
B i o l R e s 3 0 : 1 2 5 - 1 3 3 ( 1 9 9 7 ) 1 2 5 
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In spontaneously breathing, pentobarbitone anesthetized cats, we recorded 
simultaneously the impulses in the chemosensory fibers of both carotid (sinus) 
nerves, to analyze the correlations between the frequencies of chemosensory 
discharges (fx) and their activation ({dfyjdtj J and deactivation (jdf^/dt)f/) 
rates. We studied the chemosensory responses to brief exposures to hypoxia 
(100% N2; 5-s and 10-s) and hyperoxia (100% 02; 30-s), and intravenous 
injections of excitatory (NaCN 0.2-100 plg/kg) and inhibitory (dopamine 
hydrochloride 0.02-20 jig/kg) chemoreceptor agents. Hypoxia increased f~, 
with a high temporal correlation between frequency levels in both nerves. 
Prolonging hypoxic stimulation increased {dfy/dt}d, with preservation of (dfJ 
dtja. Hyperoxic exposure produced highly correlated decreases in fx in both 
nerves, but reduced correlation in df^/clt. Increasing doses of NaCN produced 
analogous increments in fx, dfy/dt and their correlations, the {dfx/dt}a / fdfy/ 
dtjj ratio remaining constant along all the experimental range, except in one 
animal in which the ratio increased in both nerves alike. Dopamine reduced f., 
bilaterally, with chemosensory silencing being reached with doses of about 0.2-
0.5 plg/kg, the correlations between fx's of both nerves remaining constant 
within the range analyzed. Maximal {df^/dt/j was not affected along the range 
of dopamine doses, except in one animal in which it increased in both nerves. It 
is concluded that both carotid nerves convey similar quantitative information to 
the brain stem. Thus, the carotid nerves constitute either cooperative inputs or 
redundant afferences contributing to a high safety factor. 

Key terms: carotid (sinus) nerves; chemosensory activity; coherence; 
redundancy; time correlation 

I N T R O D U C T I O N 

A central ques t ion in the study of an affer
ent pa thway is how its impulse act ivi ty is 
de te rmined by the in tensive and tempora l 
charac ter i s t ics of the st imuli act ing upon its 
recept ive field, a p rob l em which is com

monly searched by tes t ing the consis tency 
(" reproducib i l i ty" ) of r e sponses to repeated 
identical s t imuli (e.g., W u et al, 1994). Es
sent ial ly the same p rob lem is posed by the 
c o h e r e n c e ( C h r i s t a k o s , 1994) of impulse 
trains carr ied by h o m o l o g o u s nerves in re
sponse to a s ingle s t imulus , but be ing a 
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c o m m o n recept ive field rather except iona l , 
this is c o m m o n l y studied by compar ing the 
responses to two identical st imuli appl ied 
s imul taneous ly to their respect ive recept ive 
fields. But , this is difficult to achieve in 
pract ical t e rms . 

T h e innerva t ion of a c o m m o n c o m p a r t 
m e n t by h o m o l o g o u s ne rves wou ld cons t i 
tu te an ideal s i tuat ion for the s tudy of the 
p r o b l e m re f e r r ed to a b o v e . T h e ca ro t id 
bod ie s " tas te the b lood" , as c lever ly as
s u m e d by de Cas t ro (1928) , and they con
vey the i r sensory informat ion to the brain 
s t em t h r o u g h the b i l a t e ra l ly loca t ed ca
rot id ( s inus) ne rves . H o w e v e r , in h u m a n s 
and in the major i ty of m a m m a l i a n spec ies , 
the b lood supply of the caro t id bod ies is 
p rov ided by the caro t id a r te r ies , o r ig ina ted 
d i rec t ly or indi rec t ly from the aor t ic arch 
at d i f f e r e n t d i s t a n c e s f r o m t h e a o r t i c 
va lves of the hear t ( A d a m s , 1958) , in t ro
d u c i n g different de lays and the poss ib i l i ty 
of m i n o r quan t i t a t ive c h a n g e s in the b lood 
c i rcu la t ing t h rough these sens ing o rgans . 
T h u s , the c i r cu l a t ion t ime for d rugs in
j e c t e d i n t o a p e r i p h e r a l v e i n w i l l b e 
shor te r for the r ight caro t id body than for 
the left one in these an ima l s . H o w e v e r , in 
the cat , both c o m m o n carot id ar ter ies are 
der ived from the b r ach iocepha l i c ( i nnomi 
nate) ar tery (Crouch , 1969), thus p rov id
ing s imi la r in tens ive and t empora l c h a r a c 
te r i s t i cs for the b lood c i rcu la t ing th rough 
the ca ro t id b o d i e s . The re fo re , we took ad
v a n t a g e of th is a n a t o m i c a l c o n d i t i o n to 
s tudy the in tens ive and t empora l fea tures 
of t h e i m p u l s e t r a ins r e c o r d e d s i m u l t a 
neous ly from the c h e m o s e n s o r y f ibers of 
both ca ro t id ne rves in r e sponse to c h e m i 
cal s t imul i i n t roduced into the sy s t emic 
c i rcu la t ion , in order to ana lyze their t em
poral co r r e l a t ions and c o h e r e n c e . 

An i m p o r t a n t r e a s o n to a d d r e s s t h e 
a b o v e p r o b l e m is that all s tudies cor re la t 
ing c h e m o s e n s o r y inputs wi th vent i la tory 
ou tpu t s r equ i re sec t ion ing of one caro t id 
ne rve for the r eco rd ing of its impu l se ac 
t ivi ty and are thus based on the a s s u m p 
tion that the c h e m o s e n s o r y ac t iv i ty of the 
con t ra l a t e ra l intact caro t id ne rve is s tr ict ly 
c o h e r e n t wi th that r eco rded from the inter
rupted n e r v e . But that a s s u m p t i o n mer i t s 
e x p e r i m e n t a l t es t ing . 

M E T H O D S 

E x p e r i m e n t s w e r e p e r f o r m e d on 4 male 
adul t ca ts , we igh ing 3.54 ± 0.38 kg (mean 
± S E M ) , a n e s t h e t i z e d w i t h s o d i u m 
pen toba rb i tone 4 0 mg /kg ip and receiving 
add i t iona l doses iv w h e n necessa ry . The 
cats were p laced in supine posi t ion. Body 
t e m p e r a t u r e w a s m a i n t a i n e d at 3 8 . 0 ± 
0.1 °C w i t h an e l e c t r i c a l l y h e a t e d pad , 
p laced benea th the cat, regulated by an au
t o m a t i c t e m p e r a t u r e c o n t r o l l e r r e ce iv in g 
f eedback f rom a t h e r m i s t o r p r o b e in t ro
duced 5 c m into the rec tum. 

Cats brea thed spon taneous ly throughout 
t h e e x p e r i m e n t s , v ia a t r achea l c a n n u l a 
c o n n e c t e d to a h e a t e d F l e i s c h p n e u m o 
tachograph , a l lowing con t inuous recording 
of t racheal air f low and tidal vo lume . End 
tidal C 0 2 p ressure , con t inuous ly moni tored 
th rough a fine sampl ing t racheal tubing and 
an infrared gas analyzer , was kept be tween 
35 and 4 0 Torr . The left femoral artery was 
cannula ted for arterial pressure recording, 
through a S ta tham pressure t ransducer , and 
the r ight s aphenous vein was cannula ted for 
d r u g a d m i n i s t r a t i o n . P h y s i o l o g i c a l var i 
ab l e s w e r e c o n t i n u o u s l y d i s p l a y e d on a 
po lygraph . 

T h e carot id b i furcat ions were exposed 
th rough a longi tudina l midl ine neck inci
sion and the sympa the t i c gang l io -g lomeru-
lar nerves w e r e cut at both s ides. Carot id 
ba rodenerva t ion was ach ieved by crush and 
section of nerve f i laments be tween the ca
rot id body and s inus (Zapa ta et al, 1969) at 
both s ides . T h e caro t id ne rves were dis
sected bi la teral ly and cut at their apparent 
e m e r g e n c e f r o m t h e g l o s s o p h a r y n g e a l 
n e r v e s . A f t e r e x c i s i o n of e p i n e u r i a l 
s h e a t h s , c a r o t i d n e r v e s w e r e p l aced on 
pairs of p l a t i num e lec t rodes and covered 
with mineral oil . The neural s ignals were 
p r e a m p l i f i e d , a m p l i f i e d , a n d f i l t e r e d 
th rough bandpass (100 Hz to 1 Khz; -3 dB) 
and notch (50 Hz) f i l ters p r ior to display on 
a mul t ip le beam osc i l loscope and s torage 
on a digi tal v ideo sys tem for later analyses . 
The neural s ignals were digi t ized off-line 
us ing a 12-bit ana log- to-d ig i ta l (A/D) con
ver ter ( L a b - M a s t e r D M A ; 100 kHz) and 
commerc i a l sof tware ( A x o T a p e , Axon In
s t ruments , Inc) . T h e s ignals were amplif ied 
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to obta in m a x i m a l reso lu t ion in the A / D 
scale (± 5 V) and acquired at 5 kHz (see 
r eco rd ings d i sp layed in Fig 1). T h e fre
quenc ie s of chemosenso ry d i scharges (fx's) 
from both carot id nerves were der ived from 
the digital records us ing a cus tom c o m p u t e r 
p rog ram that coun ted the number of spikes , 
over a given threshold , wi thin 1-s succes 
s i ve p e r i o d s . T h e fx's of b o t h c a r o t i d 
n e r v e s were s to red on A S C I I f i les . T h e 
r a t e of c h a n g e of t h e f r e q u e n c y of 
c h e m o s e n s o r y d i scha rges on each second 
( d / y d t ) was ca lcula ted , from the frequency 
files data, us ing Lagrange 3-point interpo
la t ion f o r m u l a : f ' ( x i ) = [ f ( x 2 ) - f ( x o ) ] / 2 h , 
where f ' ( x i ) is the der iva t ive at point x , , 
f (x 2 ) is the value of the function at point 
x i + h ( x 2 ) > f ( x o) ' s t n a t value at point x M l 

( x 0 ) , h being the interval be tween consecu
tive poin ts (1-s , in our case) . 

W e analyzed the excitatory chemosensory 
responses to hypoxic hypoxia (produced by 
5- and 10-s inhalations of 100% N 2 ) and to 
cytotoxic hypoxia (elicited by iv injections of 
N a C N 0.5 to 100 ug/kg) , as well as the de
p r e s s a n t c h e m o s e n s o r y r e s p o n s e s to 
hyperoxia (elicited by 100% 0 2 inhalation for 
30-s) and to iv injections of dopamine hydro
chloride (0.01 to 20 u.g/kg in saline, supple
mented with 1 m M ascorbic acid to prevent 
ox ida t ion ) . T h e secondary vent i la tory re
sponses to these stimuli were prevented by 
the bilateral carotid neurotomy. Temporal re
l a t ionsh ip b e t w e e n the c h e m o s e n s o r y re
sponses of both carotid nerves was assessed 
by linear correlation between fJs of both ca-

F i g 1. R e c o r d i n g s s t o r e d a n d r e d i s p l a y e d t h r o u g h s y s t e m d e s c r i b e d in M e t h o d s . Le f t p a r t , s i m u l t a n e o u s r e c o r d i n g s of 
c h e m o s e n s o r y a c t i v i t y f rom b o t h c a r o t i d n e r v e s ( u p p e r q u a d r a n t ) a n d i n s t a n t a n e o u s d i s p l a y s of t h e i r c o r r e s p o n d i n g fre
q u e n c i e s o f d i s c h a r g e s ( l o w e r q u a d r a n t ) , a t s l o w s p e e d ; b u r s t s o f i m p u l s e s e v o k e d b y iv i n j e c t i o n o f N a C N 1 0 0 U g / k g (al 
a r r o w h e a d ) . R i g h t p a r t , s e l e c t e d p e r i o d s of b a s a l c h e m o s e n s o r y a c t i v i t i e s o f b o t h n e r v e s s i m u l t a n e o u s l y d i s p l a y e d al 
m e d i u m ( u p p e r q u a d r a n t ) a n d fast ( l o w e r q u a d r a n t ) s p e e d s . 
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rotid nerves of each cat. Differences in re
sponses to stimuli of different strengths and 
d u r a t i o n s w e r e a s s e s s e d by W i l c o x o n ' s 
matched pair tests. Differences were deemed 
as statistically significant when P < 0.05. 

E x p e r i m e n t s he re r e p o r t e d w e r e pe r 
formed in a c c o r d a n c e with the "G u i d i ng 
Pr inc ip les in the Care and Use of Labora
tory An ima l s " , endorsed by the Amer ican 
Phys io logica l Socie ty . 

R E S U L T S 

T h e e l ec t r i ca l r e c o r d i n g s o b t a i n e d f rom 
both carot id nerves of the same cat pre
sented different n u m b e r of ac t ive f ibers , 
depend ing on the d a m a g e caused by nerve 
d issec t ion , the posi t ion of the nerve on the 
e l ec t rodes , and the d i s t ance be tween the 
e lec t rodes . Three an imals presented equiva
lent basal f requencies of chemosenso ry ac 
t ivi t ies in both nerves , while one cat pre
sented few act ive chemosenso ry fibers in 
one carot id nerve . 

Chemosensory responses 
to hypoxic hypoxia. 

Brea th ing 1 0 0 % N 2 p roduced increases in 
fx in both carot id nerves , with very high 
cor re la t ions ( r>0.96) be tween them in those 
an imals with profuse chemosensory act iv
ity der ived from mul t ip le fibers (Fig 2A) , 
but such corre la t ion was lower ( r=0.74) in 
the animal in which one of the nerves re
tained only few act ive fibers. The intensity 
and dura t ion of the increases in fx above 
base l ine were propor t ional to the durat ion 
of the hypoxic cha l lenge , with a slight in
c rease in correla t ion be tween fxs for those 
st imuli of longer dura t ion (10-s vs 5-s) in 
three cats , whi le increasing s t imulus dura
tion reduced correla t ion in the cat present
ing a low fiber count . 

T w o nerves that reach a similar maximal 
f requency of d i s c h a r g e in r e s p o n s e to a 
given st imulus do not necessarily follow the 
same temporal profile in their increases in 
sensory discharges , as in their return to basal 
activit ies. Never theless , the activation ({dfz/ 
dt} ;,) and deact ivat ion ({d.f x/dt} c l) rates of 
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F i g 2 . C h a n g e s in f r e q u e n c i e s o f c h e m o s e n s o r y d i s c h a r g e s 
( A ) a n d in r a t e s o f c h a n g e of t h o s e f r e q u e n c i e s ( d / y 

d t ) ( B ) r e c o r d e d f r o m b o t h c a r o t i d n e r v e s ( t h i n a n d (h ick 
l i n e s ) o f o n e e a t i n r e s p o n s e t o h y p o x i c s t i m u l a t i o n 
( b r e a t h i n g 1 0 0 % N 2 for 1 0 - s . h o r i z o n t a l l i n e s ) . I n s e t s , cor
r e l a t i o n c o e f f i c i e n t s . In B , a c t i v a t i o n s ( p o s i t i v e d e f l e c 
t i o n s ) s h o r t l y a f t e r s w i t c h i n g to 1 0 0 % N 2 b r e a t h i n g , fol
l o w e d b y d e a c t i v a t i o n s ( n e g a t i v e d e f l e c t i o n s ) u p o n 
r e t u r n i n g t o a i r b r e a t h i n g . 

the responses to hypoxic tests were similar 
between most pairs of nerves (Fig 2B) at 
both s t imulus dura t ions , with a high correla
tion between them (r>0.87) . However , the 
cat with few act ive fibers nerve presented a 
lower correlat ion (r=0.56) at short stimulus 
duration (5-s) , which was further reduced at 
longer s t imulus durat ion (r=0.31) . 

A summary of act ivat ion and deact iva
tion rates for hypox ic responses recorded 
s imul taneous ly from both carot id nerves in 
four an imals is i l lustrated in Figure 3 . The 
p r o c e d u r e of p l o t t i n g the ca ro t id ne rve 
reach ing the h igher {áfx/dt}a in response to 
5-s N 2 tests in each cat in the j t-axis resul ts 
in the depar tu re of the c o m m o n slope from 
the identity l ine. The separa te s lopes for ac
t ivat ion and deac t iva t ion rates adjust ex
t remely well to the c o m m o n s lope for both 
types of ra tes . Fu r the rmore , act ivat ion and 
deac t iva t ion rates were s imilar dur ing 5-s 
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F i g 3 . S u m m a r y of c o r r e l a t i o n s in m a x i m a l a c t i v a t i o n ( u p 

p e r r i g h t q u a d r a n t ) a n d d e a c t i v a t i o n ( l o w e r left q u a d r a n t ) 

r a l e s o f c h e m o s e n s o r y a c t i v i t i e s r e c o r d e d s i m u l t a n e o u s l y 

f r o m b o t h c a r o t i d n e r v e s (x a n d y a x e s ) , a l o n g r e s p o n s e s to 

b r e a t h i n g 1 0 0 % N 2 for 5 - a n d 10 - s . D a t a f rom four c a t s . 

I n s e t , s y m b o l s for a n i m a l s a n d s t i m u l i d u r a t i o n s . 

s t i m u l a t i o n , but p r o l o n g i n g the h y p o x i c 
st imuli to 10-s signif icantly increased the 
m a x i m a l d e a c t i v a t i o n r a t e (p < 0 . 0 5 ; 
W i l c o x o n ' s s igned rank test; not i l lustrated 
in the f igure) , wi thout significantly modify
ing act ivat ion ra tes , as expec ted for st imuli 
varying in dura t ion but not in s t rength. 

T h u s , h y p o x i c h y p o x i a p r o d u c e d 
c h e m o s e n s o r y ac t iva t ion in bo th ca ro t id 
nerves that fo l lowed a s imilar pat tern, even 
when one ne rve presented low activi ty. 

Chemosensory responses 
to NaCN stimulation. 

Increas ing N a C N doses from 2 to 100 p g / 
kg p r o d u c e d b i l a t e r a l , d o s e - r e l a t e d in
creases in fx, as i l lustrated in F igure 4A, 
the larger responses exhibi ted by one ca
rotid nerve at all doses being p resumably 
exp l a ined by the r ecord ing of a s l ight ly 
larger n u m b e r of sensory units from that 
nerve , which also would expla in the appar
ently increas ing d ive rgence in total n u m b e r 
of impulses recorded from both nerves as 
doses were increased. However , the incre
m e n t s in fx e x h i b i t e d by b o t h c a r o t i d 
nerves were h ighly cor re la ted in all cats 
and the correlation raised with increasing 
N a C N doses (Fig 5A) . 

S i m i l a r l y , b o t h {àfy/dt}.ã and { d . / y 
d t } d i n c r e a s e d in a d o s e - d e p e n d e n t m a n 
n e r ( F i g 4 B ) , a n d t h e c o r r e l a t i o n for 
r a t e s of f r e q u e n c y c h a n g e ( d / ^ / d t ) of 
p a i r e d n e r v e s a l s o i n c r e a s e d wi th l a rge r 
N a C N d o s e s ( F i g 5 B ) . T h e r a t io b e t w e e n 
a c t i v a t i o n a n d d e a c t i v a t i o n r a t e s r e 
m a i n e d c o n s t a n t a l o n g the w h o l e r ange 
in m o s t a n i m a l s . In o n e a n i m a l , \dfxl 
d t } a i n c r e a s e d in a s t e e p e r w a y than 
{ d / ^ / d t j j w h e n i n c r e a s i n g N a C N d o s e s , 
bu t t h i s w a s o b s e r v e d f o r r e s p o n s e s 
e v o k e d f rom bo th n e r v e s . 

S ince all in jec t ions were admin i s t e red 
a long 1-s p e r i o d s , larger doses provided 
no t o n l y s t r o n g e r s t i m u l i ( r e s u l t i n g in 
h igher m a x fx) but a l so s t imul i inc reas ing 
at f a s te r r a t e s . T h i s was s h o w n by the 
shor te r de l ays and shor te r t imes to max 
fxs in r e s p o n s e s to la rger doses (Fig 4 A ) , 
but a l so in m o r e p r o n o u n c e d ac t iva t ion 
rates (Fig 4 B ) . 

15 20 25 30 35 40 

T I M E ( s ) 

F i g 4. C h e m o s e n s o r y f r e q u e n c i e s ( A ) a n d r a t e s of c h a n g e 

of s u c h f r e q u e n c i e s (B) r e c o r d e d f r o m b o t h c a r o t i d n e r v e s 

( t h i n a n d t h i c k l i n e s ) in o n e c a t in r e s p o n s e to iv i n j e c t i o n s 

( a r r o w h e a d s ) o f N a C N 2 , 5 a n d 2 0 p g / k g ( l o w e r , m i d a n d 

h i g h e r p a i r s o f l i n e s , r e s p e c t i v e l y ) . 
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F i g 5 . C o r r e l a t i o n c o e f f i c i e n t s ( r ) b e t w e e n c h e m o s e n s o r y 
f r e q u e n c i e s (fx) ( A ) a n d r a t e s o f c h a n g e of s u c h f r e q u e n 
c i e s ( d / z / d t ) (B) r e c o r d e d f r o m b o t h c a r o t i d n e r v e s for t h e 
r e s p o n s e s t o i n c r e a s i n g d o s e s of N a C N g i v e n iv . D a t a f rom 
f o u r c a t s ( d i f f e r e n t s y m b o l s ) , t h e l o w e r c o r r e l a t i o n s c o r r e 
s p o n d i n g to t h e a n i m a l w i t h f e w - f i b e r s r e c o r d i n g in o n e 
c a r o t i d n e r v e ( o p e n s q u a r e s ) . 

Chemosensory respons 
to hyperoxic tests. 

Brea th ing 100% 0 2 p roduced a profound 
reduc t ion in fx in both nerves (Fig 6A) . 
The corre la t ion be tween the fx r esponses of 
both nerves to hyperox ia was high (r>0.9) 
in the three cats with high levels of basal fx 

because of mul t i f iber r eco rd ings , but the 
corre la t ion was lower ( r<0.76) in the cat in 
which one carot id nerve had few act ive fi
bers and in which basal fx was low (not 
i l lus t ra ted) . 

T h e a n a l y s i s of d f x / d t d u r i n g t h e 
hype rox ia shows p ronounced deac t iva t ion 
phases in both nerves shortly after the be
g inn ing of this test (Fig 6B) . M o r e o v e r , 
w h e n w i d e v e n t i l a t o r y f l u c t u a t i o n s o c 
curred dur ing the basal no rmox ic condi t ion 
(as in the cat whose record ings are i l lus
trated in Fig 6) , these concomi tan t osci l la
t ions were d a m p e n e d dur ing hyperoxia and 
recovered to their basal ampl i tude within 
about 30-s after the end of the maneuver . 
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F i g 6 . C h a n g e s in f r e q u e n c i e s o f c h e m o s e n s o r y d i s c h a r g e s 
(fx) ( A ) a n d in r a t e s o f c h a n g e of t h o s e f r e q u e n c i e s (df7/ 
d t ) (B) r e c o r d e d f r o m b o t h c a r o t i d n e r v e s ( t h i n a n d t h i c k 
l i n e s ) o f t h e s a m e c a t in r e s p o n s e t o h y p e r o x i c t e s t ( b r e a t h 
i n g 1 0 0 % 0 2 for 3 0 - s ; h o r i z o n t a l l i n e s ) . I n s e t s , c o r r e l a t i o n 
c o e f f i c i e n t s . 

Chemosensory responses 
to dopamine injections. 

Dopamine injections induced marked reduc
tions in fx, chemosensory activity becoming 
almost abol ished shortly after doses larger 
than 0.2 to 0.5 ug /kg (Fig 7A) . The larger 
doses of dopamine induced also a rebound 
in fx, closely associated with the ventilatory 
depres s ion induced by these large doses . 
S ince both carotid nerves had been inter
rupted in these exper iments , this is probably 
originated from central venti latory depres
sion induced by concomi tan t hypertensive 
react ions (Zapata & Zuazo , 1980). 

In response to dopamine injections, the 
rate of change of chemosensory discharges 
( d / z / d t ) presented a reduct ion (deactivation) 
followed by recovery towards basal activity 
(act ivat ion), deact ivat ion being more intense 
but briefer than act ivation, as illustrated in 
F igu re 7 B . He re , the cyc l ic ( resp i ra tory) 
f l u c t u a t i o n s , e x h i b i t e d c o n c o m i t a n t l y by 
both nerves in basal condi t ions , were sup
pressed or a t tenuated by dopamine . 

A 1 O 0 , , 
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Fig 7 . C h a n g e s in f r e q u e n c i e s o f c h e m o s e n s o r y d i s c h a r g e s 
(fy) ( A ) a n d in r a l e s o f c h a n g e of t h o s e f r e q u e n c i e s (<lfx/ 
d t ) (B) r e c o r d e d f r o m b o t h c a r o t i d n e r v e s ( c o n t i n u o u s a n d 
i n t e r r u p t e d l i n e s ) o f t h e s a m e ca t in r e s p o n s e t o iv i n j e c 
t i o n s ( a r r o w h e a d s ) o f d o p a m i n e h y d r o c h l o r i d e 10 a n d 2 0 
p g / k g ( t h i n a n d t h i c k l i n e s , r e s p e c t i v e l y ) . 

D I S C U S S I O N 

A main problem in the study of neural sys
tems is whether or not correlations exist be
tween the unitary (single neurons or fibers) 
activities of a neuron populat ion and how 
s t rong and w i d e s p r e a d these co r re l a t ions 
would be (Christakos, 1994). The temporal 
coherence of neural discharges carried along 
parallel channels (Perkel & Bullock, 1968) 
has been usually addressed by the simulta
neous recording of nerve impulses along two 
"single un i t s" of a nerve trunk or tract. How
ever, here we are not concerned with the 
problem of unit- to-unit correlat ions within 
one carotid nerve, from which the homogene
ity of chemosensory fiber responses within 
each ne rve has been der ived (Fi tzgera ld , 
1976; Goodman , 1974), but we are interested 
in the aggregate-to-aggregate correlation of 
discharges carried by the two carotid nerves 
of a given animal , to find out if they convey 
essentially identical information. 

P r e s e n t r e s u l t s i n d i c a t e t h a t t h e 
c h e m o s e n s o r y d i s c h a r g e s of both carot id 
nerves of the same cat present a high de
g r e e of c o v a r i a t i o n in r e s p o n s e to 
chemosenso ry s t imulan ts and depressan ts . 
The vent i la tory f luc tuat ions in the instanta
neous f requencies of basal c h e m o s e n s o r y 
d i s c h a r g e s r e c o r d e d f r o m b o t h c a r o t i d 
n e r v e s in s o m e ca t s a re a l so c lose ly in 
phase (A lcayaga et al, 1996). If the carotid 
nerves were intact , th is would result in syn
c h r o n i z a t i o n of t he i r c h e m o s e n s o r y im
pulses imping ing upon the soli tary tract nu
clei . Thus , vent i la tory re sponses might be 
el ici ted by the "coopera t ive firing act ivi
t i es" (Gers te in et al, 1985) occurr ing s imul
taneously a long these inputs . 

After label ing with horseradish peroxi
dase , central pro jec t ions of afferent fibers 
con ta ined wi thin carot id nerves (barosen-
sory and c h e m o s e n s o r y fibers) have been 
t raced most ly to the ipsi lateral lateral and 
media l nuclei of the soli tary tract complex , 
whereas the commissu ra l nucleus receives 
b i l a t e r a l p r o j e c t i o n s f r o m bo th c a r o t i d 
nerves in cats (Berger , 1979; Cir iel lo et al, 
1981; N o m u r a & M i z u n o , 1982; Panne ton 
& L o e w y , 1980) and in rats (Se iders & 
Stuesse , 1984). H o w e v e r , conve rgence of 
carot id nerve c h e m o s e n s o r y fibers may oc
cur not only at the first relay stat ion, but 
also at the fo l lowing levels of brain stem 
s t r u c t u r e s i n v o l v e d in t h e g e n e r a t i o n of 
vent i la tory output . It mus t be noted that, in 
contrast to most reflex p a t h w a y s , venti la
to ry c h e m o r e f l e x e s a r e n o t l a t e r a l i z e d 
( B e r g e r & M i t c h e l l , 1976; M c Q u e e n & 
Ungar , 1971). 

Wha t happens if the d i scharge frequen
cies of carot id afferents are d i s soc ia t ed? 
W e observed that the uni la tera l intracarot id 
a d m i n i s t r a t i o n of d o p a m i n e - t h a t t r an 
siently reduces or s i lences the d ischarges of 
one carot id ne rve o n l y - resul ts in minimal 
or no depress ion of vent i la t ion, whi le the 
same injection evokes cons is tent t ransient 
vent i la tory depress ion when repeated after 
severance of the contra la tera l carot id nerve 
(Zapa ta & Z u a z o , 1980). Thus , respiratory 
cont ro l l ing bu lbar s t ructures appear to dis
regard falls in fx a r r iv ing through one ca
rotid nerve if the contra la tera l homologous 
nerve con t inues car ry ing a normal rate of 
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c h e m o s e n s o r y d i scha rges ; but, in the ab
sence of this compara t ive input, the same 
falls in fx are t ranslated into t ransient de
press ion of the chemosensory dr ive of ven
t i lat ion. 

If the c h e m o s e n s o r y responses carr ied 
by both carot id nerves have s imilar t ime 
c o u r s e s , will their input upon medu l l a ry 
s t ructures result in s imple addit ion of venti
latory ref lexes? W h i l e s tudying the inte
g ra ted p h r e n i c ne rve ac t iv i ty e v o k e d by 
submaximal electr ical s t imulat ion of ei ther 
one or both carot id nerves in ch lora lose-
ure thane anes thet ized cats , E ldr idge et al 
(1981) observed that the combined s t imula
tion of both nerves did not show an a lge
braical ly addi t ive effect, but the response 
was ca. 7 0 % of that p red ic ted from the 
summat ion of the responses to the stimuli 
when admin is te red individual ly . O the rwise , 
Felder and Heesch (1987) found that nearly 
half of ext racel lu lar ly recorded uni ts from 
the so l i t a ry t rac t n u c l e u s r eg ion of the 
dor somed ia l medul la of the cat were ex
cited by separate electrical s t imulat ion of 
both carot id nerves and that summat ion of 
these inputs occur red upon s imu l t aneous 
bi lateral s t imula t ion , but the ba rosensory 
and/or chemosenso ry na ture of the electr i 
cally s t imula ted fibers was not de te rmined . 

Since the present observat ions show that 
both carotid nerves carry essentially similar 
c h e m o s e n s o r y informat ion, which will be 
the r e s u l t of s u p p r e s s i n g o n e of t h e s e 
afferences? In pentobarb i tone anesthet ized 
cats, the fast block of conduct ion by topical 
application of l idocaine to one carotid nerve 
causes a var iab le t ransient depress ion of 
ven t i l a t ion , after which basal ven t i la t ion 
d o e s not d i f fer f rom con t ro l c o n d i t i o n s 
(Eugenin et al, 1989). Never theless , analysis 
of the dose-response curves for the ventila
tory effects induced in these cats by iv injec
tions of N a C N revealed a minimal reduction 
in s e n s i t i v i t y a f t e r u n i l a t e r a l c a r o t i d 
neuro tomy, compared to the pronounced de
crease observed following bilateral carotid 
neurotomy. Otherwise , the reduction in tidal 
v o l u m e reac t iv i ty after un i la te ra l carot id 
n e u r o t o m y approx ima te ly halved that in
duced by bilateral carotid neuro tomy. Partly 
d i f f e r e n t r e s u l t s w e r e o b s e r v e d in 
pen tobarb i tone anesthet ized rats breathing 

gas mixtures which 0 2 content varied be
tween 2 1 % and 8%, animals in which venti
lation was not s ignif icant ly decreased by 
unilateral carotid nerve section, while sig
nificant reduct ions in ventilation were ob
se rved af ter b i l a t e r a l ca ro t id n e u r o t o m y 
(Cragg & Khrisanapant , 1994). These obser
vations indicate that a variable part of the 
information conveyed by both carotid nerves 
is treated as redundant input by the medul
lary s tructures involved in ventilatory regu
lation. Each carotid nerve also provides a 
variable contr ibut ion to the cardiovascular 
responses to hypoxia observed in spontane
o u s l y b r e a t h i n g , p e n t o b a r b i t o n e - or 
ch lo ra lose -anes the t i zed cats (Serani et al, 
1983), but it is rather difficult to assess the 
separate v.v c o m b i n e d par t ic ipat ion of the 
chemosensory afferents carried by both ca
rotid nerves in cardiovascular regulat ion, be
cause carotid neuro tomies also interrupt the 
more important reflex role played by the ca
rotid sinuses barosensory fibers conveyed b\ 
the same carotid nerves . 

In v iew of the p re sen t resul ts and above 
c o n s i d e r a t i o n s on r e s p i r a t o r y r egu la t ion , 
the cat ca ro t id n e r v e s may be cons ide red 
as rep l i ca ted afferent p a t h w a y s , convey ing 
r e d u n d a n t in fo rmat ion on the compos i t i on 
of t h e b l o o d . H o w e v e r , in t w o of the 
a b o v e m e n t i o n e d s tud ies on vent i la tory re
f l e x e s ( C r a g g & K h r i s a n a p a n t , 1 9 9 4 : 
E u g e n i n et al, 1989) , the con t r ibu t ions of 
the two caro t id ne rves were of s l ightly dif
ferent s t r eng ths . It mus t a l so be ment ioned 
that in cats sub jec ted to ch ron ic uni lateral 
p e t r o s a l g a n g l i o n e c t o m y ( p r o d u c i n g de 
gene ra t i on of both pe r iphe ra l and centra l 
p r o c e s s e s of c a r o t i d c h e m o s e n s o r y neu
rons ) , an e n h a n c e m e n t of the con t r ibu t ion 
of the con t ra l a t e ra l ca ro t id ne rve to vent i 
la tory r eac t ions i nduced by iv in ject ions of 
N a C N was obse rved (Eugen in et al, 1990). 
S ince p re sen t resul ts ind ica te that afferent 
d i s c h a r g e s r e c o r d e d s i m u l t a n e o u s l y in 
both caro t id ne rves in r e sponse to c h e m i 
cal s t imul i show qui te cohe ren t pa t te rns , 
the a p p a r e n t l a t e r a l i z a t i on of inpu ts (or 
their mod i f i ca t ion ) with regard to e l ic i t ing 
ven t i l a to ry ref lexes wou ld depend on dif
ferent d e g r e e s of d i v e r g e n c e (spatial mul 
t ip l ica t ion factor) or synap t ic ga ins (t ime 
mul t ip l i ca t ion factor) in the t ransfe rence 
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of s ignals be tween p r imary afferent neu
r o n s and 2 n d o r d e r n e u r o n s at so l i t a ry 
tract nuc le i . 
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