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The chemorecep to r s  of the carot id  sinus, which a r e  of e x t r e m e  impor tance  in the regula t ion of r e s p i r -  
ation~ a re  found to play a less  impor tant  role  in the regulat ion of the. c i rcula t ion  during hypo•  

It became  c lea r  as  a resu l t  of the work of Heymans  [11], and Ms co l l abora to r s  that the r e s p o n s e s  of 
the  r e s p i r a t o r y  and ca rd iovascu la r  s y s t e m s  directed toward adaptation to hypo• a r e  brought  about by e x -  
ci tat ion of the chemorecep to r s  of the carot id  and c a r d i o - a o r t i c  zones.  It was cons idered  that  a low p a r t i a l  
p r e s s u r e  of o~,gcn (pO2.), which is an adequate s t imulus  for  these chemorecep to r s ,  p roduces  not only an in-  
c r e a s e  in the minute volume of r e sp i ra t ion  ~IVR) but a l so  an inc rease  in a r t e r i a l  p r e s s u r e  (AP), and an 
Incr- asc  in ' the hear t  ra te .  In recent  y e a r s ,  however ,  findings have been descr ibed  indicating that  exci ta t ion 
of c h e m o c r e c c p t o r s  produces  inconsis tent  and re la t ive ly  slight changes in the ca rd iovascu l a r  s y s t e m  [2, 3, 
13]. The e ~ d e n c e  of onset of ref lex b radyca rd ia  during hypoxia p rev ious ly  descr ibed  in the l i t e r a tu r e  [7] 
has been confirmed and developed [6, 8, 14]. Under hypoxic conditions an i nc rea se  in MVR takes  place  only 
because  of excitat ion of the c h e m o r e c e p t o r s  [1, 5], whereas  changes  in the ca rd iovascu la r  s y s t e m  may  b~ 
dependent on other f ac to r s  a lso .  According to some  data [8, 13], for  instance,  the inc rease  In the h e a r t  
ra te  is due to ref lex influences f rom the r e c e p t o r s  of the lungs, whose excurs ion  is i nc rea sed  in hypo:da.  
The hypocapnia developing during h)-perventilation is  a l so  known to have some effect  on the s ta te  of the 
ca rd iovascu la r  sys t em [10, 11]. 

The object of the p re sen t  invest igat ion was to make  an exper imen ta l  ana lys i s  of the i m p o r t a n c e  of e x -  
ci tat ion of the chemorecep to r s ,  of ~ inc rease  in MVR, and of hypocapnia in the changes  in AP and hea r t  
ra te  developing during hypoxia.  

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

Exper iments  were  p e r f o r m e d  on ca ts  anes thet ized with ure thane (0.8-1 pg/kg). Record ings  w e r e  made  
of the MVR, pneumogram,  impulse  act ivi ty  in the diaphragm, AP in the f emora l  a r t e r y ,  and pulse ra te  (from 
the ECG}. Before  the exper iment  began both d e p r e s s o r  ne rve s  we re  divided at the point where  they leave 
the lar~uageal nerve .  As fa r  as poss ible  in each exper iment  the s ame  an imals  success ive ly  b rea thed  a n~dx- 
ture  deficient  in oxygen (7%) under different  conditions {Table 1). In va r ian t s  1 and 2, dur ing natura l  r e s -  
pirat ion,  an inc rease  in .XI%UI took place,  accompanied  in var ian t  1 by hypocapnta,  which was  prevented  in 
~-ariant 2 by the addition of 3% CO 2 to the inhaled gas mix ture .  In va r i an t s  3, 4, and 5 of the exper iment ,  
hypoxemia was produced against  a background of ar t i f ic ia l  r e sp i r a t ion  with regulat ion of the MVR. 

In va r ian t  3, the M'vTt was maintained at the  initial level ,  but in va r i an t s  4 and 5 at  an e levated  level  
approximate ly  the same  as that found under  h~q~oxic conditions during natura l  r e sp i ra t ion .  The hypocapnia  
a r i s ing  in var iant  4 ~--as compensa ted  in var ian t  5 by the addition of CO x. IIence, the impor tance  of hypo-  
capnia,  the M'vTt being equal, could be de te rmined  by compar ing  the r e su l t s  obtained in va r i an t s  1 and 2 D 
and in var ian ts  4 and 5 respec t ive ly ,  and the impor tance  of an i n c r e a s e  in MVR could be de te rmined ,  the 
COi level being the same ,  by compar ing  the r e su l t s  obtained in va r i an t s  3, 2, and 5 of the expe r imen t .  
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TABLE I .  Changes  in Hear t  l~ate during t typoxia in Individual Expe r imen t s  (number of c~ses)  " 
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Fig.  1. Changes  in hea r t  r a t e  during hypoxia in d i f ferent  v ~ -  
r i an t s  of e x p e r i m e n t s  (denoted by numbers ) .  Absc i s sa ,  t ime;  
ordinate ,  changes  in h e a r t  r a t e  p e r  minute .  

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

The mean  values  of the changes  in hea r t  r a t e  in va r i an t s  1, 2, 4, and 5 a r e  shown in Fig .  l a .  B r a d y -  
c a r d i a  developed in all  these  expe r imen t s ,  hard ly  pe rcep t ib le  in the f i r s t  30 sec  of h~poxemia but r e l a t ive ly  
wel l  marked  by the third minute .  Consequently,  with an i nc r ea se  of M VR, whether  with a lowered (var iants  
1 and 4) or  a no rma l  CC~ level  (var iants  2 and 5), b r adyca rd i a  developed gradual ly  during h )~oxemia .  The 
r e s u l t s  obtained in var ian t s  2 and 5 a r e  com pa red  in Fig. lb  ~ i th  those obtained in ~ar ian t  3. It is  c l ea r  
that  the b r a d y c a r d i a  was much m o r e  marked  in var ian t  3, i .e . ,  under  conditions excluding an i nc rea se  in 
MVR during hypoxia.  These  r e s u l t s  were  conf i rmed  by ana lys i s  of data  obtained in indi~hdual expe r imen t s .  
As  Table  2 shows, .dur ing the f i r s t  minute of hypo.,da in va r i an t s  1 and 2 the number  of c a s e s  with slowing 
of the pulse was only sl ightly g r e a t e r  than the n u m b e r  of cases  with quickening, and in mos t  e.'<periments 
no apprec iab le  changes  took place;  at  the th i rd  minute  in mos t  ex~periments b r adyca rd i a  was  observed,  but 
in some  e x p e r i m e n t s  there  we re  no apprec iab le  changes and occas ional ly  t achycard ta  was found. 

I ience,  during natural  r e sp i r a t ion  b r a d y e a r d i a  did not develop in a l l  the expe r imen t s .  In con t ra s t  to 
th is ,  in var ian t  3 (ar t i f ic ial  r e sp i ra t ion  without an i nc r ea se  in MVR) b radyca rd l a  developed in the f i r s t  m i n -  
ute  in half the expe r imen t s ,  and by the tl-ard minute  in the over~,helmtng ma jo r i t y  of e .xperiments;  an i n -  
c r e a s e  in pulse r a t e  was found only as  an except ion {Table 1). 

Consequently,  during exci ta t ion of the c h e m o r e c e p t o r s  of the caro t id  zones by a low pO~, b r a d y c a r d l a  
developed in mos t  expe r imen t s .  It was well  m a r k e d  when the MVR rema ined  constant  and was  much  l e s s  
m a r k e d  when the MVR inc reased ,  usual ly in assoc ia t ion  with hy~oxcmia.  The p r e s e n c e  or  absence  of b y -  
pocapnia  under  these  expe r imen ta l  conditions had no significant  effect  on the r e su l t s .  

The changes in AP in the s ame  va r i an t s  of  the expe r imen t s  a r e  shown in Fig. 2a and b.  By the 30Lh 
second of hypoxemia  the mean value of the AP was  s l ight ly r a i sed  in all  va r i an t s  of the e x p e r i m e n t s .  This  
was  evidently a mani fes ta t ion  of a p r e s s e r  r e f l ex  f rom the carot id  sinus c h e m o r e c e p t o r s ,  t towever ,  by the 
end of the f i r s t  minute  the changes in AP had become  l e s s  cons is tent .  By the 3rd  minute  a dis t inct  d~-  
c r e a s e  in the mean  walue of the AP was obs e rv ed  in all  va r i an t s  of the expe r imen t s ,  reaching  a mean  vMue 
of  6-13 m m  in the d i f ferent  va r i an t s .  As Table  2 shows, the changes in AP in di f ferent  ex]>eriments we re  
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TABLE 2. Changes in AP dur ing Hypoy~a in Individual E x p e r i m e n t s  
(number of cases )  
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Fig.  2. Changes in a r t e r i a l  p r e s s u r e  during hypoxia in 
di f ferent  va r ian t s  of e:cperiments .  Absc i s sa ,  t ime;  o r -  
dinate,  changes in a r t e r i a l  p r e s s u r e  (in ram).  

unequal in the f i r s t  minute:  in many expe r imen t s  the AP v-as unchanged, in o the r s  it was  lowered,  and in 
some it was r a i sed .  By the 3rd minute the number  of expe r imen t s  in which the AP was  lowered was much 
g r e a t e r  than the num ber  of expe r imen t s  with an inc reased  AP.  I towever,  an i n c r e a s e  in AP was st i l l  o c -  
cas ional ly  obse rved  (Table 2). 

]tence, the changes in AP dur ing h)~oxia a r e  var iab le  in direction,  with an apprec iab le ,  although smal l ,  
p redominance  of a d e c r e a s e  toward the end of the 3rd minute .  

As Fig. 2a shows, the AP d e c r e a s e d  toward the end of the 3rd minute  in al l  va r i an t s  of the e x p e r i -  
ments .  In expe r imen t s  with compensat ion of the hypocapnia,  i t  was r a t h e r  l ess  ma rked  (in va r i an t  2 c o m -  
pa red  with var ian t  1 and in vari,'unt 5 compared  with var iant  4). However,  this d i f fe rence  was not sigrdficant.  
It should, there fore ,  be accepted tb;tt under  these  ex-perimentaI conditions hypocapnia played no s ignif icant  
role  in the lowering of the AP. The d e c r e a s e  in AP toward the end of the 3rd minute  was l e s s  m a r k e d  in 
~'ariants 2 and 5 in which the MVR was inc reased .  This  may  have been connected with the c o m p e n s a t o r y  
effect  of h)2t>erventiL'ttion under h3]~oxemic ccndit ions.  

It may  be concluded f rom the r e su l t s  obtained that, in con t r a s t  to the r e f l ex  changes in r e sp i r a t ion ,  
considerable  in magnitude and uniform in di rect ion,  obse rved  in our  ex~e r imen t s  under  the Influence of hy -  
poxemia (the inc rease  in MVR amounted to 40-60%, the ampli tude of the r e s p i r a t o r y  movemen t s  on the 
pneumogram and the e l ec t r i ca l  ac t iv i ty  of the d iaphragm were  a lways increased) ,  the changes in hea r t  r a t e  
and AP were  smal l  and were  often divergent ,  e spec ia l ly  in the 1st minute,  when the re f lex  f ac to r  a s soc ia t ed  
with excitat ion of the c h e m o r e c e p t o r s  was mani fes ted  in its pu res t  fo rm.  The p r e s s e r  effect  of exci ta t ion 
of chemorecep to r s ,  evidence of which had been obtained by per fus ion  of the i so la ted  carot id  s inuses  with 
blood with a low pC~ [9, 12}, is only sl ight under  conditions of genera l  hypoxia and r a i s e s  the AP for  a shor t  
t ime,  a f te r  which it soon fal ls  again.  In m i l d e r  d e g r e e s  of h ypoxia the p r e s s e r  effect  m a y  poss ib ly  be m o r e  
s table  [14]. 

The dec rea se  in AP a r i s ing  at the 3rd minute  of hypoxemta  c a n n o t b o  explained by any of the th ree  
fac to r s  considered above (excitation of c h e m o r e c e p t o r s ,  h)-pocapnia, i nc r ea se  of MVR)o It may  be  pos tu -  
lated that it is the resu l t  of local vasodi la ta t ion under  the influence of genera l i zed  hypoxia o r  that i t  r e f l ec t s  
the d i rec t  effect  of hypoxia on the vasomoto r  c en t e r  [11]. It should be noted that  the level  of hypoxemiR 

260 



created in these experiments (7-7.5% oxygen in the inspired gas mixture) may be regarded as severe, al-  
though it did not cause inhibition of the respiratory center. The reflex increase in respiration, in associa-  
tion with the direct effect of this devotee of hypoxemia on the central nervous systen~, thus took place to the 
full, whereas the presser  effect of stimulation of the chemoreceptors did not prevent a decrease of AP. 
Consequently, the role of the chemuredeptors in regulation of the AP under conditions of general and acute 
hypoxemia is not so decisive as in the regulation of l'espiratton. The reflex bradycardta due to stimulation 
of chemoreceptors under condit!ons when the MVR was artificially maintained constant was fairly weLl 
marked, but trader ordinary conditions, when the MVR increased under the influence of hypoxemia, brady- 
cardla took place only in some experiments, and it rarely attained a considerable magnitude. 

In face of the results obtained by pcrfusion of the isolated carotid sinus [9-11], it may be considered 
that the bradycardia during general hypoxemia is caused by excitation of the chemoreceptors. Howevhr, 
the fact that it was more marked at the 3rd minute of hypo• than at the first,  and that it developed at 
the time when the AP was beginning to fall sugt~csts that the direct action of h~])oxia on the centers of ca r -  
diac innerw, ttion may be concerned, along with the chemoreceptors of the carotid body, in the mechanisms 
of its origin. 
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