h y p o -  
t ens ive  a g e n t s  su ch  as  h e x a m e t h o n i u m  or p h e n t o l a m i n e .  
Af te r  r e a c h i n g  the  d i f fe ren t  blood pressure  level and  re- 
m a i n i n g  for a t  l eas t  5 m i n  c o n s t a n t ,  a n o t h e r  blood 
s amp le  was  ob t a ined .  A t  t he  h y p o t e n s i v e  s t a t e  below 
40 m m  H g  of m e a n  a r te r i a l  p res su re  (MAP) in N T R  or 
60 m m  H g  in S H R ,  t he  r e sp i ra t ion  r a t e  was  r educed  
a rb i t r a r i l y  for p r e v e n t i n g  t he  lowering of PaCO 2. 
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MEAN ARTERIAL PRESSURE (MHRG) 

Cerebral autoregulation in normotensive and spontaneously hyper- 
tensive rats. Cerebral venous oxygeH tension is an index of cerebral 
blood flow. The lower blood pressure limit of cerebral autoregulation 
(arrow mark) is 62 mm Hg in NTR and 95 mm Hg in SHR, respective- 
ly. 

Table I. Correlation of mean arterial pressure (MAP} to cerebral 
venous oxygen tension (cPvOo,) in NTR and SHR 

Group MAP range Regression Correlation Probability 
(ram Hg) equation coefficient (p) 

(r) 

NTR 60-100 ~ -- 0.08x + 25.9 0.315 > 0.10 
% 60 y = 0.45x + 4.07 0.886 < 0.001 

SHR 90-180 y ~ 0.06x -t- 26.1 0.234 > 0.10 
90 y ~ 0.23x + 9.67 0.620 ~ 0.001 

y, cPvO 2 (toni Hg); x, MAP (ram Hg). 

Table ll. Arterial carbon dioxide tension (PaCO2) at various MAP 
level in NTR and SHR 

Group MAP range No. of PaCO2 
(mm Hg) determination (ram Hg) 

NTR >_ 80 9 36.9 z}- 1.2 
60- 79 7 37.7 ~ 1.6 
40- 59 7 36.0 ~ 1.6 

% 40 8 26.6 ~- 1.5 

SHR >_ 140 10 35.4 =1= 1.2 
100-139 8 38.0 z[_ 1.9 
60- 99 9 33.0 ~ 2.2 

< 60 11 28.1 ~I_ 2.0 

W h e n  t he  e x p e r i m e n t  was  comple t ed ,  t h e  b ra in  a n d  the  
skul l  w i th  a screw r e m o v e d  en bloc for gross  obse rva t i ons  
of v e n o u s  c a n n u l a t i o n  a n d  sur face  of t h e  bra in .  T h e  ani-  
ma l s  were d i sca rded  if t he i r  b r a in  was  d a m a g e d  b y  the  
p l a c e m e n t  of a hol low screw. 

R e s u l t s .  The  F igu re  dep ic t s  t h e  r e l a t ionsh ip  be tw e en  
M A P  a nd  c P v O  2 as cerebra l  b lood flow ind ica to r  in N T R  
a nd  S H R .  The  lower blood p ressu re  l imi t  of a u t o r e g u l a -  
t ion  was  62 m m  H g  in N T R  a nd  95 m m  H g  in S H R .  A t  
M A P  r a n g i n g  f rom 100 to  60 m m  H g  in N T R ,  cPvO~ 
r e m a i n e d  u n c h a n g e d  desp i t e  c h a n g e s  in MAP,  i nd i ca t i ng  
t h a t  cerebra l  a u t o r e g u l a t i o n  was  n o r m a l l y  func t ion ing ,  
w he re a s  a t  M A P  below 60 m m  H g  the re  was  a h i g h l y  
s ign i f i can t  cor re la t ion  b e t w e e n  2 p a r a m e t e r s  as s h o w n  in 
Tab le  I (r ~ 0.886, p < 0.001), i nd i c a t i ng  t he  i m p a i r m e n t  
of a u to r e gu l a t i on .  In  S H R ,  cerebra l  a u t o r e g u l a t i o n  was  
p r e se rve d  n o r m a l l y  a t  M A P  r a n g i n g  f rom 180 to 90 m m  
Hg,  below w h ic h  c P v O  2 was  dec reased  as M A P  fell, 
cor re la t ion  be tw e e n  2 p a r a m e t e r s  be ing  h i g h l y  s ign i f i can t  
(r = 0.620, p < 0.001). Cerebral  P v O  2 a t  t h e  au to -  
r e g u l a t o r y  r ange  of M A P  be ing  35 m m  H g  was  t h e  s a m e  
in b o t h  N T R  a n d  S H R .  

Ta b l e  I I  s u m m a r i z e s  PaCO2 in N T R  a n d  S H R  a t  the  
va r i ous  M A P  level. Pa CO  2 r e m a i n e d  u n c h a n g e d  d u r i n g  
M A P  r a nge  f rom 100 to  40 m m  H g  in N T R ,  a nd  f rom 180 
to  60 m m  H g  in  S H R ,  respec t ive ly ,  below w h i c h  level 
Pa CO  2 was  a p p a r e n t l y  lowered desp i te  the  r e sp i ra t ion  
be ing  cont ro l led  m e c h a n i c a l l y  b y  r e duc ing  t h e  rate .  
Cerebra l  P v O  2 h a d  a l r e a d y  decreased  below the  re s t ing  
va lue  a t  t h e  low p re s su re  level  before  PaCO~ s t a r t e d  to 
fall. Therefore ,  a c o n c o m i t a n t  h y p o c a p n i a  a t  severe  
h y p o t e n s i o n  m a y  no t  h a v e  a d i rec t  in f luence  on t h e  level 
of t he  lower l imi t  of cerebra l  a u t o r e g u l a t i o n  in e i ther  
group.  

D i s c u s s i o n .  A l inear  cor re la t ion  was  found  to ex is t  
a m o n g  t he  i n t e rna l  j u g u l a r  P v O  2, cerebral  b lood flow 
a nd  PaCO 2 in h e a l t h y  subjec ts2 ,  a. I t  ind ica tes  t h a t  
c P v O  2 m i g h t  p rov ide  a usefu l  i nde x  of cerebral  b lood 
flow. In  t he  p r e s e n t  s t u d y ,  c P v O  2 w i th  correc t ion  b y  a 
s t a n d a r d  p H  was  e m p l o y e d  as a n  ind ica to r  of cerebra l  
blood flow, since th i s  cor rec t ion  m i g h t  m in imiz e  t he  var ia -  
t ion  of c P v O  2 due  to  a n  i nd iv idua l  d i f ference in p H  or 
PCO 2, a nd  r e p re se n t  t he  more  a c c u ra t e  va lue  of cerebral  
b lood flow. 

M a n y  o b s e r v a t i o n s  ind ica te  t h a t  t he  lower l imi t  of 
cerebra l  a u t o r e g u l a t i o n  lies b e t w e e n  50 a n d  80 m m  H g  
of M A P  in n o r m a l  s u b j e c t s  as well  as in a n i m a l s 4 - L  
w he re a s  in h y p e r t e n s i v e  p a t i e n t s  it  is sh i f t ed  to t he  h ighe r  
blood p re s su re  level1. Poss ib ly  th i s  is a m e c h a n i c a l  effect  
as  a c onse que nc e  of h y p e r t r o p h y  of t he  a r te r io la r  walls.  

E i t h e r  caro t id  or v e r t e b r a l  s y s t e m  is well deve loped  in 
N T R  as well as S H R .  T h e  c on f igu ra t i ons  of t he  circle of 
Wil l is  do n o t  differ  in  b o t h  g roups .  T h o u g h  s t a t i s t i ca l ly  
ins ign i f ican t ,  t h e  d i a m e t e r  of m a j o r  cerebral  ar ter ies ,  
pos te r io r  c o m m u n i c a t i n g  a r t e r y  a n d  bas i la r  a r t e r y  is 
s o m e w h a t  smal l e r  in S H R  t h a n  in  N T R  8. However ,  t he re  
is n e i t h e r  t h i c k e n i n g  of t h e  vesse l  wai ls  nor  a b n o r m a l i t i e s  
of t he  u l t r a s t r u c t u r e  of i n t r ace reb ra l  a n d  pail  a r te r ies  in 
b o t h  g roups  8. 

Values are mean ~ SEM. 

2 H. WOLLMAN, S. C. ALEXANDER, P. J. COHEN, P. E. CHASE, ]~. 
MEL.~IAN and M. G. BEHAR, Anesthesiology 25, 180 (1964). 

3 J. G. VIANGOS, P. H. SECHZER, A. S. KEATS and rvL E. DEBAKEY, 
Circulation 34, 875 {1966). 

4 N. A. LASSEN, Physiol. Rev. 39, 183 (1959}. 
5 j .  OLESEN, Neurology 22, 978 (1972). 
6 M. FUJISHIMA, Jap. Heart J. 12, 376 (1971). 

B. EKLOG D. H. INGVAR, E. Ks and T. OLIN, Acta physiol. 
scand. 82, 172 (1971). 

s j .  OGATA, M. FUJISHIMA, Y. MOROTOMI and T. O.~IAE, Stroke, in 
press (1976). 
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Although  the  morphologica l  difference of the  cerebral  
vascu la ture  be tween  N T R  and  S H R  is minimal ,  vaso- 
d i la tory  response  of cerebra l  ar ter ies  to  t he  lowering of 
M A P  seems insuff ic ient  in SHR,  resul t ing  in the  lower 
l imit  of au toregula t ion  to  be shif ted to  95 m m  Hg of MAP, 
which is appa ren t l y  h igher  t h a n  t h a t  in NTR.  

The lower l imit  of au toregu la t ion  is also a l tered  by  
anes the t ic  or changes  in PaCO~",l~ H y p e r c a p n i a  m a y  
to ta l ly  impai r  the  au toregula t ion  or raise the  lower l imit  
upwards ,  whereas  hypocapn ia  m a y  have  an adverse  
effect  on the  autoregula t ion .  

In  our  previous  studies,  b i la tera l  carot id  a r t e ry  occlu- 
sion caused an ex t r eme ly  h igh  mor t a l i t y  1~, a ma rk ed  
increase in anaerobic  glycolyt ic  metabo l i t es  of the  
bra in  12, and d i f fuse-extens ive  cerebral  infarc ts  in S H R  8, 
while a lower mor ta l i ty ,  a min imal  increase in me t ab -  
olites and smal l -c i rcumcr ibed  infarc ts  were observed  in 

NTR.  These biochemical  and  histological  changes  follow- 
ing bi la tera l  caro t id  occlusion in S H R  seem a t t r i bu t ed  to  
the  h e m o d y n a m i c  difference r a t h e r  t h a n  the  morpholog-  
ical difference of t he  cerebral  ar ter ies  be tween  two 
groups.  I t  is l ikely t h a t  cerebral  perfus ion pressure follow- 
ing caro t id  occlusion m i g h t  fall below the  lower l imit  of 
au toregula t ion  in SHR,  bu t  no t  in NTR.  

9 ]c~. HA.GGENDAL and B. JOHANSSON, Acta physiol, scand. 66, suppl. 
258, 27 (1965). 

Io A. L. SMITH, J. L. NEIGH, J. C. HOFFMAN and H. WOLLMAN, J. 
appl. Physiol. 29, 665 (1970). 

11 M. ]:~UJISHIMA, J. OGATA, T. SUGI alld T. OMAE, J. NeuroI. Neuro- 
surg. Psychiat., in press (1976). 

n M. FUDSmMA , T. SUGI, Y. MOROTO~I and T. OMAE, Stroke 6, 62 
(1975). 
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H y p e r t e n s i v e  R a t s  
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Fu#uoka City 812 (Japan), 72 January 7976. 

Summary. In  SHR,  CBP fell marked ly  and remained  below 50 m m  Hg af ter  carot id  occlusion despi te  SBP  being ele- 
va ted ,  while in N T R  changes  in CBP were re la ted  wi th  changes  in SBP. Vascular  res is tance  of the  bra in  in hype r t ens ive  
ra t s  is discussed. 

Bi la teral  caro t id  a r t e ry  occlusion causes a diffuse and  
ex tens ive  cerebral  infarc t ion  in spon taneous ly  h y p e r t e n -  
sive ra t s  (SHR)1, resul t ing  in a grea t  increase in lac ta te  
and  l ac t a t e -py ruva t e  ra t io  2, and  a h igh  m o r t a l i t y  a, 
whereas  in no rmotens ive  ra t s  (NTR) it causes a min imal  
metabol ic  and  histological  change  of the  brain.  These 
observa t ions  suggest  t h a t  cerebral  perfus ion pressure  fol- 
lowing bi la tera l  caro t id  occlusion m i g h t  fall by  a grea te r  
e x t e n t  beyond  the  lower l imit  of cerebral  au toregula t ion  
in S H R  t h a n  in NTR,  wi th  consequen t ly  severe ischemic 

changes  of the  brain�9 In  the  p re sen t  s tudy,  carot id  back  
pressure  as an index of cerebral  perfus ion pressure  was 
measured  before and af ter  carot id  occlusion in N T R  and  
SHR.  

1 j .  OGATA, M. FUJISHIMA, Y. IV[oROTOMI and T. OMAE, Stroke,  
in press (1976). 

2 M. FUJISItlMA, "]'. SUGI, Y. MOROTOMI and T. O~t~E, S t roke  6, 62 
(1975). 

3 M. FUJIStIIMA, J.  OGATA, T. SUGI and T. OMAE, J. Neurol. Neuro- 
surg. Psychiat., in press (1976). 
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Fig. 1. Correlation between carotid 
back pressure and systemic blood 
pressure before and after bilateral 
carotid artery occlusion in nor- 
motensive rats (NTR) and spon- 
taneously hypertensive rats 
(SHR). Open circle indicates 
systemic blood pressure being 
changed by drugs or bleeding. A 
dotted line designates a critical 
carotid back pressure level cal- 
culated from the lower systemic 
blood pressure limit of cerebral 
autoregulation (a solid line). 


