
380 Brbves communications - Kurze Mittcihmgcn EXPERIENTIA XVIII/8 

Intracardiac  E lec t r o c a r d io g r a phy  in F i shes  

In  p rev ious  paper s  ~,"- t he  m o r p h o l o g y  of t he  ep ica rd iac  
e l e c t r o c a r d i o g r a m  in some Teleosts ,  G ano i d s  a n d  Selach-  
ians  ha s  been  repor ted .  At  t he  s ame  t i m e  t he  p a t t e r n  of 
t he  a t r i a l  a n d  v e n t r i c u l a r  a c t i v a t i o n  in t he  ep ica rd iac  
surface  of these  a n i m a l s  ha s  been  es tab l i shed .  

F r o m  such  i n v e s t i g a t i o n s  i t  b e c a m e  clear  t h a t  the  ex- 
c i t a t i on  wave  sp reads  r ad ia l ly  t h r o u g h  t he  au r i cu l a r  
muscle ,  while  the  a c t i v a t i o n  f r o n t  in t he  ven t r i c l e  follows 
an  a p p r o x i m a t i v e l y  c r a n i o - e a u d a l  d i r ec t ion  w i t h o u t  a n y  
apprec i ab le  dif ference a m o n g  the  va r ious  species e x a m -  
ined.  

In  the  p r e sen t  paper ,  t he  resu l t s  o b t a i n e d  b y  record ing  
t he  e l e c t r o c a r d i o g r a m  f rom t he  a t r ia l ,  v e n t r i c u l a r  and  
b u l b a r  cav i t ies  of some f r e s h w a t e r  Teleosts ,  of one Gano id ,  
a n d  of two Se lach ians  are  r epor t ed .  

Malerials and Method. T he  inves t i ga t i ons  h a v e  been  
ca r r i ed  o u t  on  severa l  spec imens  of Cyprinus carpio L., 
Saline irideus Gibbons ,  Ameiurus  nebulosus Lesueur ,  A n -  
~uilla anguilla L.,  A cipenser sturio L. , Scyliorhinus can.ic~tla 
I,,, and Scyliorhinus stellare L. 

A un ipo la r  lead ha s  been  e m p l o y e d  for t he  record ing  of 
the  i n t r a c a r d i a c  e l e c t r oca r d i og r am ;  t he  exp lor ing  elec- 
t rode  (a t h i n  s i lver  wire) ha s  been  i n t r o d u c e d  in to  t he  
ca rd iac  cav i t i es  t h r o u g h  t h e  b u l b a r  wall ,  t h e  ind i f fe ren t  
e lec t rode  cons i s t ing  of t h e  Wi l son ' s  C en t r a l  Te rmina l .  
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Fig. 1. The intraeardiac electrocardiogram~ and the corresponding 
epieardiae tracings of Anguilla angutlla. B.A. bulbus arteriosus, 
S.V. sinus venosus, v ventricle, 1 right lateral surface, 2 ventral 

surface, 3 left lateral surface. 
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Fig. 2. The different types of activation in the dog ventricular wall 
(according to DURRER et al. 4) and in the lnyocardial mass of the fish. 
Endo endocardial surface, Epi epicardial surface, A fish, B dog. 

At  the  s ame  t ime,  a pe r iphe ra l  b ipo l a r  lead,  homologous  
to  t he  S t a n d a r d  l imb  lead Di t  b y  EINTHOVEN, ha s  been 
regis tered.  

The  i n t r a c a r d i a c  e l ec t roca rd iog ram a n d  t he  epicardiac  
t r a c ing  t o p o g r a p h i c a l l y  co r r e spond ing  to i t  h a v e  been 
recorded  a t  the  same  t ime.  

Severa l  po in t s  in  t he  ven t r i c l e  h a v e  been  i nves t i ga t ed ;  
a smal le r  n u m b e r  of record ings  were m a d e  in the  au r i cu la r  
a n d  b u l b a r  cavi t ies .  

All t he  t r ac ings  h a v e  been  reg is te red  b y  a Sanborn  
Twin-Vise  e l e c t r o c a r d i o g r a p h ;  d i f f e ren t  ampl i f i ca t ions  
a n d  p a p e r  speeds  h a v e  been  employed .  

Results. Aur icu la r  c a v i t y  : in  all  t h e  species e x a m i n e d  an  
a t r i o g r a m  has  been  ob ta ined ,  cons i s t ing  of a posi t ive ,  di- 
phas ic  or  n e g a t i v e  def lec t ion  d e p e n d i n g  u p o n  t h e  pos i t ion  
on  which  t he  e lec t rode  has  been  placed.  W h e r e  simul- 
t a n e o u s  i n t r a - a u r i c u l a r  a n d  ep ica rd iac  t r ac ings  could  be 
regis tered,  a close ana logy  b e t w e e n  endoca rd i ac  a n d  epi- 
ca rd i ac  p a t t e r n s  ha s  been  obse rved .  V e n t r i c u l a r  c a v i t y :  
even  t he  i n t r a - v e n t r i c u l a r  e l ec t roca rd iog rams  did  no t  
show a n y  di f ference  a m o n g  t h e  va r ious  species. As pre-  
v ious ly  obse rved  on the  a t r i um,  a close s imi l a r i t y  be tween  
endoca rd i ac  a n d  ep ica rd iac  p a t t e r n s  ha s  been  asce r ta ined .  

P reva i l i ng  nega t i ve  def lec t ions  h a v e  been  found  nea r  
the  a t r i o v e n t r i c u l a r  funne l  (i t  m u s t  be e m p h a s i z e d  t h a t  an  
iden t ica l  p a t t e r n  of Q R S  complex  ha s  been  obse rved  on 
t he  ep icard iac  surface  co r r e spond ing  to t he  a t r i o v e n t r i c -  
u l a r  sulcus,  a b o v e  al l  pos ter ior ly) ,  whi l s t  pos i t ive  or  di- 
phas ic  def lec t ions  h a v e  been  o b t a i n e d  elsewhere.  

In  a l m o s t  all  a n i m a l s  s tud ied  b o t h  endo-  a n d  ep ica rd iac  
e l ec t roca rd iog rams  s t a r t e d  a t  t he  same  t ime ;  on ly  in a 
few spec imens  of Scyliorhinus t h e  i n t r a v e n t r i c u l a r  t r ac -  
ings showed  a s l ight  de lay  (abou t  0.02) in r ega rd  to the  
ep ica rd iac  one. B u l b a r  c a v i t y :  t h e  few e n d o b u l b a r  
e l ec t roca rd iograms  did  no t  show a n y  r e m a r k a b l e  differ-  
ence  f rom the  e x t e r n a l l y  o b t a i n e d  t rac ing .  

Disc~,ssion. I t  is well k n o w n  t h a t  in m a m m a l s  (dog, 
ca t t le ,  horse,  sheep,  man)  t he  i n t r a c a r d i a c  e lec t rocard io-  
g r a m  consis ts  a l m o s t  c o n s t a n t l y  of nega t i ve  def lec t ions ;  
f u r t h e r m o r e  t he  e n d o c a r d i a c  t r a c i n g  is reg is te red  ear l ier  
t h a n  the  ep ica rd iac  one. 

As a m a t t e r  of fact ,  i t  is be l ieved t h a t  t h e  s p r e a d  of 
a c t i v a t i o n  in t he  m a m m a l  h e a r t  occurs  f rom the  inside 
o u t w a r d ;  t h e  e x c i t a t i o n  wave  would  f i rs t  a c t i v a t e  t he  
s u b e n d o c a r d i a c  layers  a n d  t h e n  sp read  ou tward .  

F r o m  our  e x p e r i m e n t s  i t  c a n  be  be l ieved  t h a t  t he  
sp read  of a c t i v a t i o n  in the  fish occurs  s y n c h r o n o u s l y  in 
t h e  whole  muscle  t h i cknes s  as d e m o n s t r a t e d  b y  t he  
s imi l a r i t y  of t he  endoca rd i ac  and  ep icard iac  p a t t e r n s  and  
b y  t h e i r  s i m u l t a n e o u s  recording.  

I t  can  be  supposed  t h a t  the  s i m u l t a n e o u s  a c t i v a t i o n  of 
b o t h  e n d o c a r d i a c  a n d  ep ica rd iac  sur faces  in t h e  fish is ve ry  
l ikely r e l a t ed  to the  lack of P u r k i n j e  f ibers  3 in th i s  an imal .  
On t he  o t h e r  h a n d ,  the  ea r ly  a c t i v a t i o n  of t h e  subendo-  
ca rd iac  layers  in t he  m a m m a l  is due  to t h e  presence,  in 
t h i s  zone,  of a well  deve loped  P u r k i n j e  ne twork ,  which  is 
no t  p r e sen t  in t he  subep i ca rd i ac  and  ep ica rd iac  layers.  

There fo re  we can  t h i n k  t h a t  in the  fish t he  exc i t a t i on  
wave  sp reads  a t  t he  s ame  t ime  in all t h e  t h i cknes s  of the  
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cardiac musc le  a n d  t h a t  t h e a c t i v a t i o n f r o n t r u n s  p e r p e n d i -  ca rd ica  e che il f ron te  di a t t i v a z i o n e  si spos t a  nello s tesso 
c u l a r l y  to  t h e  e n d o c a r d i a c  a n d  ep ica rd iac  surfaces,  temp( ,  r i m a n e n d o  n o rma l e  r i spe t to  a l le  due  superfici .  

Riassunto. Gli a u t o r i  h a n n o  s t u d i a t o  l ' e .c .g ,  i n t r a -  
cardiaco di  a l cun i  Teleoste i ,  un  Gano ide  ed a lcun i  Selaci. 
Le c a r a t t e r i s t i c h e  del t r a c c i a t o  e n d o c a v i t a r i o  e di quel lo 
epicardico sono r i su l t a t e  assai  s imil i ;  ci6 fA pensa re  che 
l ' onda  di  ecc i taz ione  si i r rad ia ,  nel  cuore  dei Pesci,  nel 
medes imo t e m p o  in t u t t o  to spessore della massa  mio- 
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C o a g u l a t i o n  Defec t  F o l l o w i n g  N o n - T o x i c  D o s e s  
of  Echis viper V e n o m  

In  t h e i r  p rev ious  papers ,  t he  a u t h o r s  h a v e  d r a w n  
a t t e n t i o n  to  t he  fac t  t h a t  t he  Echis viper v e n o m ,  w h e n  
appl ied  s u b c u t a n e o u s l y  in smal l  doses  to  e x p e r i m e n t a l  
animals ,  p ro longs  the  coagu la t ion  t ime  of the  p l a s m a h  
To ana lyse  t h i s  p h e n o m e n o n  more  t ho rough ly ,  t he  effects  
of t h i r t e e n  o t h e r  s n a k e  v e n o m s  (Vipe ra  russellii, Vipera 
berus, Vipera amodytes, Naja ha/a, Bills gabonica, I'ipera 
lebetina, Crot. viridis, Crot. atrox, Crot. terri/icus, Bothrops 
alternat., A gkistr, piscivorus, A ghistr, contortri.r, A gkistr. 
halys.) h a v e  been  t e s t ed  in t he  same  m a n n e r ,  i.e. 24 h a f t e r  
the  a d m i n i s t r a t i o n  of doses r ang ing  f rom 10 to 200 y/200 g 
of b o d y  we igh t  of t he  ra t .  The  p ro longa t ion  of the  co- 
agu la t ion  t i m e  has  been  a sce r t a ined  in the  Echis viper 
v e n o m  only.  The  e x p e r i m e n t s  h a v e  been  car r ied  ou t  on 
g roups  of wh i t e  ra ts ,  each  b a t c h  c o n t a i n i n g  I0 a n i m a l s  ,~f 
200 g b o d y  weight .  The  t e s t s  were car r ied  ou t  24 h a f t e r  
the  app l i c a t i on  of the  venom.  A s ign i f ican t  p ro longa t i o n  
of the  coagu la t ion  t ime  deve loped  a l r e a d y  a f t e r  a dose  of 
2 y / ra t .  If  10 y or  more  were appl ied ,  no c lo t t i ng  of t h e  
p l a s m a  could be obse rved  even  a f t e r  5 rain. The  chan g es  
were more  obv ious  w h e n  assess ing the  t h r o m b i n  t i m e  
{0.1 ml  of p la sma ,  0.1 ml  of t h r o m b i n )  t h a n  when  de te r -  
min ing  t he  p r o t h r o m b i n  t ime  accord ing  to QuicK. I f 2 0  y 
were a d m i n i s t e r e d  to  one  an imal ,  t he  t h r o m b i n  t i m e  was 
s ign i f i can t ly  p ro longed  a l r eady  4 h a f t e r  t he  app l ica t ion .  
W h e n  t h e  coagu la t ion  was e x a m i n e d  in dogs 24 h a f t e r  a 
dose of 50 y/kg,  i t  was  found  t h a t  changes  of the  cofac tors  
of the  p l a s m a t i c  t h r o m b o p l a s t i n  were no t  inw~lved in t h e  
defect .  B o t h  t he  level of p r o t h r o m b i n  and  its c o n s u m p t i o n  
were no rma l .  The  a s s u m p t i o n  is m a d e  t h a t  t h e  coagu la t ion  
defec t  was caused  by  c h a n g e s  which  were due  to the  con-  
vers ion  of f ib r inogen  or to  the  f ibr inolysis .  The  d i s t u r b e d  
d y n a m i c s  of t h e  t h i r d  a n d  fou r th  phase  of the  c o a g u l a n t  
a c t i v i t y  is e v i d e n t  f rom the  t h r o m b o e l a s t o g r a p h i c  p a t t e r n  
t a k e n  12 a n d  16 h fol lowing the  a d m i n i s t r a t i o n  of 50 ~, of 
tox in  pe r  r a t  (Figure  1). 

T h e  i n h i b i t i o n  of the  f ibr in  f o r m a t i o n  could  be  caused  
by  a c h a n g e  in the  f ib r inogen  molecule  due  to t he  in- 
h ib i t i on  of i ts  p o l y m e r i z a t i o n  or to  the  a c t i v a t i o n  of t h e  
f ib r ino ly t ic  sys t em.  The  m e t h o d  e m p l o y e d  for  t he  de te r -  
m i n a t i o n  of t he  f ib r inogen  level a f t e r  i ts  convers ion  in to  
f ibr in  c a n n o t  be used to assess the  effect  of h igher  doses  of 
Echis tox in ,  because  u n d e r  these  cond i t i ons  no  f ibr in  is 
formed a t  all. 

Dog p l a s m a  has,  therefore ,  been amdysed  wi th  the  aid 
of e lec t rophores i s  24 h a f t e r  t he  app l i c a t i on  of 50 ;,/1 kg. 
In all six e x p e r i m e n t a l  an imals ,  no q u a l i t a t i v e  chan g es  
have  been  obse rved  in the  zone, co r r e spond ing  to f ibr in-  
ogen, which  would d e v i a t e  f rom the  s t a n d a r d  m e t h o d i c  
error  or  the  phys io logica l  v a r i a b i l i t y  (Figure  2). The re  are 
two possible  e x p l a n a t i o n s  for th i s  fact.  The  t ox in  could 
inf luence t h e  molecu la r  s t r u c t u r e  of f ib r inogen  in such a 

way  t h a t ,  t h o u g h  it does not  c h a n g e  its clectr,  q)horet ic  
m i g r a t o r y  proper t ies ,  i t  i nh ib i t s  the  convers ion  of f ibr in-  
ogen in to  f ibrin.  Th i s  h y p o t h e s i s  will h a v e  to be cor robo-  
r a t ed  b v  a closer ana lys i s  of the  f ibr inogen molecule  a f t e r  
the  ap p l i c a t i o n  of t ox in  to e x p e r i m e n t a l  an imals .  

T h e  ac t ive  c o m p o n e n t s  of t h e  tox in  c tmld ac t  as an  an t i -  
po lymerase .  The  q u a n t i t a t i v e  re la t ions  would,  however ,  
h a v e  to be t a k e n  in to  cons ide ra t ion .  T h e  d i rec t  i n h i b i t o r y  
b o n d i n g  of t h e  tox in  to  t h e  molecules  of f ibr inogen or i ts  
i n t e r m e d i a r y  po lymeres  would have  to follow s to ichio-  
me t r i c  laws where  the  r a t io  of the  molecules  in the  r eac t ion  
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