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least  0.4 m m  beyond  the  d e p t h  yielding the  lowest  
threshold .  4 t racks  were run th rough  the  r ight  optic  lobe 
of each subjec t  a t  in tervals  of 1.0-1.5 ram, 2 t racks  to  a 
sagital  plane.  

~ / ~  - , , ,  A Single unit 
,, resl~Orl$~s 

1- 1-  \ 
\ 

1:'" 
1 -~" 11 - 

O / i . .  t~  
\ 

T 

' /  . . . . . .  B Vocalization 
/ a0 ;u 4 " ' \ ,  thresn01ds 

z \ 
\ 

50 q 10 X\ 

\ j "  
' ,  - ~ -  - lrnm . . . . . . . .  :~  =,, 

Meoial 

The resul ts  f rom 9 male  quail  are summar ized  in Figure 
1, B. All t racks  t h a t  en tered  the  media l  an ter ior  por t ions  
of the  ICo produced  vocal izat ion a t  low threshold .  Dif- 
ferent  si tes wi th in  the  ICo of the  same subjec t  somet imes  
yie lded d i f ferent  t ypes  of vocalizat ions.  This  is in accord 
wi th  previous results  d e m o n s t r a t i n g  a degree of neuro-  
ana tomica l  separa t ion  wi th in  the  ICo of regions f rom 
which  d i f ferent  na tura l  calls can be elicited t. 

The  th resho ld  for elicit ing vocal izat ion f rom wi th in  t he  
media l  and  an te r ior  por t ions  of the  ICo were qui te  low 
when  compared  wi th  s t imula t ion  wi th in  the  MLd (elec- 
t rodes  p e n e t r a t e d  the  MLd in 5 out  of 9 subjects) .  The 
th resho ld  for vocal iza t ion wi th in  tile 1KLd t en d ed  to  v a r y  
wi th  d is tance  of the  t r ack  f rom media l  and  anter ior  por-  
t ions  of the  ICo. This suggests  t h a t  vocal izat ion elicited by  
s t imula t ion  wi th in  the  MLd resul ted  f rom cur ren t  spread  
to these  por t ions  of the  ICo. Concurren t  work  by  NEW- 
MAN 4 wi th  the  redwinged  blackbird ,  using evoked po ten-  
t ials  as a cr i ter ion for responsiveness  to  acoust ic  st imuli ,  
also shows t h a t  electr ical  s t imula t ion  of t he  MLd and  
o ther  midbra in  aud i to ry  areas does no t  elicit vocal iza t ion 
at  cur ren t  s t r eng th  levels t h a t  elicit vocal iza t ion in t he  
ICo. These resul ts  indicate  t h a t  the  ICo, and no t  the  MLd, 
p robab ly  plays  some role in the  p roduc t ion  of na tu ra l  
vocal izat ion.  W h e t h e r  the  f a c t  t h a t  the  MLd and the  ICo 
are ad jacen t  is of funct ional  significance remains  to  be 
de t e rmined  9,10. 

Zusammen/assung.  Das Gebiet  innerha lb  der  torus 
semieircularis eines Vogels mi t  niedriger  Schwelle zur 
Vokal is ierung der  N a t u r  sehr  ~ihnelnder Rufe  ist r~iumlich 
yon  demjenigen  Gebiet  ge t rennt ,  das auf akus t i sche  Reize 
reagiert .  

L. M. POTASH 

Dorsal view of tile nucleus mesencephalicus lateralis pars dorsalis 
(MLd) and the nucleus intercollicularis (ICo) depicting (A) single unit 
responses to acoustic stimulation and (B) vocalization thresholds for 
electrical brain stimulation. - -  border of MLd, .............. border 
of ICo, lateral border of ventrieulus (V), _ _  commissura 
posterior (CP). A) Each + o r -  symbol respectively indicates the 
presence or absence of acoustic units at that approximate position. 
The number of electrode penetrations within a given area is indi- 
cated by the accompanying arabic numeral. Sites that yielded 
'acoustic' units within the /ormatio reticularis lateralis (ventral to 
the MLd and ICo) are marked with asterisk. B) The position of each 
number indicates the approximate position of a stimulating electrode 
track. The magnitude of the number indicates the lowest vocalization- 
elieitation threshold in ~xA within the MLd or the ICo. 
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Response to Adrenaline, Acetylcholine and Change of Contraction Frequency in Early Human 
Foetal Hearts 

The foetal  card iovascular  sys t em is considered to  be 
under  contro l  of nervous  and ho rmona l  influences dur ing  
the  la t t e r  pa r t  of ges ta t ion l .  However ,  l i t t le  in fo rmat ion  
is avai lable concerning the  t ime  course of d e v e l o p m e n t  
of receptors  to au tonomic  t r a n s m i t t e r  subs tances  in man.  
Adrenergic  innerva t ion  canno t  be de tec ted  h is tochemi-  
cally in t he  h u m a n  foetal  hea r t  ventr ic les  before the  12th 
week of ges ta t ion  2 The p resen t  repor t  describes observa-  
t ions  concerning inotropic  and chronot rop ic  responses  
to  adrenal ine  and acetylchol in  e in 2 h u m a n  foetal  hea r t  
p repara t ions  of 9 and  10 week ges ta t ional  age. The posi t ive  
inotropic  effect  of adrenal ine  was compared  to t h a t  
evoked by  an increase in con t rac t ion  rate.  Record ings  of 

electrical  t r a n s m e m b r a n e  poten t ia l s  were pe r fo rmed  in 
the  same hear t s  to ob ta in  d a t a  c o n c e r n i n g  the  electro- 
physiological  m a t u r i t y  of the  m y o c a r d i u m  at  th is  gesta-  
t ional  age. 

Material and methods. 2 foetal  hear t s  were ob ta ined  a t  
legal evacua t ion  of u terus  in the  9th and  10th week of 
gestat ion,  respect ively.  The c rown- rump  length  of b o t h  

1 N. S. ASSALI, Biology o/ Gestation (Academic Press, London/ 
NewYork 1968), vol. 2. 

2 G. GENNSER and CH. OWMAN, unpublished observation. 
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foetuses  was 30 mm ,  t h e  we t  we igh t  of t h e  h e a r t  p r epa ra -  
t i on  was 46 a n d  2~I rag, respect ively .  T he  h e a r t s  were 
i m m e d i a t e l y  isola ted and  b r o u g h t  in to  a modif ied  R inge r ' s  
so lu t ion  of t he  fol lowing compos i t ion  ( raM):  NaC1 120, 
NaHCO~ 20, KC1 4.0, CaC12 2.0, N a H 2 P O  4 1.5, MgSO~ 1.5, 
dex t rose  3.3. The  p H  of t he  so lu t ion  was k e p t  a t  7.3 b y  
c o n t i n u o u s  v igorous  b u b b l i n g  w i t h  95% O 3 and  5% CO 2. 
F o r  e lec t rophys io logica l  m e a s u r e m e n t s  t h e  h e a r t s  were  
m o u n t e d  in a sma l l  t h e r m o s t a t e d  b a t h .  The  r i gh t  a t r i u m  
a n d  ven t r i c l e  were opened  to  p rov ide  b e t t e r  access to, 

a n d  e n h a n c e  o x y g e n a t i o n  of, t he  sur face-per fused  myo-  
c a r d i u m  accord ing  to a p a t t e r n  descr ibed earl ier  *. B ipo la r  
glass e lectrodes  w i t h  Ag/AgC1 wires  in  0.9% NaCl-agar  
were  used for ex t race l lu la r  record ing  of e lec t rogram.  One  
b ipo la r  e lec t rode  was p laced  in t h e  co rona ry  s inus region, 
t he  o the r  i m m e d i a t e l y  below t h e  r i gh t  a~crio-ventricular 
border .  A t r i o v e n t r i c u l a r  c o n d u c t i o n  t i m e  was m e a s u r e d  
f rom the  peak  of t he  a t r i a l  to  t h  e peak  of t he  v e n t r i c u l a r  
e l ec t rogram wave.  Fo r  in t race l lu la r  d e t e r m i n a t i o n  of 
t r a n s m e m b r a n e  p o t e n t i a l s  microe lec t rodes  w i t h  resist-  
ances  of 1 0 - 2 0 M D  and  a doub le - s ided  ca thode- fo l lower  
were used. V e n t r i c u l a r  s t r ips  were cu t  f rom t he  a t r io-  
v e n t r i c u l a r  b o r d e r  to  the  apex  a n d  m o u n t e d  in a t he r -  
m o s t a t e d  b a t h  for m e c h a n i c a l  recordings.  One end  of t h e  
p r e p a r a t i o n  was a t t a c h e d  to a t ens ion  t r ansduce r ,  RCA 
5734, for record ing  of i sometr ic  con t rac t ions .  The  
s ignals  f rom t h e  c a t h o d e  follower a n d  f rom t he  t en s ion  
t r a n s d u c e r  were d i sp layed  on  an  E l e m a - S c h 6 n a n d e r  
Mingograph  or a Tec t ron ix  502A oscilloscope. S t i m u l a t i o n  
was ach ieved  b y  means  of c u r r e n t  pulses of 2 msec dura-  
t ion  w i t h  s t imu lus  i n t e n s i t y  50% a b o v e  t he  t h r e s h o l d  
value.  All e x p e r i m e n t s  were pe r fo rmed  a t  37 ~ 

Adrena l ine  b i t a r t r a t e  a n d  ace ty lcho l ine  chlor ide  in 
f reshly  p r epa red  s tock  solut ions  were added  to  t he  per-  
fusion f luid to  give t he  f ina l  c o n c e n t r a t i o n s  of adre-  
na l ine  or ace ty lcho l ine  ind ica t ed  below. 

Results. D u r i n g  per fus ion  w i t h  a so lu t ion  c o n t a i n i n g  
0.8 • 10 -7 g /ml  adrena l ine ,  an  increase  in c o n t r a c t i o n  r a t e  
f rom 140 to  184 b e a t s / m i n  occur red  in t he  s p o n t a n e o u s l y  
b e a t i n g  10-week h e a r t  (Figure  1). Adrena l ine  in t h i s  con- 
c e n t r a t i o n  also s h o r t e n e d  t h e  a t r i o - v e n t r i c u l a r  c o n d u c t i o n  
t i m e  recorded  in t h e  e x t e r n a l  e l ec t rog ram f rom 144 to  
127 msec (mean  of 5 measu remen t s ) .  T he  h e a r t  r a t e  
r e m a i n e d  above  t he  con t ro l  va lue  du r ing  5 ra in  ad rena l ine  
exposure  and  th i s  response  could be  r epea t ed  a f te r  
wash ing  t h e  h e a r t  w i t h  R inge r ' s  solut ion.  Ace ty lcho l ine  
in concen t r a t i ons  of 0.8 • 10 -7 to  4 • 10 -6 g /ml  i nduced  
a lowering of t h e  c o n t r a c t i o n  f r equency  a n d  a g r adua l  
l eng then ing  of t he  a t r i o v e n t r i c u l a r  c o n d u c t i o n  t ime.  
The  ch rono t rop ic  effect  of 4 • 10 -6 g /ml  ace ty lchol ine  is 
seen in F igure  2. A t  the  t i m e  of t he  las t  p o i n t  in  t he  f igure 
a n  a t r i o -ven t r i cu l a r  b lock  occurred.  Adrena l ine  caused  a 
pos i t i ve  ino t rop ic  response  in a ven t r i c l e  s t r ip  (11 m g  
we t  weight )  f rom t h e  9-week hea r t .  W h e n  s t i m u l a t e d  a t  
a c o n s t a n t  f r equency  of 90 s t i m u l a t i o n s / m i n ,  a f te r  addi -  
t i on  of ad rena l ine  (10 -~ g/m1) t he  p r e p a r a t i o n  increased  
i ts  peak  t ens ion  to 4 t imes  t he  p re -ad rena l ine  r ead ing  
(Figure 3). Ace ty lcho l ine  (3 • 10 -7 g/ml) d id  n o t  cause 
a n y  d e t e c t a b l e  ino t rop ic  change .  

As i l l u s t r a t ed  in F igure  4 t he  foeta l  ven t r i c l e  s t r ip  
r e sponded  to  a rise in  t h e  s t i m u l a t i o n  r a t e  w i t h  an  
increase  in peak  i sometr ic  tens ion .  A t  s t i m u l a t i o n  ra tes  
above  104 s t i m u l a t i o n s / m i n  a conduc t ion  b lock  occur red  
w i t h i n  t h e  p r e p a r a t i o n .  Even ,  a t  a c o n t r a c t i o n  f r equency  
near  t h e  o p t i m M  for i somet r ic  t w i t c h  tens ion,  add i t i on  
of ad rena l ine  could elicite a cons iderab le  increase  in 
m e c h a n i c a l  o u t p u t  of t h e  p r e p a r a t i o n  (Figure 4; no te  
d i f fe ren t  t ens ion  scales in F igures  3 and  4). 

No de ta i led  e lec t rophysiological  s t u d y  was pe r fo rmed  
b u t  res t ing  m e m b r a n e  po t en t i a l s  a r o u n d  -- 70 m V  were 

recorded in severa l  cells f rom the  s t r ip  of t he  r igh t  ven-  
tricle. One ac t ion  p o t e n t i a l  a n d  t he  co r r e spond ing  iso- 
me t r i c  t w i t c h  cu rve  is shown  in F igure  5. The  re s t ing  
m e m b r a n e  p o t e n t i a l  in th i s  cell was  --  74 mV.  No dias tol ic  
depo la r i za t ions  were seen in any  of t he  ven t r i c l e  cells 
impaled .  

Discussion. The  p r e sen t  f indings  ind ica te  t h a t  t he  
adrenerg ic  r ecep to r  m e c h a n i s m  in  t he  h u m a n  m y o c a r d i u m  
is p re sen t  ear ly  in  ontogenesis ,  before  t he  e s t a b l i s h m e n t  
of t he  adrenerg ic  i nne rva t i on .  Pos i t ive  ino t rop ic  adre-  
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Fig. 1. Effect of adrenaline (0.8 • 10 .7 g/ml) on spontaneous con- 
traction rate of an isolated heart from a 10-week human foetus. 
Temperature in this and following figures 37 ~ 
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Fig. 2. Chronotropie effect of acetylcholine (4 x 10 .6 g/ml) on same 
heart preparation as in Figure 1. 
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Fig. 3. Inotropic effect of adrenaline (10 -~ g/ml; ventricle strip from 
9-week foetus). Isometric tension before (lower curve) and after 
(upper curve) addition of adrenaline. Stimulation rate 90 stimula- 
tions/min. StimuIation artefact visible. Redrawn from oscilloscope 
tracings. 

s G. GENNSER and E. NILSSON, Acta physiol, scand., in press. 
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nergic  effects h a v e  been  obse rved  also in n o n - i n n e r v a t e d  
foe ta l  ch ick  m y o c a r d i u m  4. T he  ch r ono t r op i c  effects of 
ad rena l ine  a n d  ace ty lcho l ine  recorded  in t he  h u m a n  
foeta l  h e a r t  agree  w i t h  resu l t s  on  e m b r y o n i c  non- inne r -  
v a t e d  m y o c a r d i u m  f rom r a t  5 a n d  chickK I t  is of i n t e r e s t  
to  no te  t h a t  e m b r y o n i c  ch ick  h e a r t s  no t  on ly  r e spond  to 
ad rena l ine  a n d  ace ty lcho l ine  before  i n n e r v a t i o n  has  
occurred,  b u t  also l ibe ra te  ace ty lcho l ine  d u r i n g  electr ical  
s t i m n l a t i o n L  The  or ig in  a n d  func t ion  of th i s  acetyl -  
choline,  however ,  is no t  known.  

The  p r o n o u n c e d  ino t rop ic  response  to ad rena l ine  
obse rved  in t h e  h u m a n  foeta l  ven t r ic le  m i g h t  be  cons idered  
cons i s t en t  w i t h  t h e  absence  of c o m p e t i t i o n  be t w een  t h e  
adrenerg ie  recep tors  a n d  t he  c a t e c h o l a m i n e  u p t a k e  
m e c h a n i s m  in n e r v e  t e r m i n a l s  s. This  sugges t ion  is sup- 
p o r t e d  b y  t he  r e p o r t  t h a t  t he  response  of t he  sparse ly  
i n n e r v a t e d  foeta l  l a m b  m y o c a r d i u m  to  ad rena l ine  is s t ron-  
ger  t h a n  t h a t  of co r respond ing  adu l t  m y o c a r d i u m  9. In  t h e  
l a t t e r  s t u d y  i t  was  also shown  t h a t  t he  adrenerg ic  response  
of foe ta l  m y o c a r d i u m ,  in c o n t r a s t  to  adu l t ,  could no t  be  
f u r t h e r  p o t e n t i a t e d  b y  cocaine  9. A pos i t ive  ino t rop ic  
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Fig. 4. Isometric tension curves at different stimulation frequencies. 
Same preparation as in Figure 3. Stimulation artefact visible. Num- 
bers indicate contraction rate in beats/rain. Redrawn from oscillo- 
scope tracings. 
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Fig. 5. Simultaneously recorded isometric tension curve (upper 
record) and action potential (lower record). Same preparation as in 
Figure 3. Stimulation frequency 26 stimulations/min. The horizontal 
iine in lower record represents zero potential. 

effect  due  to a n  increase  in c o n t r a c t i o n  ra t e  has  been  
found  in e m b r y o n a l  h e a r t s  f rom ch ick  as ear ly  as 3 days  
a n d  21 h of age 1~ i.e. before  i n n e r v a t i o n  of t he  h e a r t  
has  occurred  n.  I so la t ed  ch ick  e m b r y o n a l  m y o c a r d i a l  
cells in  cu l tu re  h a v e  also been  shown  to  e x h i b i t  a fre- 
q u e n c y - d e p e n d a n t  ino t rop ic  response  ~2. The  p r e sen t  
s t u d y  reveals  t h a t  in  h u m a n  m y o c a r d i u m  a t  a s tage pr io r  
to  adrenerg ic  i nne rva t i on ,  a n  increase  in c o n t r a c t i o n  
f r equency  exer t s  a pos i t ive  ino t rop ic  effect  s imi la r  to  t h a t  
found  in h u m a n  pap i l l a ry  muscle  l a t e r  in ges t a t ion  la. 

The  a m p l i t u d e  of t h e  r e s t ing  m e m b r a n e  p o t e n t i a l  found  
in t h e  p re sen t  inves t iga t ion ,  e.g. - - 7 4  m V  in F igure  5, 
is on ly  Mighty tess t h a n  t h a t  recorded  in h u m a n  h e a r t  
cells b o t h  f rom m i d t e r m  foetus  a a n d  f rom adu l t  a t r i u m  1~, ~5 
and  adu l t  ven t r i c l e  ~, ~6. The  recorded  a m p l i t u d e  of t h e  
r e s t ing  m e m b r a n e  p o t e n t i a l  seems to  i nd i ca t e  a h igh  
effect iveness  of a ca t ion  p u m p  m e c h a n i s m  a l ready  a t  
th i s  foe ta l  age (25% of ges t a t iona l  length) .  This  is a t  
va r i ance  w i t h  t he  f ind ing  of a n  increase  in a m p l i t u d e  of 
t he  res t ing  m e m b r a n e  p o t e n t i a l  in r a t  foe ta l  h e a r t  d u r i n g  
t he  l a t t e r  ha l f  of ges ta t ion ,  f rom --  30 m V  to --  80 m V  ~7. 
Dias tol ic  depo la r iza t ions  i n d i c a t i n g  l a t e n t  p a c e m a k e r  
a c t i v i t y  h a v e  been  d e m o n s t r a t e d  b o t h  in  a t r i a  and  ven-  
t r icles  in  foeta l  r a t  ~7 and  also in a t r i a  f rom h u m a n  foeta l  
h e a r t s  8. I n  t h e  foeta l  r a t  h e a r t  d ias to l ic  depo la r iza t ions  
d i s appea r  g radua l ly  f i rs t  in t he  ventr ic les ,  t h e n  in t he  
atr ia~L Therefore ,  a s t ab le  res t ing  m e m b r a n e  po ten t i a l ,  
as is obse rved  in ven t r i c l e  cells in  t he  p r e sen t  s tudy ,  
seems to  sugges t  a r e l a t ive ly  h igh  degree of m a t u r i t y  
a l r eady  a t  t he  10th  week of ges t a t ion  is 

Zusammen/assung. A d r e n a l i n  rief e inen  pos i t iv  
c h r o n o t r o p e n  u n d  ino t ropen ,  Ace ty lcho l in  e inen  nega t i v  
c h r o n o t r o p e n  Herze f fek t  bei  zwei m e n s c h l i c h e n  F o e t e n  
yon  30 m m  Scheitel-Steiss-L~inge hervor .  E i n  Treppen-  
ph~inomen wurde  in Ven t r ike l s t r e i f en  u n d  s tab i le  Mem-  
b r a n p o t e n t i a l e  ( - -  70 mV) in e inze lnen  Vent r ike lze l l en  
nachgewiesen.  
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