EFFECT OF HYPOXIA ON FUNCTION AND METABOLISM OF
THE ALVEOLAR MACROPHAGES
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Cytophysiological and cytophotometric investigations showed that hypoxic hypoxia equivalent
to an altitude of 5000 m effective for 9-11 days inhibits the phagocytic activity of the alveolar
macrophages in rabbits, Meanwhile the activity of lactate and glucose-6-phosphate dehydro-~
genases in the macrophages is increased but the activity of malate dehydrogenase falls; this
is indirect evidence of stimulation of glucose metabolism in the pentose shunt and of glycoly-
sis and also of inhibition of metabolism in the Embden— Meyerhof—Krebs cycle. On the basis
of experiments in vitro showing that respiration is the main source of energy supplying the
phagocytic function of the pulmonary macrophages it is concluded that inhibition of respira-
tion of the macrophages in hypoxia is the cause of the depression of their phagocytic activity,
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Keeping animals in an atmosphere with a reduced oxygen concentration lowers their resistance to the
agents of respiratory infections (2, 5], Since the alveolar macrophages play the leading role in the remov-
al of pathogenic microorganisms from the lungs [7, 9, 15, 17, 20] it is natural to suppose that the phagocytic
activity of precisely these cells is disturbed in hypoxia, The macrophages have a predominantly oxidative
type of metabolism [1, 4, 10, 11, 16}, and there is therefore reason to suppose that keeping animals under
hypoxic conditions will disturb the metabolism of the alveolar macrophages and so disturb their function,

The object of this investigation was to study the effect of hypoxic hypoxia on the phagocytic function
and some aspects of the metabolism of the alveolar macrophages,

EXPERIMENTAL METHOD

Experiments were carried out on ten rabbits weighing about 2.5 kg, The rabbits (5) of the experi-
mental groupwere kept for 9-11 days in a ventilated pressure chamber under a pressure of 405 mm Hg
(temperature 22°C, relative humidity 70%, CO, concentration 0.03-0.06%). Every day the animals were taken
from the chamber for 30 min to be given food and water and to allow the cages to be cleaned. The animals
(5 rabbits) of the control group were kept throughout the experiments in an atmosphere with a normal oxy-
gen concentration. After the end of 9-11 days the rabbits were killed by air embolism, A suspension of
alveolar macrophages obtained by the method of Myrvik et al. [13] was used to determine the phagocytic
activity of the macrophages and for cytochemical investigations. The technique of determining the phago-
cytic activity of the macrophages was described previously [1]. Activity of lactate, malate, glucose-6-
phosphate, and NAD"H, debydrogenases in the pulmonary macrophages was determined by a guantitative
cytochemical method, using the MUF -5 microspectrophotometer, The mean activity of the dehydrogenases
in the macrophages of each rabbit was calculated from the activity of the enzyme determined in 50 macro-
phages.
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In addifion, in experiments in vitro with alveolar macrophages of guinea pigs the effect of inhibitors
of respiration (sodium cyanide, 2 x107% M), glycolysis (sodium fluoride, 2x10~% M), and the pentose shunt
(phenylbutazone, 10~ M) [12, 19] on the phagocytic activity of the pulmonary macrophages was studied,

EXPERIMENTAL RESULTS

The results of determination of the phagocytic activity of the pulmonary macrophages of the rabbit
show that in hypoxic hypoxia the ingestive power of the alveolar macrophages was reduced on the average
by 53%. Keeping the rabbits in an atmosphere with a low pO; led to an increase in the activity of lactate
and glucose-6-phosphate dehydrogenases (by 53 and 50% respectively) and a decrease of 39% in the malate
dehydrogenase activity in the alveolar macrophages. A significant decrease in the activity of NAD-H, dehy-
drogenase, however, occurred in only one of the five experimental rabbits, Investigation of the effect of
the metabolic inhibitors on the phagocytic activity of the pulmonary macrophages of guinea pigs showed
that ability of the macrophages to carry out phagocytosis of foreign material was most seriously disturbed
after blocking of respiration (the phagocytic activity of the macrophages was reduced by 74%), whereas in-
hibitors of glycolysis and of the pentose shunt produced a less marked and approximately equal inhibition
of the phagocytic activity of the pulmonary macrophages (the phagocytic activity of the pulmonary macro-
phages was reduced by 59 and 56% respectively), These results correlate well with those obtained in vitro
by other workers [3, 10, 11, 15, 16}, who found that blocking respiration and glycolysis disturbs the inges-
tive power of the alveolar macrophages, At the same time an important role of glucose metabolism in the
pentose shunt for the phagocytic function of the macrophages was demonstrated, in agreement with the
views of those workers [6, 8, 14] who have observed the stimulation of direct glucose oxidation during pha-
gocytosis,

In the light of the data indicating the leading role of respiraton in the supply of energy for the phago-
cytic function of the pulmonary macrophages, the inhibition of the ingestive power of these cells in hypoxia
will be understood. The decrease in the amount of energy formed as a result of inhibition of oxidative pro-
cesses in the Embden— Meyerhof —Krebs cycle, as shown indirectly by the decrease in malate dehydrogen-
ase activity, was evidently not compensated by activation of glycolysis and of metabolism in the pentose
shunt, indicating an increase in the activity of lactate and glucose-6-phosphate dehydrogenases and leading
to a disturbance of the phagocytic activity of the pulmonary macrophages. The results of determination of
the phagocytic activity of the pulmonary macrophages of rabbits kept in an atmosphere with a low pO, are
in agreement with observations made in vitro [3, 15, 18] that suggest a decrease in the phagocytic activity
of the pulmonary macrophages under anaerobic conditions,

Comparison of the results of these experiments with those obtained previously (1] suggests that the
phagocytic function of the pulmonary macrophages, with their characteristic oxidative type of metabolism,
is disturbed much more by hypoxia than the analogous function of the peritoneal macrophages, which have
a predominantly glycolytic type of metabolism,
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