PATHOLOGICAL PHYSIOLOGY AND GENERAL PATHOLOGY

MECHANISMS OF CHANGES IN ARTERIAL
PRESSURE AND HEART RATE
IN ACUTE HYPOXIC HYPOXIA
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The chemoreceptors of the carotid sinus, which are of extreme importance in the regulation of respir-
ation, are found to play a less important role in the regulation of the. circulation during hypoxemia,
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It became clear as a result of the work of Heymans {11}, and his collaborators that the responses of
the respiratory and cardiovascular systems directed toward adaptation to hypoxia are brought about by ex-
citation of the chemoreceptors of the carotid and cardio-aortic zones, It was considered that a low partial.
pressure of oxygen (p0O,), which is an adequate stimulus for these chemoreceptors, produces not only an in-
crease in the minute volume of respiration (AVR) but also an increase in arterial pressure (AP), and an
incr-ase in'the heart rate. In recent years, however, findings have been described indicating that excitation
of chemocreceptors produces inconsistent and relatively slight changes in the cardiovascular system {2, 3,
13]. The evidence of onset of reflex bradycardia during hypoxia previously described in the literature {7]

~has been confirmed and developed {6, 8, 14]. Under hypoxic conditions an increase in MVR takes place only
because of excitation of the chemoreceptors |1, 5}, whereas changes in the cardiovascular system may be
dependent on other factors also. According to some data {8, 13}, for instance, the increase in the heart
rate is due to reflex influences from the receptors of the lungs, whose excursion is increased in hypoxia,
‘The hypocapnia developing during hyperventilation is also known to have some efiect on the state of the
cardiovascular system [10, 11},

The object of the present investigation was to make an experimental analysis of the importance of ex-
citation of the chemoreceptors, of an increase in MVR, and of hypocapnia in the changes in AP and heart
rate developing during hypoxia.

EXPERIMENTAL METHOD

Experiments were performed on cats anesthetized with urethane (0.8-1 ug/kg). Recordings were made
of the MVR, pneumogram, impulse activity in the diaphragm, AP in the femoral artery, and pulse rate (from
the ECG). Before the experiment began both depressor nerves were divided at the point where they leave
the laryngeal nerve. As far as possible in each experiment the same animals successively breathed a mix-
ture deficient in oxygen (7%) under different conditions (Table 1), In variants 1 and 2, during natural res-
piration, an increase in MVR took place, accompanied in variant 1 by hypocapnia, which was prevented in
variant 2 by the addition of 3% CO, to the inhaled gas mixture. In variants 3, 4, and 5 of the experiment,
hypoxemia was produced against a background of artificial respiration with regulation of the MVR.

In variant 3, the MVR was maintained at the initial level, but in variants 4 and 5 at an elevated level
approximately the same as that found under hypoxic conditions during natural respiration. The hypocapnia
arising in variant 4 was compensated in variant 5 by the addition of CO,. Hence, the importance of hypo-
capnia, the MVR being equal, could be determined by comparing the results obtained in variants 1 and 2,
and in variants 4 and 5 respectively, and the importance of an increase in MVR could be determined, the
CO; level being the same, by comparing the results obtained in variants 3, 2, and 5 of the experiment,
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TABLE 1, Changes in Heart Rate during Hypoxia in Individual Experiments (number of cases) '
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Fig. 1. Changes in heart rate during hypoxia in different va-
riants of experiments (denoted by numbers), Abscissa, time;
ordinate, changes in heart rate per minute.

EXPERIMENTAL RESULTS AND DISCUSSION

The mean values of the changes in heart rate in variants 1, 2, 4, and 5 are shown in Fig, 1a. Brady-
cardia developed in all these experiments, hardly perceptible in the first 30 sec of hypoxemia but relatively
wellmarkedby the third minute. Consequently, with an increasz of MVR, whether with a lowered (variants
1 and 4) or a normal CO, level (variants 2 and 5), bradycardia developed gradually during hypoxemia. The
results obtained in variants 2 and 5 are compared in Fig. 1b with those obtained in variant 3. It is clear
that the bradycardia was much more marked in variant 3, i.e., under conditions excluding an increase in
MYVR during hypoxia, These results were confirmed by analysis of data obtained in individual experiments,
- As Table 2 shows, .during the first minute of hypoxia in variants 1 and 2 the number of cases with slowing
of the pulse was only slightly greater than the number of cases with quickening, and in most experiments
no appreciable changes took place; at the third minute in most experiments bradycardia was observed, but
in some experiments there were no appreciable changes and occasionally tachycardia was found.

Hence, during natural respiration bradycardia did not develop in all the experiments. In contrast to
this, in variant 3 (artificial respiration without an increase in MVR) bradycardia developed in the first min-
ute in half the experiments, and by the third minute in the overwhelming majority of experiments; an in-
crease in pulse rate was found only as an exception (Table 1).

Consequently, during excitation of the chemoreceptors of the carotid zones by a low p0,, bradycardia
developed in most experiments. It was well marked when the MVR remained constant and was much less
marked when the MVR increased, usually in association with hypoxemia. The presence or absence of hy-
pocapnia under these experimental conditions had no significant effect on the results,

The changes in AP in the same variants of the experiments are shown in Fig. 2a and b, By the 30th
second of hypoxemia the mean value of the AP was slightly raised in all variants of the experiments. This
was evidently 2 manifestation of a pressor reflex from the carotid sinus chemoreceptors. However, by tha
end of the first minute the changes in AP had become less consistent. By the 3rd minute a distinct de-
crease in the mean value of the AP was observed in all variants of the experiments, reaching a mean value
of 6-13 mm in the different variants. As Table 2 shows, the changes in AP in different experiments were
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TABLE 2. Changes in AP during Hypoxia in Individuz] Experiments
{number of cases)
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Fig. 2. Changes in arterial pressure cduring hypoxia in
different variants of experiments, Abscissa, time; or-
dinate, changes in arterial pressure {in mm).

unequal in the first minute: in many experiments the AP was unchanged, in others it was lowered, and in
some it was raised. By the 3rd minute the number of experiments in which the AP was lowered was much
greater than the number of experiments with an increased AP. However, an increase in AP was still oc~
casionally observed (Table 2),

Hence, the changes in AP during hypoxia are variable in direction, with an appreciable, although small,
- predominance of a decrease toward the end of the 3rd minute,

As Fig. 2a shows, the AP decreased toward the end of the 3rd minute in all variants of the experi-
ments. In experiments with compensation of the hypocapnia, it was rather less marked (in variant 2 com~
pared with variant 1 and in variant 5 compared with variant 4). However, this difference was not significant,
It should, thercfore, be accepted that under these experimental conditions hypocapnia played no significant
role in the lowering of the AP, The decrease in AP toward the end of the 3rd minute was less marked in
variants 2 and § in which the MVR was increased. This may have been connected with the compensatory
effect of hyperventilation under hypoxemic ccnditions.

It may be concluded from the results obtained that, in contrast to the reflex changes in respiration,
considerable in magnitude and uniform in direction, observed in our experiments under the influence of hy-
poxemia (the increase in MVR amounted to 40-60%, the amplitude of the respiratory movements on the
pneumogram and the electrical activity of the diaphragm were always increased), the changes in heart rate
and AP were small and were often divergent, especially in the 1st minute, when the reflex factor associated
with excitation of the chemoreceptors was manifested in its purest form, The pressor effect of excitation
of chemoreceptors, evidence of which had been obtained by perfusion of the isolated carotid sinuses with
blood with a low pG; {9, 12], is only slight under conditions of general hypoxia and raises the AP for a short
time, after which it soon falls again. In milder degrees of hypoxia the pressor effect may possibly be more
stable [14].

The decrease in AP arising at the 3rd minute of hypoxemia cannot be explained by any of the three
factors considered above (excitation of chemoreceptors, hypocapnia, increase of MVR), It may be postu-
lated that it is the result of local vasodilatation under the influence of generalized hypoxia or that it reflects
the direct effect of hypoxia on the vasomotor center [11]. It should be noted that the level of hypoxemis
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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 degree of hypoxemia on the central nervous system, thus took place to the
full, whereas the pressor 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 respiration, The refiex bradycardia due to stimulation
of chemoreceptors under conditions when the MVR was artificially maintained constant was fairly well
marked, but under ordinary coenditions, when the MVR increased under the influence of hypoxemia, brady-
cardia took place only in some experiments, and it rarely attained a considerable magnitude,

In face of the results obtained by perfusion of the isolated carotid sinus [9-11}, it may be considered
that the bradycardia during general hypoxemia is caused by excitation of the chemoreceptors. However,
the fact that it was more marked at the 3rd minute of hypoxemia than at the first, and that it developed at
the time when the AP was beginning to fall suggests that the direct action of hypoxia on the centers of car-
diac innervation may be concerned, along with the chemoreceptors of the carctid body, in the mechanisms
of its origin,
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