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0.9% saline.  The  i n c u b a t i o n  m i x t u r e  c o n t a i n e d  1.0 ml  of a 
p r e t r e a t e d  angio tens inase- f ree  p l a s m a  pool  of nephrec to -  
mized  an ima l s  w i t h o u t  pressor  or depressor  ac t iv i ty .  The  
ang io t ens inogen  c o n c e n t r a t i o n  in d i f fe ren t  charges  was 
a b o u t  4000 ng  ang io tens in  I I - a m i d  equ iva Ien t /ml .  I n  t he  
presence  of 0.01 ml  of 5% d i - i sop ropy l f luo rophospha te  (in 
i sopropanol) ,  0,3 ml  p h o s p h a t e  buf fe r  (0.1 mol,  p H  5.5), 
0.65 ml  0.9% saline,  0.04 ml  neomyc in - su l f a t e  0.5 ~ 
0.25 to 0.5 ml  p lasma,  t he  m i x t u r e  was a d j u s t e d  to  p h  5.5 
and  i n c u b a t e d  a t  37 ~ for 2 h. Fo l lowing  h e a t  i nac t i va -  
t ion  a t  p h  5.1, t he  clear  s u p e r n a t a n t  was  b ioassayed  by  
pressor  response  in t he  nephrec tomized ,  vago tomized ,  
p e n t o l i n i u m - b l o c k e d  r a t  as descr ibed  in de ta i l s  else- 
where  s. 

Results. As to be  expected ,  b i l a te ra l  n e p h r e c t o m y  re- 
sul ted  in a comple te  d i s appea rance  of r en in  a c t i v i t y  in  the  
a r t e r i a l  and  p o r t a l  venous  p l a s m a  w i t h i n  2 to  24 h a f te r  
opera t ion .  W h e n  these  an i m a l s  were sub jec t ed  to  hemor -  
rhag ic  h y p o t e n s i o n  l a s t i ng  f rom 60 tO 165 min,  r eappear -  
ance  of r en in  in t he  p o r t a l  venous  or a r t e r i a l  p l a s m a  
could no t  be  de tec ted  (Table),  U n d e r  t he  same c i rcum- 
s tances ,  40 to 65 m i n  a f t e r  i n d u c i n g  hemor rhage ,  un-  
n e p h r e c t o m i z e d  an im a l s  revea led  a th ree fo ld  increase  in 
t he  a r t e r i a l  p l a s m a  ren in  a c t i v i t y  f rom 65 ~ 21 n g / m l  to 
221 • 48 n g / m l  (n = 5) w i t h i n  a one -hour  i n c u b a t i o n  
t ime.  Accord ing  to our  f indings ,  t he  p o r t a l  sys t em of r a t s  
does n o t  l ibe ra te  renin.  This  con t r a s t s  w i t h  pub l i shed  re- 
sui ts  7 in  w h i c h  a p r e v a l e n t  increase  in r en in  a c t i v i t y  in 
p o r t a l  venous  b lood  ha s  been  r epo r t ed  in dogs u n d e r  s imi-  
lar  condi t ions .  W h e t h e r  th i s  d i f ference is due  to a species- 
specific b ind ing  of p l a sma t i c  r en in  located  in the  mesen-  

te r ic  vessel  wal l  s wh ich  can  be  l i be r a t ed  b y  t he  h y p o x i c  
h y p o t e n s i v e  s ta te ,  r ema ins  to be es tab l i shed .  I n  non-ne -  
p h r e c t o m i z e d  dogs, a s ign i f ican t  increase  b u t  no measur -  
ab l e  d i f ference in t he  a r t e r i a l  and  p o r t a l  venous  r en in  level  
a f te r  h e m o r r h a g e  was r epo r t ed  s. So far  r en in  s y n t h e t i z i n g  
s t r u c t u r e s  in t he  sp l anchn ic  area  h a v e  n o t  been  descr ibed.  

Zusammenfassung. An 2-24 h n e p h r e k t o m i e r t e n  m/~nn- 
l ichen  u n d  weib l i chen  W i s t a r - R a t t e n  w u r d e n  Vergleichs-  
b e s t i m m u n g e n  der  R e n i n - A k t i v i t g t  im ar te r ie l len  u n d  por-  
t a l v e n 6 s e n  P l a s m a  durchgef t ih r t .  Die R e n i n - A k t i v i t ~ t  
war  in  be iden  GefXssys temen auf  n i c h t  messba re  W e r t e  
abgefa l len .  Die infolge B l u t e n t z u g  von  10-12 m l / k g  er- 
ziel te hXmorrhag i sche  H y p o t e n s i o n  f i ihr te  im Z e i t r a u m  
v o n  60-165 min  n i c h t  zu e inem R e n i n - A k t i v i t ~ t s a n s t i e g .  
Die Ve r suchs re su l t a t e  e rgeben  ke ine  Bes t~ t igung ,  dass  
R e n i n  in der  p o r t a l e n  S t r o m b a h n  p r o d u z i e r t  oder  freige- 
se tz t  wird.  
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Stretch Sensitive Intrinsic Autoregulatory Mechanisms for Rhythmicity and Contractility of the Heart 

Whi le  c o n d u c t i n g  e x p e r i m e n t s  on  isola ted frog hear t s ,  
t h e  a u t h o r  obse rved  t h a t  change  in the  per fus ion  pressure  
cons i s t en t ly  p roduced  changes  in h e a r t  ra te .  E x t e n s i v e  
e x p e r i m e n t s  conduc t ed  on var ious  p r e p a r a t i o n s  of i so la ted  
frog h e a r t s  and  i ts  i nd iv idua l  c h a m b e r  ( P a t h a k  1-~) and  on 
i so la ted  dog h e a r t s  and  i so la ted  a t r i a  of dogs, r abb i t s ,  
g inea-pigs  and  a lb ino  ra t s  ( P a t h a k  s) d e m o n s t r a t e d  t h a t  
d i s t ens ion  of va r ious  c h a m b e r s  of frog h e a r t s  and  dis ten-  
sion of r i gh t  a t r i a  of m a m m a l i a n  h e a r t s  b y  ra is ing  t he  
i n t r a l u m i n a l  pressure  resu l ted  in ca rd ioacce le ra t ion  in a 
p rogress ive ly  I inear  fash ion  up  to a ce r t a in  cr i t ical  pres- 
sure b e y o n d  wh ich  e i the r  no  f u r t h e r  acce le ra t ion  occured 
or the  h e a r t  r a t e  s t a r t e d  decl ining.  I n  a g iven  hear t ,  
d e p e n d i n g  upon  in i t ia l  s t r e t c h  of t he  p a c e m a k e r  due to 
p r e v a l e n t  r i gh t  a t r i a l  p ressure  in  r e l a t ion  to th i s  cr i t ical  
degree of s t re tch ,  one could get  e i the r  acce le ra t ion  dr 
dece le ra t ion  or no change  in t he  h e a r t  ra te ,  on increas ing  
t he  d i s t end ing  pressure.  

The  p r e sen t  c o m m u n i c a t i o n  is based  u p o n  f u r t he r  con- 
f i r m a t i o n  and  ex tens ion  of these  f ind ings  us ing  more  
ref ined e lect ronic  recordings.  

2~[aterial and method. The  a c t i v i t y  of i so la ted  frog h e a r t s  
(Rana temporaria) per fused  in s i tu  w i t h  frog R inge r  solu- 
t ion  was recorded  w i t h  a f ou r - channe l  i n k w r i t i n g  recorder.  
The  recorded  p a r a m e t e r s  inc luded  per fus ion  (venous) 
pressure ,  h e a r t  ra te ,  a r t e r ia l  pressures  (systolic, d ias tol ic  
and  pulse pressure)  deve loped  b y  t he  i so la ted  h e a r t  work-  
ing aga ins t  an  ar t i f ic ia l  r e s i s t ance  and  card iac  ou tpu t .  
The  effect  of g raded  increase  in venous  pressure  b y  ra i s ing  
t he  per fus ion  pressure  a n d  of g raded  increase  in a r te r ia l  
p ressure  p roduced  b y  inc reas ing  t he  ar t i f ic ia l  resis tance,  
was  inves t iga ted .  A l t h o u g h  p r e s s u r e - t a c h y c a r d i a  was 

obse rved  in a large n u m b e r  of frogs used in var ious  exper-  
iments ,  de ta i led  ana lys i s  of th i s  n a t u r e  was u n d e r t a k e n  in 
18 hea r t s .  The  t e m p e r a t u r e  of l a b o r a t o r y  was t h e r m o -  
s t a t i ca l ly  regula ted .  

Results. G r a d e d  increase  in venous  pressure  in  s teps  of 
1 cm f rom 0 to  6 cm of R inge r  p roduced  g raded  increase  
in t he  h e a r t  r a t e  up  to  3 to  4 cm pressure .  F u r t h e r  in- 
creases in  pressure  b e y o n d  th i s  level  e i the r  p r o d u c e d  no 
f u r t h e r  increase  in the  h e a r t  r a t e  or t he  h e a r t  r a t e  decl ined 
(Figure  1) below the  p l a t eau  level. G r a d e d  increases  in  
a r t e r i a l  pressure  in  s teps  of 10 m m  H g  p roduced  s imi la r  
changes  due  to b a c k  pressure  caus ing  d i s tens ion  of the  
s inus  venosus .  The  fol lowing add i t i ona l  obse rva t ions  were 
con f i rmed :  1. The  p ressure -acce le ra t ion  response  was 
revers ible .  2. Fo r  each h e a r t  t he re  was a cr i t ical  pressure  
up  to  which  b o t h  ino t rop ic  a n d  ch rono t rop ic  responses  
increased  s imu l t aneous ly  w i t h  t he  degree of pressure-  
s t re tch ,  The  frog hea r t s  worked  op t ima l ly  a t  a b o u t  3 cm 
R i n g e r  pressure .  3. H y p o d y n a m i c  h e a r t s  could be  re- 
a c t i v a t e d  and  qu iescen t  h e a r t s  could be  r e s t a r t e d  b y  in- 
creas ing t he  d i s t end ing  pressure .  H e a r t  b e a t  cons iderab ly  
slowed down or s t opped  a l t oge the r  w h e n  the  p ressure  was 
r educed  to zero level. 4. R e p e a t e d  t e s t i ng  w i t h  pressures  
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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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