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E f f e r e n t  C o n t r o l  o f  t h e  C a r o t i d  B o d y  C h e m o r e c e p t o r  

T h e  c a r o t i d  b o d y  c h e m o r e c e p t o r s  h a v e  b e e n  s h o w n  to  
be  i n f l u e n c e d  b y  a n  e f f e r e n t  p a t h w a y  a r i s i n g  f r o m  t h e  
c e r v i c a l  s y m p a t h e t i c  n e r v e  s u p p l y  1. R e c e n t l y ,  e v i d e n c e  
h a s  a p p e a r e d  w h i c h  s u g g e s t s  t h a t  t h e r e  m a y  be  a s e c o n d  
e f f e r e n t  p a t h w a y  t o  t h e  r e c e p t o r  c o m p l e x .  I t  w a s  d e m o n -  
s t r a t e d  t h a t  t h e r e  is s p o n t a n e o u s  n e r v e  a c t i v i t y  p a s s i n g  
c e n t r i f u g a l l y  in  t h e  s i n u s  n e r v e  ~, t h e  n e r v e  w h i c h  ca r r i e s  
t h e  a f f e r e n t  c h e m o r e c e p t o r  f ib res .  I n  a d d i t i o n  i t  h a s  b e e n  
s h o w n  t h a t  s t i m u l a t i o n  of  t h e  p e r i p h e r a l  e n d  of  t h e  s i n u s  
n e r v e  d e p r e s s e s  c h e m o r e c e p t o r  a c t i v i t y  a. O b s e r v a t i o n s  on  
t h e  s t r u c t u r e  of  t h e  c a r o t i d  b o d y  f u r t h e r  s u g g e s t  t h a t  t h e  
n e r v e  e n d i n g s  o n  t h e  T y p e  I ( g l omus )  cel ls  of  t h e  c a r o t i d  
b o d y  a r e  e f f e r e n t  a n d  n o t  a f f e r e n t  4. I t  m a y  be  d e d u c e d  
t h e r e f o r e  t h a t  t h i s  e f f e r e n t  p a t h w a y ,  in  a d d i t i o n  to  t h e  
s y m p a t h e t i c  s y s t e m ,  m a y  c o n t r o l  t h e  r e c e p t o r .  W e  h a v e  
e x a m i n e d  t h e  p r o b l e m  b y  r e c o r d i n g  c h e m o r e c e p t o r  
a c t i v i t y  in  a s l ip  of  t h e  s i n u s  n e r v e  w h i l s t  t h e  r e m a i n d e r  
of  t h e  n e r v e  is i n t a c t .  I f  s u f f i c i e n t  of  t h e  e f f e r e n t  f i b r e s  
r e m a i n  f u n c t i o n a l  d u r i n g  t h i s  p r o c e d u r e ,  a n d  t h e y  h a v e  
t o n i c  e f fec t s ,  t h e i r  s e c t i o n  s h o u l d  l e a d  t o  a c h a n g e  in  
r e c e p t o r  a c t i v i t y .  W e  h a v e  a l so  s t i m u l a t e d  t h e  p e r i p h e r a l  
e n d  o f  t h e  s i n u s  n e r v e  w h i l e  r e c o r d i n g  c h e m o r e c e p t o r  
a c t i v i t y .  

Method. C a t s  we re  u s e d ,  e i t h e r  a n a e s t h e t i z e d  w i t h  
s o d i u m  p e n t o b a r b i t o n e  (30 m g / k g ,  i .p.)  o r  d e c e r e b r a t e d  
u n d e r  h a l o t h a n e  a n a e s t h e s i a .  A s l ip  of  s i n u s  n e r v e  w a s  
l a id  o n  a s t a i n l e s s  s t ee l  p l a t e  a n d  d i s s e c t e d  to  o b t a i n  a f ew  
f i b r e s  s h o w i n g  c h e m o r e c e p t o r  a c t i v i t y .  T h e  r e m a i n d e r  of  
t h e  n e r v e  w a s  i n t a c t .  N e r v e  p o t e n t i a l s  w e r e  r e c o r d e d  b y  
c o n v e n t i o n a l  m e a n s  a n d  t h e i r  f r e q u e n c y  m e a s u r e d  b y  t h e  
t i m e  c o u n t e d  for  a p r e s e t  n u m b e r  of  i m p u l s e s  t o  o c c u r  
( u s u a l l y  a t  l e a s t  200). T h e  a r t e r i a l  CO~ t e n s i o n  a n d  p H  
w e r e  k e p t  c o n s t a n t ;  a r t e r i a l  o x y g e n  t e n s i o n  w a s  v a r i e d  b y  
c h a n g i n g  t h e  i n s p i r e d  o x y g e n  t e n s i o n  in  t h e  a r t i f i c i a l l y  

v e n t i l a t e d  ca t .  A r t e r i a l  p r e s s u r e  w a s  m a i n t a i n e d  a b o v e  
100 m m  H g .  I n  t h i s  w a y  d a t a  for  p l o t t i n g  o x y g e n  r e s p o n s e  
c u r v e s  for  t h e  c h e m o r e c e p t o r s  w e r e  o b t a i n e d .  F u r t h e r  
d e t a i l s  of  o u r  t e c h n i q u e s  wil l  be  f o u n d  e l s e w h e r e  2. 

Results. E x p e r i m e n t s  o n  9 c a t s  w e r e  p e r f o r m e d .  I n  5 t h e  
o x y g e n  r e s p o n s e  c u r v e  w a s  d i s p l a c e d  u p w a r d s  a f t e r  t h e  
s i n u s  n e r v e  w a s  c u t  so  t h a t  t h e  r a t e  of  d i s c h a r g e  a t  a n y  g i v e n  
o x y g e n  t e n s i o n  i n c r e a s e d .  T h i s  r e s p o n s e  w a s  a t  o n c e  
a p p a r e n t .  I n  2 c a t s  t h e r e  w a s  no  c h a n g e  in r a t e  a n d  in  2 
c a t s  t h e  r e s u l t s  we re  e q u i v o c a l ,  e i t h e r  u n c h a n g e d  o r  
s l i g h t l y  i n c r e a s e d .  T h e  m o s t  p r o n o u n c e d  e x a m p l e  of  t h i s  
s h i f t  a t  low o x y g e n  t e n s i o n s  is s h o w n  in  F i g u r e  1. B e f o r e  
t h e  s i n u s  n e r v e  w a s  cu t ,  t h e  d i s c h a r g e  r a t e  o f  t h i s  f ib re  
w a s  8.8 i m p / s e c  a t  a Pao~ of  100 m m  H g  a n d  16.5 i m p / s e c  
a t  a Pao~ of  70 m m  H g .  A f t e r  t h e  r e m a i n d e r  of  t h e  s i n u s  
n e r v e  w a s  cu t ,  t h e  d i s c h a r g e  r a t e  i n c r e a s e d  to  1 2 - 1 3 . 5  
i m p / s e c  a t  a Pao2 of  100 m m  H g  a n d  to  o v e r  25 i m p / s e c  
a t  a Pa o~ of  70 m m  H g .  I n  t h e  o t h e r  a n i m a l s  t h e  e f f ec t  w a s  
a l so  m o s t  p r o n o u n c e d  a t  low o x y g e n  t e n s i o n s  b u t  c o u l d  
a m o u n t  to  a n  i n c r e a s e  o f  o n e  i m p u l s e  p e r  s e c o n d  a t  h i g h  
t e n s i o n s .  

W e  h a v e  a l so  c o n f i r m e d  t h e  f i n d i n g  of  NEIL a n d  
O 'REGAN a t h a t  s t i m u l a t i o n  of  t h e  s i n u s  n e r v e  wil l  
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Fig. 1. Oxygen response curve of chemoreceptor afferents from the 
carotid body of the cat. Ordinate, nerve impulses per sec; abscissa, 
arterial oxygen tension in mm Hg. Arterial carbon dioxide tension 
28 30 mm Hg; pH 7.33 7.37; arterial blood pressure, 110-130 mm 
Hg. The action potentials were recorded from a slip dissected from 
the sinus nerve. Closed circles show response when the remainder of 
the sinus nerve was intact  and contiguous with the glossopharyngeal 
nerve. Open triangles show the response after the remainder of the 
sinus nerve was cut. The cervical sympathetic nerve supply to the 
carotid body was cut at the beginning of the experiment. 
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Fig. 2. Chemoreceptor activity recorded from a slip of the sinus 
nerve whilst the remainder of the nerve, and hence any efferent 
fibres, were st imulated electrically. (A--C) Overlapping strips of a 
continuous filmed record showing chemoreceptor activity. In (B) 
the st imulus artefact marks the period of stimulation at 20/see and 
shows suppression of activity. (D) and 0~) are graphs showing the 
number  of chemoreceptor impulses per second plotted against time 
elapsed. In each graph between the arrows the sinus nerve was 
stimulated, in (D) at 10/see and in (s) at 100 sec. 
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suppress  chemorecep to r  ac t iv i ty  in a slip d issected f rom 
the  nerve  (Figure 2). At  h igh  frequencies  of s t imulat ion,  
up to 10-100/sec for 1-5 sec, the  suppress ion ou t las ted  the  
per iod of s t imula t ion  by  up to  2 sec. In  Figure  2, B the  
s t imulus  a r t e fac t  marks  t he  per iod of s t imula t ion ;  the  
discharge is no t  to ta l ly  suppressed  dur ing s t imula t ion  b u t  
the  pro longed depressan t  effect  is shown here and also on 
the  g raph  of Figure 2, E. In  b o t h  of the  graphs,  showing the  
effect  of d i f ferent  s t imulus  frequencies,  the  sca t te r  of t he  
f r equency  plot  appears  to  be reduced  dur ing  s t imula t ion  
t hough  this  po in t  has  ye t  to  be r igorously tes ted .  

A shif t  of the  oxygen  response  curve of chemorecep to r  
a f ferents  such as we have  found  af ter  i n t e r rup t ion  of t he  
cent r i fugal  p a t h w a y  is to be pred ic ted  on the  basis of 
NElL and  O'REGAN'S 3 resul t  if there  is effective tonic 
ac t iv i ty  in these  fibres. In  add i t ion  a more  marked  effect  
m a y  be expec ted  at  low oxygen  tens ions  if the  ef ferent  
p a t h w a y  were more  ac t ive  unde r  this  condi t ion.  BISCOE 
and SAMPSON 2 have  shown t h a t  ac t iv i ty  in the  centr i fugal  
sinus nerve  p a t h w a y  increases  as the  ar ter ia l  oxygen  
tens ion  is lowered. If  the i r  centr i fugal  p a t h w a y  is indeed 
efferent  to the  carot id  body  t h e n  these  results  are com- 
mensura te .  The failure to d e m o n s t r a t e  the  shif t  in the  
oxygen  response  curve of chemorecep to r s  in some cases 
is to  be expec ted  in anaes the t i zed  animals  since the  
a m o u n t  of the  shif t  depends  on the  res t ing act iv i ty ,  which  
will v a r y  wi th  the  level of anaesthesia .  

The prolonged depress ion by  s t imula t ion  suggests  per-  
s is tence of a chemical  t r a n s m i t t e r  effect  whi ls t  if there  is 
a r educ t ion  in sca t te r  of the  f requency  signal th is  will 
a l ter  t he  in format ion  t r a n s m i t t e d .  

P r e s u m a b l y  if the  in t e rp re t a t ion  given by  BISCOE and 
STEHBENS and BISCOE, LALL and SAMPSON 4 of the i r  re- 
sults  is correct,  name ly  t h a t  nerve  endings  on Type  I cells 
are efferent ,  t h e n  this  ef ferent  sys t em will be act ing 
t h ro u g h  the  Type  I cell to set  t he  recep tor  sens i t iv i ty  and 
al ter  the  oxygen  response.  How this  could come abou t  is 
open  to specula t ion  bu t  the  means  m a y  involve release of 
ca techoleamines  f rom the  Type  I cells5 pe rhaps  influenc- 
ing the  oxygen  gradients  t h rough  the  t issue and thus  
across t he  receptor ,  w h a t ev e r  t h a t  m a y  be 6. 

Rdsumd. Potent ie l s  d ' ac t ion  enr6gistr6s darts les f ibres 
nerveuses  des ch6mor6cepteurs  de la carot ide  du Chat.  La 
fr6quence des poten t ie l s  augmen te  en r6ponse ~ tou tes  les 
tens ions  d 'oxyg~ne  quand  le nerf  s inusal  est r~s6qu6. La 
s t imula t ion  de l ' ex t r6mit6  p6riph6rique p rovoque  une 
d iminu t ion  prolong6e de l 'ac t iv i t6  ch6mor6ceptrice.  
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Small  Intestinal Absorption of Simple Sugars  and Water in the Cat 

The ca t  would be unique  among  m a m m a l s  if its 
absorp t ion  of D-glucose and  D-xylose were ident ical  as 
r epor ted  1. In  o ther  species D-glucose is rap id ly  absorbed  
by  act ive  processes whereas  D-xylose is m u c h  more  
slowly absorbed  by  similar  processes ~. Paradoxical ly ,  D- 
galactose and  3-methyl-D-glucose which appear  to share  
the  same aff ini ty  for the  act ive  sugar t r a n s p o r t  mechan i sm 
as D-glucose, are absorbed  at  expec ted  rap id  ra tes  in the  
cat  1,3. These repor t s  suggest  t h a t  s imple sugar  t r a n s p o r t  
in t he  ca t  in tes t ine  has unusual  features,  the  def ini t ion of 
which migh t  yield f u n d a m e n t a l  in format ion  abou t  basic 
mechanisms .  Unfor tuna te ly ,  the re  were methodologica l  
l imi ta t ions  in previous  studies.  The p re sen t  s tudy  was 
designed to be t t e r  define sugar  absorp t ion  in t he  ca t  by  
using several  sugars over  a wide concen t ra t ion  range in 
both  j e j u n u m  and ileum. 

Mater ials  and methods. Adul t  male  cats  of 4 kg average  
weight  were depr ived  of food b u t  no t  wa te r  for 16 h before 
exper iments .  Af te r  anes thes ia  w i th  i.p. Dial  wi th  u re thane  
(CIBA, Summit ,  N.J.) ,  the  in tes t ine  was exposed  and  two 
20 cm segments  ( je junum dis ta l  to  the  l igament  of 
Treitz and  i leum prox imal  to  t he  ileocecal valve) were 
measured  and cannu la t ed  a t  b o t h  ends. Solut ions of D- 
glucose, D-galactose or D-xylose i n  Krebs '  b ica rbona te  
buffer 4 in concen t ra t ions  of 1, 10, 20 or 40 mM/1 were cir- 
:u la ted  t h rough  the  segments  a t  5 ml /min  f rom a 40 ml  
reservoir  by  a perfus ion p u m p  for 1 h. A non-absorbab le  
indicator,  po lye thy lene  glycol (PEG), was  added  to each 
solution (2 g/l)5. Sugars were analyzed chemical ly  6, 7 and 
PEG c o n t e n t  spec t ropho tome t r i ca l ly  s. Absorp t ion  in th is  
model is the  measured  d i sappearance  of a subs tance  per  
hour f rom the  in tes t ina l  lumen.  

Calculat ions were as follows: (1) P E G  ra t io  
P E G  initial,  mg/ml .  
P E G  final, m g / m l  (2) W a t e r  absorpt ion ,  ml /h /g  wet  

t issue weight  = (1-PEG rat io)(40 m l ) / w e t  weight  in g. 
(3) Sugar  (or sodium) absorpt ion ,  m M / h / g  wet  t issue 
weigh t  = Esugar, initial,  mM/11 --Esugar,  final, mM/11 
(PEG ratio) 40 m I / w e t  weight  in g. S t anda rd  to - t e s t s  and 
analysis  of var iance  were used for compar i son  of group 
means  9. Means were considered s ignif icant ly  d i f ferent  
when  p was 0.05 or less. 

.Results. Absorp t ion  da t a  for sugar and  water  are shown 
in the  Table. The figures represen t  means  and s t an d a rd  
devia t ions  for groups  of 6 cats  s tudied  at  each sugar con- 
cen t ra t ion  in b o t h  segments .  

S ta t i s t ica l  compar i sons  showed t h a t  the  absorp t ion  of 
each sugar  a t  all concen t ra t ions  was greater  in j e j u n um 
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