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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.  
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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. 

F. KORNALiK a n d  P.  PUDL~K 

Institute/or Experimental Pathology o/ the Charles Univer- 
sity, Institute /or Haematology and Blood Trans[usion, 
Prague (Czechoslovakia), February 15, 1962. 

2 O, K. ALBRECHTSEN e t  all., A c t a  h a e m a t o l .  14, ,~i~9 (1955) .  
a ~*. LAK[ and J. A. (;LADNER, Nature (Lond,) 1,7, 758 (I9GO). 

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 .  

x j .  L. KAVANAU, Nature, in press. 
J. L. KAVANAI~, Behaviour, in press. 
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Fig. 1. Side  view of the  enc losure .  P e r t i n e n t  c o m p o n e n t s  are  iden-  
tiffed in F igu re  '2. A c o m m e r c i a l  G e r b r a n d s  pellet  d i spense r  wa~ used  

in p lace  of t h a t  shown  at  the u p p e r  left. 
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Fig. 2. S c h e m a t i c  scale  d i a g r a i n  o[ the  f a r  s idepane  of the  enc losure  
as v iewed  f r o m  the  wheel .  P e r t i n e n t  c o m p o n e n t s  are  as fol lows:  
e, r o t a r y  so lenoid  of w a t e r  s h u t t e r ;  p, p l a t f o r m  for s u p p o r t  whih, 
dr ink ing ;  Q, food  t r a y ;  r,  s, wheel  a n d  axle in f ra - red  e lec t r ic-eye  
l ight  sources ;  v,  l i gh t  b u l b s ;  A, p r o g r a m  mic roswi t eh  levers ;  Ax,  
wheel axle; J ' ,  pellet dispenser; K, water bottle; L, water shutter; 
N, position of nest; T, closed passages in center-disc of wheel; U, 
wheel; V, far sidepane; X, pellet chute; Y, vanes slowing descent of 

pellets; Z, closed passage in far sidepane. 

( : s ing s imuh t t ed  twi l igh t  t r ans i t ions ,  (leer mice, t'ero- 
~IIVSCILq matlicll lalHS, c a n  l)e s v u c h r ( m i z e d  t() ck ,  a r - c u t  

phase - r e l a t ed  10 h per iodic i t ies  of l()com()t(w a c t i v i t v L  
.Since on ly  the  r u n n i n g  of wheels  or  a m b u l a t o r y  ac t i v i t y  
are cus t ( )mar i ly  e m p l o y e d  as indices  of a c t i v i t y  in shor t -  
t e rm  a n i m a l  r h y t h m i c i t y  s tudies ,  it is most  p e r t i n e n t  t() 
inqui re  as to  w h e t h e r  an imMs svnch r (mized  t() ar t i f ic ia l  
per iodic i t ies  of locomotor  a c t i v i t y  also d i sp lay  t h e  same  
r h y t h m i c i t y  ()f food aud  wa te r  i n t a k e  a n d  sleep. It  is 
t)()ssible t h a t  an ima l s  o l )serving u n n a t u r a l  per iodic i t ies  (ff 
tocomot(w ac t i v i t y  in the  l abora to ry ,  n (methe tess  t e n d  to 
a d h e r e  to  a c i rcad ian  r h y t h m i c i t y  of o t h e r  ac t iv i t ies .  

For  a p r e l i m i n a r y  inves t iga t ion ,  a female  m()use s h o w -  

ing the  mos t  c lear -cu t  response  on a 16 h reg ime was 
selected for f u r t h e r  s tudies .  Th i s  work emph)yed  an  en- 
closure a (Figures  1 an d  2) a n d  techni( lues  I a p rev ious ly  
descr ibed  t h a t  a u t o m a t i c a l h '  de tec t  and  record up  to 22 
c h a n n e l s  of i n fo rma t ion .  

The  passages  ('1") in the  cen te r -d i sc  of the  r u n n i n g  
wheel  (U) were closed, t h e r e b y  c(mfining the  anin-tat t() t he  
side of the  wheel c o n t a i n i n g  facili t ies fi~r food an(l water .  
The  m a i n  nests ,  s i t u a t e d  (m the  o t h e r  side of the  wheel,  
were i n a c c e s s i b l e . . \ n  aux i l i a ry  nes t  (N) cons is ted  of a 
().5 cm leng th  of o p a q u e  Perspex  ( i ' texiglas)  t u b i n g  (4 cm 
I. l).), p ro j ec t i ng  in to  the  wheel  from the  far  s idepane  (V), 
m o u n t e d  9 cm above  the  b o t t o m  ()f the  r u n n i n g  wheel  (U). 

Comple t e  d ie t  food pel le ts  a (0.97 rag) were o b t a i n a b l e  
from a c o m m e r c i a l  d i spense r  (J ' )  by  press ing  e i t h e r  of two 
microswi tch  levers  (A, 1 ()r 2). The  pel le ts  were de l ivered  
in to  a smal l  t r ay  (q), no more  t h a n  one be ing  o b t a i n a b l e  
in a n y  10 sec i n t e rwd .  \ V a t e r  was o b t a i n a b l e  ~ u p o n  b r u s h -  

ing asi(le a l igh t ly  sp r ing- loaded  s h u t t e r  (I.) exp()sing the  
s p o u t  of a wa te r  bo t t l e  {K), 

Presence  of t h e  a n i m a l  in the  nes t  (N) was d e t e r m i n e d  
ind i rec t ly  us ing  two  in f ra - red  electr ic  eyes  (r, s). ( )ne of 
these  (s) m o n i t o r s  presence  up(m, or  c ross ing  of, t he  axle  
(Ax) ; the  o t h e r  (r) m o n i t o r s  presence  a t ,  or cross ing of, the  
b o t t o m  of the  wheel  (U). \ V h e n e v e r  a mouse  rusts  mot i (m-  
lessly m t h e  loose ly - tu rn ing  wheel  ( f r ic t ional  lor( lue 
56.1 g-cm),  t h e  b e a m  ()f the  l a t t e r  eye is i n t e r r u p t e d ,  since 
the  wheel  a l w a y s  c o m e s  to  res t  ~ i t h  the  a n i m a l  a t  t he  
b o t t o m .  Presence  in the  nes t  can  be inferre(l  f rom fai lure 
of i n t e r r u p t i o n  of e i t he r  in f ra - red  beam.  

F o u r  ( ; ene ra l  E lec t r i c  No. 44 bu lbs  {v) were m o u n t e d  to 
the  s idepane  d i rec t ly  o v e r h e a d  a t  a ( l is tance ()f 31) cm 
(only 2 bu lbs  are s h o w n  in lZigure 2), I ) ay t ime  i l l umina t ion  
w a s  a t  an  i n t e n s i t y  of r o u g h l y  3.96 ft-c;  n o c t u r n a l  i l lumi-  
na t ion ,  of a b ( m t  0.0008 ft-c, a p p r o x i m a t e s  t h a t  on a c lear  
moonless  n ight .  Twi l igh t  t r a n s i t i o n s  were effected by  
v a r y i n g  the  f i l amen t  vo l tage  of the  bu lbs  ; these  s i m u l a t e d  
the  r e l a t ive  ch an g es  in i n t e n s i t y  occur r ing  in the  h o u r  
before  the  end  (and a f t e r  the  beg inn ing)  ()f h)cat civil  
twi l igh t  h 

The  ench)sure  w a s  h o u s e d  in a l ight -proof ,  sound-  
d e a d e n i n g  c a b i n e t  in an  a i r -c~mdit ioned d a r k r o o m  
(2(1-22°C, 35-50°;o re la t ive  h u m i d i t y )  wi th  a n  e x t e r n a l  
b a c k g r o u n d  level of -- 4 d b  of t h e r m a l  noise. Analog  an d  
digi ta l  a u t o m a t i c  p r i n t i n g  a n d  s t r i p - c h a r t  r ecord ing  de- 
vices, a n d  p r o g r a m i n g  a n d  s y s t ems  con t ro l s  t e c h n i q u e s  
were used as p rev ious ly  descr ibed  ~° ~. Di rec t ion  a n d  speed 
of r u n n i n g  were d e t e r m i n e d  us ing  a m i n i a t u r e  dc g e n e r a t o r  
(not  shown  in F igures  1 an d  2) an d  S p e e d o m a x  G recorder .  
A mic roswi t ch  a c t u a t e d  by  a n  eccent r ic  s ignaled t h e  t i m e  
a n d  n u m b e r  ()f r evo lu t ions .  

a j .  l,. b[AVANAU, l ' ;colngy 4;1, 161 (1962), 
4 J .  l,. ](AVANAU, J .  Manuna l ,  in pres~. 
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Fig. 3. Reconstruction of a Speedomax G record of instantaneous 
speed and direction of wheel-running during a nocturnal period. 
Values are recorded at 4 sec intervals at a chart speed of 1 inch per h. 

In  the  first  s t u d y  of this  an imal  *, synch ron iza t i on  to a 
t 6 h per iodic i ty  was accompl i shed  by gradual  phase  sh i f t s  
dur ing  a per iod of over  3 weeks.  The sha rpness  of the  16 h 
r h y t h m i c i t y  ach ieved  can be judged  f rom the  t e m p o r a l  
plot  of runn ing  for 11 16 h per iods  (LD 10:6) in Figure  4 
(top). The  ra t io  of wheel  revo lu t ions  per  uni t  t ime in the  
per iods  f rom the  beg inn ing  of dusk  to  the  end  of d a w n  to  
those  in t he  per iods  f rom the  end of dawn  to the  beg inn ing  
of dusk  (D-L/L-D)  was 2000/1• A record of speed and  
di rec t ion  of runn ing  for th is  animal ,  which  well i l lus t ra tes  
responses  to  twi l ight  t rans i t ions ,  is shown in Figure  3. 

For  t he  p re sen t  s tudy ,  t he  an imal  was  placed di rec t ly  
upon  a 16 h regime (LD 9:7),  w i t h o u t  p re l iminary  phase  
shi f t ing  or gradual  changes  of per iodici ty .  By  the  4 th  day  
its runn ing  ac t iv i ty  had a d a p t e d  to and  followed the  un- 
na tu ra l  regime closely. Resul t s  for running,  food pellet  
procural ,  w a t e r  consumpt ion ,  n u m b e r  of dr inks ,  t ime  in 
nes t  and n u m b e r  of exi ts  and  en t rances  dur ing  11 sub- 
s equen t  16 h per iods  are given in Figure 4 (D-L/L-D = 410). 

I t  will be no ted  t h a t  the  an imal  d i sp layed  a c lear-cut  
16 h r h y t h m i c i t y  of all ac t iv i t ies  in phase  wi th  the  l ight  
cycle. The few wheel  revolu t ions  regis tered dur ing  the  
l ight per iod (Figure 4, 2nd from top) were p r imar i ly  co- 
inc identa l  wi th  sporadic  d a y t i m e  excurs ions  f rom the  nes t  
on which  the  an imal  ate,  d r a n k  or exc re t ed :  t h e y  in- 
f r equen t ly  represen t  ac tua l  r unn ing  of the  wheel.  I t  is 
typ ica l  of the  behav iou r  of deer  mice in t he  secur i ty  of 
art if icial  enclosures  under  control led  e n v i r o n m e n t a l  con- 
d i t ions  t h a t  t hey  eat ,  d r ink  and  e l iminate  dur ing  d a y t i m e  
excursions,  even  on a 24 h day  ~-4. They  rare ly  spend  
more  than  3 h a t  a s t r e t ch  in the  nest .  In  th is  connec t ion ,  
it  is of in te res t  t h a t  the  an imal  never  left  the  nes t  in the  
2 h following d a w n  (Figure 4). 

These f indings suggest  tha t ,  when  the  locomotor  ac t iv i ty  
of small  m a m m a l s  is synchron ized  to and  in phase  wi th  
unna tu ra l  periodici t ies  of i l luminat ion,  the i r  o the r  ac t iv-  
ities follow the  same periodici ty .  Re la t ive ly  s t renuous  
physical  exer t ion,  such as runn ing  a wheel,  d isp lays  the  
sha rpes t  s y n c h r o n y  with changes  in a m b i e n t  i l luminat ion 
of bo th  na tura l  and  art if icial  periodici t ies,  and  would 
a p p e a r  to  be the  index of choice for r h y t h m i c i t y  s tudies .  
A deta i led  repor t  of these  s tudies  will appea r  e lsewhere 5. 
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Fig. 4. Activity patterns during II 16 h periods (LD9:7). Left 
ordinate figures for food, water and time in nest are daily averages 
per h; those for running are per ~/2h, except for the stippled insets for 
running during dawn and dusk which are for 10 min intervals, in- 
cluding 1[2 h preceding and following the twilight tranaitions. The 
central bars for water and time in nest give the mmlber of drinks and 
the mm~ber of exits from m~d entrances ot the nest, respectively 
(right ordinate scales)• Periods of twilight transitions are indicated 

by inclined arrows. 

Z~tsammen/assung. Eine  Maus der  G a t t u n g  Peromyscus 
maniculalus wurde  mi t te l s  kf inst l icher  Beleuchtung  
(Nacht  sowohl  als Tag) und ki inst l icher  D/~mmerung mit  
e inem 1 6 - h - R h y t h m u s  synchronis ier t .  Das Tier zeigte 
eine e indeut ige  Periodizit~tt in Laufaktivit/Lt,  Nahrungs-  
und \ V a s s e r a u i n a h me  sowie der  Zeit, die es im Nes t  ver- 
br ingt .  1)iese T~ttigkeiten sind e indeut ig  vom Beleuch- 
tungscyc lus  abhSmgig. 

J .  I , .  K A V A N A U  

Department o/Zoology, University o/Cali/ornia, Los Angeles 
(U.S.A .), April 9, 1962. 

5 This investigation is supported by the National Science Foundation 
(Grant G-14533) and the National Institutes of Mental Health, 
U.S. Public Health Service (Grant M-5001). 


