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Table I. Morphometric basic values 

Symbols Control S.E. Penicil- S.E. Probability 
rats lamine 

treated 
rats 

N*s~ 4.366 0.344 3 . 8 8 0  0.087 not significant 
V v ~  0.025 0 . 0 0 2  0 . 0 1 3  0.007 not significant 
N*~ 17.656 1 . 3 9 5  19 .370  0.537 not significant 
I~zo 7.245 0.802 11.987 0.304 < 0.01 
Ir~Mc 4.599 0.674 8 . 4 7 7  0.325 < 0.005 
N.~ 3.645 0 . 1 9 8  4 . 7 7 7  0.501 not significant 
Vv~t~ 0.013 0 . 0 0 7  0.019 0.001 < 0.025 
Vvg~g 0.201 0 . 0 1 5  0.179 0.029 not significant 
Vvaxg 0.140 0 . 0 1 8  0 . 1 0 0  0.018 not significant 
Vw~ 0.004 0 . 0 0 1  0 . 0 0 5  0.002 not significant 
VvH 0.862 0 . 0 1 2  0 . 8 3 9  0.013 not significant 

l amine  appl ica t ion,  however ,  th i s  mi tochondr i a l  t rans -  
f o rma t ion  c a n n o t  be de tec ted .  The  m e c h a n i s m s  respon-  
sible for t he  increase of mi tochondr i a l  cr is tae  are no t  
ye t  unders tood .  W~LSON and  LEDUC ~ in t e rp re t ed  the  
mi tochondr i a l  e n l a r g e m e n t  in essent ia l  f a t t y  acid de- 
f iciency as a nega t ive  feed-back  m e c h a n i s m :  The a l te red  
molecular  a rch i t ec tu re  of mi tochondr i a l  m e m b r a n e s  is 
p r e s u me d  to  be due  to  a r e p l a c e m e n t  of t h e  lacking 
essent ia l  f a t t y  acids  by  u n s a t u r a t e d  ones.  As a result ,  
t he  ox ida t i ve  phosphory la t ion ,  a n d  consequen t ly  t h e  
p roduc t i on  of ATP,  would  be  d imin ished .  Thus,  t h e  m a i n  
source of cell ene rgy  would  be  exhaus t ed .  This  lack of  
ene rgy  would  t h e n  ac t  as a t r igger  for t h e  g r o w t h  of 
m i tochondr i a l  subs t ance  fo rming  add i t iona l  cr is tae.  

Analogous ly  to  th i s  hypo thes i s ,  Pen ic i l l amine- induced  
increase  in mi tochondr i a l  c r i s tae  could be i n t e rp re t ed  as 
a defec t ive  c o m p e n s a t i o n  of ineff ic ient  m e m b r a n e - b o u n d  
enzymes .  

Table II. Correlated values 

Symbols Control Penicillamine 
rats treated rats 

NvsH (× 106) 0.000180 0.000154 
VvM/Nv~H (668) 4791.255 5451.261 
VvNH/NVNH {era ~) 291.883 328.792 
Vv~n/VvH (cmS/cm ~) 0.060920 0.060307 
VvM/VvH (cmS/cm *) 0.149665 0.186710 
Vv~/NvN~ (era s) 0.519412 1.069232 
Nwt (x 10 TM) 0.198452 0.192141 
VvM/Nvx (bt s) 0.754162 0.971734 
Nv~/Nv~ 1102.511 1247.668 
Swc (m2/em s) 0.845760 1.488171 = 
SvMc/Nv~a (~) 4698.666 9663.448 
SvMo (m2/cm s) 0.372643 0.616182'. 
SvMo/NvN~ (ix ~) 2070.238 4001.181, 
Sv~o/Nv~ ([~) 1.877758 3.206942 = 
NVMB 0.066937 0.080569 
VV~B/NvMB ( [z  =) 0.173013 0.197768 ~ 
NVM~/NvNH 371.872 523.175 
Vv~/VvH (cma/cm 3) 0.013428 0.018978 '~ 
VVMB/Nv~H (I/s) 64.338 103.467 = 
VVLY/VvH (cmS/cm 3) 0.003701 0.005397 
VwErdVva (cma/cm 3) 0.205552 0.186108 
Vv~za/Nv~a (~) 984.855 1014.655 
Vvmao/Nv~H (~0) 286.661 427.766 
VVSB~/VvH (emblem ~) 0.143172 0.103618 
Vvsss /Nv~ (~) 685.977 564.922 
Vvo~/Vvn (em~/crn ~) 0.176923 0.129044 
Vvor~/Nv~r~ (1/. 2) 847.683 703.545 
VvoF/Vvn (em*lcm a) 0.004609 0.005827 
Vwr/Nv~H (~t ~) 22.083 31.772 
VvrA:r/Vva (em~/cm ~) 0.003838 0.003296 
Vw~/Nv~H (ix s) 18.388 17.974 

* Correlated values resulting from statistically significant basic values. 
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Fig. 5. N,Ma, number of microbodies within unit area. NvMa, 
number of mierobodies per unit volume liver tissue: No significant 
change after Penieillamine treatment (black column}. White col- 
umn = control. VVM~INvMB, single volume of microbodies signifi- 
cantly increased after Penicillamine treatment (black column). 
White column = control. NVMBINvN~, number of microbodies per 
hepatocyte: No significant change after Penicillamine treatment 
(black column). 

Zusammen[assung. D-Penici l lamin als K u p f e r c h e l a t o r  
bewi rk t  im Langze i tve r such  eine isolierte Ver i tnderung  
der  s tereologischen P a r a m e t e r  der  Mi tochondr ien  und  
der  ,m i c r o b o d i e s , .  ZusammenhAnge  m i t d e r  Akt ivi t i i t s -  
h e m m u n g  kupfe rha l t ige r  O x y d a s e n  in den  be iden  Zell- 
organel len werden  ve rmu te t .  
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An Elec trophys io log tca t  S t u d y  of H u m a n  Foeta l  Cardiac  Musc le  

Al though  ex tens ive  i n f o r m a t i o n  is ava i lab le  on t h e  
t r a n s m e m b r a n e  ac t ion  po t en t i a l  of h e a r t  muscle  f rom 
m a n y  species, t he  f indings  are of l imi t ed  value in assessing 
the  response  to  disease or drugs  in man .  The s t u d y  of 
h u m a n  t r a n s m e m b r a n e  ac t ion  po ten t i a l s  has  been  re- 
s t r ic ted  to  records  ob ta ined  w i t h  f lexible microe lec t rodes  

in s i tu dur ing  cardiac  surgery  1, ~ and  in v i t ro  using pieces 
of a t r i u m or ven t r ic le  excized dur ing  cardiac  surgeryS-L 
These  s tudies  have  been  s o m e w h a t  l imi ted ,  since the  
hea r t  is o f ten  h y p o t h e r m i c  a t  surgery  for opera t ive  
reasons  and  b iopsy  spec imens  are usual ly  ob ta ined  f rom 
hea r t s  d a m a g e d  by  r h e u m a t i c  fever  or o the r  diseases. 
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The t r a n s m e m b r a n e  po t en t i a l  of h u m a n  foetal  t i ssue  is 
of grea t  in te res t  because  i t  differs  f rom the  adu l t  in 
showing widespread  p a c e m a k e r  a c t i v i t y  which  is only  
found  in t he  s inoa t r ia l  node  and  special ized Pu rk in j e  
t issue a t  la ter  s tages  of d e v e l o p m e n t .  Foe ta l  t i ssue  
has  been  found  to  be more  sens i t ive  in i ts  r esponse  
to  cardiac  a n t i - a r r h y t h m i c  drugs  (propranolol)  8 t h a n  
t h e  adu l t  h u m a n  t issue 9 and  less sens i t ive  in i ts  inot ropic  
response  to  ca rbamylcho l ine .  Thus,  h u m a n  foetal  myo-  
ca rd ium would seem to be a su i t ab l e ' t i s sue  for electro-  
physiological  s tudies  as i t  p rovides  no rma l  m y o c a r d i u m  
which  m i g h t  be expec ted  to  show a specific h u m a n  
response.  To date ,  however ,  the re  is no r epo r t  of t he  
e lec t rophys io logy  of the  h u m a n  foetal  myoca rd ium.  

F o u r t e e n  hear t s  have  been  s tud ied  f rom h u m a n  foetuses  
of 12-22 weeks ges ta t ion.  The  whole  h e a r t  or doub le  
a t r i a  was m o u n t e d  in a large c h a m b e r  c o n s t a n t l y  pe r fused  
w i t h  well o x y g e n a t e d  (95% O ~ - 5 %  CO,) Krebs -b ica r -  
bona te  solut ion a t  32°C. The  p r e p a r a t i o n  was  usual ly  
s t imu la t ed  wi th  p l a t i n u m  wire  e lec t rodes  a t  a f r equency  
10% above  the  spon t aneous  ra te .  The t issue was  found  
to be more  di f f icul t  to work  wi th  t h a n  cardiac  t issue of 
o the r  species. The ma jo r  d i f f icul ty  was t h a t  t he  t issue 
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Fig. 1. Recordings of human foetal action potentials in a sponta- 
neously beating atrium (Left) and ventricle (Right). The horizontal 
line indicates zero potential. 

was  sof t  and  t e n d e d  to  tear  when  sub jec ted  to  mecha -  
nical  stress,  such as an excessive res t ing  tens ion .  These  
t issues were able to  m a i n t a i n  the i r  cont rac t i l e  responses  
for m a n y  hours  so t h a t  t h e y  were  cons idered  to  be in 
a v iable  condi t ion .  M e m b r a n e  po ten t i a l s  were  measu red  
w i t h  glass microelec t rodes  filled wi th  3M KCI wh ich  h a d  
a res i s tance  b e t w e e n  10-25 megohms .  A nega t ive  capaci-  
t ance  c a t h o d e  fol lower and  Tek t ron ix  502 oscil loscope 
were  used to  record potent ia l s ,  and  a RCA 5734 t r ans -  
ducer  t ube  used to measure  cont rac t ions .  Ino t rop ic  dose- 
response  re la t ionships  were d e t e r m i n e d  wi th  ca rbamyl -  
chol ine  in 3 electr ical ly  d r iven  a t r ia l  p r epa ra t ions  w i th  
s imul taneous ly  recorded  ac t ion  po ten t i a l s  and  in 2 
p repa ra t ions  w i t h o u t  e lect rophysiological  recordings.  
Concen t ra t ions  of ca rbamylcho l ine  are expressed  as g of 
t he  sa l t  pe r  ml  of med ia  in the  chamber .  

The  e lec t rophysiological  va lues  of res t ing  and  ac t ion  
po ten t i a l  ampl i tude ,  du ra t ion  of t h e  ac t ion  p o t e n t i a l  
( t ime to  10% and  90% repolar iza t ion)  and  m a x i m a l  ra te  
of depolar iza t ion  for  Ioetal  a t r ia  and  vent r ic le  are sum-  
mar ized  in Table  I, w i th  t yp ica l  recordings  shown in 
F igure  1. The values  for res t ing  and  ac t ion  po t en t i a l  
amp l i t ude  were  less t h a n  those  recorded in adu l t  h u m a n  
atria3,4,0 and  ven t r ic le  ~-8,5,7 as well as those  recorded  
f rom o the r  species4,1°. The  re la t ive  p ro longa t ion  of t he  
foetal  ac t ion  po ten t i a l  w h e n  c o m p a r e d  to  those  f rom 
ma t u r e  and  foetal  t i ssues  of o the r  species ~0 would  a p p e a r  
to  be charac te r i s t i c  of t h e  h u m a n  m y o c a r d i n m ,  as it  is 
also seen in adu l t  h u m a n  t issue  3-~. 

A 20-week-old foeta l  h e a r t  c o n t r a c t e d  a t  142 bea t s  
per  rain a t  37°C which  is s imi la r  to  t h e  e x p e c t e d  pace-  
m a k e r  ra te  of 140 bea t s  per  min  in v ivo  a t  th is  s tage  of 
ges ta t ion.  The ra te  progress ive ly  slows as the  e m b r y o  
approaches  term,  p r e s u m a b l y  due, a t  least  in par t ,  to  
an increase in vagal  tone.  

Carbamylchol ine  decreased con t rac t i l e  responses  in 
each p r epa ra t i on  studied, by  an average  of 44.9% a t  a 

Fig. 2. Superimposed recordings of the action potential of a human 
foetal atrial fibre from a i6-week-old embryo before and after 
(lower tracing) carbamyleholine 10 -~ g/ml. The calibration signaI 
represents 60 mV (vertically) and 5(I msee (horizontally). 
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Table I. Eleetrophysiologieal values of human foetal myoeardium 

Tissue Resting Amplitude Maximal rate Time to repolarise (msee) 
potential of action of depolarization 10% 90% 
(mV) potential (V/see) 

(mV) 

Spontaneously beating double atria- 
Electrically driven atria b 
Ventrieular fibers of spontaneously beating heart 
Ventrieular fibers of electrically driven heart a 

63.8 4- 3.0 75.8 4- 2.3 84.8 4- 7.0 9.1 ~ 0.4 308 4- 16.2 
66.6 4- 1.3 80.0 4- 1.9 42.2 4- 2.6 6.6 4- 0.4 245.7 ~ 14.5 
75.3 4- 1.7 95.1 :~ 2.5 121 -t- 10.2 125.5 4- 19.0 729 :t= 35 
66.7 4- 4.7 85.6 4- 6.0 105 4- 9.8 27.0 4- 0.4 726.8 4- 36 

N = 44-54 4- S.E. from 7 hearts, Heart rate averaged 52 beats/min (range 32-72). b N = 21-34 4- S.E. from 3 hearts. ~ N = 18-25 4- S.E. 
from 2 hearts, a N = 12-18 4- S.E. from 3 hearts, 
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c o n c e n t r a t i o n  of 10 -~ g/m1 (Tab le  II). I n  t he  12- a n d  
13-week-o ld  foetuses,  t h e r e  were  no  changes  in t h e  ac t ion  
p o t e n t i a l  a f t e r  c a r b a m y t c h o l i n e  (10-L 10-~, 10-~). I n  t h e  
14-week-old foe tus  t h e r e  was  a 21% decrease  in  t h e  t i m e  
for 9 0 %  r e p o l a r i z a t i o n  (285 msec to  225 msec) a f t e r  
c a r b a m y l c h o l i n e  (10-5). I n  t h e  16-week-old foetus  t h e r e  
was no  c h a n g e  in t he  t i m e  to  90% r e p o l a r i s a t i o n  a t  10 -7, 
a 26 .2% decrease  a t  10 -6 a n d  a 49 .6% decrease  a t  10 -5 
(Figure  2). C o n t r a c t i o n s  decreased  b y  10.5, 26.3 a n d  
42 .1% re spec t ive ly  in t h e  p r e p a r a t i o n .  A s imi l a r  r e su l t  
was  f o u n d  in a 20-week-old foetus.  No h y p e r p o l a r i z a t i o n  
was obse rved ,  as ha s  been  r epo r t ed  for  a d u l t  h u m a n  ~ 
a n d  o t h e r  species ~0. 

The  a d u l t  h u m a n  a t r i a  r e s p o n d s  to  ace ty l cho l ine  in 
v i t ro  b y  a s h o r t e n i n g  of t h e  a c t i o n  po ten t i a lS ,  * as  does  
t he  7-day-o ld  c h i c k  h e a r t  n .  Ho~t*~_N a n d  SUCKLING x~ 
sugges ted  t h a t  t h e  i n s e n s i t i v i t y  of dog  v e n t r i c u l a r  t i s sue  
to a c e t y l c h o l i n e  was  r e l a t ed  to  the  absence  of n e r v o u s  
f ibers  in  t he  ven t r i c l e .  Th i s  h y p o t h e s i s  was  s u p p o r t e d  b y  
t he  i n s e n s i t i v i t y  of t h e  a n e u r a l  h e a r t  of M y x i n e  to  
ace ty lcho l ine  ~3, ~,. I n  t he  r a t  foetus ,  s e n s i t i v i t y  to  aee ty l -  
chol ine  occurs  a t  a b o u t  t h e  e l e v e n t h  ~ or t h i r t e e n t h  ~ 
d a y  of ges ta t ion .  Since i n n e r v a t i o n  occurs  in  t he  r a t  
h e a r t  b e t w e e n  14 a n d  16 days  of ges ta t ion ,  s e n s i t i v i t y  
to  ace ty l cho l ine  a p p e a r s  t o  p recede  i n n e r v a t i o n .  Our  
resu l t s  show t h a t  c a r b a m y l c h o l i n e  decreases  t h e  con-  
t r a c t i l e  r e sponse  b y  a b o u t  5 0 %  w i t h  no  ef fec t  on  t h e  
ac t ion  p o t e n t i a l  of t h e  12- a n d  13-week-old h u m a n  foe ta l  
m y o c a r d i u m .  Th i s  i nd ica t e s  t h a t  i no t rop i e  responses  to  

exogenous  chol inerg ic  agen t s  deve lop  before  e lec t ro-  
phys io log ica l  responses .  T h e  c o n t r a c t i l e  m e c h a n i s m  in  
t h e  foe tus  is less s e n s i t i v e  to  exogenousIy  a d m i n i s t e r e d  
chol inerg ic  a g e n t s  t h a n  a d u l t  t i s sue  f rom h u m a n  a a n d  
o t h e r  species 1°, as  t h e  foe ta l  dose - response  c u r v e  is 
sh i f t ed  to  t h e  r ight .  I n  a d d i t i o n ,  con t r ac t i l e  r esponses  
were on ly  decreased  b y  4 0 - 5 0 %  a t  10 -s c a r b a m y l c h o l i n e  
in t he  foe ta l  p r e p a r a t i o n ,  whe reas  c o n t r a c t i o n s  of a d u l t  
a t r i a  f rom o t h e r  species are  abo l i shed  b y  even  lower  
concen t r a t i ons .  N e r v e  cells a n d  f ibers  h a v e  been  f o u n d  
to  be  a b u n d a n t  in  t he  12-13-week-o ld  h u m a n  foetus~L 
I n  a t4 -week-o ld  foe tus  we found  a l i m i t e d  e lec t rophys io -  
logical  response  to  c a r b a m y l c h o l i n e ,  a n  inc reased  re-  
sponse  was  n o t e d  in a 16-week-old  foe tus  w i t h  no  f u r t h e r  
c h a n g e  in a foe tus  of 20 weeks.  Hence ,  we conc lude  
t h a t  e lec t rophys io log ica l  r esponses  of t h e  h u m a n  foe ta l  
m y o c a r d i u m  to  eho l inerg ic  a g e n t s  are  n o t  deve loped  u n t i l  
a f t e r  i n n e r v a t i o n .  A s imi l a r  r e su l t  h a s  b e e n  r e p o r t e d  for 
t he  effects  of ace ty l cho l ine  in t he  ch ick  e m b r y o  18,10. 

Rdsumd. Dons  le coeur du  foetus h u m a i n  la r6ponse  
i n o t r o p i q u e  de  la  droge  cho l ine rg ique  ne  se m a n i f e s t e  
q u ' a p r ~ s  le d 6 v e l o p p e m e n t  des f ibres  nerveuses .  
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Table II. The negative inotropic effect of earbamylcholine on the 
human foetal atria 

Concentration Decrease of contraction amplitude (%) 

Left Right Double 
atrium • atriunl ~ atria ~ 

10 -a 0 0 - 
3 X 10 -s 0 0 - 
10 -v 15.8 16.7 6.0 
3 × 10 -~ 15.8 33.3 - 
10 -6 38.6 41.6 23.5 
3 X 10 -s 47.4 50.0 - 
8 × 10 -s 47.4 50.0 - 
10 -s  47.4 50.0 41.2 

a "~he left atrium was electrically stimulated at 120/rain. ~ The fight 
atrium was spontaneously beating at 210/rain. No change in heart 
rate was observed at any concentration. The right and left atria 
were from different foetuses. ~ The 2 double atrial preparations 
were electrically driven at 10% above their spontaneous rates. 
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F u n c t i o n a l  R e i n n e r v a t i o n  o f  Cat  S y m p a t h e t i c  G a n g l i a  w i t h  S p l e n i c  N e r v e  H o m o g r a f t s  

Synop t i c  t r a n s m i s s i o n  in  s y m p a t h e t i c  gang l ia  is me-  
d i a t e d  b y  ace ty l cho l ine  x. T he  ad rene rg ic  s t r u c t u r e s  in  
s y m p a t h e t i c  gang l i a  m i g h t  p a r t i c i p a t e  b y  i n h i b i t i n g  t h i s  
chol inerg ic  t r a n s m i s s i o n  °-. Severa l  f i nd ings  s u p p o r t i n g  
such  a role 3 h a v e  led to  t h e  t h e o r y  of a n  ad rene rg ic  
m o d u l a t i n g  s y s t e m  in gang l i a  4. A d d i t i o n a l  s u p p o r t  for  
th is  t h e o r y  is t h e  p resence  of n o r a d r e n a l i n e  (NA) con-  
t a i n i n g  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  gang l i a ;  t he se  
h a v e  b e e n  p o s t u l a t e d  to  be  de r ived  f rom i n t e r n e u r o n s  ~ 
or to  r ep re sen t  ad rene rg ic  col la tera ls ,  e. Th i s  morpho log ica l  
a r r a n g e m e n t  p rec ludes  t he  poss ib i l i t y  of se lec t ive ly  
s t i m u l a t i n g  t he se  f ibers  ou t s ide  t h e  gangl ion.  

The  i n t r agang l ion i c  effects  of t he  ad rene rg ic  axons  could 
be  a n a l y z e d  more  d i r ec t ly  b y  surg ica l ly  p r o v i d i n g  a 
s y m p a t h e t i c  gang l ion  w i t h  a d i rec t  i n p u t  of N A  con- 
t a i n i n g  f ibers .  B y  c u t t i n g  t h e  s y m p a t h e t i c  cha in  of t h e  
ca t  b e t w e e n  t h e  l u m b a r  3 (L3) a n d  l u m b a r  4 (L4) gangl ion  
a n d  s u t u r i n g  t he  sp lenic  n e r v e  to  t h e  p r o x i m a l  s t u m p  
(L,) we h a v e  surg ica l ly  p r o d u c e d  such  a s y m p a t h e t i c  
gangl ion.  Th i s  r e p o r t  descr ibes  t h e  e lec t rophys io logica l  
resu l t s  o b t a i n e d  b y  d i r ec t ly  s t i m u l a t i n g  t he  n o r a d r e n a l i n e  
c o n t a i n i n g  fibers,  

One yea r  a f t e r  t h e  su rge ry  t h e  L 4 gang l ion  t o g e t h e r  
w i t h  i t s  splenic  ne rve  a t t a c h m e n t  a n d  d i s t a l  s e g m e n t  of 


