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g r e a t e r  t h a n  t h e  c r i t i c a l  p r e s s u r e  e i t h e r  s t a b i l i z e d  t h e  
h e a r t  r a t e  a t  a h i g h  l eve l  o r  p r o d u c e d  a r r h y t h m i a .  5. 
V a r i a t i o n  in  t e m p e r a t u r e  a n d  ion ic  c o m p o s i t i o n  of  R i n g e r  
f l u id  o r  p H  d id  n o t  p r o d u c e  a s i g n i f i c a n t  c h a n g e  in  s t r e t c h -  
a c c e l e r a t i o n  r e s p o n s e .  

Discussion. T h e  e l e c t r o p h y s i o l o g i c a l  s t u d i e s  we re  con -  
d u c t e d  t o  v e r i f y  t h e  o r ig in  a n d  n a t u r e  of  p r e s s u r e  t a c h y -  
c a rd i a ,  a n d  i t  w a s  o b s e r v e d  t h a t  t h i s  w a s  d u e  t o  i n c r e a s e d  
i m p u l s e  g e n e r a t i o n  a t  t h e  p a c e m a k e r  ( P a t h a k * ) .  I n  v i e w  
of t h e  e x p e r i m e n t a l  e v i d e n c e  r e f e r r e d  to  a b o v e ,  a n d  in  
v i e w  of  t h e  f a c t  t h a t  i s o l a t e d  f rog  h e a r t s  s u s p e n d e d  in  
R i n g e r s  s o l u t i o n  a n d  m a m m a l i a n  h e a r t s  p e r f u s e d  t h r o u g h  
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Fig. 1. Pat tern of Stretch-acceleration response due to raised sinus 
or fight atrial pressure. Note the sudden increase in the heart  rate to a 
peak value followed by tendency to stabilization at a slightly lower 
level during the maintenance of each increment of pressure from be- 
low I cm up to 4 em water pressure, at which level the heart  rate tend- 
ed to assume a plateau. The plateau was either maintained or the 
heart  rate fell below the plateau level between 5 to 6 cm. Reversing 
the steps of pressure changes reversed the heart  rate back to the ini- 
tial control level. 

Fig. 2. Main physiological factors modulating pacemaker activity and 
their relative intensity as indicated by the thickuess of arrows. 

c o r o n a r y  a r t e r y  a r e  a c t i v a t e d  a n d  s t i m u l a t e d  w h e n  t h e  
p a c e m a k i n g  c h a m b e r  is d i s t e n d e d  a d d i t i o n a l y ,  i t  is 
c o n c l u d e d  t h a t  s t r e t c h  of  p a c e m a k e r  a n d  m u s c u l a r  t i s s u e  
p r o d u c e d  b y  t h e  v e n o u s  r e t u r n  is t h e  f u n d a m e n t a l  s t i m u -  
l u s  for  i n t r i n s i c  a u t o r e g u l a t i o n  of  h e a r t  r a t e  as  wel l  a s  
fo rce  w i t h o u t  i n v o l v e m e n t  of  t h e  s u p e r i m p o s e d  n e u r o -  
h u m o r a l  i n f l u e n c e s .  T h e  i n t i m a t e  m e c h a n i s m  of a c t i o n  of  
s t r e t c h  i t se l f  cou ld ,  h o w e v e r ,  b e  d i f f e r e n t  in  t h e  p a c e m a k e r  
a n d  in  t h e  c o n t r a c t i l e  m u s c u l a t u r e .  M e c h a n i c a l  s t r e t c h  is, 
t h e r e f o r e ,  a b a s i c  b io log i ca l  s t i m u l u s  for  t h e  r h y t h m i c i t y  
a n d  c o n t r a c t i l i t y  of  t h e  h e a r t  a n d  i t  l i n k s  t h e  v e n o u s  
c i r c u l a t o r y  l o a d  w i t h  c a r d i a c  o u t p u t  (work  p e r f o r m a n c e )  
in  a p o s i t i v e  f e e d - b a c k  m a n n e r .  T h e  i m p o r t a n c e  o! s t r e t c h  
as  a n  i n t r i n s i c  a u t o r e g u l a t o r y  m e c h a n i s m  for  t h e  ino-  
t r o p i c  r e s p o n s e  i m p l i e d  in  F r a n k  S t a r l i n g ' s  l aw  of  h e a r t  
a n d  i t s  a p p l i c a t i o n  in  t h e  b o d y  is wel l  r e c o g n i z e d  s. B u t  
b e c a u s e  of  t h e  s u b t l e  n a t u r e  of  t h e  a c t i o n  of  s t r e t c h  o n  
t h e  p a c e m a k e r ,  a n d  b % a u s e  of  t h e  e r r o n e a u s  c o n c e p t  of  
t h e  ' B a i n b r i d g e  r e f l e x '  ( P a t h a k  6, 7), t h e  role  of  s t r e t c h  in  
t h e  a u t o r e g u l a t i o n  of  c h r o n o t r o p i c  r e s p o n s e  h a s  n o t  
r e c e i v e d  d u e  r e c o g n i t i o n .  W i t h  t h i s  p o i n t  in  v iew,  t h e  
r e l a t i v e  role  of  s t r e t c h  a n d  s u p e r i m p o s e d  n e u r o h u m o r a l  
i n f l u e n c e s  is d i a g r a m m a t i c a l l y  h i g h l i g h t e d  in  F i g u r e  2. 
T h e  c o m m o n  p r o p e r t y  of  s t r e t c h  s e n s i t i v e n e s s  of  c h r o n o -  
t r o p i c  a n d  i n o t r o p i c  r e s p o n s e s  m a k e s  t h e  h e a r t  a n  u n i q u e  
a u t o r e g u l a t i n g  p u m p .  

Rdsumd. L ' ~ t i r e m e n t  m ~ c a n i q u e  e s t  u n e  fo rce  m o t r i c e  
f o n d a m e n t a l e  p o u r  l ' a u t o r 6 g u l a t i o n  i n t r i n s ~ q u e  d u  
r h y t h m e  d u  coeur  e n  m o d i f i a n t  l ' a c t i v i t ~  d u  <~pacemaker~> 
de  la m e m e  m a n i ~ r e  q u e  la d i s t e n s i o n  d u  m y o c a r d e  i n f l u e  
s u r  le r @ o n s e  i n o t r o p i q u e .  L ' 6 t i r e m e n t  e s t  u n  m 6 c a n i s m e  
b i o l o g i q u e  de  b a s e  p o u r  la  r y t h m i c i t 6  c a r d i a q u e  e t  la  
c o n t r a c t i l i t 6  e t  il m e t  en  i n t e r d 6 p e n d a n c e  p o s i t i v e  le 
r e t o u r  v e i n e u x  e t  le d 6 b i t  s a n g u i n .  L a  s e n s i b i l i t 6  s l '~ t i re -  
m e n t  e s t  u n e  p r o p r i ~ t 6  de s  r ~ p o n s e s  c h r o n o t r o p i q u e s .  E l l e  
fa i r  d u  cceur  u n e  p o m p e  a u t o r 6 g u l a t r i c e  u n i q u e  en s o n  
gen re .  
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The Aorta  Wall as  a Storage  Organ for Ne ur os ecre tory  Material  in Orthopteroid  Insects  

T h e  c o r p o r a  c a r d i a c a  a n d  or  t h e  a o r t a  wa l l  h a v e  been  
d e s c r i b e d  as  n e u r o h a e m a l  o r g a n s  m i n s e c t s .  T h r e e  d i f fe r -  
e n t  c o n d i t i o n s  h a v e  b e e n  r e p o r t e d  in p r e v i o u s  a c c o u n t s .  
N e u r o s e c r e t o r y  m a t e r i a l  m a y  be  s t o r e d  b o t h  in  t h e  c o r p o r a  
c a r d i a c a  a n d  t h e  a o r t a  wal l  o r  o n l y  in  t h e  a o r t a  wal l .  o r  
o n l y  in  t h e  c o r p o r a  c a r d i a c a .  

I n  t h e  h e m i p t e r a n s  Iphita limbata 1 a n d  Adelphoeoris 
lineolatus 2, i t  h a s  b e e n  f o u n d  t h a t  t h e  A - m a t e r i a l  p r e s e n t  
in  t h e  a o r t a  wa l l  is r e l e a s e d  f r o m  t h e  c o r p o r a  c a r d i a c a .  
S i m i l a r l y  in  t h e  d i p t e r a n  Calliphora erythrocefhalaa, 4 
n e u r o s e c r e t o r y  m a t e r i a l  is s t o r e d  p a r t l y  in t h e  a o r t a  wal l  
a n d  p a r t l y  in  t h e  c o r p o r a  c a r d i a c a .  I n  t h e  b e e t l e  Aulaco- 

phora/oveicollis5 t h e  c o r p o r a  c a r d i a c a  a n d  t h e  a o r t a  w a l l  
a r e  f u s e d  a n d  n e u r o s e c r e t o r y  m a t e r i a l  h a s  b e e n  s e e n  
e n t e r i n g  t h e  l a t t e r  f r o m  t h e  f o r m e r  DOGRA 6. w o r k i n g  on  
5 spec i e s  of  H e t e r o p t e r a ,  h o w e v e r ,  c a m e  to  t h e  c o n c l u s i o n  
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t h a t  t he  ao r t a  wall, b u t  poss ib ly  no t  the  corpora  cardiaca ,  
is t he  s torage  a n d  release o rgan  for A-mater ia l .  This  
suppo r t s  a n  earl ier  r e p o r t  b y  JOHANSSON 7 t h a t  in  t he  b u g  
Oncopeltus fasciatus only  t he  a o r t a  wal l  is t he  s torage  s i te  
for neu rosec re to ry  mate r ia l .  StIRIVASTAVA s, work ing  on 
t he  p e n t a t o m i d  b u g  Halys dentatus, also conc luded  t h a t  
t he re  is no  neu rosec re to ry  m a t e r i a l  in  t he  co rpora  cardiaca .  
He t r aced  t he  axons  of NCC I to  the  a o r t a  wal l  where  t h e y  
were found  to d iv ide  ex tens ive ly .  Thus  in t he  r ep resen ta -  
t ives  of t he  H e m i p t e r a ,  D i p t e r a  and  Coleoptera  so far  
inves t iga ted ,  neu rosec re to ry  m a t e r i a l  is s to red  b o t h  in t h e  
co rpora  ca rd iaca  a n d  a o r t a  wall, or on ly  in t he  ao r t a  wall. 

I n  t he  o r t h o p t e r o i d  insects,  neu rosec re to ry  m a t e r i a l  
ha s  been  descr ibed  on ly  in the  corpora  cardiaca .  I n  t h e  
earwig Anisolabis maritima 9, t h e  locust  Schistocerca gre- 
garia :~ t h e  cockroach  Leucophaea maderae::, and  t h e  

g ra s shopper  Melanoplus sanguinipes :2, no m e n t i o n  h a s  
been  m a d e  of t h e  presence  of neu rosec re to ry  ma te r i a l  in 
the  ao r t a  wall. I n  Gryllotalpa a/ricana x3 neurosec re to ry  
ma te r i a l  has  b e e n  descr ibed  in t h e  corpora  ca rd iaca  a long 
t h e  ao r t a  wall.  AWAS~HI la has  m a d e  a p o s i t i v e  s t a t e m e n t  
t h a t  t h e  a o r t a  wal l  does n o t  co n t a i n  a n y  t r ace  of neuro-  
secre tory  m a t e r i a l  in  t h e  house  c r icke t  Gryllodes sigillatus. 
F r o m  t h e  references  c i ted above,  i t  would  t h u s  a p p e a r  
t h a t  the  o r t h o p t e r o i d  insects  c o n s t i t u t e  a s e p a r a t e  cate-  
gory, d i f fer ing f rom the  H e m i p t e r a ,  D i p t e r a  an d  Coleop- 
t e r a  in  h a v i n g  neurosec re to ry  m a t e r i a l  in  t h e  co rpora  
ca rd iaca  b u t  n o t  in  t h e  a o r t a  wall. 

The  p re sen t  work  was done  on  3 species of insects,  viz. 
t h e  cockroach  Periplaneta americana, t h e  field c r icke t  
Gryllus bimaculatus an d  t h e  m a n t i d  Hierodula coarctata. 
The  r e t roce reb ra l  complex  was processed,  s t a ined  w i t h  
P a r a l d e h y d e  F u c h s i n  (PF)  a n d  Chrome  H a e m a t o x y l i n -  
Ph lox ine  (CHP),  a n d  e x a m i n e d  for t h e  presence  of neuro-  
secre tory  m a t e r i a l  in  the  co rpora  ca rd iaca  a n d  ao r t a  wall. 
I t  was  found  t h a t ,  in  m o s t  of t h e  m a t u r e  adu l t  females,  
neu rosec re to ry  m a t e r i a l  was  p r e s en t  in  t h e  corpora  car-  
d iaca  b u t  n o t  in  t h e  a o r t a  wall. I n  a few cases, however ,  
neu rosec re to ry  m a t e r i a l  was  d i s t inc t ly  p r e s en t  in  t h e  
a o r t a  wall  a n d  h a d  iden t ica l  s t a in ing  p r o p e r t y  w i th  t h a t  
of t h e  neu rosec re to ry  m a t e r i a l  in  t h e  co rpora  ca rd iaca  
(Figures 1-3). I n  all  t he  t h r ee  species e x a m i n e d  the  neuro-  
secre tory  m a t e r i a l  in  t h e  co rpora  ca rd iaca  a n d  t h e  a o r t a  
wal l  s t a ins  b lue -b lack  wi th  C H P  a n d  deep pu rp l e  wi th  PF.  

The  fac t  t h a t  t h e  neu rosec re to ry  m a t e r i a l  has  been  
found  only  in some s tages  in  the  a o r t a  wall  ind ica tes  
periodic ac t iv i ty .  I t  also accoun t s  for the  fac t  t h a t  previ -  
ous au t h o r s  d id  n o t  f ind  neu rosec re to ry  m a t e r i a l  in  t h e  
a o r t a  wall.  U n f o r t u n a t e l y ,  s ince t h e  insects  in  t h e  p r e s en t  
work  were n o t  o b t a i n e d  f rom l a b o r a t o r y - r e a r e d  colonies, 
t h e  precise s tage  in t h e  life cycle du r ing  wh ich  the  neuro-  
secre tory  m a t e r i a l  was  found  could n o t  be  ascer ta ined .  
T h e  p r e s en t  o b s e r v a t i o n s  show t h a t  in t h e  presence  of 
neu rosec re to ry  mate r ia l ,  b o t h  in t h e  co rpora  card iaca  an d  
ao r t a  wall, t h e  o r t h o p t e r o i d  cond i t ion  is s imi lar  to  t h a t  
r epo r t ed  for t h e  Dip te ra ,  Coleoptera  an d  some H e m i p t e r a .  
Thus,  on  t h e  bas is  of p resence  of neu rosec re to ry  m a t e r i a l  
in  t h e  r e t roce reb ra l  complex,  insects  can  be  d iv ided  in to  2 
groups :  in some H e m i p t e r a  6 s i t  is p r e s e n t  only  in t h e  
a o r t a  wall,  whi le  in  t h e  D i p t e r a  ~, a, Coleoptera  ~, some 
H e m i p t e r a : , 2  a n d  o r t h o p t e ro i d  insec ts  i t  is found  b o t h  
in the  corpora  cad iaca  an d  t h e  a o r t a  wall. 

Zusammenfassung. Bei  v e r s c h i e d e n e n  O r t h o p t e r e n  wurde  
neurosekre to r i sches  Mate r i a l  n i c h t  n u r  im Corpus cardia-  
cure, sonde rn  a u c h  in der  A o r t e n w a n d  gefunden,  wie dies 
bere i t s  bei  Dip te ren ,  Coleopteren  und  H e m i p t e r e n  be-  
o b a c h t e t  wurde .  
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Sections through the corpora cardiaca (CC) and the aorta wall (AO) 
showing neurosecretory material (NSM) in these structure. 

Fig, 1. Periplaneta americana. • 630. 

Fig. 2. Gryllus bimaculatus. • 630. 

Fig. 3. Hierodula coarctata. • 890. 
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