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The results of many studies testify that inhalation of 
hypoxic-hypercapnic gas mixtures leads to an increase 
of the minute volume of respiration, alveolar venti- 
lation, and oxygenation of the blood, improves the 
ventilation-peffusion correlation [1,4,5], and, finally, 
decreases the physiological pulmonary shunt of pa- 
tients with chronic respiratory insufficiency [2]. 
Overall, inhalation of a hypoxic-hypercapnic gas mix- 
ture enhances the organism's tolerance of extreme 
effects, which appears to be associated with certain 
changes of the immune system [5]. 

However, there are now data concerning the in- 
fluence of hypoxic-hypercapnic training (HHT) on 
the immune system and on the progress of inflam- 
mation of the lungs. The study of these aspects was 
the aim of this investigation. 

MATERIALS AND METHODS 

Experiments were carried out on 24 Wistar rats. 
Pneumonia was induced by the introduction of kapron 
thread in the lumen of the trachea [3]. One month 
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after treatment the mrs were decapitated, the heart-lungs 
complex was isolated, and a bronchoalveolar flush 
(BAF) and blood were taken. The surface tension (ST) 
of the suffactant was determined on Wllhelm-Langmuir 
scales (minimal ST - STrum, maximal ST -STm~,). 
The stability index (SI) was calculate after Clements 
[6,71. 

The number and percentage composition of cells 
in BAF were determined by the routine method. The 
functional activity of BAF and blood phagocyte cells 
was tested by their adhesive, migrational, and rosette- 
forming capacities, and also by latex microsphere 
absorption (MA and PF), and oxygen-dependent 
(NBT-test) and oxygen-independent metabolism 
(lysozyme). Microscopic study of the slides, stained 
with hematoxylin and eosin, was performed to exam- 
ine the morphological changes of the lung tissue. 

HHT was performed in special chambers using 
the "recycled" respiration method. The concentration 
of 02 and CO 2 at the end of training was 15% and 
6% respectively. The period of treatment lasted 10 
days, and the daily training lasted I0 minutes. 

There were four experimental groups: untreated 
animals; control rats with inflammation of the lungs, 
placed in HHT chambers with free access to air; 
treated animals with pneumonia, which received 
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is reflected in an increase of Stm~ (38.93+2.73 versus 
16.64+0.53) and S t  (56.12+1.96 versus 36.38+0.69) 
and a decrease of SI (the differences between experi- 
mental groups are reliable). 

Data characterizing the number and the ffmctional 
state of alveolar macrophages (AM) and neutrophils 
(N) of the blood are presented in Table 1. Rats with 
one-month inflammation presented no changes in the 
number of BAF cells, but the cell composition differed 
greatly from that of untreated animals. The number of 
active AM was in the normal range, but their phago- 
cytic capacity was reduced 1.6 times; their intmcellular 
oxygen- dependent metabolism diminished, while the 
oxygen-independent meNbolism increased. At the same 
time it was possible to observe the activation of blood 
N phagocytic capacity, but the intracellular oxygen-de- 
pendent metabolism was decreased. Thus, the one- 
month inflammation of the lungs resulted in dramatic 
changes in functional and metabolic activity of AM 
BAF and blood N. 

Fig. 1. Morphology of lung one month after induction of i n -  
flammation, a) catarrhal--suppurative bronchitis. •  f0. H e -  
matoxylin-eosin staining; b) serous exudate with admixture of 
cellular elements, primarily macrophages, in alveolar spaces; cell 
infiltration of alveolar septa. • 160. Hematoxylin-eosin s t a in -  
ing. 

HHT in two variants: before the induction of inflam- 
mation or one day after introduction of the foreign 
body in the trachea. The data were processed by sta- 
tistical analysis using Student's t test. 

RESULTS 

During one-month inflammation of the bronchi, rats 
typically develop catarrhal sometimes suppurative 
(Fig. 1, a) bronchitis with epithelial desquamation. 
The alveoli respond to the inflammation mainly with 
an interstitial reaction (edema, round-celled infiltra- 
tion of alveolar septa); only isolated ceils are de- 
tected in the  alveolar spaces (Fig. t, b). There are 
small foci of swelling in the respiratory part of the 
lungs (dilatation of alveolar spaces and ducts). 

The index of BAF surface activity becomes dif- 
fer from that under normal conditions. The difference 

Fi 9. 2. Morphology of lung after HI-IT: a) suppurative bronchop- 
neumonia. • Hernatoxylin-eosin staining; b) suppurative 
leukocytic exudate in alveolar spaces. • 100. Hematoxylin- eosin 
staining. 
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The alterations in the lungs under HHT w h i c h  
started after introduction of the foreign body in the 
trachea are more pronounced than in the control 
group of animals with inflammation. 

There is a predominance of catarrhal-suppurative 
bronchitis and some foci of suppurative bronchitis 
(Fig. 2, a). Signs of hyperplasia of the peribronchiaI 
lymphoid follicles and their inflammatory alteration 
are noted. In the respiratory part the changes consist 
not only of edema and cellular infiltration of the 
alveolar septa, but also of exudate in the alveolar 
spaces (Fig. 2, b). The exudate contains mainly 
polymorphonuclear leukocytes, and there are also 
microfoci of abscesses, Modest-size swellings, diste- 
lectases, and atelectases are observed. At the same 
time the effect of HHT on the animals with inflam- 
matory lung disease is attended by an increase of the 
surfactant surface activity in the part of the lung free 
of empyesis. Stmi ~ decreases to 23.97+0.01, Stm~ x to 
35.25+1.41, SI to 0.38+0.04. 

When HHT is performed before the introduction 
of thread in the trachea, the changes in the lungs 
correspond closely to those observed in the control 
groups, but catarrhal bronchitis is more frequent. 
The segmental and subsegmental bronchi are in- 
volved. There is minor  hyperplasia of the peri- 
bronchial lymphoid follicles. The changes in the res- 
piratory part are mainly similar to those in the con- 
trol group, but small loci of atelectases may be 
seen. HHT here has a beneficial effect on the BAF 
surface activity (Strum 30.84+1.34; Stm~ x 47.23+1.96; 
SI 0.39+0.03). 

The BAF cytogram did not  change under the 
influence of HHT after the induction of inflamma- 
tion, but the effect before the induction made for a 
significant decrease of the number of N and an in- 
crease of the percentage of AM, although neither of 
these indexes reached the level in the untreated ani- 
mats. The AM adhesive capacity m both cases did not 
suffer significantly, but the migration of AM de- 
creased, mainly under the influence of HHT after the 
induction of inflammation. The percentage of BAF 
phagocyte cells did not change, but phagocyte activ- 
ity increased to the level in the untreated rats. Un- 
der HHT after the induction of inflammation the 
oxygen-dependent AM metabolic activity rose to nor- 
mal, whereas under H H T  before the induction of 
inflammation the percentage of NBT-active cells was 
higher than in untreated rats. In both cases of train- 
ing, oxygen-independent intracellular metabolism de- 
creased to the level in untreated animals. There was 
a small decrease of phagocytic N. The level of 
intracellular oxygen-dependent metabolism of N un- 
der HHT before the induction of inflammation was 
within normal limits, whereas under HHT after in- 
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duction it remained, as in the controls, greatly di- 
minished. 

As is evident from the foregoing, the effect of  
H H T  on rats with a one-month inflammation proc- 
ess depends on the treatment conditions. The action 
of HHT before the induction of inflammation on the 
whole provides a favorable effect, but the action of 
H H T  after induction, in addition to positive chan- 
ges, also yields significant negative alterations. First 
and foremost, there is an exacerbation of the inflam- 
mation of the lungs. Based on these data, H H T  
could be considered as an effective preventive fac- 
tor. The possibi l i ty  of  its use in t rea tment  of  
chronic inflammation of the lungs calls for further 
investigations. 
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According to the laws of classical microbiology, the 
development of an infection and its type depend upon 
the characteristics and specific interaction of three 
forces: pathogenic microorganism, susceptible macro- 
organism, and environmental conditions. Recently, a 
great deal of attention has been paid to the factors 
of  microorganism persistence and their role in the 
formation of  different types and forms of  infection: 
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lingering, chronic forms, bacteria-carrying forms, 
hospital infections, etc. [5,7]. The ability of bacteria 
to inactivate lysozyme, defined as antilysozyme activ- 
ity (ALA), is considered to be a marker of  the per- 
sistence of bacteria capable of intracellular parasitism 
[4]. It has been shown that the ALA of bacteria is a 
constitutive, secretional factor interacting specifically 
with lysozyme, which is a crucial element in the 
natural resistance of  the organism [91. A number of 
clinical and laboratory investigations have shown a 
direct correlation between bacterial ALA and the 
course of infection [6,11 ]. The role of ALA in the 
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