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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 respirat ion is the main source of energy supplying the 
phagocytic function of the pulmonary macrophages it is concluded that inhibition of resp i ra -  
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 respi ra tory  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. 

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

Experiments were carr ied 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~ relative humidity 70%, CO 2 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 2 dehydrogenases in the pulmonary macrophages was determined by a quantitative 
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 addition, in exper iments  in vi t ro  with a lveolar  macrophages  of guinea pigs the effect  of inhibitors 
of r e sp i r a t ion  (sodium cyanide, 2 • -3 M), glycolysis  (sodium fluoride,  2 • -2 M), and the pentose shunt 
(phenylbutazone, 10 -3 M) [12, 19] on the phagocytic act ivi ty of the pulmonary maerophages  was studied. 

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

The resu l t s  of determinat ion o f  the phagocytic activity of the pulmonary macrophages  of the rabbit  
show that In hypoxic hypoxia the ingestive power of the a lveolar  macrophages  was reduced on the average 
by 53%. Keeping the rabbi ts  in an a tmosphere  with a low pO 2 led to an increase  in the activity of lactate 
and g lucose-6-phosphate  dehydrogenases  (by 53 and 50% respect ively)  and a dec rease  of 39% in the malate 
dehydrogenase act ivi ty in the alveolar  macrophages .  A significant dec rease  in the activity of NAD.H 2 dehy- 
drogenase ,  however ,  occur red  in only one of the five exper imenta l  rabbi ts .  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 c a r r y  out phagocytosis of foreign mater ia l  was most  se r ious ly  disturbed 
af te r  blocking of r e sp i r a t ion  (the phagocytic act ivi ty of the macrophages  was reduced by 74%), whereas in- 
hibi tors  of glycolysis  and of the pentose shunt produced a less marked and approximately  equal inhibition 
of the phagocytic act ivi ty of the pulmonary macrophages  (the phagocytic activity of the pulmonary mac ro -  
phages was reduced by 59 and 56% respec t ive ly) .  These resu l t s  co r r e l a t e  well with those obtained in vi tro 
by other  workers  [3, 10, 11, 15, 16], who found that blocking resp i ra t ion  and glycolysis  dis turbs  the inges-  
tive power of the a lveolar  macrophages .  At the same t ime an important  ro le  of glucose metabol i sm in the 
pentese  shunt for the phagocytic function of the macrophages  was demonst ra ted ,  in agreement  with the 
views of those workers  [6, 8, 14] who have observed the st imulation of d i rec t  glucose oxidation during pha- 
gocytosis .  

In the light of the data indicating the leading role  of resp i ra ton  in the supply of energy for the phago- 
cytic function of the pulmonary macrophages ,  the inhibition of the ingestive power of these cel ls  in hypoxia 
will be understood~ The dec rease  in the amount of energy formed as a resu l t  of inhibition of oxidative pro-  
cesses  in the E m b d e n - M e y e r h o f - K r e b s  cycle ,  as shoarn indirect ly by the dec rease  in malate  dehydrogen- 
ase activity,  was evidently not compensated by activation of glycolysis  and of metabol ism in the pentose 
shunt, indicating an inc rease  in the activity of lactate and glucose-6-phosphate  dehydrogenases  and leading 
to a dis turbance of the phagocytic activity of the pulmonary macrophages .  The resu l t s  of determinat ion of 
the phagocytic act ivi ty of the pulmonary  macrophages  of rabbits  kept in an a tmosphere  with a low pO 2 are  
in agreement  with observat ions  made in vi tro [3, 15, 18] that suggest  a d ec r ea se  in the phagocytic activity 
of the pulmonary macrophages  under anaerobic  conditions. 

Comparison of the resu l t s  of these exper iments  with those obtained previously  [1] suggests that the 
phagocytic function of the pulmonary  macrophages ,  with their  cha rac t e r i s t i c  oxidative type of metabol ism,  
is disturbed much more  by hypoxia than the analogous function of the per i toneal  macrophages ,  which have 
a predominant ly  glycolytic type of metabol ism.  
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