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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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is 1:1. F r o m  the  dose of the  toxin,  its moIecuIar weight ,  
the a m o u n t  of f ibr inogen and its molecular  weight  in the 
p lasma of the exper imenta l  animal ,  one can, however ,  
calculate  t ha t  the rat io  fibrinogen : tox in  is a t  best  100:3. 
A react ion of an enzymat ic  type  be tween  the  toxin  and 
the  in te rmedia ry  polymeres  canno t  be excluded ei ther.  
As will be shown elsewhere, Echis toxin in vitro is able to 
dena ture  fibrinogen, to  dissolve fibrin and to ac t iva te  
plasminogen.  Thus it  is possible to assume t h a t  the 
ac t iva t ion  of the  plasminogen,  or the  direct  fibrinolysis,  is 
the main  cause of the  funct ional  def iciency of f ibrinogen 
due to the admin is t ra t ion  of Echis toxin.  The  init ial  stage 
of the  convers ion is ac tua l ly  s tar ted  by the  act ion of 
t h rombin ;  nevertheless ,  the fibrin s t rands  formed are 
immedia te ly  hydrolyzed.  The level of f ibrinogen might  
remain  unchanged,  in analogy to var ious  pathological  
condi t ions  where the  ac t iv i ty  of the f ibrinolyt ic  sys tem 
has been increased 2;a Thus  one can compare  the effect of 
the Echis venom with  the  ac t iv i ty  of s t reptokinase,  uro- 
kinase or o ther  ac t iva tors  of plasminogen.  "When s t repto-  
kinase was used, however ,  the  effect  occured much earl ier  
and disappeared faster. The in tens i ty  of the  effect of the  
toxin  is ev iden t  from the  fact  t h a t  the  exper imenta l  rats  
are res is tant  to 500 units  of N I H  th rombin  applied int ra-  
venous ly  and show no th romboembol ic  sequellae. This  is a 
dose m a n y  t imes  exceeding the tolerance of exper imenta l  
animals  where o ther  ac t iva to rs  of the  f ibrinolyt ic  sys tem 
have  been employed.  

+ 

Fraction No. 1 2 3 4 5 6 7 8 Control 

Coag. in vitro 48 49 55 55 12,6 <2  5,3 37 39 time in see 

C0ag. in vivo + + + 

Fig. a. Electrophoretic division of Echis toxin. 

W h e n  analys ing the  f ibr inolyt ic  propert ies  of the  other 
th i r teen  toxins,  it was found t h a t  in seven out  of t hem the 
f ibrinolytic,  p lasminogen act ivat ing,  and fibrinogenolytic 
componen t  was more effect ive than  in Echis toxin.  It 
appeared tha t  in the  o ther  venoms  the  ac t ive  coagulant  
componen t s  were neutra l ized by  the  defense sys tem of 
the organism to which the Echis venom is resistant.  The 
specific proper t ies  of Echis toxin  were ev iden t  also when 
influencing the  coagula t ion  in vitro. Cont ra ry  to all 
v iper  venoms  whose coagula t ing  effect in vitro is made 
possible by  the  presence of ca lc ium and enhanced  by  the 
addi t ion  of kephalin,  the  effect of Echis toxin  is not  in- 
f luenced by the  presence of these two agents.  In  con- 
t ras t  to some venoms  of the  Bothrops and Crotalus kind, 
no f ibr inogen conver t ing  effect is inherent  to it  either. 
We intended,  therefore,  to ascer ta in  whe ther  the influenc- 
ing of the coagulat ion,  which is dissimilar to all o ther  
toxins,  is caused bo th  in vitro and in vivo, by the  iden- 
t ical  f ract ion of Echis toxin.  The  venom can be divided 
by electrophoresis  into eight  fract ions (Figure 3). The ma- 
x imum effect  in the  expe r imen t  in vitro could be found 
in the fract ions 5, 6, and 7. The  single fract ions were 
e lua ted  and appl ied subcutaneous ly  to dogs. Whereas  in 
vitro t hey  shor tened the coagula t ion  t ime by  thei r  throm- 
boplast ic  ac t iv i ty ,  in vivo the  same fract ions prolonged 
or  even  inhibi ted the  p lasma coagula t ion  in dogs. Both  
act ivi t ies  were des t royed by heat ing  for 50 min to 72°C. 
I t  appears,  therefore,  t h a t  bo th  effects are due to  one 
ident ical  componen t  of Echis toxin.  

Zusammen/assung. Von 14 un te r such ten  Schlangen- 
tox inen  ruff  nur  das Gift  yon Echis carinata in subtoxi-  
schen Gaben bei Versuchst ieren Verl/~ngerung bis Hem-  
mung  der  Koagula t ion  hervor.  Es wird gefolgert,  dass es 
sich um einen spezifischen Ak t iva to r  des f ibr inotyt ischen 
Sys tems handel t .  Der  wirksame F a k t o r  wurde papier- 
e lekt rophore t i sch  teilweise isoliert. 
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Act iv i ty  P a t t e r n s  on  R e g i m e s  E m p l o y i n g  
Art i f ic ia l  T w i l i g h t  T r a n s i t i o n s  

I f  deer  mice are kep t  under  l abora to ry  condi t ions  in 
which twi l ight  t ransi t ions  and noc turna l  i l luminat ion  are 
s imulated,  the i r  locomotor  ac t i v i t y  in runn ing  wheels can 
be synchronized to grossly unna tu ra l  periodici t ies and 
thei r  phase of ac t iv i ty  can  be man ipu la t ed  ex tens ive ly  k 
S imula ted  dawn,  par t icular ly ,  is a po t en t  modif ier  of 
locomotor  ac t i v i t y  of these noc turna l  animals  in c i rcum- 
s tances  in which the  conven t iona l  t echn ique  of s imply  
turn ing  lights on is often ineffectual .  

Record ing  of the  speed and direct ion of wheel - running  
of deer  mice in these studies has disclosed behav iour  here- 
tofore not  noted,  which can be summar ized  briefly as 
follows (see Figure  3). W h e n  the  animals  begin to run  
ac t i v i t y  wheels at  a t ime when ambien t  i l luminat ion  is 
unchanging  (whether  br ight ,  d im or dark),  t hey  cus tom-  

ar i ly  'warm up '  to m a x i m u m  speed"-. By contras t ,  when 
running  begins dur ing a s imula ted  dusk, there  is somet imes  
an  ini t ial  spur t  a t  h igh speed followed by  decelera t ion to 
the  subsequen t ly  susta ined rate.  If  the  animals  happen  
not  to be running  at  the  beginning of s imula ted  dawn, 
t hey  f requent ly  respond by  running  br ief ly  a t  h igh speed ; 
if a l ready  running  at  this t ime,  t hey  often increase the 
pace in a brief burs t  and then  cease abrupt ly .  W h e n  they  
run in long sustained sessions synchronized  with  the  light 
cycle, t hey  character is t ica l ly  ma in ta in  the  same direction 
of running"- and,  when  possible, t h e y  run  facing the 
source of noc turna l  i l luminat ion.  But  when synchrony  is 
poor or ac t iv i ty  is sporadic,  both  speed and direct ion of 
running  usual ly  are haphazard .  
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