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The role  of the carot id  sinus chemoceptors  in the r e sponses  of ce r ta in  physiological  s y s -  
t e m s  of ra t s ,  espec ia l ly  the r e s p i r a t o r y  sys tem,  to hypoxic hypoxia was  demons t ra ted  ex-  
per imenta l ly .  Deafferentat ion of the carot id  sinus ref lexogenic  zones  and of the por ta l  zones 
in r a t s  did not abolish but only reduced the degree  of the compensa to ry  responses .  The oxy-  
gen lack in the musc le  t i s sue  was  g r e a t e r  in the denervated than in the intact animals .  

It is  genera l ly  accepted  that a r t e r i a l  chemocep to r s  a re  the only source  of s t imulat ion of r esp i ra t ion  
in hypoxemia  [1, 2, 11, 12]. A leading role  is a sc r ibed  to the carot id  sinus ref lexogenic  zones [1]. In most  
invest igat ions,  for  instance,  the blocking of these zones led to total loss  of the vent i la tory  r e sponse  of the 
exper imenta l  an imals  to inhalation of a mixture  deficient in oxygen [10]. Admittedly,  in some species  of 
an imals  it was  also n e c e s s a r y  to block the aor t ic  ref lexogenic  zone in o rde r  to obtain this  effect [2]. 

The role  of the pe r iphe ra l  chemocep to r s  in the regulat ion of r esp i ra t ion  has been studied a lmost  en-  
t i r e ly  in an ima l s  such as dogs, cats,  rabbi ts ,  and sheep. In ra t s ,  however ,  which a r e  widely used  in ex-  
p e r i m e n t s  with changes in the gas  composi t ion of the a tmosphere ,  these ref lexogenic  zones  have only r a r e l y  
been studied [9]. The role of a r t e r i a l  chemocep to r s  in adaptation to prolonged hypoxia has  also been in-  
adequately studied [1, 5]. 

The method of denervat ion of the carot id  sinus ref lexogenic  zones  was  used to invest igate  the i r  role  
in r e sponses  of the r e sp i r a to ry ,  ca rd iovascu la r ,  and t h e r m o r e g u l a t o r y  s y s t e m s  of r a t s  to acute hypoxia, and 
also in ensuring an adequate supply of oxygen to the body t i s sues  under  these conditions. In addition, some 
r a t s  were  subjected to deafferentat ion of the aor t i c  ref lexogenic  zone. 

To a s s e s s  the impor tance  of these chemocep to r s  in adaptation of the animal  to prolonged hypoxia, 
denerva ted  an imals  w e r e  exposed for  1 month to an a tmosphere  deficient in oxygen. The role  of the a r t e r i a l  
chemocep to r s  in adaptation to oxygen deficiency was  judged f rom the vent i la tory  r e s p o n s e s  of the e x p e r i -  
mental  an imals  to acute hypoxia during inhalation of air .  

E X P E R I M E N T A L  M E T H O D  

Male albino r a t s  weighing 200-300 g were  used. Bi la te ra l  surg ica l  denervat ion of the carot id  sinus 
chemocep to r s  was  c a r r i e d  out on some of the animals .  The operat ion was p e r f o r m e d  under  an operat ing 
mic roscope  (magnificat ion 10-20 t imes) ,  and all  ne rve  f ibers  leaving the region of b i furcat ion of the common 
carot id  a r t e r y  w e r e  removed,  a f t e r  which 10% phenol solution was  applied to that region.  The opera t ive  
technique has  been desc r ibed  e a r l i e r  [6]. Deafferentat ion of the aor t i c  zone was  c a r r i e d  out by division of 
the cor responding  ne rve  f ibe r s  [13]. S imi lar  opera t ions ,  but without division of the n e r v e s  or  t r ea tmen t  of 
the a r t e r i a l  wal ls ,  was  c a r r i e d  out on the r a t s  of the control  group. The response  of the r e sp i ra t ion  of the 
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Fig. 1. Venti latory responses  to inhalation of mixtures  with 11% 
oxygen in intact ra ts  (A) and in rats  with blocked reflexogenic 
zones: carot id sinus (B), aor t ic  (C), and carotid sinus and aor t ic  
combined (D), in percent  of increase  in ventilation of intact ra ts  
during inhalation of the same mixture. 

Fig. 2. Dynamics of some indices in intact (continuous line) and 
denervated (broken line) ra ts  during "elevation" to an altitude of 
12,000 m: D respi ra t ion rate (per minute); II) hear t  rate (per 
minute); III) pO 2 in thigh muscle (in percent  of initial level). 

experimental  animals to hypoxia was studied by means of an apparatus of the authors '  own design [7]. The 
volume of the pulmonary ventilation was measured  during inhalation of the hypoxic mixture for 1 min and 
compared with that measured  during inhalation of air. 

In other cases  hypoxia was induced by "elevating" the animals in a p r e s su re  chamber,  while recording 
simultaneously their  respi ra t ion rate  by means of a carbon pick-up, the hear t  rate by an e l ec t roca rd io -  
graphic method, the recta l  t empera tu re  by means of an e lec t ro the rmomete r  (Sanei), and the oxygen tension 
in the thigh muscle by a polarographic  method [8]. Altogether 5 ser ies  of experiments  were  ca r r i ed  out on 
72 intact and 45 denervated rats .  

E X P E R I M E N T A L  R E S U L T S  

The resul ts  showed that in intact animals breathing a hypoxic mixture (11% 02, pO 2 83.6 mm Hg) the 
ventilation increased  significantly by 20.3% compared with its level while breathing air. 

In animals af ter  bi la teral  carot id sinus denervation the response to the hypoxic mixture showed no 
significant quantitative change. The same effect was found with rats  after  deafferentation of the aort ic  zone. 
However, if both these chemoceptor  zones were  blocked simultaneously, there was some decrease  in the 
venti latory response to acute hypoxia (Fig. 1). 

Increasing hypoxia was induced by "elevating" the animals in a pressure chamber to an altitude of 

12,000 m (pO 2 =30 mm Hg) at the rate of 25 m/sec, which was followed by a rapid "descent." 

In the intact animals, the "elevation" was accompanied by a marked increase in respiration rate at an 

altitude of 1,000-7,000 m (Fig. 2). The respiration rate in the denervated rats began to rise later and was 
15-25% lower than in the intact animals. Moderate hypoxia also induced an increase in the heart rate. No 
significant differences were found between the heart rates of the intact and denervated rats. Extreme de- 

grees of hypoxia (over 7,000 in) led to sharp inhibition of respiration and of cardiac activity in both the in~- 

tact and the denervated animals. 
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Fig. 3. Dynamics of some indices in 
intact (continuous line) and denervated 
(broken line) ra ts  during "elevation" 
and during a stay of 30 rain at an al t i -  
tude of 5,000 m: 1) respi ra t ion rate 
(per minute); 2) pO 2 in thigh muscle. 

During increas ing hypoxia the decrease  in pO 2 in the thigh 
muscle was more marked in the animals with blocked carotid 
sinus chemoeeptors  than in the intact rats.  The difference was 
statist ically significant at altitudes of 4,000-8,000 m, while at 
higher altitudes it tended to disappear.  The decrease  in rec ta l  
temperature  was small  and was the same in all animals  (by 0.52~ 
on the average). To study responses  of the ra ts  to moderate  
hypoxia, they were  "elevated" at the same rate  to an altitude of 
5,000 m (pO 2 85 mm Hg), at which they remained for 30 min. 

During the period of "elevation" and during the f i rs t  10 
min of their  stay at the fixed "altitude" the intact animals showed 
a gradual increase  in respi ra t ion rate (Fig. 3) which continued 
until the end of exposure. 

Blocking the carot id sinuses did not completely abolish 
the response of the resp i ra to ry  system to hypoxia. The r e sp i r a -  
tion rate of ra ts  with denervated carot id sinus ehemoceptors  was 
lower throughout the experiment than that of the intact rats.  

In this ser ies  of experiments  there was likewise no difference between the responses  of the cardio-  
vascular  and the rmoregu la to ry  sys tems of the intact and denervated ra t s  to hypoxia. After an initial in-  
c rease  there was a slight decrease  in the heart  rate,  by 5% at the end of the experiment.  The rectal  t em-  
pera tu re  of the rats  fell by 1.6~ (from 38.2 to 36.8~ during the experiment.  

As the air  p r e s s u r e  fell in the p res su re  chamber the oxygen tension in the thigh muscle fell rapidly 
in all the animals and reached a steady level 1-3 min after  elevation to an altitude of 5,000 m, remaining 
at approximately the same level  until the end of the experiment.  In the intact animals  it was 50-60% below 
its initial level. In the rats  with blocked carot id sinus chemoceptors  the decrease  in pO 2 in the thigh 
muscle was g rea te r  than in the intact animals. 

These resul ts  show that blocking the carot id sinus chemoeeptors  in ra ts  al tered the intensity of the 
an imal ' s  r e sp i r a to ry  responses  to hypoxia but did not abolish them. Meanwhile, oxygen lack in the muscle 
t i ssue developed more  rapidly in the denervated animals than in the intact during exposure to hypoxia, sug- 
gesting less  efficient compensation of the hypoxic changes. 

So far  as regulation of the circulat ion in hypoxemia is concerned, it is nowadays general ly accepted 
that the response of the card iovascular  sys tem to hypoxia takes place not only through ar te r ia l  chemo-  
ceptors ,  but also through the direct  action of oxygen lack on the centers  of innervation of the hear t  [3]. The 
resul t s  of the present  experiments  confirmed this hypothesis. F r o m  this point of view it was interest ing 
to a s se s s  the altitude r e s i s t a n c e  of intact ra ts  and of ra ts  with blocked carot id sinus reflexogenic zones. 

The altitude ceiling and the duration of survival at an altitude of 12,000 m, with a rate of elevation of 
25 m/sec ,  was determined.  In the second case the animals were  fixed to a special bench. "Descent" took 
place af ter  apnea lasting more  than 15 sec. The altitude ceiling of the intact ra ts  was 12,640 • 252 m and of 
the denervated ra ts  12,280 • m; the survival t imes were  86 • 16 and 68 • 13 sec respectively.  No hypoxic 
convulsions occur red  in the denervated rats  during exposure to acute hypoxia. 

There  was thus a tendency for the altitude res i s tance  to be reduced somewhat in the denervated rats ,  
although the difference between the animals of the two groups was not stat ist ically sigv2ficant. During ex-  
posure  to extremely severe  hypoxia, absence of the carot id sinus chemoceptors  is evidently not of decisive 
importance.  This is confirmed by the equality between pO 2 in the muscles  of both groups of ra t s  on reaching 
high "altitudes" (Fig. 2). 

To investigate the role of the a r te r ia l  chemoceptors  in adaptation to hypoxia, intact and denervated 
rats  were  exposed for  1 month in a chamber  containing 10-11% oxygen. In paral le l  tests ,  ra ts  of another 
group were  kept in a chamber  filled with air .  All the other  p a r a m e t e r s  of the environment were  identical 
in both chambers .  

Neither in the intact ra t s  nor  in the ra ts  with blocked carot id sinus chemoceptors  were  significant 
changes found in the vent i la tory  responses  to inhalation of a mixture containing 11% oxygen during an ex- 
posure  of 30 days. 
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These exper imental  resu l t s  show that the per iphera l  chemoceptors  play a definite role in the general  
adaptation of the animal to oxygen deficiency. At the same time, there  is reason to suppose that the carot id  
sinus chemoceptors  do not play a significant role  in the responses  of the card iovascular  and the rmoregu la -  
to ry  sys tems to hypoxia. The i r  removal  l ikewise has li t t le effect on the res i s tance  of ra t s  to ex t reme  de-  
g rees  of ra re fac t ion  of the a tmosphere .  

A special  word must  be said about the r e sp i r a to ry  responses .  Since denervat ion of the carot id  sinus 
zone did not lead to disappearance of the adequate vent i la tory  response  to hypoxia, p resumably  this function 
in ra t s  is also shared by other  chemosensi t ive  s t ruc tures .  These could be, in par t icu la r ,  the c h e m o c e p t o r s  
of the aor t ic  zone. However,  surgical  division of the possible afferent  chemorecep tor  pathways ar is ing 
f rom the region of the aor t ic  a rch  in ra ts ,  which was p e r fo rm ed  on some animals,  did not cause complete 
disappearance of the vent i la tory  responses  to hypoxia. 

It can thus only be assumed that chemosensi t ive  information concerning hypoxia in ra t s  a r i s e s  not 
only f rom the well-known ref lexogenic  zones, but also f rom others  which have not yet been investigated, 
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