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Role of Carotid Chemoreceptors in Hypoxic Cardiac Acceleration 
(18408) 

THEODORE BERNTHAL, WILSON GREENE, Jr., AND ALVIN M. REVZIN. 
From the Lkpartment of Physiology, Medical College of the Stnte of South Carolina, Charleston, S. C. 

Though the increased heart rate which ac- 
companies acute hypoxia is well known, the 
mechanism of its genesis is incompletely 
understood. Sands and DeGraff (1) and Wig- 
gers(2) have shown that it depends chiefly 
upon reduced tonic activity of the vagal 
cardio-inhibitory center and in lesser degree 
upon increased activity of the sympathetic 
cardio-accelerator center. However, the chan- 
nels through which hypoxia operates when it 
alters the action of these centers have not 
been demonstrated. 

The suggestion has been made repeatedly 
(3-5) that the changes in heart rate which 
accompany alterations of arterial oxygen ten- 
sion are initiated at  the chemoreceptors of 
the carotid and aortic bodies. Thus, it has 
been assumed either that hypoxic stimulation 
of these chemoreceptors would reflexly ac- 
celerate the heart or, conversely, that hyper- 
oxic diminution of their tonic activity would 
do the reverse, Since the literature seemed 
devoid of experimental evidence bearing di- 
rectly upon these assumptions, we have per- 
formed experiments to determine the chemo- 
reflex response of heart rate to hypoxia. The 
results do not support the suggestion that 
hypoxic cardiac acceleration is initiated at 
the carotid or aortic bodies. 

JIethod. Our procedure consisted simply 
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of recording heart rate during the application 
of hypoxic stimuli carefully restricted to the 
carotid chemoreceptor region. Dogs were 
anesthetized with morphine sulphate (4 mg/ 
kilo) and urethane (1 g/kilo) and their heart 
rates recorded from a carotid artery with a 
membrane manometer. Breathing was re- 
corded to indicate the intensity of chemo- 
receptor stimulation. While preserving Her- 
ing's nerves, all vessels efferent to each caro- 
tid bifurcation were ligated a few millimeters 
beyond their origin, The vascularly isolated 
carotid regions were then supplied with blood 
from a perfusion source, the blood entering 
through cannulae placed in the commun caro- 
tid arteries and leaving through cannulae in 
the external carotid arteries from which it 
returned to the perfusion source through an 
adjustable resistance. Duri'ng controlled per- 
iods, normally aerated heparinized blood flow- 
ing in this circuit was rendered hypoxic in 
known degree. In  some instances, the per- 
fusion source was a donor animal inhaling a 
gas mixture low in partial pressure of oxygen 
for short periods. In  other experiments, 
autoperfusion apparatus was used (9) .  Cy- 
anide was administered by injecting directly 
into the carotid perfusion circuit, I n  most 
experiments, arterial blood pressure compen- 
sators (9 ) minimized variations of pressorecep- 
tor stimulation. In  some experiments, natural 
breathing was allowed. I n  others, constant 
artificial pulmonary ventilation with open 
pneumothorax was imposed. 

Results and discussion. Representative re- 
sponses of eight animals are summarized in 
Table I which gives only the maximum devia- 
tion of heart rate from control values during 
each hypoxic episode. In  Fig. 1, plotted sum- 
maries of the heart rate during 3 complete 
hypoxic episodes and one cyanide administra- 
tion are given in order to show the pattern 
and time relationships of the responses. Here 
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it can be seen that, although the changes were 
small, they coincided definitely with the per- 
iod of carotid hypoxia! were well maintained 
during that time! and were reversed when the 
hyposia was ended. 

-4s Table I shows. the reactions were quali- 
tatively consistent only when pneumothorax 
and constant artificial ventilation of the lungs 
were maintained. Cnder these conditions the 
heart rate was diminished in all instances of 
hyposemia and cyanidemia a t  the chemore- 
ceptors except 2 in which there were no signi- 
ficant changes and in no instance was there 
rnrdiac accderntion. On the other hand, 
nhen  natural breathing was allowed so that 
pulmonary ventilation and stretching of the 
lungs were increased during chemoreceptor 
stimulation, the heart rate diminished in some 
instances, was unchanged in others and in- 
creased moderately in the remainder. Of the 
two sets of reactions. the first is taken to be 
the more nearly representative of direct un- 
complicated chemoreflex responses since var- 
iable factors secondary to the refex hyperpnea 
which results from chemoreceptor stiniulation 
had been eliminated or lessened by controlling 

the breathing. The finding that the direct 
reHex effect oi hj-posemia a t  the carotid bodies 
is slowing rather than acceleration of the 
heart harmonizes with the similar finding for 
c\.anide stimulation (Exp. 6 and 8, Table I, 
and Fig. 1 ) .  Reflex bradycardia due to cy- 
anide is well known(l0) and the response to 
lowered oxygen tension might have been an- 
ticipated upon this basis since the effects of 
chemoreceptor stimulation could be expected 
to remain qualitatively the same whatever the 
identity of the stimulating agent. 

In the experiments with natural ventilation, 
there were factors presumably secondary to 
the increased breathing which tended to cause 
cardiac acceleration and vhen sufficiently 
forceful they counterbalanced or overbalanced 
the direct refles effect. Thus. in Experiment 
6 a relatively moderate chenioreflex slowing 
was overbalanced by the secondary accelerat- 
ing influence of the increased breathing. u-ith 
a net effect of cardiac acceleration. In Experi- 
ment 3, a stronger reflex slowing apparently 
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FIG. 1. 

Changes in heart m t e  of dog d u ~ i n g  h~-~~ ,c i scmia .  niid vy:midcmin I wtrjctcd t o  the carotid 
bodies. 

Percentage valuos : pwtial  prcssurr o f  u s ~ g e n ,  iu pc'i'wnt of one atmosphere, in inspired air  
of donor supplying arterial blood to itsolater1 carotid bifurcations of experihnental animal. 
Black bar: period during wliich low ouygcii niistiire vas  inhaled. 

X a C X  dosage: 2 cc of 0.01 X solutioii injected into carotid perfusioii circuit. 
Lower thin line : inem arterial blood pressure of experimental animal. 

just counterbalanced the secondary effect so 
that no change of heart rate occurred. In  
Experiment 4, very marked chemoreflex slow- 
ing completely overbalanced the secondary 
acceleratory influence so that slowing occurred 
during both natural and artificial breathing, 
although less markedly in the former. 

The nature of the cardiac acceleratory fac- 
tor which is secondary to increased breathing 
and which disappears during constant ventila- 
tion with open chest is not evident although 
reflex inlhibition of the cardio-inhibitory center 
resulting from increased inspiratory stretch- 
ing of the lungs as analyzed by hnrep, Pascual 
and RGssler ( 11) would seem to be a leading 
possibility. Whatever its nature, it appears 
unlikely that this factor is an essential part 
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of the mechanism producing cardiac accelera- 
tion when the whole animal is subjected to 
hypoxia. The cardiac acceleration of general- 
ized hypoxia usually is not reversed by the 
use of constant pulmonary ventilation (see 
Exp. 7, Table I). Further, in none of these 
experiments was the acceleration secondary 
to chemoreflex hyperpnea as much as 10% of 
control values, whereas generalized hypoxia 
produced increases of 30 to 60% or more 
(ESP. 7 and 8, Table I). 

We conclude, trherefure, that the cardiac 
acceleration of generalized hdypoxia does not 
depend upon the carotid chemoreceptors, al- 
though effects secondary to chemoreflex 
hyperpnea may contribute in minor degree. 
I t  might be added that the same probably 
holds true for the aortic chemoreceptors, since 
all known aspects of their function are quali- 
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tatiL7ely like those of the carotid bodies. 
>loreover, Comroe ( 12) has demonstrated that 
their stimulation by cyanide or lobeline pro- 
duces a reflex bradycardia just as does that 
of the carotid chenioreceptors. 

Suiuuiary and coizclusions. 1. Changes in 
heart rate were recorded during the applica- 

tion of hypoxic stimuli limited to the carotid 
chemoreceptors. 2.  The direct reflex change in 
heart rate initiated by hypoxia a t  the carotid 
chemoreceptors was a slowing of moderate 
degree. 3. I t  is concluded that the cardiac 
acceleration of generalized hypoxia does not 
arise chernoreflesly a t  the carotid bodies. 
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Further Observations on Yeast in Production of Experimental 
Hepatic Necrosis in Rats.* (18409) 

Jt has been shown that in rats fed a diet 
deficient in tocopherol. with yeast as the sole 
source of protein, the occurrence of massive 
hepatic necrosis may vary considerably in 
direct relation to the brand of yeast used(1). 
Incorporation of a British brand of baker's 
!-east in the diet led to massive necrosis with 
great regularity (90-100y~ ).  In  contrast. 
suhstitution of our American brand of brewer's 
yeast in the same ration deprived it of its 
"necrogenic" quality . Hy increasing the fat- 
content (lard) in the mixture up to 50%. 
necrosis occurred. even with the American 
brand of yeast, but the incidence remained 
relatively low around 50-F ( 2 ) . The necro- 
genic activity of the British yeast could not 
be esplained by a difference in the content of 
the sulfur-containing amino acids (cystine. 
methionine) or of vit. E in these particular 
British and American brands of yeast. The 
fact that the British yeast used was a live 
hiker's yeast and the American yeast a heat- 
killed brewer's yeast made it desirable to test 

( 1 )  an American live baker's yeast for its 
necrogenic activity, and { 2 )  to determine 
whether the British yeast retained its necro- 
genic character after inactivation through 
au toclaving. 

As in our previous experi- 
ments ( 1.3 ) the following "necrogenic" experi- 
mental diet was used: yeast, 18; corn starch, 
73:  salt mixture (L'.S.P. II), 37L. Peanut 
oil. 0.5 ml and cod liver oil, 2 drops were 
added to 8 g of the dry mixture just before 
feeding. Further, all animals received daily 
supplements of 20 y of thiamine, 2 5  y of 
riboflavin, 20 y of pyridoxine, and 100 y of 
calcium pantothenate dissolved together in 
1 ml of water, as well as 20 y of vit. R. We 
used the Rritisht (in diet 1'5H) and an Ameri- 
can: (in diet Y j F )  type of baker's yeast. 

In  Exp. I I ,  the necrogenic activity of the 
live British yeast was compared with that 
of the same brand of yeast after being auto- 
claved (for 5 minutes with free flowing steam, 
followed by 25  minutes steam sterilization at 
1 7  lb per square inch, then a 14-inch vacuum 
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