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e s t i m a t e d  t h a t  t h e  profi le  shapes  in  glass t u b e s  above  
t h e  40 Fm d i a m e t e r  was  nea r ly  pa rabo l i c  a t  all  U (average 
t u b e  ve loc i t y /d i ame te r )  a b o v e  U = 6 sec -1. On t h e  o t h e r  
h a n d ,  t h e  c ros sed -beam Dopple r  m e t h o d  emp loyed  in t h e  
p r e sen t  s t u d y  ha s  t h e  a d v a n t a g e  t h a t  t h e  b e a t  s ignal  is 
o b t a i n e d  on ly  in t he  c lear ly  def ined smal l  vo lume  (10 ~xm 
in t h e  cross-sect ion d i a m e t e r  a n d  15 v m  in t he  dep th )  
in  wh ich  t h e  2 i nc iden t  b e a m s  are  crossed. T he  resu l t s  
o b t a i n e d  b y  us ing  t h a t  m e t h o d  is expec ted  to  be  l i t t le  
a f fec ted  b y  t he  process  of ave rag ing  t he  whole  profile. 
The  p r e sen t  m e a s u r e m e n t s  were pe r fo rmed  in t he  venu le  
in  v ivo  a n d  t h e  e s t i m a t e d  U is 9 sec -~ n e a r l y  e q u i v a l e n t  
to  t h e  cr i t ica l  v a l u e  of 6 sec -1 be low wh ich  t h e  f low 
profi le  changes  accord ing  to BAKER a n d  WAYLAND. 
Thus ,  t h e  ve loc i ty  profi le  in  t he  venu le  seems to  dev ia t e  
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Fig. 3. A profile of the blood flow velocity in the venule. Peak 
velocity, obtained from Figure 2, on the abscissa against the distance 
of the probing point from the centre of the flow. The broken line 
indicates a parabolic flow for the flow rate estimated from the flow 
profile experimentally obtained. 

s l ight ly  f rom t h e  N e w t o n i a n  flow. In  t he  frog venule ,  a 
pulsa t i le  b lood f low was also o f t en  obse rved  and  t h e  
per iodic  changes  of flow ve loc i ty  were weaker  t h a n  
those  in m a m m a l i a n  mesen t r i c  venu le  ~. The  p r e sen t  
m e a s u r e m e n t s  were m a d e  in a venu le  where  t he  pulsa t i le  
changes  of flow ve loc i ty  was a l m o s t  unde tec t ab le .  

F ina l ly  i t  m u s t  be m e n t i o n e d  t h a t  t he  response  a n d  
r ep roduc ib i l i t y  of t h e  p r e sen t  m e t h o d  were a sce r t a ined  
t h r o u g h  m e a s u r e m e n t s  of t he  cap i l l a ry  b lood  flow on a 
r epe t i t i on  of expos ing  t h e  f rog  web  to  no rmox ic  (20 % 
02), hypox i c  (0.5 % 03) a n d  h y p e r c a p n i c  (80 % CO2) gas 
mix tu res .  The  b r o k e n  line in  F igure  1 ind ica tes  a v i n y l  
bag  cover ing  t he  frog and  a p a r t  of microscope,  in to  
wh ich  t h e  above  gas m i x t u r e s  were b lown.  The  o u t p u t  
s ignals  of t he  microscope showed  a clear decrease  of t h e  
b lood  f low ve loc i ty  b y  expos ing  t he  web for 6 m in  to  
b o t h  t he  hypox i c  a n d  h y p e r c a p n i c  gases. Once the  gas in  
t he  bag  was rep laced  w i t h  n o r m o x i c  gas, t he  s ignals  
showed  a s m o o t h  recovery  of t h e  b lood  f low ve loc i ty  to  
t h e  in i t ia l  level.  

Summary. The  flow ve loc i ty  profi le  in t h e  venule  of 
frog web was m e a s u r e d  b y  us ing  a laser  Dopp le r  micro-  
scope of a c rossed-beam wh ich  p e r m i t t e d  a m e a s u r e m e n t  
of flow ve loc i ty  in a c lear ly  def ined  smal l  vo lume.  The  
f low ve loc i ty  profi le  in t h e  v e n u l e  seems to  dev ia t e  
s l ight ly  f rom the  N e w t o n i a n  pa rabo la .  
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Noradrena l ine  Synthes i s  in H u m a n  Fetal Heart 1 

The  adrenerg ic  s y s t e m  is impor~a~nt for  t h e  r egu la t ion  
of t he  fe ta l  c i rcu la t ion  3, for  t he  m a i n t e n a n c e  of t he  card iac  
func t i on  u n d e r  cond i t ions  of a s p h y x i a  3, a n d  for t h e  
a d a p t a t i o n  of t i le fe ta l  ca rd iovascu la r  s y s t e m  to  e x t r a -  
u t e r ine  life ~. N o r a d r e n a l i n e - c o n t a i n i n g  n e r v e  t e r m i n a l s  
h a v e  been  v isua l ized  b y  t he  h i s tochemica l  m e t h o d  of 
F a l c k  a n d  Hi l l a rp  in h u m a n  fe ta l  h e a r t s  f rom t he  1 1 - 1 2 t h  
ges t a t i ona l  weeks  t he  i n n e r v a t i o n  s t a r t i n g  in t he  a t r i a  
a n d  r each ing  t h e  ven t r i c les  a few weeks l a t e r  4. H i t h e r t o ,  
i t  h a s  been  u n c e r t a i n  w h e t h e r  t h e  n o r a d r e n a l i n e  in t h e  
h u m a n  fe ta l  h e a r t  is of ex t r a - ca rd i ac  or igin e x t r a c t e d  
f rom t h e  c i rcu la t ing  b lood  or is syn thes ized  w i t h i n  t he  

Table I. Data of the human fetal hearts 

Case Gestational Fetalcrownheel Rate of Heart activity 
age (weeks) length (em) perfusioi1 during perfusion 

(ml/min) 

A 13 11 2.7 normal 
B 14 11 1.2 slow 
C 16 16 2.3 normal 
D 19 20 4.4 normal 
E 20 22 6.3 normal 
F 23 23 4.0 normal 

adrenerg ic  c o m p o n e n t s  of t he  h e a r t  itself. This  s t u d y  
i n v e s t i g a t e d  t he  capac i t y  of t h e  h u m a n  fe ta l  h e a r t  to  
syn thes ize  no rad rena l ine .  

Material and methods. 6 fe ta l  h e a r t s  f rom h u m a n  fetuses  
(crown-heel  l e n g t h  11-23 cm) were o b t a i n e d  f rom 
t h e r a p e u t i c  i n t e r r u p t i o n s  of p r e g n a n c y  b y  l apa ro tomy .  
The  h e a r t s  were dissected a n d  p laced  in a modi f ied  Krebs -  
R inge r  so lu t ion  c o n t a i n i n g  glucose 3.3 m M  and  low 
molecu la r  we igh t  d e x t r a n  2.5% (w/v), a e r a t e d  w i th  95% 
O 3 and  5% CO S g iv ing  t he  so lu t ion  a p H  of 7.35 ~ 0.06. 
A c o r o n a r y  per fus ion  v ia  a o r t a  was  s t a r t e d  w i t h i n  a few 
m i n  a f t e r  t he  i n t e r r u p t i o n  w i t h  t he  K r e b s - R i n g e r  solut ion,  
a n d  t he  h e a r t s  were p laced  in a t h e r m o s t a t e d  (37 i 
0.2 ~ j a cke t ed  glass b a t h .  Af te r  a n  equ i l i b ra t ion  t ime  of 
15 min,  t h e  per fus ion  was  c h a n g e d  to  t h e  fol lowing 
so lu t ion :  To 200-400 ml  of t he  K r e b s - R i n g e r  so lu t ion  
was added  10-20 ~Ci L-tyrosine-C 14 (243 m C i / m M )  a n d  
3.7 m g  n o n r a d i o a c t i v e  L-tyrosine (in e x p e r i m e n t  D, 18.1 
i n s t ead  of 3.7 m g  L-tyrosine was  used).  Sho r t l y  before  
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Table II. Radioactivity of noradrenaline in perfused human fetal hearts and calculated values for formation rates of noradrenaline (dopamine 
is not separated, see Methods) 

Case Tyrosine in perfusate Noradrenaline cpm/g of tissue of Perfusion time (h) Rate of noradrenaline formation 
specific activity I atrium ([xg/g of tissue/h) 
(cpm/nmol) II ventricle 

III mediastinum 

A 2166 I 1949 1.25 I 0.122 
II 2528 II 0.158 
1II 2125 III 0.133 

B 2166 I 8566 2.0 1 0.334 
II 2394 II 0.093 
III 5127 III 0.200 

C 1085 I 1590 2.5 I 0.099 
II 708 II 0.044 
III 1758 III 0.110 

D 444 II 2039 1.5 II 0.517 
III 414 III 0.105 

E 2166 I + II 1461 1.0 I + II 0.114 
III 893 III 0.070 

F 2122 I 2191 1.7 I 0.109 
II 1391 II 0.065 
III 595 III 0.028 

the  perfusion began, 10 ~tM ascorbic acid was added  to 
the  solut ion to p r even t  oxyda t ion  of the  ca techolamine .  
The perfus ion pressure  was kep t  c o n s t a n t  dur ing  the  
expe r imen t  (30-35 m m  Hg), the  perfus ion wi th  tyros ine  
las ted 60-150 rain w i th  a ra te  ranging  f rom 1.2 to 6.25 
ml /min  in t he  various hear ts .  Tile perfus ion fluid was 
collected and  no t  recycled. Dur ing  the  perfusion,  5 of the  
hear t s  showed vigorous spon taneous  con t rac t ions ;  in 
one hea r t  (No. B), the  bea t ing  was slow- and  weak 
(Table 1). 

P re l imina ry  s tudies  in 2 hear t s  showed tha t ,  a f ter  1 h 
of perfusion,  the  noradrena l ine  con t en t  was 20-30% 
lower t h a n  in 11 non-per fused  hear ts .  No correc t ion  for 
th is  decrease was made  a t  the  calculat ion of t he  ra te  of 
noradrena l ine  format ion .  

Af ter  the  perfusion,  the  hea r t  was d iv ided into atria,  
ventricles,  and  ex t racard iac  t issue a t  the  base  of the  
h e a r t  including the  m o s t  p rox imal  pa r t s  of t he  grea t  
vessels (here deno ted  'med ias t inum' ) .  The var ious  t issue 
pa r t s  were weighed,  frozen, kep t  a t  --70 ~ and analyzed 
wi th in  6 days.  

The specimens  were homogenized  in ice-cooled per- 
chloric acid. Af te r  cent r i fugat ion  (30,000 •  10~ 
10 min) t he  ca techolamines  were absorbed  f rom the  clear 
s u p e r n a t a n t  to a lumina  and  e luated wi th  0.05 N HC1. A 
small  a l iquot  was t aken  for f luorometr ic  de t e rmina t i on  
of ca techo lamines  according to A n t o n  and  Sayreg. Pi lo t  
s tudies  revealed tha t ,  w i th  the  m e t h o d s  used, prac t ica l ly  
no adrena l ine  and only  t races  of dopamine  could be 
found in t he  h u m a n  fetal  hea r t ;  consequent ly ,  only the  
c o n t e n t  of noradrena l ine  was measured  in t he  eluate.  
SPECTOR et al. 9 d e m o n s t r a t e d  tha t ,  in the  per fused  guinea- 
pig hear t ,  a p a r t  f rom noradrenal ine ,  smal l  amoun t s  of 
dopamine  were produced.  Therefore  15 [xg noradrena l ine  
and  15 ~xg dopamine  were added  to  t he  r ema inde r  of the  
eluate  and  the  mix tu re  was absorbed  to  a Dowex-50 (H +) 
column.  Noradrena l ine  and  dopamine  were e luated  
separa te ly  according to  the  m e t h o d  of BERTLER et  al. 7, 
and the  a l iquots  were dissolved in BRAY'S solut ion s for 
scint i l la t ion count ing.  In  3 exper iments ,  the  r ad ioac t iv i ty  
of the  dopamine  f rac t ion  was less t h a n  8% of t h a t  in 
t he  noradrena l ine  e luate ;  therefore  t h e  separa t ion  of 

dopamine  f rom uoradrenal ine  was o mi t t ed  in the following 
exper iments ,  where  t he  resul ts  ob ta ined  of the  fo rma t ion  
ra te  of noradrena l ine  thus  include t h a t  of dopamine .  
The ra te  of noradrena l ine  fo rma t ion  was ca lcula ted  
according to the  equa t ion  given by  SPECrOR et al. 9. 

For  fu r ther  ident i f ica t ion  of noradrenal ine ,  in 2 
perfus ion expe r imen t s  the  ma jo r  pa r t  of the  e luated  
mater ia l  f rom the  a lumina  co lumns  was lyophil ized and  
e h r o m a t o g r a p h e d  ( W h a t m a n  No. l,  descending,  n- 
bu tano l  s a tu ra t ed  wi th  1 N HC1) af ter  addi t ion  of 15 lag 
dopamine  and 15 tzg noradrenal ine .  After  ch roma tog raphy ,  
the  ca techolamines  were localized on the  c h r o m a t o g r a m  
wi th  e thy lend iamine .  Rad i o ac t i v i t y  was  only regis tered 
in the  noradrena l ine  area.  

Resul t s .  Table I I  summar izes  the  results  of 6 experi-  
ments .  The mean  ra te  of fo rma t ion  in the  atria,  ventricle,  
and med ia s t i num was 0.166, 0.175, and 0.108 lag nor-  
adrenal ine/g  t issue/h,  respect ively .  There  was no con- 
s i s ten t  difference of fo rma t ion  ra te  be tween  the  p a r t s  of 
the  hea r t  inves t iga ted .  W i t h i n  the  per iod of fe ta l  life 
s tud ied  (13-23 week of gesta t ion) ,  the  fo rma t ion  ra te  
was no t  corre la ted  to the  ges ta t iona l  age. In  one exper i -  
m e n t  (No. B), t he  contrac t i le  ac t iv i ty  of the  h e a r t  was 
slow and  weak, mos t  p robab ly  owing to hypox ia  before 
the  s t a r t  of per fus ion;  t he  ra tes  of noradrena l ine  syn thes i s  
in th is  hea r t  did no t  exceed the  range of values in the  
whole mate r ia l  of hear ts .  

D i s c u s s i o n .  The e s t ima ted  ra te  of noradrena l ine  
synthes is  in h u m a n  fetal  hea r t s  accords well w i t h  t he  
noradrena l ine  syn thes i s  ra te  e s t ima ted  in i n t ac t  m a m -  
mal ian  hea r t  (0.11-0.17 ~zg/g/h) 9, 10. The ra te  of syn thes i s  
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of n o r a d r e n a l i n e  ha s  been  p r o v e d  to  be  d e p e n d e n t  on  t he  
c o n c e n t r a t i o n  of t he  per fused  p recursor  ~t. The  concen-  
t r a t i o n s  used in t he  p r e s e n t  e x p e r i m e n t s  (0 .5 -  1 • 1 0 - ~ M  
tyros ine)  were  v e r y  close to tke  levels t h a t  give a max i -  
m u m  r a t e  of syn thes i s  in t h e  guinea-p ig  h e a r t  n .  Despi te  
t he  n e t w o r k  of adrenerg ic  ne rve  f ibres  in  t he  a t r i a  be ing  
dense r  t h a n  in t he  ven t r ic les  a, t he re  was no co r respond ing  
difference in t he  f o r m a t i o n  r a t e  of n o r a d r e n a l i n e  be tween  
those  regions  of t he  fe ta l  hea r t .  

A smal l  p a r t  (less t h a n  8%) of t he  r ad i oac t i ve  ca te-  
cho l amine  recovered  in t he  h e a r t  a f t e r  t he  per fus ion  was, 
in  some hear t s ,  i d e n t i f i e d  as dopamine .  I n  severa l  
species of l a b o r a t o r y  animals ,  d o p a m i n e  in t h e  h e a r t  
seems to be localized to  ' sma l l  i n t ense ly  f luorescen t  cells' t,~ 
Such  cells h a v e  been  found  also in t h e  h u m a n  fe ta l  h e a r t  
f rom t h e  10 th  week of ge s t a t i on  in t h e  a t r i a  a n d  a r o u n d  
t h e  base  of t h e  h e a r t  ~. These  cells are n o t  conf ined  to t h e  
gangl ia ,  a n d  i t  is i n t e r e s t i ng  t h a t  h i g h  doses of n ico t ine  
h a v e  been  found  to p roduce  a p roprano lo l -b lockab le  
exc i t a t i on  of h u m a n  fe ta l  a t r i a  a t  a n  ea r ly  s tage  where  
field s t i m u l a t i o n  h a d  no  effect,  sugges t ing  a n o n - n e u r o n a l  
s tore  of c a t e c h o l a m i n e  t~. 

The  ab i l i t y  to  form n o r a d r e n a l i n e  ea r ly  in t he  develop-  
m e n t  of t h e  h u m a n  fe ta l  h e a r t  seems of biological  signifi-  
cance  b y  c o n t r i b u t i n g  to t he  i n t e g r i t y  of t h e  in t r ins ic  
c a t e c h o l a m i n e  s tores  in t he  i n t a c t  fetus.  F u r t h e r m o r e ,  
t he  capac i t y  here  d e m o n s t r a t e d  of t he  i so la ted  fe ta l  
h e a r t  to  fo rm n o r a d r e n a l i n e  f rom ty ros ine  seems to  be a 
f ac to r  of i m p o r t a n c e  for  t he  feas ib i l i ty  of e x p e r i m e n t a l  
w o r k  on i so la ted  hea r t s .  N o r a d r e n a l i n e  is k n o w n  to be 
re leased local ly  b y  e lect r ica l  s t i m u l a t i o n  t* and  b y  
reduced  oxygen  t ens ion  t~, a n d  p a r t  of t he  card iac  
n o r a d r e n a l i n e  c o n t e n t  is w a s h e d  o u t  b y  pe r fus ion  in 
a m o u n t s  d e p e n d e n t  on  t h e  pe r fus ion  r a t e  n .  N o r a d r e n a -  
l ine los t  b y  d e g r a d a t i o n  b y  MAO a n d  COMT a n d / o r  
washed  o u t  b y  t h e  per fus ion  m i g h t  be  replaced  in t he  
in v i t ro  h e a r t  p r e p a r a t i o n  n o t  on ly  b y  the  var ious  u p t a k e  
m e c h a n i s m s  ~ b u t  also b y  t h e  f o r m a t i o n  of new ca techo-  

l amines  f rom a d i e t a r y  precursor .  I n  fact ,  i nh ib i t o r s  of 
t y ros ine  hydroxy lase ,  wh ich  t u r n  off endogenous  nor-  
ad rena l ine  syn thes i s ,  decrease  t he  levels of endogenous  
n o r a d r e n a l i n e  in adrene ' rgical ly  i n n e r v a t e d  tissue~L 
B o t h  fe ta l  a n d  a d u l t  h e a r t s  in  i so la ted  p r e p a r a t i o n s  h a v e  
been  ex tens ive !y  used  in phys io log ica l  work.  As t he  
presence  of n o r a d r e n a l i n e  c o n t r i b u t e s  to  t he  cardiac  
ab i l i t y  to  w i t h s t a n d  a s p h y x i a  a, t he  i n t a c t  capac i ty  t o  
fo rm the  n e u r o t r a n s m i t t e r  f rom ava i l ab le  precursors  
m i g h t  be essent ia l  for  t he  h e a r t  to  r e m a i n  in a func t iona l  
s t a t e  d u r i n g  long t ime  s tudies  of i so la ted  hear t s ,  especial ly  
u n d e r  cond i t ions  t h a t  p r o m o t e  t h e  release of endogenous  
no rad rena l ine .  

Summary. The  c a p a c i t y  of n o r a d r e n a l i n e  syn thes i s  
was i nves t i ga t ed  in 6 i so la ted  h u m a n  fe ta l  h e a r t s  (13-23 
ges t a t i ona l  week).  The  m e a n  r a t e  of t r a n s f o r m i n g  per fused  
label led ty ros ine  to  n o r a d r e n a l i n e  in a t r ia l ,  ven t r i cu la r ,  
and  m e d i a s t i n a l  t i s sue  was 0.175, 0.168, and  0.108 ixg/g 
t i ssue/h ,  respec t ive ly .  
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N o n s y m p a t h e t i c  D i l a t o r  I n n e r v a t i o n  of  C a t  C e r e b r a l  A r t e r i e s  

I n  1928 FORBES a n d  WOLFF 1 r epo r t ed  t h a t  s t i m u l a t i o n  
of t he  vagus  ne rves  in t he  neck  caused  pial  a r t e r y  d i l a t ion  
in  t h e  cat.  Th i s  obs e r va t i on  was conflrnaed b y  COBB and  
FINESINGER 2 a n d  CHOROBSKI a n d  PENFIELD 3, w h o  also 
prov ided  a n a t o m i c a l  a n d  physio logica l  ev idence  t h a t  
ce rebra l  b lood vessels receive a d i l a to r  i n n e r v a t i o n .  
Subsequen t ly ,  a l t h o u g h  in t e r e s t  ha s  been  focussed m a i n l y  
on  s y m p a t h e t i c  va s ocons t r i c t o r  i nne rva t ion ,  based  on  t he  
o r i e n t a t i o n  of a g r a n u l a r  vesicles in  su rv iv ing  n e r v e  
t e r m i n a l s  in  s y m p a t h e t i c a l l y  d e n e r v a t e d  t i ssue  4-6 a n d  
pos i t ive  h i s tochemica l  s t a in ing  for  ace ty lcho l ines te rase  5, ~, 
severa l  a u t h o r s  h a v e  sugges ted  t h a t  ce rebra l  b lood 
vessels are r i ch ly  i n n e r v a t e d  b y  chol inergic  neurons .  

Several  in  v ivo  s tud ies  s u p p o r t  t he  idea t h a t  chol inergic  
n e r v e s  m a y  be  invo lved  in ce rebra l  vasod i la t ion .  This  
conclus ion  is based  on  obs e r va t i ons  t h a t  i n t r a v a s c u l a r  
ace ty lchol ine  d i la te  s p ia l  a r te r ies  or increases  b lood flow x, s, 
t h a t  pia l  a r t e r y  d i l a t ion  follows t he  local app l i c a t i on  of 
c a r b a c h o l  ~,1~ a n d  t h a t  a u t o r e g u l a t o r y  ce rebra l  vaso-  
d i l a t ion  fol lowing a decrease  in  sys temic  a r te r ia l  b lood 
pressure  was b locked  b y  a t rop ine  ~1. N o t  all obse rva t ions ,  
however ,  s u p p o r t  such  a Conclusion;  neurogen ic  vaso-  
d i l a t ion  of dog cerebra l  a r te r ies  fol lowing electr ical  
s t i m u l a t i o n  of t h e  t r i g e m i n a l  n e r v e  a n d  m edu l l a  was  n o t  
a t rop ine  sens i t ive  ~2 a n d  no s ign i f ican t  change  in ce rebra l  
b lood flow resu l ted  w h e n  t he  pe t rosa l  ne rve  was s t imu-  

lated13. I t  is also well  k n o w n  f rom s tudies  a t  o t h e r  si tes 
t h a t  a n  a t rop ine - sens i t ive  response  to  p a r a s y m p a t h o m i -  
me t i c  d rugs  is b y  no  m e a n s  all i nd i ca t i on  of chol inergic  
i nne rva t i on .  

i H. S. FORBES and H. G. WOLFF, Archs Neurol. Psychiat., Chicago 
79, 1057 (1928). 
S. COBB and J. E. FINESlNGER, Archs Neurol. Psyehiat., Chicago 28, 
1243 (1932). 

a ~. C~IORO~SKI and W. PE~FIELD, Archs Neurol. Psyehiat., Chicago 
28, 1257 (1932). 

4 T. IWAY~tA, J. B. FUR~ESS and G. BURNSTOCK, Circulation Res. 
26, 635 (1970). 

5 L. EDVINSSOg, K. C. NIELSEN, Cm OWMAN and B. SPORRONG~ 
Z. Zellforsch: 73,1, 311 (1972). 

6 K. C. NIELSEN, CH. OWMAN and B. SPORRONO, Brain Res. 27, 25 
{1971). 

7 N. B. LAVRENTIEVA, G. I. ~V[CHEDLISHVILI and E. K. PLECKOVA, 
Bull. Biol. M~d. exp. URSS 64, 110 (1968). 

s H. G. WOLFF, Archs Neurol. Psychiat., Chicago 22, 686 (1929). 
W. KosemNsKY, M. WALL and A. N~Iss, Pflfigers Arch. ges. 
Physiol. 347, 199 (1974). 

to O. U. SCR~mN, A. A. ROVERE, A. C. RAYNALn and A. GIARDIrr 
Stroke d, 232 (1973). 

al G. I. MCHEDLIS~VlLI and L. S. NIKOLAIS~VlLI, Pflfigers Arch. ges. 
Physiol. 375, 27 (1970). 

1~ R. LANG and R. ZIMMER, Expl. Neurol. 43, 143 (1974). 
~a j .  S. MEYER, T. TERAORA, K. SAKAMOTO and A. KOND0, Neurology, 

Minneap. 2t, 247 (1971). 


