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Abstract According to the World Health Organization, bronchial asthma (BA) is a serious public health problem
with over 300 million sufferers of all ages. In this chapter, we demonstrate the possibility to treat BA in
childhood with intermittent hypoxia treatment/training (IHT) programs and provide clinical evidence,
adverse effects, and latest experience in IHT implementation. Particularly, it was shown that 2-week IHT
resulted in a significant decline in breath shortness and feelings of chest congestion in BA children (aged
9–13 years). The cough was diminished or disappeared, and the amount of sputum was reduced and passed
more easily. The attacks of asphyxia disappeared or became more occasional. Considerable augmentation
of ventilatory response to hypoxic stimuli was observed as well as a diminution of heart rate (HR)
reactions to increased hypoxia and an attenuated fall of SaO2 under hypoxic conditions. Mitochondrial
enzymes activity of immune cells such as succinate dehydrogenase (SDG) and alpha-glycerophosphate
dehydrogenase (GPDG) increased significantly under IHT. Strong correlation between individual hypoxic
sensitivity and enzymes activities was found. In conclusion, IHT represents a promising approach in
prevention and treatment of bronchial asthma in childhood. The proper choice of the hypoxic dosage
depending on individual’s reactivity must be titrated for each patient in order to avoid negative effects of
hypoxia and to augment the favorable ones.



L. Xi, T.V. Serebrovskaya (eds.), Intermittent Hypoxia and Human Diseases, 
DOI 10.1007/978-1-4471-2906-6_11, © Springer-Verlag London 2012

Abbreviations

BA	 Bronchial asthma
CAT	 Catalase
COPD	 Chronic obstructive pulmonary disease
EPO	 Erythropoietin
GPDG	 Alpha-glycerophosphate dehydrogenase
GST	 Glutathione-s-transferase
HIF	 Hypoxia-inducible factor
HR	 Heart rate
HVR	 Hypoxic ventilatory response
IH	 Intermittent hypoxia

IHT	 Intermittent hypoxia training/treatment
MEAS	 Method of expert assessing scales
NO	 Nitric oxide
NOS	 Nitric oxide synthase
OSAS	 Obstructive sleep apnea syndrome
ROS	 Reactive oxygen species
SaO

2
	 Arterial oxygen saturation

SDG	 Succinate dehydrogenase
Cu,Zn – SOD	 Cu,Zn-superoxide dismutase
V

E
	 Minute ventilation

11.1	� Introduction

All body cells and tissues are able to alter their functions 
according to changes in actual blood oxygen content. Oxygen, 
as two-faced Janus, is necessary for life, but this very aggres-
sive molecule has to get into an organism in strictly dosed 
quantity. Intermittent hypoxia (IH) is the most frequent form 
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of hypoxia, occurring in the developing mammals. It has been 
widely accepted that for the majority of a population, recur-
rent episodes of hypoxia are more often encountered during 
lifetime than sustained hypoxia. During the last decades, the 
IH has been investigated as a procedure with notable preven-
tative, curative, and rehabilitative potential. It has been 
referred as an effective stimulus evoking various respiratory, 
cardiovascular, metabolic, and cellular responses.

Asthma is a global health problem affecting around 300 
million individuals of all ages, ethnic groups, and countries. It 
is a chronic inflammatory disorder of the airways character-
ized by an obstruction of airflow, which may be completely or 
partially reversed with or without specific therapy [11]. 
Airflow obstruction is the main criterion of distinction 
between bronchial asthma (BA) and chronic obstructive pul-
monary diseases (COPD) when airflow limitation is irrevers-
ible [26]. Moreover, bronchial asthma is associated with 
subepithelial fibroblast activation, myofibroblast hyperplasia, 
and hypoxia [81].

The prevalence of asthma among adults has been increas-
ing over the last 20 years in three times. But asthma in child-
hood is much more serious problem for today. It is the most 
frequent cause of children’s disability (about 90% of total 
number of children with disability because of COPD). 
According to the recent health statistics for US children [9], 
14% of children aged 3–17 had ever been diagnosed with 
asthma. BA affects at least 12% of Canadian children, whereas 
in Germany, more than 10% of children suffer from this 
chronic disorder, which ranged 8–12% in Russia. Among 
them, about 20% falls in severe and moderately severe bron-
chial asthma and about 60% in mild forms. Severe bronchial 
asthma is the reason of considerable limitation of vital func-
tions and drop in social activity of sick children, i.e., decline 
of their quality of life. Regular absence from classes and limi-
tation of social and physical activity negatively influence the 
children’s physical and intellectual growth and development.

In spite of considerable progress in understanding of BA 
essence and pharmaceutical success, statistical data indicate an 
increase of morbidity and death rate from this illness. Current 
drug therapy does not often achieve the target because of mass 
distribution of allergic reactions and common decline of body 
resistance to negative factors. This situation requires the devel-
opment of new nonpharmacological methods for prophylaxis, 
medical treatment, and rehabilitation of BA. In this respect, 
intermittent hypoxia training/treatment (IHT) has emerged as a 
procedure revealing its notable preventative, curative, and reha-
bilitative potential. The majority of clinical investigations 
devoted to the use of IHT for disease treatment have been con-
ducted by clinicians and researches from the prominent 
Ukrainian and Russian academic centers, who presented mostly 
positive clinical effects. Several thousand patients were treated 
during more than 30 years in different clinics.

11.2	� Historical Sketch

People noticed healing properties of mountain air since olden 
times. Hippocrates recommended people with sick lungs and 
after serious illness to go to mountains for some period. 
Marco Polo, the famous Venetian traveler of thirteenth to 
fourteenth century, traveling through Asia, marked that dales 
men suffering from different ailments being lodged in the 
mountains to convalesce for a few days. There was a legend 
from Carpathian Mountains (Ukraine) that in an ancient vil-
lage, children who suffered from asthmatic bronchitis were 
ranged on foot during 7 days successively on a high sacred 
mountain, where they were submitted to the influence of spe-
cial ceremonies and drank high-altitude herbal tea. The chil-
dren had recovered. One of the folk medicine recipes for 
patients with pant was: “When you feel the approach of asth-
matic fit, close that nostril through which it is easier to breath 
at this moment for 15 minutes.”

One of the first applications of “artificial mountain air” 
(i.e., hypoxic gas mixture) was carried out in Kiev Institute of 
Tuberculosis and Thoracic Surgery (Ukraine) in 1969 during 
the preparation of a patient for lung resection [5]. Numerous 
publications concerning the use of IHT for treatment of BA in 
children and adults have appeared in the Soviet Union and the 
CIS in the 1990s [1, 5, 18, 20, 21, 46, 54, 62, 69, 79]; Ragozin 
et  al. (2000). More detailed historical review of the papers 
devoted to use of IHT for treatment of BA and COPD can be 
found in Chap. 9 by Mikhail Levashov.

11.3	� Proposed Mechanisms

The detailed mechanisms of IH impact on human organism 
are under intensive investigation today at different levels – 
from molecular to systemic physiology. One of the main 
players is hypoxia-inducible factor (HIF), which initiates a 
gene transcription program of adaptation. It triggers a com-
plex signaling cascade and thereby activates the expression 
of a variety of genes linked to such processes as angiogene-
sis, glycolysis, extracellular matrix remodelling, differentia-
tion, and apoptosis [27]. Many studies in cultured cells 
suggest that IHT is more potent in activating HIF-1 than sus-
tained hypoxia [12, 17, 57, 65].

Recently, Vogtel and Michels [80] denote the following 
basic mechanisms of beneficial effects of IHT on patients 
with BA: (1) HIF-1a induces the expression of erythropoietin 
(EPO), a glycoprotein hormone that controls erythropoiesis, 
plays an important role in the brain’s response to neuronal 
injury and is also involved in the wound healing process; (2) 
HIF-1a provokes expression of the adaptive gene product 
VEGF, potent mediator of angiogenesis which produces mul-
tiple effects in lung development and physiology. Via the target 

[AU3]

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

149

Lei Xi
Cross-Out

Lei Xi
Inserted Text
59, 60,

Lei Xi
Inserted Text
13, 

Lei Xi
Inserted Text
[45, 70]



11  Intermittent Hypoxia in Treatment of Bronchial Asthma in Childhood

of VEGF pathway – cytokine IL-4, proangiogenic effects in 
the lung exist under hypoxic conditions; (3) nitric oxide syn-
thase (NOS) and heme oxygenase (HO) are two HIF-1 tar-
get genes, both triggering vasodilatation; (4) glucose uptake 
(glucose transporters) and glycolysis (glycolytic enzymes) 
are upregulated by HIF-1; (5) various HIFs influence tyrosine 
hydroxylase, the rate-limiting enzyme for the biosynthesis 
of dopamine; and (6) HIF transcription factors regulate iron 
metabolism. Iron is an essential cofactor for oxygen-binding 
proteins. The links between the cited functions and oxygen 
homoeostasis show that additional experimental studies are 
needed to determine the impact of various HIFs upon thera-
peutic effects of IHT on BA patients.

Numerous studies collectively show that IH (1) increases 
exercise tolerance, hypoxic ventilatory response, hematocrit, 
and blood hemoglobin content; (2) stimulates endothelial 
nitric oxide (NO) production provoking vasodilation, opening 
of reserve capillaries, and preventing Ca2+ overload; (3) stim-
ulates angiogenic growth factor synthesis by endotheliocytes 
and monocytes; (4) augments the activity of parasympathetic 
nervous system; (5) enhances antioxidant defense system and 
increases the resistance of Na+-K+ ATPase to oxidative stress; 
(6) induces changes within mitochondria that increase the O

2
 

utilization efficiency of ATP production; and (7) mobilizes 
hematopoietic progenitors and augments cellular and humoral 
elements of innate immunity, etc. These data served as the 
basis for IHT in treatment of various diseases including BA.

As previously summarized [38, 69, 75, 76], other basic 
mechanisms underlying the beneficial effects of IHT were 
elaborated mainly in three areas: regulation of respiration, 
free radical production, and mitochondrial respiration. 
Findings showed that IHT induces increased ventilatory 
sensitivity to hypoxia and other hypoxia-related physiologi-
cal changes [32, 72]. A great deal of evidence indicates that 
the respiratory control system is “plastic,” which means 
that acute hypoxia can trigger a long-term augmentation 
of respiratory motor output [2, 47]. Following IHT, cellu-
lar membranes become more stable and improvement of O

2
 

transport in tissues is evident. IHT also induces changes in 
mitochondria, involving NAD-dependent metabolism, which 
in turn increases the efficiency of oxygen utilization in ATP 
production [41, 43, 49]. These effects are partly mediated 
by NO-dependent reactions [40, 51, 52]; Kurhalyuk et  al. 
(2001), which are especially important for BA pathogene-
sis because exhaled NO is related to actual levels of airway 
inflammation in asthmatic patients [29, 82]. There are pieces 
of evidence that IHT may actually decrease the pronounce-
ment of tissue hypoxia and intracellular acidosis under acute 
hypoxic exposure, improve O

2
 transport in tissues, increase 

oxidative metabolism enzyme synthesis and ion-transport 
systems in cell membranes, and rearrange the cell membrane 
phospholipid composition. IHT also seems to increase tissue 

capillary growth. IHT also mobilizes hematopoietic progeni-
tors and augments cellular and humoral elements of innate 
immunity [74].

The influence of IHT on free radical processes seems of 
key significance, as these processes are implicated in the 
pathogenesis of BA. Alveolar macrophages, blood neutro-
phils, and eosinophils from asthmatic patients have been 
shown to release more oxygen radicals than healthy subjects 
do. The mitochondrial damage in asthmatic lung due to reac-
tive oxygen species (ROS) was also described in mice [36]. 
ROS induce airway hyperreactivity, destruction of lung epi-
thelial cells, mucus hypersecretion, platelet-activating factor 
synthesis, and other reactions typical for BA in humans and 
animals [15, 58, 64]. These unwanted changes are often 
caused by tissue hypoxia and consequent reduction of elec-
tron transfer in the respiratory chain, an increase of func-
tional activity of inflammatory cells, and impaired antioxidant 
defense system. The cyclic hypoxia-reoxygenation episodes 
in IH also generate ROS. Although high concentrations of 
these substances are cytotoxic, at physiological concentra-
tions, ROS function as signaling molecules to elicit gene 
expression and synthesis of cytoprotective proteins. In this 
manner, ROS may have mediated the induction of cardiopro-
tection [48]. In addition, IHT acts positively on an organism 
by eliminating tissue hypoxia, normalizing the number and 
phagocytic activity of white blood cells, and enhancing anti-
oxidant enzymes activity [66]. Interestingly, if the hypoxic 
periods are much briefer than normoxia, and if this exposure 
sequence is repeated over a number of days, the antioxidant 
defenses could be enhanced much more effectively than 
under sustained hypoxia [50, 53, 72]. Taken together, these 
data serve as the prerequisite to the use of IHT for treating 
and correcting various diseases during which the ROS out-
breaks are anticipated, in particular, BA.

11.4	� Clinical Evidence

All above-mentioned mechanisms may explain positive clini-
cal effects of IHT on BA patients. Many studies showed 
significant decline in breath shortness and feelings of chest 
congestion. The cough was diminished or disappeared, and the 
amount of sputum was reduced and passed more easily. The 
attacks of asphyxia disappeared or became more occasional. 
Rebalance of early autonomic dysfunction was also observed 
[5, 10, 18, 30, 39, 54, 62]. IHT positively affected the psychoe-
motional state of patients. Most evident positive results were 
obtained in children (from 4 years) [4, 21, 69, 79].

Anokhin and coauthors [1] performed a normobaric 
hypoxic stimulation with four sessions of 5 min 12–15% O

2
, 

followed by 5-min normoxic interval (for 10 days) in 200 chil-
dren aged 4–14 years who suffered from BA. The results were 
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compared with the sham group. A positive effect was seen in 
85% of subjects in the group with IH and in 25% of the sham 
group. In children with mild BA, complete discontinuance of 
attacks was observed. In patients with middle-severe forms, a 
significant improvement was registered, namely, the attacks 
became rare and stopped without medicines. In patients with 
the severe form, small improvement was noted. As Ehrenburg 
and Kordykinskaya [20] reported, the lowest efficacy was 
noted in children with an infection-dependent form of BA. 
Half of the patients with a severe steroid-dependent form of 
BA displayed a worsening of the clinical course of the disease. 
A positive clinical effect in patients with mild and middle 
atopic BA lasted for an average of 4 months posthypoxic ther-
apy. Hypoxic treatment in children with BA of mild and mid-
dle severity can be performed only in between, and not during, 
the arrest periods. In the hormone-dependent form of BA, IHT 
was unsatisfactory [30]. These observations have been subse-
quently confirmed [14, 59, 69].

On the average, a good effect of IHT was noted in 85–95% 
of BA patients, satisfactory effect in 40–50%, and no effect 
in only 4–8% of patients who had mostly the hormone-
dependent form of BA. The best effect was achieved for 
atopic form of BA and less pronounced effect was found in 
the infection-allergic and mixed forms of BA. About 40% of 
adult patients decreased the dose of constantly taken drugs 
and almost 90% of children were able to quit the drug treat-
ment. Improvement of the clinical state was retained for 
1 year in 40–50% of patients, for 6 months in 20–30%, and 
for 3–4 months in 15–20%.

Individual differences in respiratory reactions to hypoxia, 
ranging from ventilatory hypersensitivity to complete 
absence of reaction, have been described with special 
approaches suggested for individual dosage of IHT regimen 
[6, 7, 20, 37, 46, 68, 78].

11.5	� Adverse Effects

Meanwhile, a reduction in the partial pressure of inspired oxy-
gen may be a potential risk factor for severe impairment of pul-
monary function and even sudden death. It has been postulated 
that IH-induced oxidative stress may contribute to several 
chronic diseases associated with obstructive sleep apnea syn-
drome (OSAS), which has increased predisposition for meta-
bolic dysfunction by impairing insulin sensitivity, glucose 
effectiveness, etc. [42]. A large number of clinical studies, cell 
culture and animal models utilizing IH, have demonstrated the 
central role of oxidative stress in OSAS. Besides, there are some 
evidences concerning the adverse effect of chronic or intermit-
tent hypoxia on cognition in childhood, more specifically on 
development, behavior, and academic achievement [3]. Failure 
to adapt to hypoxia may be a common pathophysiological 
mediator for a number of other conditions of childhood with 

cognitive deficit [34]. This should be taken into account in any 
situation that may expose children to hypoxia. Ability of adapta-
tion to intermittent or sustained hypoxia may determine the type 
of neurological complications for which patients are at risk 
when exposed to acute hypoxia [34]. For example, persistently 
low levels of tissue oxygen in anemia may lead to neuroprotec-
tive erythropoietin production, but release of the younger, more 
adhesive red cells and any associated hemolysis [63] may 
adversely affect endothelial function [24], eventually leading to 
irreversible vascular disease. Because the adverse effects have 
been noted at even mild levels of oxygen desaturation, future 
research should include precisely defined data on the safety of 
exposure to all levels of hypoxia.

During the past few years, there are debates about the ethi-
cal evaluation of diagnostic and therapeutic use of hypoxia in 
humans. Although the papers devoted to this problem obtained 
the approval from the Human Investigation Ethics Committees, 
there is a lack of evidences about strong evaluation of risk/benefit 
ratio. The analysis of such ratio and the creation of standard-
ized guidelines for IHT application are complicated due to the 
differences in criteria for individual dosage and utilized meth-
ods. As Vogtel and Michels [80] pointed out, future research 
examining the potential risks and benefits of IHT could pave 
the way for the development of new therapeutic approaches for 
patients suffering from BA. Thereupon, a new mathematical 
method – “Method of Expert Assessing Scales” (MEAS) – was 
proposed for estimation of IH application safety in human prac-
tice [77]. MEAS expands capabilities of traditional probabilistic 
safety assessment and allows determining the danger degree at 
the earliest stage of its development and fulfilling well-timed 
actions for risk prevention. It includes the description of: (a) 
hazard causal factors, (b) situations as a set of values of causal 
factors, (c) influences of separate factors on the origin of basic 
events, and (d) joint influence of factors on basic events prob-
ability. This methodology provides the forming of a system 
of indexes characterizing the risk of IHT negative effects and 
determination of legitimate value scopes for basic physiologi-
cal parameters; creation of a classification system, allowing to 
set individual cardiorespiratory reactivity; and development of 
proper IHT regimen for every class of reactivity in humans.

In brief, contraindications to IHT application include acute 
infectious diseases, exacerbation of chronic inflammatory pro-
cesses, fever, acute somatic diseases, respiratory insufficiency 
of II–III stage, pulmonary tuberculosis in active phase, etc. [6, 7, 
37, 46, 62, 79].

11.6	� Latest Experience in IHT 
Implementation

After all, we would like to share with readers our latest expe-
rience in IHT implementation for treatment of children with 
BA. Two groups of children aged 9–13 years participated in 
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11  Intermittent Hypoxia in Treatment of Bronchial Asthma in Childhood

the study: experimental group (Gr. I) – 16 children (13 boys 
and 3 girls) who underwent IHT alone with traditional medi-
cal treatment – and control group (Gr. II) – 8 children (4 boys 
and 4 girls) who got received the same medical treatment, 
but not IHT. All patients had a similar diagnosis: persistent 
atopic bronchial asthma, moderate form of disease without 
the signs of respiratory insufficiency.

Before and next day after the 2-week IHT, individual 
cardiorespiratory reactions to hypoxia were investigated in 
the morning, 2  h after a light breakfast. With the subject 
seated, normobaric hypoxia was administered with device 
“Hypoxotron – Complex,” a modified closed spirometer with 
CO

2
 absorption [73]. Initial inspired gas contained atmo-

spheric O
2
 (20.9%). The inspired O

2
 fell to 12% during the 

first 60–90 s of rebreathing, and then O
2
 was added gradually 

to the Hypoxotron to maintain inspired O
2
 at 12% during the 

remaining 3.5–4 min. The final arterial O
2
 saturation (SaO

2
) 

during first investigation was typically 89–92%. All children 
easily tolerated the hypoxia periods without any untoward 
effects. Standard spirometry was performed before and after 
hypoxic test in accordance with the American Thoracic 
Society criteria. Between first and second examinations, IHT 
was conducted bedside using portable device “Hypoxotron-
Simplex” [67] during 14 consecutive mornings, after a light 
breakfast. Every session consisted of four 5–7 min periods, 
with 5 min interval periods of room air inspiration.

As a result of IHT, a significant decline in breath shortness 
and feelings of chest congestion were noted in patients of Gr. I. 
The cough was diminished or disappeared, and the amount  
of sputum was reduced and passed more easily. The attacks of 

asphyxia disappeared or became less frequent. Children liked 
the procedure, and in cases of relapse, they wanted another 
treatment with IHT. We did not find significant changes in 
airway conductance before (I) and after (II) IHT (Table 11.1). 
Significant differences in hypoxic ventilatory sensitivity were 
found as a result of hypoxic training. Gr. I (in contrast to Gr. 
II) showed increased hypoxic ventilatory response, which 
was analyzed by relative minute ventilation (V

E
) with respect 

to P
ET

O
2
 and estimated using piecewise linear approximation 

technique [72]: slope I (S
I
) increased by 104% (p < 0.01); 

slope II (S
II
) by 79% (p < 0.05), maximal lung ventilation by 

24% (p < 0.05; Fig. 11.1). These data suggest that adaptation 
to IH caused considerable augmentation of ventilatory 
response to hypoxic stimuli. Several mechanisms are involved 
in this process, embracing events happening on both central 
and peripheral levels [31, 71]. At the same time, reaction of 
heart rate (HR) to increasing hypoxia became less pronounced 
(Fig. 11.2) and SaO

2
 fell less at 12% O

2
 (Fig. 11.3). Thus, 

after IHT, cardiovascular system became more effective to 
support oxygen supply during hypoxia.

Table 11.1  Lung function parameters before and after IHT

Before IHT After IHT

FVC pred (%) 85.51 ± 6.58 91.47 ± 6.97
FEV

1
pred (%) 59.7 ± 4.7 64.6 ± 4.5

FEV1/FVC (%) 67.58 ± 3.47 64.18 ± 2.12
PEF pred (%) 61.32 ± 5.25 60.94 ± 5.34

Data are Mean ± SD
Abbreviations: FVC forced vital capacity, FEV

1
 forced expiratory vol-

ume in 1 s, PEF peak expiratory flow
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Furthermore, IHT influenced mitochondrial enzymes 
activity of immune cells in asthmatic children, particularly 
succinate dehydrogenase (SDG) and alpha-glycerophosphate 
dehydrogenase (GPDG). These enzymes reflect cell energy 
potential and its reserve mechanisms. Investigation of mito-
chondrial respiratory chain enzymes is an important step for 
establishing a diagnosis of mitochondrial dysfunction – one 
of pathogenetic links of the BA development. Low activity 
levels of these enzymes suggest cellular metabolic dysfunc-
tion that is usually associated with unfavorable clinical signs 
[22, 33, 36, 55, 61]. Kinetic parameters for mitochondrial 

enzymes in the substrate region of the respiratory chain 
correlate with hypoxic resistance [44].

In this investigation, the measurements of SDG and 
GPDG activities in peripheral lymphocytes were carried out 
on blood slides cytophotometrically. Both SDG and GPDG 
activities increased significantly under IHT (by 78% and 
42%, respectively, Fig. 11.4). Similar results were obtained 
in the previous animal investigations [41]. A strong correla-
tion between the individual hypoxic sensitivity and mito-
chondrial enzymes activities was found by linear regression 
analysis, mostly expressed according to GPDG: in children 
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with decreased hypoxic ventilatory response (HVR), height-
ened initial SDG and GPDG activities was observed (for 
GPDG, r = −0.64, p < 0.05; for SDG, r = −0.36, p < 0.1) and 
greater increase under IHT (for GPDG, r = −0.58, p < 0.05; 
for SDG, r = −0.41, p < 0.1). This reaction was accompanied 
by more expressed positive clinical effect in children with 
low hypoxic sensitivity. Reciprocal relationships between 
hypoxic sensitiveness and enzymatic activity of dehydroge-
nases indicate an important role of the mitochondrial 
enzymes in the compensatory reactions of an organism to 
hypoxia. In addition to their crucial role in energy homeosta-
sis, mitochondria are the main site of ROS generation. When 
moderately produced, they function as physiological signal-
ing molecules. Thus, mitochondrial ROS trigger hypoxia-
dependent gene expression.

On the other hand, the development of inflammatory pro-
cess in lungs is usually associated with activation of free 
radical oxidation and decline of antioxidant enzymes activity 
and intensification of glycolysis in both humans and animals 
[14, 16, 36]. To elucidate the role of antioxidant enzymes in 
adaptation to IHT, another investigation was carried out 
using the same protocol [56]. The effect of 10-day IHT on 
the mRNA expression and protein content of antioxidant 
enzymes – Cu,Zn-superoxide dismutase (Cu,Zn-SOD), cata-
lase (CAT), and glutathione-S-transferase (GST) in blood 
leukocytes of asthmatic children was studied. Level of pro-
tein expression of antioxidant enzymes was determined by 
Western blot analysis [28]. We found that Cu,Zn-SOD pro-
tein content did not change significantly, but Cu,Zn-SOD 
mRNA expression increased by 32.5% (p < 0.05). Conversely, 
GST protein synthesis increased by 90% (p < 0.05), but its 
mRNA gene expression was invariable. CAT protein content 
and its mRNA gene expression both increased by 37% and 
13%, respectively (p < 0.05). A previous investigation in ani-
mals have also shown a negative correlation between 
Mn-SOD mRNA expression and its protein content in mito-
chondria from hypoxic myocardium [25]. It is possible that 

during hypoxia, the strengthening of translation processes 
could take place with accelerated protein synthesis without 
evident activation of mRNA expression at this stage. 
Nevertheless, analysis of the mRNA expression dynamics 
may provide additional information of the antioxidant 
enzymes as the markers of the IHT effectiveness in children 
with BA.

�Conclusion

IHT represents a promising approach in prevention and 
treatment of BA in childhood. The proper choice of the 
hypoxic dosage depending on individual’s reactivity to 
hypoxia must be titrated for each patient to avoid negative 
effects of hypoxia and to augment the favorable ones. 
Further studies on individual approaches to dosage selec-
tion must be performed. The absence of negative side 
effects, typically observed during drug therapy, and the 
stimulation of an organism’s general resistance to patho-
logical factors of BA would make IHT a beneficial treat-
ment with a bright future.
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