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OCV of t he  p r e p a r a t i o n s  i n c u b a t e d  in MEM, we could see 
t h a t  t h e  i n t r o d u c t i o n  of th i s  so lu t ion  Was followed b y  a 
g r a d u a l  increase  of t he  SCC and  OCV values  (preceeded, 
in frog skin and  i so la ted  ep i the l ium,  b y  a sharp ,  t r a n s i e n t  
fall  shown  in F igures  1 a n d  2). I n  t he  e x p e r i m e n t s  w i t h  
whole  frog skin, t he  u p w a r d s  t r e n d  of t he  SCC c o n t i n u e d  
for t he  n e x t  10-12 h, a f t e r  wh ich  a p l a t eau  was k e p t  a t  a 
level  of 16-17 ~A/cm 2, w h i c h  was 3-4  t imes  h igher  t h a n  
t he  con t ro l  p r e p a r a t i o n s  a t  t he  same t ime ,  a n d  twice  as 
t h e  in i t ia l  va lues  o b t a i n e d  w i t h  t h i s  s t ruc tu re .  Open  
c i rcui t  vo l tages  increased  f rom 28 -4- 2 m V  a t  t he  ou t se t  
of t h e  e x p e r i m e n t s  to  57 =b 3 m V  a t  20 h (in con t ro l  
p repa ra t ions ,  OCV a t  20 h was  13 • 3 mV).  

I n  t he  g roup  of i so la ted  ep i the l i um of frog skin incu-  
b a t e d  in MEM, t h e  SCC also increased  s tead i ly  d u r i n g  
t he  f i rs t  8 h, r each ing  a m e a n  va lue  of 12 ~xA/cm 2, wh ich  
is more  t h a n  twice  t h e  v a l u e  o b t a i n e d  in t h e  con t ro l  
g roup  a t  t he  same t ime  (Figure  2). Af te r  t h i s  pe r iod  t h e  
SCC t e n d e d  to  decay,  b u t  t he  m e a n  va lue  a t  20 h was  
st i l l  8.6 [xA/cm ~, in c o n t r a s t  w i t h  t h e  a lmos t  comple te  
de t e r io ra t ion  of t he  con t ro l  p repa ra t ions .  

I n  t he  case of t he  t o a d  b ladders ,  t h e  v e r y  low in i t ia l  
va lues  of t he  SCC increased  v e r y  qu ick ly  a f t e r  t he  in t ro -  
duc t i on  of MEM, t he  m e a n  va lue  r each ing  a peak  of 
15 ~A/cm ~ a t  4 h of i ncuba t i on .  F r o m  th i s  t i m e  on, t he re  
was  a d o w n w a r d s  t r e n d  of t he  SCC, w h i c h  t e n d e d  slowly 
t o w a r d s  a p la teau- I ike  region a t  8 -9  tzA/cm ~. T he  vo l tage  
va lues  were in i t i a l ly  v e r y  low (3 mV),  r is ing to  10 m V  a t  
2-4  h a n d  keep ing  th i s  va lue  for t he  r e m a i n i n g  period.  

Stimulation by antidiuretic hormone. The  difference 
be tween  t he  con t ro l  and  e x p e r i m e n t a l  groups  was also 
m a n i f e s t e d  in  t h e  i n t e n s i t y  of t he  response  to  an t id iu re t i c  
ho rmone .  I n  fact ,  p r e p a r a t i o n s  i n c u b a t e d  in M E M  
reac t ed  to  t he  add i t i on  of th i s  h o r m o n e  w i t h  an  increase  
in t he  SCC wh ich  was of t h e  order  of 20 [xA/cm ~ for whole  
frog skin, 10 p.A/cm a for  t h e  i so la ted  ep i the l i um a n d  
9 [xA/cm 2 for t o a d  b ladder .  I n  compar i son  t he  increase of 
t he  SCC in con t ro l  g roups  was t r a n s i t o r y  and  w i t h  a m e a n  
p e a k  va lue  of 7 ~A/cm 2 for whole  frog skin, and  was 
negl igible  for frog skin ep i the l i um a n d  t o a d  b ladder .  The  
degree of response  to  a n t i d i u r e t i c  h o r m o n e  in t he  exper i -  
m e n t a l  g roups  m a y  also be  c o m p a r e d  w i t h  t h e  resu l t s  ob-  
t a i n e d  in a p rev ious  work  w i t h  p r e p a r a t i o n s  i n c u b a t e d  
in R i n g e r  where  t h e  h o r m o n e  was used  a t  an  ea r ly  s tage  

(4-6 h). The  increase  of t he  SCC was  of t h e  order  of 
15 [~A/cm e for whole  frog sk in  a n d  12 ~xA/cm ~ for t he  
s e p a r a t e d  e p i t h e l i u m  7 a n d  9 ~xA/cm 2 for t o a d  b l adde r  
(unpub l i shed  results) .  

I n  s u m m a r y ,  cons ider ing  t h a t  t h e  SCC of frog skin and  
t o a d  b l adde r  is a func t ion  of t he  ne t  sod ium f lux 2, 8, these  
resu l t s  show t h a t  t he re  is a de f in i t e  i m p r o v e m e n t  in t he  
sod ium t r a n s p o r t  c a p a c i t y  of these  s t r u c t u r e s  w h e n  MEM 
is used.  Th i s  i m p r o v e m e n t  is p a t e n t  e i the r  in  t h e  f i rs t  
phase  of t h e  expe r imen t s ,  w h e n  t h e  increase  in the  SCC 
in t he  p r e p a r a t i o n s  i n c u b a t e d  in M E M  c o n t r a s t s  w i th  t he  
t e n d e n c y  to  decay  of t h e  con t ro l  ones,  a n d  in t h e  long- 
t e r m  m a i n t e n a n c e  of t he  e lect r ica l  p a r a m e t e r s  a n d  t h e  
c a p a c i t y  to  r eac t  to  a physio logica l  s t imulus .  Morphologi-  
cal  s tud ies  should  he lp  to  e luc ida te  t h e  effects of MEM 
in conse rv ing  t he  t r a n s p o r t  capac i t i es  of these  isola ted 
t issues.  

Summary. The  sod ium t r a n s p o r t  c a p a c i t y  across frog 
skin  and  t o a d  b l a d d e r  in  v i t ro  is e n h a n c e d  w h e n  a 
t i ssue  cu l tu re  m e d i u m  is used to  m o u n t  the  p repa ra t ions ,  
i n s t ead  of t h e  classic R inge r  solut ion.  The  response  to 
a n t i d i u r e t i c  h o r m o n e  used 24 h a f t e r  i so la t ing  t h e  t issues 
is also h ighe r  in  p r e p a r a t i o n s  i n c u b a t e d  in t he  same 
cu l tu re  med ium.  
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A Study of Micro-Circulation in Web of Frog (Xenopus laevis Daudin) by Using Laser 
Doppler Microscope 

A m e t h o d  ha s  been  descr ibed  to measu re  flow profi les 
in  microscopic  t r a n s p a r e n t  t u b e s  b y  t he  app l i ca t i on  of a 
laser  t e c h n i q u e  (Laser  Dopp le r  microscope1-*).  The  
m e t h o d  yields f r equency  d i s t r i b u t i o n s  of flow veloci t ies  
a t  va r ious  d i s t ances  f r o m  t h e  cen t re  of t h e  tube ,  An  
example  of such  a m e a s u r e m e n t  on  biological  ob jec t  is 
r epo r t ed  here.  The  ve loc i ty  profi le  dev ia te s  s l igh t ly  f rom 
a N e w t o n i a n  parabo l ic  profile.  

A frog (Xenopus leavis Daudin)  lay  anes t he t i z ed  ill a 
sha l low luc i t  t r a y  c o n t a i n i n g  a 0 .1% u r e t h a n e  solut ion.  
A h i n d  l imb  was h u n g  u p  in t h e  air  a n d  sus t a ined  w i t h  
m e t a l  p ins  on  a ho lde r  p l a t e  s t a n d i n g  pe r pend i cu l a r l y  to  
t h e  passage  of t h e  l igh t  beams .  T he  ho lde r  p l a t e  h a d  a 
smal l  w i n d o w  t h r o u g h  w h i c h  t h e  2 laser  b e a m s  were  
b r o u g h t  in to  t h e  web.  B o t h  t he  t r a y  a n d  t he  ho lder  were 
p laced  on  a m a n i p u l a t o r  w h i c h  was m o v a b l e  b y  t he  scale 
of 5 ixm over  a wide r a n g e  (Figure  1). T he  g rea t e r  p a r t  of 
t he  web a n d  h i n d  l imb  sus ta ined ,  e x c e p t  t h e  po r t i on  of 
o b s e r v a t i o n  (i.e. t h e  pass ing  a rea  of t h e  beams) ,  was  

covered  w i t h  a piece of we t  gauge  in o rder  to  p r e v e n t  the  
f rog f rom d r y i n g  up.  A l t h o u g h  t he  b r e a t h i n g  v ia  t he  lung 
of t h e  frog was n o t  m a i n t a i n e d  ar t i f ic ia l ly ,  i t  las ted  
throughout the experiments for 3 h under the above 
condi t ions .  

Measu red  resul t s  of t h e  b lood  f low ve loc i ty  in a venu le  
h a v i n g  a d i a m e t e r  of 70 ~.m are  s h o w n  in F igure  2, where  
t h e  o rd ina t e  a n d  abscissa  ind ica te  t h e  flow ve loc i ty  of the  
b lood  a n d  t h e  a p p e a r i n g  n u m b e r  of each  veloci ty,  
respect ively .  The  p e a k  f low ve loc i ty  decreased  g radua l ly  
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as the  probing  po in t  was moved  s tepwise wi th  an in te rva l  
of 5 b~m f rom the  cent ra l  por t ion  of the  venula r  vessel  
t oward  its wall. Figure  3 shows the  re la t ionship  be tween  
the  peak flow veloci ty  and  the  p rob ing  point .  The f low 
ra te  t h rough  the  venule  could be e s t ima ted  if the  veloci ty  
profile was numer ica l ly  in tegra ted ,  assuming the  venular  
vessel to be a cyl inder  hav ing  a d iamete r  of 70 Fm. The 
flow ra te  so ob ta ined  was 2.41 x 10 -6 ml/sec. By  using 
th is  value, a hypo the t i ca l  parabola  flow profile was 
eva lua ted  wi th  the  a s sumpt ion  of a Newton ian  flow. The 
resul t  is p lo t t ed  in Figure  3 w i th  a b roken  line which  
shows a difference f rom the  veloci ty  profile exper imen ta l ly  
ob ta ined  (centerl ine veloci ty  h igher  by  12 %). 

GAI~HTGENS et al. ~ using glass capillaries and  a double-  
slits microscope t echn ique  showed t h a t  the  profile of t he  
capi l lary flow was mark ed l y  b lun t  in compar i son  wi th  
t he  parabol ic  one. However ,  ]~AKER and  WAYLAND 6 
suggested t h a t  the  b lun t ing  effect  observed  in the i r  
measu remen t s  was caused by averaging  all t he  corre la t ion 
signals p roduced  at  every  po in t  of the  l ight  p a t h  wi th in  
the  capi l lary  under  the  obse rva t ion  by  a microscope,  and  

5 p. GABttTGBI~S, H. J. ~VfI~ISELMAN and H. WAYLAND, Microvasc. 
Res. 2, 13 (1970). 
N[. BAKER and H. WAYLAND Microvasc. Res. 7, 131 (1974). 
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Fig. 1. A schematic illustration of 
the Laser Doppler microscope 
together with an experimental 
arrangement. 
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Fig. 2. Frequency distribution of 
the blood flow velocity in a venule. 
The probing point was moved 
stepwise with an interval of 5 Dill 
from the centre of the flow toward 
the wall. 
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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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