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S o m e  S t u d i e s  o n  t h e  H e a r t  B e a t  o f  S c o r p i o n ,  Heterometrus ]ulvipes 

KANUNGO ~ r epo r t ed  t h a t  ace ty lcho l ine  i nh ib i t s  t h e  
h e a r t  b e a t  of scorpion,  Palamnaeus bengalensis C. Koch,  
a n d  a t t r i b u t e d  th i s  to  t he  myogen ic  n a t u r e  of t he  hea r t .  
However ,  t he  s tud ies  of POLICE 2, ZWICKY a n d  HODGSON a, 
and  RANDALL 4 h a v e  revea led  t h e  ex is tence  of card iac  
gangl ion  in d i f fe ren t  species of scorpions.  Zwlc~Y a n d  
HODGSON a h a v e  recorded  s p o n t a n e o u s  vol leys  f rom t h e  
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Fig. 1. Graph showing the circadian rhythm in relation to the heart 
beath and cholinesterase activity in the heart of scorpion, Hetero- 
metrus/ulvipes. 0- -0 ,  rate of heart beat; O--O, ChE activity. 

bea t ,  a n d  t h e  sever ing of connec t ions  of t h e  an t e r i o r  pa i r  
of ne rves  r e su l t ed  in t h e  acce le ra t ion  of t h e  h e a r t  bea t .  

T h e  h e a r t s  were pe r fused  w i t h  ace ty lcho l ine  (ACh) of 
d i f fe ren t  c o n c e n t r a t i o n s  a n d  t h e  i n h i b i t o r y  effect  of ACh 
Was shown  to  be  d e p e n d e n t  on  t h e  c o n c e n t r a t i o n  of t he  
drug.  S i mu l t an eo u s  record ings  f rom t h e  card iac  gangl ion  
a n d  t h e  h e a r t  musc le  were  m a d e  us ing  t h e  l iquid  po ten-  
t i o m e t e r  c o n n e c t e d  to  a dua l  b e a m  oscilloscope. F igure  2 
shows t h e  s p o n t a n e o u s  vol leys  of t h e  card iac  gangl ion  on  
t h e  u p p e r  b e a m  a n d  t h e  co r re spond ing  co n t r ac t i o n s  of the  
h e a r t  musc le  on  t h e  lower  beam.  E a c h  vol ley  cor responds  
to  a b u r s t  of ne rve  a c t i v i t y  t h a t  t r iggers  t h e  h e a r t  
con t r ac t ion .  

T h e  cho l ines te rase  (ChE) a c t i v i t y  of t h e  h e a r t  muscle  
was d e t e r m i n e d  ~. T h e  level  of e n z y m e  ac t i v i t y  was shown  
to  follow a regu la r  c i r cad ian  r h y t h m  l ike t h a t  of t h e  h e a r t  
beat ,  w i t h  t h e  m a x i m u m  e n z y m e  a c t i v i t y  a t  a b o u t  
20.00 h a n d  t h e  m i n i m u m  e n z y m e  a c t i v i t y  a t  a b o u t  
08.00 h (Figure  1). T h e  d e t e r m i n a t i o n  of cho l ines te rase  
in  t h e  h e a r t  muscle  suggests  t h e  poss ib i l i ty  of ace ty l -  
chol ine  ac t ing  as a p r e d o m i n a n t  t r a n s m i t t e r  in t h e  con- 
d u c t i o n  of impulses .  T h e  presence  of a ca rd iac  gangl ion  
on  t h e  dorsa l  a spec t  of t h e  hea r t ,  a pa i r  of ne rves  i n n e r v a t -  
ing t h e  h e a r t  f r om t h e  pos te r io r  p a r t  of t h e  b ra in ,  an d  t he  
ava i l ab le  pha rmaco log ica l  ev idence  sugges t  t h a t  t he  
h e a r t  of t h e  scorp ion  is a n  i n n e r v a t e d  myogen ic  one. 
F u r t h e r  de ta i l s  a n d  discuss ions  on  th i s  aspec t  will  be  
p u b l i s h e d  eIsewhere s. 

Fig. 2. Sinmltaneous recordings of the electrical activity from the cardiac ganglion (upper beam) and the mechanical activity of the 
heart (lower beam); 1 : 1 correspondence of the 2 showing the nervous dependence of the heart beat. 

d e t a c h e d  card iac  gangl ion  of scorpion,  Urodacus, an d  
sugges ted  the  neurogen ic  n a t u r e  of t he  hea r t .  B u t  in  all 
these  s tudies ,  no  a t t e m p t  ha s  b e e n  m a d e  to  ana lyze  t h e  
exac t  n a t u r e  a n d  t he  m e c h a n i s m  of t he  h e a r t  of t he  scor- 
pion.  The  p r e s e n t  i nves t i ga t i on  is a n  a t t e m p t  to  unde r -  
s t a n d  t he  n a t u r e  a n d  t he  m e c h a n i s m  of t he  h e a r t  b e a t  of 
t he  scorp ion  b y  c o m p a r i n g  ana tomica l ,  pharmacolog ica l ,  
e lec t rophys io logica l  and  b iochemica l  evidences.  

A c o m m o n l y  ava i l ab le  S o u t h  I n d i a n  Scorpion,  Hetero- 
metrus/ulvipes, was used in t he  p r e sen t  inves t iga t ion .  T h e  
n o r m a l  h e a r t  b e a t  was  d e t e r m i n e d  b y  expos ing  t he  h e a r t  
to  t he  per fus ion  m e d i u m  ~. The  r a t e  of b e a t  of i n t a c t  
h e a r t s  was  65-70 / ra in  a n d  those  of i sola ted h e a r t s  was  
75-80 /min .  The  h e a r t  r a t e  showed  a regu la r  c i r cad ian  
r h y t h m  w i t h  t h e  m a x i m u m  h e a r t  b e a t  a t  a b o u t  20.00 h 
and  t h e  m i n i m u m  h e a r t b e a t  a t  a b o u t  08.00 h (Figure 1). 

The  i n n e r v a t i o n  of t he  h e a r t  was  s tud ied  b y  f ix ing t h e  
h e a r t  in  Bou ins  fluid, sec t ioned  a n d  s t a ined  w i t h  E h r l i c h  
H e m a t o x i l i n e  a n d  Eosin% I t  consis ts  of a long cha in  of 
ne rve  ceils p laced  a long t h e  middo r sa l  l ine of t h e  h e a r t  - 
t he  ca rd iac  gangl ion,  a n d  a pa i r  of ne rves  i n n e r v a t i n g  t h e  
h e a r t  f r om t h e  pos te r io r  b o r d e r  of t h e  b ra in .  R e m o v a l  of 
t h e  card iac  gangl ion  resu l ted  in t he  i n h i b i t i o n  of t h e  h e a r t  

Zusammen/assung. A n a t o mi s ch e ,  pha rmako log i sche ,  
e lek t rophys io log ische  u n d  b iochemische  S tud ie  t iber  die 
I n n e r v a t i o n  des Skorp ionhe rzens  y o n  Heterometrus 
fulvipes. 
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