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are ca lcula ted .  W e  aga in  see t h a t  t u r n o v e r  ra tes  are ap-  
p r o x i m a t e l y  3 t imes  as h i g h  in m i d g u t  g land,  g u t  a n d  
s t o m a c h  compared  to  t he  res t  animal .  

For  compar ison ,  r e sp i ra t ion  ra t e s  for d i f fe rent  o rgans  
for t he  t e r re s t r i a l  p u l m o n a t e  snai l  Helix pomatia, as 
p re sen ted  b y  o the r  a u t h o r s  6, are s u m m a r i z e d  also in 
Tab le  I I ,  co lumn  3. R e s p i r a t i o n  r a t e  obv ious ly  goes more  
or less para l le l  to  c a r b o n  t u r n o v e r  ra te .  Organs  of t he  
pal l ia l  complex  show a b o u t  3 t imes  h igher  a r e sp i ra t ion  ra t e  
t h a n  t h e  res t  a n i m a l  a n d  r ep r oduc t i ve  o rgans  show aga in  
a r a t h e r  low value .  T he  inco rpo ra t ion  and  t u r n o v e r  ra tes  
of t he  o rgans  cor respond  to some e x t e n t  to  t he  resul t s  for  
r a t s  a n d  mice:  t h e  h ighes t  be ing  in liver,  t h e n  k idney ,  
spleen, lung, muscle,  a n d  t he  lowest  in  t he  bra in .  In  
c rus t aceans  (Orconectes limosus), t h e  succession:  gut ,  
m i d g u t  gland,  s tomach ,  muscle  was found,  w h e n  14C- 
glucose was in jec ted  in to  t h e  h e m o l y m p h L  

I f  half-l ife t imes  of t he  m i d g u t  gland,  s t o m a c h  and  gu t  
of Ancylus fluviatilis are c o n v e r t e d  to  m a m m a l  t e m p e r a -  

tu re  of 38~ b y  a s suming  a Q~0 of 2, va lues  of 2.3-5.3 days  
are found,  wh ich  nea r ly  equa l  va lues  for mice  a n d  for 
Orconectes w h e n  conver teda .  On t h e  o the r  h a n d ,  respi ra-  
t ion  ra t e s  are a b o u t  2500 ~zl O2/g �9 h for mice, 40 ~1 O2/ 
g �9 h for Orconectes 3 and  200 ~zl O2/g �9 h for dncylus  
fluviatilis s, t h e  l a t t e r  b o t h  a t  18 ~ Assuming  aga in  a 
Q~0 of 2, mice h a v e  a r e sp i ra t ion  r a t e  a b o u t  15 t imes  as 
h igh  a Orconectes and  a b o u t  3 t imes  as h i g h  as Ancylus. 
Such  ca lcu la t ions  h a v e  to be  r ega rded  w i t h  cau t ion ,  as 
n e i t h e r  i n v e r t e b r a t e  can  exis t  a t  38~ a n d  a n y  a s s u m e d  
va lue  of Q~0 is a rb i t r a ry .  B u t  neve r the l e s s  i t  now  seems 
to  be  a genera l  p h e n o m e n o n  t h a t  i nve r t eb ra t e s ,  a l t h o u g h  
showing  lower r e sp i ra t ion  ra tes  t h a n  m a m m a l s ,  h a v e  
qu i te  c o m p a r a b l e  i nco rpo ra t i on  a n d  c a r b o n  t u r n o v e r  
ra tes ,  if c o n v e r t e d  to  t he  same t e m p e r a t u r e .  
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Summary.  P u r e  s t i m u l a t i o n  of ca ro t id  chemorecep to r s  induces,  as a p r i m a r y  effect, t h e  genera l  s p o n t a n e o u s  a c t i v a t i o n  
of b o t h  t he  ca rd ioexc i t a to ry  a n d  t h e  ca r d i o i nh i b i t o ry  m e d u l l a r y  centres .  These  effects  h a v e  been  shown  b y  keep ing  
c o n s t a n t  those  p a r a m e t e r s  which,  w h e n  modif ied,  p roduced  seconda ry  effects h id ing  t h e  i nves t i ga t ed  p r i m a r y  ones. 

, Chemorecep to r  s t i m u l a t i o n  of ca ro t id  g lomus  p rovokes  
in s p o n t a n e o u s l y  b r e a t h i n g  an i m a l s  an  increased  ac t iva -  
t i on  of t he  r e sp i r a to r y  centres ,  h y p e r t e n s i o n  a n d  t a c h y -  
ca rd ia  1, 2. W h e n  the  an ima l s  are t h o r a c o t o m i z e d  or cura-  
r ized a n d  ar t i f ic ia l ly  ven t i l a t ed ,  t he  same chemorecep to r  
s t imu lus  resu l t s  in  b r a d y c a r d i a  s-5. I t  is genera l ly  accep ted  
t h a t  t he  t a c h y c a r d i a  observed  in t h e  f i rs t  e x p e r i m e n t a l  
cond i t ion  is asc r ibab le  to  t he  increase  of v e n t i l a t i o n  pro-  
voked  b y  t he  chemorecep to r  s t imulus ,  wh ich  is to  say  
t h a t  t he  t a c h y c a r d i a  is a s econda ry  response  to  t he  in- 
crease of p u l m o n a r y  s t r e t c h  r ecep to r  a c t i v i t y  4, ~, 7. The  
p r i m a r y  effect  of ca ro t id  chemorecep to r  s t i m u l a t i o n  on  
t h e  h e a r t  shou ld  cons is t  in  a decrease  of i ts  f r e q u e n c y :  
such  a b r a d y c a r d i c  effect  appea r s  u n m a s k e d  if t he  a n i m a l  
is n o t  a l lowed to  increase  i ts ven t i l a t ion .  

As far  as t he  m e c h a n i s m s  of th i s  b r a d y c a r d i a  are con- 
c e r n e d ,  beside t h e  well  def ined increase  of t he  vaga l  
a c t i v i t y  s-~l, t he re  is sti l l  some d i s ag r eem en t  as to  w h e t h e r  
the re  is a n y  p a r t i c i p a t i o n  of t h e  cardiac  s y m p a t h e t i c  
a c t i v i t y  in  t h i s  response.  A m o n g  others ,  DOWNI~O a n d  
SIEGEL 12 af f i rm t h a t  t he  card iac  s y m p a t h e t i c  ne rve  does 
no t  show a n y  con t r ibu t ion ,  whi le  ALANiS e t  al. ~3 h a v e  
descr ibed  e x p e r i m e n t s  in wh ich  a decrease, a n  increase  or 
no  change  in t he  cardiac  s y m p a t h e t i c  a c t i v i t y  occurred.  

The  p r e sen t  e x p e r i m e n t s  h a v e  been  u n d e r t a k e n  in order  
to  ana lyze  t h e  role of t he  card iac  s y m p a t h e t i c  n e r v e  in 
th i s  ref lex b r adyca rd i a .  

Methods. The  e x p e r i m e n t s  were pe r fo rmed  on 20 ca ts  
a n a e s t h e t i z e d  w i t h  u r e t h a n e  (250 mg/kg)  a n d  chloralose  
(30 mg/kg) ,  t h o r a c o t o m i z e d  a long t he  mid l ine  and  ar t i -  
f icial ly ven t i l a t ed .  T he  a r te r ia l  b lood pressure  was re- 
corded  f rom r i g h t  subc l av i an  a r te ry .  T he  electr ic  a c t i v i t y  
f rom t h e  cen t r a l  cu t  end  of t he  infer ior  cardiac  ne rve  a n d  of 
t h e  ph ren i c  ne rve  was recorded  b y  m e a n s  of a n  AC pre-  
ampl i f ie r  a n d  an  i n t e g r a t o r  fol lowing t he  t e c h n i q u e  of 
ALANiS e t  al.~h T rachea l  CO2% was c o n t i n u o u s l y  moni -  
to red  a n d  t h e  v e n t i l a t i o n  was ad ju s t ed  as to  keep t he  
end - t i da l  COs% a t  t he  con t ro l  level  t h r o u g h o u t  t he  

expe r imen t .  W h e n  requi red ,  t h e  ca t ' s  a r t e r ia l  b lood pres-  
sure  was k e p t  c o n s t a n t  b y  c o n n e c t i n g  t he  a b d o m i n a l  
a o r t a  (at  t he  b i furca t ion)  to  a large p las t ic  t u b e  which  led 
to a big  reservoi r  c o n t a i n i n g  buf fe red  sal ine solut ion.  The  
pressure  in t he  reservoi r  was f ixed a t  t he  same  level  as t h e  
m e a n  b lood pressure  t h e  a n i m a I  exh ib i t ed  j u s t  before  each  
tr ial .  The  h e a r t  was  paced,  w h e n  necessary,  b y  e lectr ical  
impulses  a t  a su i t ab le  f requency,  de l ive red  t h r o u g h  a 
couple  of r i ng - shaped  p l a t i n u m  elect rodes  f ixed to  t he  
an t e r i o r  wal l  of t he  r i g h t  a t r i um.  N a C N  so lu t ion  a t  a 
c o n c e n t r a t i o n  of 50 ~zg/ml was in jec ted  b y  m e a n s  of a n  
in fus ion  p u m p ,  t h r o u g h  t he  c a n n u l a t e d  t h y r o i d  a r te ry .  

Results and discussion. The  NaCN in jec t ion  in  t h o r a c o t -  
omized-ar t i f i c ia l ly  v e n t i l a t e d  ca ts  (Figure A) evoked  t h e  
usual  increase  in ph ren ic  discharge.  A t  t he  same  t i m e  t he  
s y m p a t h e t i c  d ischarge  exh ib i t ed  an  a b r u p t ,  sho r t - l a s t i ng  
increase  followed b y  modi f i ca t ions  t h a t  were  synch ronous  
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Effect of carotid chemoreceptor stimulation on the cardiac sympathetic nerve discharge. At the signal 0.2 ml of a NaCN solution (50 ~zg/ml) 
was injected through the right thyroid artery. Cat: urethane (250 mg/kg) and chloralose (30 mg/kg) anaesthesia, open chest, artificial ventila- 
tion. A) control; B) heart electrically paced, blood pressure kept artificially'constant. Traces from above: arterial blood pressure (B.P.), 
mean arterial pressure (M.B.P.) heart rate in beats per min (H.R.), integrated discharge activity of the right cardiac sympathetic nerve 
(C.S.N.) and of the right phrenic nerve (Ph. N.). 

a n d  oppos i te -s ign  to  those  of t he  a r te r ia l  pressure .  W e  
bel ieve t he  f i rs t  a b r u p t  increase  of t he  s y m p a t h e t i c  dis- 
cha rge  was due to t he  effect  of t h e  chemorecep to r  s t imula -  
t i on ;  s u b s e q u e n t l y  such  a n  effect  was  h i d d e n  a n d  coun-  
t e r a c t e d  b y  t he  p ressorecep tor  inf luences,  eve ry  t ime  
the re  was  a change  in t h e  a r t e r i a l  sys temic  b lood  pressure  
level.  

I n  a successive t r ia l  (Figure  B), b o t h  t he  a r t e r i a l  b lood 
pressure  a n d  t he  h e a r t  f r e q u e n c y  were  k e p t  c o n s t a n t  (see 
methods)  in o rder  to  m a k e  ev iden t  t he  pure  effect  of t h e  
same  c h e m o r e c e p t o r  s t i m u l a t i o n  on  the  card iac  s y m p a -  
t h e t i c  ac t iv i ty .  I n  t h i s  s i tua t ion ,  t h e  s y m p a t h e t i c  d ischarge  
showed  a s ign i f ican t  increase,  l a s t ing  a p p r o x i m a t e l y  t h e  
same t i m e  as t he  r e sp i r a to ry  ac t iva t ion .  

The  compar i son  of t he  two t r ia ls  shows t h a t  t he  phase  
of b r a d y c a r d i a  shown  in F igure  A a n d  t he  increase  in sym-  
p a t h e t i c  n e r v e  d i scharge  obse rved  in B were b o t h  h a p p e n -  
ing a t  t he  same  l a t e n c y  f rom the  cyan ide  in jec t ion  a n d  
s y n c h r o n o u s l y  w i t h  t h e  increase  of the  phren ic  discharge.  

This  m e a n s  t h a t ,  du r ing  ca ro t id  chemorecep to r  s t imu la -  
t ion ,  b o t h  p a r a s y m p a t h e t i c  a n d  s y m p a t h e t i c  s u p p l y  to t h e  
h e a r t  were a c t i v a t e d  a t  t h e  same t ime.  

A t  t h e  end  of t h e  expe r imen t s ,  t h e  H e r i n g  ne rve  ipsi-  
l a te ra l  to  t h e  side of N a C N  in jec t ion  was cut .  B a r o c e p t o r  
a n d  c h e m o r e c e p t o r  a c t i v i t y  was recorded  f rom t h e  pe-  
r iphe ra l  end  of t h e  ne rve .  T h e  N a C N  a d m i n i s t r a t i o n  pro-  
duced  a c lear  increase  of c h e m o r e c e p t o r  a c t i v i t y  a n d  d id  
n o t  mod i fy  t h e  b a r o r e c e p t o r  d i scharge ;  t h e  same  injec-  
t ion  h a d  no  effect  w h a t s o e v e r  on  b lood  pressure ,  h e a r t  
r a t e  a n d  r e s p i r a t o ry  ac t iv i ty .  Th i s  p roves  t h a t  t h e  effects 
obse rved  on  these  p a r a m e t e r s  before  c u t t i n g  t h e  H e r i n g  
n e r v e  were due  to t h e  pu re  s t i m u l a t i o n  of ca ro t id  chemo-  
receptors ,  a n d  n e i t h e r  d i rec t  s t i m u l a t i o n  of cen t r a l  
s t r u c t u r e s  nor  of o t h e r  c h e m o r e c e p t o r  areas  was involved .  

These  d a t a  show clear ly  t h a t  ca ro t id  c h e m o r e c e p t o r  
s t i m u l a t i o n  p roduces  a genera l  a c t i v a t i o n  of b o t h  t he  
c a r d i o a c t i v a t o r y  a n d  t h e  c a r d i o i n h i b i t o r y  m e d u l l a r y  
centres .  
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Summary. The  responses  of ce r t a in  pho t i ca l l y  respons ive  cells of t h e  super ior  coll iculus were  found  acu te ly  d e p e n d e n t  
on  t he  focal cond i t i on  of t he  r e t i na l  image.  

A l t h o u g h  re f rac t ive  er rors  are b y  far  t h e  m o s t  c o m m o n  
anomal ie s  of t h e  v i sua l  s y s t e m  S, l i t t l e  is k n o w n  of t h e i r  
effects  d i r ec t ly  on  v i sua l  p a t h w a y  coding.  A n  a p p r o a c h  
exp lored  here  was  to  induce,  t h r o u g h  re f rac t ive  error,  
k n o w n  degrees  of r e t i na l  image  b lu r  and  to  c o m p a r e  t h e  
r e su l t i ng  p a t h w a y  responses  w i t h  those  assoc ia ted  w i t h  
op t i ca l ly  be s t  (i.e., no  r e f r ac t ive  error)  condi t ions .  

Material a~zd method. The  responses  c i ted are  f rom 
a m o n g  a c u m u l a t i v e  sample  of more  t h a n  300 n eu ro ns  
n o w  s tud ied  w i t h i n  t h e  r a b b i t  m e s e n c e p h a l o n  an d  v i sua l  
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