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Mittleres Trockengewicht der T epm/g Troekengewieht 
Anzahl Statistisehe Sieherung 

Kostalknorpel von je zwei Tieren ] Mittelwert 
-f 

12 Normaltiere, Gewicht 280-300 g . 0,45 g I 930 4- 148 cpm n = 6 Unterschied s tark 
36 Skorbuttiere, Gewicht 180-200 g. 0,38 g ~ 475 4- 34 epm n = 18 gesichert (t-Verteilung) 

Norma l t i e r e  e rh ie l t en  infolgedessen in nnse r en  Versuchen ,  
bezogen auf  ih r  KSrpergewich t ,  r u n d  ein D r i t t e l  weniger  
Schwefel  als die l e ich te ren  S k o r b u t t i e r e .  Dieser  U m s t a n d  
m a c h t  es erkl/irlich, dass  die Di f fe renz  des a u f g e n o m m e n e n  
Schwefels zwischen Norma l -  u n d  S k o r b u t t i e r e n  in unse r e n  
Ve r suchs re ihen  u m  f u n d  ein Dr i t t e l  k le iner  wa r  als jene  
der  Tiere v o n  REDDI u n d  NORSTROM. 

B. JAsI/~SKI und  R. LOTMAR 

R h e u m a k l i n i k  und  Ins t i tu t  liar Phys ikal i sche  Therapie  
der Universitdt  Ziirich und  Robapharm A G., Basel, 27. A p r i l  
1959. 

S u m m a r y  

The u t i l i za t ion  of s u l p h a t e  label led  w i t h  S ~5 to the  syn-  
thesis  of c h o n d r o i t i n  s u l p h a t e  of t he  ca r t i l age  of n o r m a l  
a n d  scorbu t ic  gu inea  pigs has  been  e x a m i n e d .  The  a v e r a g e  
inco rpo ra t ion  of S 35 in t he  cos ta l  ca r t i l age  in t he  de f ic ien t  
a n i m a l  was a b o u t  one ha l f  t h a t  of the  normal .  

Changes in Cerebral Blood Supply Caused 
by Changes in the Pressure Drop along 

Arteries to the Brain of the Cat 

The  res i s tance  of a v a s c u l a r  bed  is usua l ly  e s t i m a t e d  
f rom s i m u l t a n e o u s  records  of the  b lood flow a n d  t he  
a r t e r i ovenous  p ressure  drop.  Since the  m a j o r  p a r t  of th i s  
pressure  d e c r e m e n t  is usua l ly  be l ieved  to occur  a t  t h e  
level of t he  t e r m i n a l  a r te r ies  a n d  a r t e r io lesL  the  u p s t r e a m  
pressure  is r ega rded  as be ing  equa l  to  t he  sy s t emic  b lood 
pressure  wh ich  is r ecorded  in a large a r t e ry .  However ,  
when  ar te r ies  are  long a n d  na r row,  t h e i r  r es i s t ances  c a n n o t  
be  neglected.  I n  such  cases, t h e r e  m a y  also be  a fall in  
pressure  in  t h e  ar te r ies  t h e m s e l v e s  a n d  t h i s  m a y  v a r y  in 
r e l a t ion  to changes  in a r t e r i a l  b lood flow a n d  to c h a n g e s  in 
a r te r ia t  cal ibre.  As a consequence ,  w h e n  a n u m b e r  of 
vascu la r  beds  are coupled  in para l le l  a t  t he  end  of a n a r r o w  
a r t e ry ,  a s t rong  v a s o d i l a t a t i o n  in one  of t h e m  m a y  cause  
a r ed i s t r i bu t ion  of t he  flow of b lood  a t  t he  expense  of t h e  
others .  

The  ob jec t  of t h e  p r e s e n t  i n v e s t i g a t i o n  was to  de te r -  
mine  w h e t h e r  or no t  the  res i s tance  of t he  a r te r ies  to  the  
ca t ' s  b r a in  is large enough  to in f luence  t he  ce rebra l  b lood 
flow (SCHMIDT a n d  HENDRIX~). The  a r t e r i a l  a n a t o m y  of 
the  head  of t he  ca t  differs m a r k e d l y  f rom t h a t  of t h e  
h u m a n ,  for in t he  ca t  t he  i n t e rna l  ca ro t id s  are  usua l ly  
smal l  or  a b s e n t  whereas  t he  e x t e r n a l  ca ro t ids  h a v e  
a n a s t o m o t i c  b r a n c h e s  to the  circle of Wil l is  t h r o u g h  a fete 
mirabile 3. The  bas i l a r  a r t e r y  is usua l ly  well deve loped .  
The  re la t ive  p ropor t i on  of ca ro t id  a n d  v e r t e b r a l  a r t e r i a l  

E. M. LANmS, Heart 15, g09 (1929-1931). 
C. t ?. SCHMIDT and J. P. HENDRIX, Res. Publ. Ass. nerv. ment. 

Dis. 18, ~29 {1937).--C. F. SCHMIDT, The Cerebral Circulation in 
Health and Disease (Thomas, Springfield 1950).--U. S6DERBERG and 
N. WECKMAN, Aeta radiol. 50, 317 (1958). 

8 p. M. DANIEL, J. D. K. DAWES, and M. M. L. PRICHARD, Philos. 
Trans. [B] 237,173 (1953). 

pressures  d e t e r m i n e s  t h e  pos i t ion  of the  ' d e a d  p o i n t '  of 
flow in t h e  a r te r ies  be low the  base  of the  b r a i n  4. U n d e r  
n o r m a l  condi t ions ,  th i s  p o i n t  is s i t u a t e d  in t h e  ros t ra l  end 
of t h e  bas i l a r  a r t e ry .  W e  h a v e  t r i ed  to  solve our  p rob lem 
b y  c o m p a r i n g  cor t ica l  b lood  flow a n d  pressure  in the  
a n t e r i o r  p a r t  of t h e  bas i l a r  a r t e r y  d u r i n g  va r ious  experi-  
m e n t a l  cond i t ions .  Since t h i s  p ressure  was somet imes  
found  to be  m u c h  lower t h a n  the  sys t emic  b lood  pressure,  
ou r  n e x t  p r o b l e m  was to  d e t e r m i n e  w h e t h e r  t h e  pressure  
decreased  all a long  the  c ran ia l  ar ter ies ,  or w h e t h e r  t h e  fall 
was conf ined  to t h e  a b o v e m e n t i o n e d  rete. T h e  physio-  
logical effect  of t h e  p ressure  d r o p  in t h e  c ran ia l  ar ter ies  
was also s tud ied  b y  record ing  the  e lec t rocor t i cogram.  

Melhods . - -A l l  t he  ca t s  were a n a e s t h e t i z e d  w i th  'Nem-  
buta l"  (40 m g / k g  in t r ape r i tonea l ly ) .  A few of t h e m  were, in 
add i t ion ,  immobi l i zed  w i t h  ' F l a x e d i l '  a n d  ar t i f ic ial ly  
ven t i l a t ed .  Blood pressures  were r ecorded  b y  s t r a i n  gauge 
m a n o m e t e r s  which  showed  v e r y  l i t t le  c h a n g e  in vo lume  
d u r i n g  large changes  in pressure .  The  bones  of t h e  base  of 
t h e  skul l  were r emoved ,  a n d  t h e  bas i l a r  a r t e r y  was ex- 
posed,  l iga ted  a n d  c a n n u l a t e d  w i t h  a f ine n y l o n  t u b e  or 
glass p i p e t t e  c o n n e c t e d  to the  t r a n s d u c e r  w i th  a wide-bore  
p o l y e t h e n e  ca the t e r .  T h e  sys t emic  b lood  pressure  was 
m e a s u r e d  t h r o u g h  a c a t h e t e r  in t h e  femora l  or iliac ar tery .  
Cxortical b lood  flow was d e t e r m i n e d  b y  t h e  m e t h o d  of 
INGVAR a n d  S6DERBERG ~ in w h i c h  t h e  ou t f low f rom the  
c a n n u l a t e d  super io r  s ag i t t a l  s inus  is r eco rded  w i t h  an 
e lec t ron ic  d rop  coun te r .  T h e  bones  of t h e  skul l  were re- 
m o v e d  as fa r  as was  necessa ry  to i n t e r r u p t  all  i m p o r t a n t  
an a s t o mo s es  to t h e  diploic veins.  T h e  a n i m a l  was  com- 
p le te ly  hepa r in i zed  an d  t h e  s inus  c a n n u l a t e d .  T h e  du ra  
was covered  w i t h  cellulose sponge  a n d  t h e  b o n y  defect  
r epa i red  w i t h  d e n t a l  a c ry l a t e  c emen t ,  mo lded  to  form a 
w a t e r t i g h t  seal a r o u n d  t h e  s inus  cannu la .  T h e  free end  of 
the  c a n n u l a  was k e p t  in a f ixed pos i t ion  r e l a t i v e  to the 
s inus.  The  b lood was r e t u r n e d  to  t h e  a n i m a l  b y  in t ra-  
v e n o u s  infus ion  a t  a r a t e  equa l  to  t h e  outf low.  The  
e l ec t rocor t i cogram (EEG)  was o b t a i n e d  w i t h  s i lver  ball  
e lec t rodes  i m p l a n t e d  ep idu ra l l y  a n d  a n  Offner  electro-  
en cep h a l o g rap h ,  t y p e  A. 

Resu l t s . - In  an i ma l s  j u d g e d  to be  in good condi t ion ,  the 
bas i l a r  a r t e r y  pressure  was  in i t i a l ly  70 to  9 0 %  of the  
sys temic  level. The  pulse  pressure  recorded  was usual ly  
v e r y  smal l  even  w h e n  t h e  p ressure  was m e a s u r e d  wi th  a 
t r a n s d u c e r  t h a t  h a d  a v o l u m e  def lec t ion  as low as 
0.1 mma/100  m m  Hg% 

W e  h a v e  conf i rmed  t h e  o b s e r v a t i o n  of SCHMIDT and 
HENDRIX t h a t  e x t r a c r a n i a l  vasocons t r i c t i on ,  e.g. elicited 
b y  weak  s y m p a t h e t i c  s t i m u l a t i o n ,  f a v o u r e d  t h e  flow of 
blood to  t h e  b ra in .  T h i s  effect  is due  to  a r e d u c t i o n  in the 
pressure  d rop  f rom t h e  sys t emic  c i r cu la t ion  to  t h e  cerebral  
ar ter ies ,  as  a consequence  of r ed u ced  b lood flow th rough  
those  e x t r a - c r a n i a l  t i ssues  t h a t  are  suppl ied  b y  t h e  ex- 
t e r n a l  caro t ids .  Converse ly  t h i s  p ressure  d rop  was ex- 
a g g e r a t e d  d u r i n g  a s t a t e  of e x t r a c r a n i a t  vasod i l a t a t ion  
caused ,  for example ,  b y  sec t ion  of t h e  s y m p a t h e t i c  nerves. 

4 D. A. McDoNALD and J. M. POTTER, J. Physiol. 114, a56 (1951). 
5 D. H. INGVAR and U. S6DERBERG, Acta physiol, seand. 42, 130 

(195s). 
s Statham transducer P'23 g. 
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St rong s y m p a t h e t i c  s t imula t ion  was required to produce 
in t racrania l  vasoconst r ic t ion .  This  d imin i shed  cortical  
blood flow 7, but ,  as a rule, also reduced  basi lar  pressure  
(Fig. 1 a and  b). We have  concluded f rom our records and 
from di rec t  inspect ion  of t he  blood vessels t h a t  th is  re- 
duct ion  in cerebral  blood flow is main ly  due to cons t r ic t ion  
of arteries.  

On the  o the r  hand ,  vasod i l a t a t ion  of small  cerebral  
vessels, el ici ted by  acety lchol ine  (Fig. 1 c), e the r  and  
some o the r  subs tances ,  was  somet imes  more  p ronounced  
than  one would expec t  f rom compar ing  records  of sys temic  
pressure and  of cort ical  blood flow, because there  was 
general ly an  increase in t he  pressure  g rad ien t  f rom the  
carot id  to the  basi lar  a r te ry .  

The basi lar  pressure  was no t  a l inear funct ion of the  
sys temic  pressure  w h e n  the  la t t e r  was a l te red  artificially.  
There seems to  be increased ar ter ia l  tone  in response  to 
very  h igh  pressures.  In  addi t ion ,  ve ry  low pressures  
favoured  the  cons t r i c t ion  t h a t  could be induced by  sym-  
pa the t i c  s t imula t ion .  However ,  the  effects are diff icul t  to  
evaluate  because of the  changes  in blood flow t h a t  follow 
al tered pressure.  

Noradrena l ine  elicited the  same effects  as s y m p a t h e t i c  
s t imula t ion  bu t  ar ter ial  cons t r ic t ion  could only  be induced  
by fairly unphysiologica l  doses (Fig. 1 d, e, and  /). There  
was a synerg ism be tween  s y m p a t h e t i c  ac t iv i ty  and  nor- 
adrenal ine.  The  ar ter ia l  cons t r ic t ion  elicited by  these  pro-  
cedures was also favoured  by low sys temic  blood pressure  
and by  mechanica l  s t imula t ion  of the  ar ter ies ,  e.g. dur ing  
the dissect ion a t  the  beg inn ing  of the  expe r imen t .  
Adrenal ine  had  an effect  s imilar  to t h a t  of noradrena l ine  
but  weaker ,  and  was also found to di la te  small  cerebra l  
vessels. 

The ar ter ia l  spasm seen a f te r  s t rong  s y m p a t h e t i c  
s t imula t ion  could lead to  comple te  occlusion of t he  
vessels. This  occurred bo th  a t  the  caro t id  level and inside 
the skull, and  was d e m o n s t r a t e d  by  c lamping  the  carot id 
ar tery .  In  those  cases where  the  caro t id  was a l ready  
occluded on  one side,  a c l amp  on the  same side had  no 
effect on the  basi lar  pressure  or on the  cerebral  blood 
flow-. W h e n  ar ter ies  inside the  skull  were s t rong ly  con- 

s t r ic ted ,  a c l amp on the  ca ro t id  caused  a fu r the r  r educ t ion  
of the  basi lar  pressure.  However ,  th is  e x p e r i m e n t  c a n n o t  
be done in all an imals  s ince the re  is o f t en  a cons iderable  
a s y m m e t r y  in the  vascula r  s u p p l y  of the  ca t ' s  bra in .  
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Vig. l . -Ca t  2-6 kg. Nembutal. Pairs o[ records of femoral (upper) 
and basilar (lower) pressures. Calibrations in mm ltg to the right. 
Signals from the femoral pressure transducer electronically damped. 
a and b: Between marks, electrical stimulation of the left cervical 
sympathetic trunk ('2V in a, 4V in b) 11;1 pulses per see. c, d and e: 
The effect of 1, 12 and :l ~g respectively of l-noradrenaline HCI in- 
jeeted into the left carotid artery through a eannula in the lingual 
artery. /: The effect of 1 txg acetylctmline injected by the same route. 
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B. HOL~tQVIST, D. H. INGVAR, and B. SIESJ6, Acta physiol. A similar  a s y m m e t r y  was also found in the  d e v e l o p m e n t  
stand. 40, 146 {1957). of the  carot id  sinus. Thus ,  when  c lamping  the  c o m m o n  

I ! 
T rain 

Fig. 2 . -  Cat 3.6 kg. Nembutal. Blood pressure of basilar (above) and femoral (helow) arteries. Calibrations to the right. As indicated, right 
or left common carotid artery occluded. Note large pressure fall in the basilar artery coincides with strong carotid sinus reflex. 
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Fig. 3.--Cat 3.9 kg. Nembutal. Records from above: EEG from the cruciate region; basilar and femoral blood pressures (calibrations to 
the right), a : Two continuous records from the lightly anesthetized animal. Between vertical lines we tried to open the jaws and elicited 
a closing reflex and an 'arousal' reaction that is traced to the middle of the second record. Note irregular fall of basilar pressure, b: Cat 

now immobilized with 'Flaxedil', Opening the jaws reduces basilar pressure to zero and EEG shows depressed cortical activity. 

carot id  a r t e ry  was  followed by  decreased  basi tar  pressure  
and  reduced  cor t ica l  b lood flow, t he re  was  a lways  a s t rong  
carot id  sinus reflex raising the  sys temic  blood pressure,  
whereas  in those  cases where  the  anas tomoses  were b a d l y  
developed be tween  the  ca ro t id  a r t e ry  on one side and  the  
circle of Willis, the  ref lex f rom the  sinus region on the  
same side was weak or absen t  (Fig. 2). 

Arter ia l  occlusion was also ob ta ined  a f t e r  large doses of 
serotonin.  In  one exper imen t ,  th is  spasm was re leased by  
a serotonin  an tagon i s t  8. 

Wide separa t ion  of t he  an imal ' s  jaws  caused a mechan i -  
cal occlusion of t he  b lood  vessels be tween  t h e  caro t ids  and  
the  circle of Willis. In  the  i n t ac t  anes the t i zed  animal ,  
jaw opening to  the  cri t ical  angle of 30 ° to  40 ° or more  
caused reflex closure, b u t  in t he  curar ized p r e p a r a t i o n  
where this  reflex is abolished,  comple te  a r res t  of ar ter ia l  
flow could be ob ta ined  by  passive separa t ion  of the  jaws, 
Electr ical  s t imula t ion  of t he  l ingual  nerve  could evoke 
m o u t h  opening  to such  an  angle  t h a t  t he  cerebra l  b lood 
flow was s ignif icant ly  lowered. 

The ver tebra l  and  basi lar  ar ter ies  are no t  large enough  
to replace the  carot ids  dur ing  a s t rong  ca ro t id  con-  
str ict ion.  Therefore,  all procedures  t h a t  ser iously reduced  
the  carot id  blood flow also inf luenced bra in  funct ion.  
Slow waves,  or even f la t t en ing  of t he  E E G  records  could 
the reby  be induced (Fig. 3). Inc reased  tone  in skeletal  
muscle, s imilar  to t h a t  seen af ter  anemic  decerebra t ion  
according to POLLOCK a n d  DAVIS 9, was  ~lso observed  
dur ing  const r ic t ion of the  carot id  arteries.  

Conclusion.--The pressure drop  in the  ex t ra -  and  in t ra-  
cranial  por t ions  of the  arteries to  the  ca t ' s  b ra in  is some- 
t imes  large enough s igni f icant ly  to influence the  cerebral  

s Methyl-lysergie acid diethylamide (MLD-41) and 5-hydroxy- 
tryptamine (serotonin) were kindly provided by Sandoz AG., Basel. 

8 L. J. POLLOCK and L. DAvis, J. comp. Neurol. 50, 877 (1930). 

blood flow. The fall in b lood pressure  in t he  ar ter ies  var ies  
w i th  ar ter ia l  v a s o m o t o r  ac t iv i ty  as well as wi th  changes  in 
blood flow bo th  inside and  outs ide  the  skull. No evidence 
for special  va somoto r  ac t iv i ty  in the  ca ro t id  fete has  been 
found.  In  v iew of prev ious  repor t s  in the  l i te ra ture ,  the  
f inding of a cons iderable  pressure  d rop  in na r row arteries 
is no t  unexpec ted .  Never theless ,  one would  bel ieve t h a t  the 
ana tomica l  a r r a n g e m e n t  cons is t ing  of a n u m b e r  of arteries 
runn ing  in paral lel  to t he  circle of "Willis would always 
p e rmi t  ad eq u a t e  supp ly  of blood to the  brain,  However ,  
the  p resen t  resul ts  show t h a t  a r educ t ion  in b lood flow 
t h r o u g h  one or  two  of these  ar ter ies  c a n n o t  a lways  be 
sa t i s fac tor i ly  c o m p e n s a t e d  for by  increased flow in the 
r emain ing  vessels. As a consequence ,  signs of depressed 
cerebra l  a c t i v i t y  appea r  w h e n  the  ca ro t id  ar ter ies  are 
ma rk ed l y  cons t r ic ted .  
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Zusammen/assung 

Bei der  K a t z e  k a n n  der  DruckabfMt  in den  ex t ra -  und 
in t rakranie l len  Ante i len  der  Hi rna r t e r i en  un te r  gewissen 
Bed ingungen  geni igend gross werden ,  um die Hi rndurch-  
b l u t u n g  in e indeut iger  \¥e i se  zu beeinflussen.  Schwan- 
kungen  des D ru ck g rad i en t en  in den Ar ter ien  werden  durch 
die arteriel le Vasomoto r ik  und  Ver~nderungen  der  Durch- 
s t r 6 mu n g  der jen igen  Gewebe bedingt ,  die yon  den Aa. 
ca ro t idae  ex t e rnae  versorg t  werden.  


