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DECADE OF THE COOPERATION BETWEEN POLISH, UKRAINIAN
AND BELORUSSIAN PHYSIOLOGISTS AND PULMONOLOGISTS (2004 - 2013)

Kowalski J.!, Gutkowski P.2, Serebrovskaya T.3

!Institute of Tuberculosis and Lung Diseases, Warsaw, jh.kowalski@wp.pl;
’Military Medical Institute, Warsaw, pgutkowski@wim.mil.pl;
3Bogomoletz Institute of Physiology, Kiev, sereb@biph.kiev.ua

The initiative to organize the Polish-Ukrainian Respiratory Working Group has arisen in October 2003
during the official visit of Prof. Janusz Kowalski to the Bogomoletz Institute of Physiology, Kiev, Ukraine.
The driving motion of this initiative was the great wish to establish closer collaboration between Polish
and Ukrainian researchers and physicians, to inspire the exchange of mutual experiences in research
work and clinical practice and finally to help our patients who suffer the same pain and diseases on both
sides of Polish-Ukrainian border. This concept has been approved by Prof. Jerzy Kozielski (President
of the Polish Respiratory Society, Silesia Medical Academy, Poland), Prof. Platon Kostyuk (Director of
the Bogomoletz Institute of Physiology, Ukrainian National Academy of Sciences, Kiev) and National
Delegates of the European Respiratory Society Prof. Joanna Chorostowska (National Research Institute
of Tuberculosis and Lung Diseases, Warsaw, Poland) and Prof. Yuri Feshchenko (Institute of Phthisiology
and Pulmonology AMSU, Kiev, Ukraine). Next year Ukrainian scientists and doctors were invited by
the Organizing Committee of 28th Congress of the Polish Respiratory Society to participate in this
meeting in Lodz. During the Congress the Polish-Ukrainian Working Group of Clinical and Experimental
Pathophysiology of Respiration was organized. Prof. Janusz Kowalski (Institute of Tuberculosis and
Lung Diseases in Warsaw) and Prof. Tatiana Serebrovskaya (principal researcher of the Bogomoletz
Institute of Physiology in Kiev) have been elected as Coordinators of this group. From 2012 Prof.
Piotr Gutkowski headed the Polish section of the working group. During following decade the annual
meetings in Kiev (2005), Opole (2006), Donetsk (2007), Katowice (2008), Ternopil (2009), Mikolaiki
(2010), Chernivtsi (2011), and Wisla (2012) took place. In 2008 Belorussian colleagues from Grodno
and Minsk joined working group. Besides scientific conferences, exchange of therapeutics and students
was organized for training courses both in Polish and Ukrainian pulmonological clinics. The fundamental
monograph «Lung function in lung diseases» (Eds. J.Kowalski, A. Kozerowski, L.Radwan) written by
prominent Polish specialists in physiology and pathophysiology of respiration was translated from Polish
to Russian by Dr. Eugenia Kolesnikova. The monograph was published in Poland, transported to Ukraine
and distributed among main Ukrainian and Belorussian medical universities and libraries. A number
of joint researches were provided, and international scientific papers were published in peer-reviewed
journals. Many other initiatives have focused on the exchange of scientific and medical information
between the Polish, Ukrainian and Belorussian colleagues to the benefit of the health of our populations.
In conclusion, despite many organizational and financial difficulties in cooperation between Polish,
Belorussian and Ukrainian universities, this initiative should be considered as significant and fruitful,
integrating students, physicians and scientists of Central and Eastern Europe. The history of our Polish-
Ukrainian-Belorussian Respiratory Working Group is going on. We ought to write it together.

THE RESPIRING BRAIN - THE REGULATION OF MITOCHONDRIAL FUNCTION
AND SIGNALING BY HYPOXIA

Arnold S.

Nijmegen Centre for Mitochondrial Disorders, Radboud University Nijmegen Medical Centre,
Nijmegen, The Netherlands, sarnold2012@googlemail.com

Mitochondria play an essential role in the regulation of cellular energy metabolism, intracellular signaling,
apoptotic and degenerative processes. Mammalian organs with high energy requirements, such as the
brain, essentially depend on oxidative mitochondrial energy metabolism and thereby the availability of
oxygen representing the energy substrate for cytochrome ¢ oxidase (COX). COX is the terminal, often
rate-limiting and highly regulated enzyme complex of the mitochondrial respiratory chain. We could
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show that the catalytic activity of the mammalian enzyme is regulated by the intracellular energy level
(ATP/ADP ratio). Binding of ATP to one out of thirteen subunits of COX (COX subunit IV-1) causes
an allosteric inhibition of the enzyme at high energy level and thus plays an important role in adjusting
energy production to cellular energy requirements. However, in the brain under hypoxic conditions, a
second isoform of this subunit, COX IV-2, is induced specifically in astrocytes and causes a change
in the kinetic behavior of the enzyme, a suppression of COX sensitivity to the cellular energy level,
and an increased mitochondrial peroxide production. In turn, this affects not only astrocytic but also
neuronal survival during and after hypoxia and suggests a pivotal role of COX as an oxygen sensor for
mitochondrial signaling and brain function. Moreover, this indicates a similar regulatory mechanism for
other organs with high energy demand.

METHODS OF THE BREATHING RESTORATION
AFTER THE RESPIRATORY ARREST UNDER DEEP HYPOTHERMIA IN RATS

Arokina N.K.
L.P. Pavlov Institute of Physiology. RAS, St. Petersburg, Russia, arokina@mail.ru

The purpose of this study is to compare the effects of injections of Na,EDTA and polyglucinum on the
breathing and cardiovascular system in the terminal stage of deep hypothermia and the breathing arrest.
The experiments were performed on white male Wistar rats, which were cooled in water (9-10°C) up
to respiratory arrest (rectal temperature is 15-16°C, the brain temperature is 16.5-18°C). After removal
from the water, the first group of rats was injected intravenously by Na,EDTA, the second group - by
polyglucinum, and the third group — by the two drugs. After removal from the water, control animals
(without pharmacological support) have not breathing restored. It is shown that the breathing is recovered
in rats with Na,EDTA injection. Respiratory rate in these rats increased to higher values (25-30 cycles/
min) compared to rats who received polyglucinum (5-12 cycles/min) only. The polyglucinum introduction
led to high blood pressure maintenance (60-80 mm Hg) which was observed in experiments both with
polyglucinum introduction and additional introduction of Na,EDTA. It is concluded that the main factor
that contributes to the restoration of respiration after the cold paralysis is the concentration of calcium
ions reduction in the blood by intravenous injection of Na,EDTA. It is shown that the combined use of
Na,EDTA and polyglucinum provides faster recovery after respiratory arrest and the maintenance of
high blood pressure under deep hypothermia.

AGE-RELATED CHARACTERISTICS OF MICROCIRCULATION AT BREATHING
WITH POSITIVE EXPIRATORY PRESSURE

Asanov E.O., Dyba L.A.
State Institute of Gerontology of NAMS of Ukraine named after Academician D.F.Chebotarev,
Kiev, 04114, eoasanov@ukr.net

The term Positive End Expiratory Pressure (PEEP) is widely used in clinical medicine and refers to
breathing with the positive pressure at the end of expiration. Effect of PEEP on the microcirculatory
part of the vascular system in aged people is still poorly investigated. Meanwhile, the microcirculatory
system plays an important role in the mechanisms of adequate oxygen supply to the organs and tissues
of the body and hypoxic tissue disorders compensation. Material and methods: A study was conducted
on 16 aged (60-74 years old) and 12 young people (20-35 years old). The state of skin microcirculation
was estimated by volume speed of blood flow at the inner side of forearm. Test with reactive hyperemia
(by the method of O. V. Korkushko et al., 2002) was used to evaluate functional state of endothelium at
the microcirculatory system level. Reactive hyperemia was caused by cross-clamping of the shoulder
vessels for 3 min with help of a sphygmomanometer cuff with a pressure which exceeds systolic BP of a
patient at 50 mmHg. The level of maximum volume speed of blood flow and time of blood stream renewal
to normal were estimated. This test characterizes the ability of endothelium to synthesize endothelial
factors of relaxation and reveals functional state of endothelium. Investigation was performed at the
initial state (without resistance to exhale) and after 15 min of PEEP breathing with different settings
of resistance for the exhale: 5 mm H20, 10 mm H20O, 15 mm H2O. PEEP breathing was achieved with
help of breathing device “Threshold PEP” (Germany). Results: Investigation showed that skin micro-
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circulation in young people does not change with PEEP breathing neither at 5 mm H,O or 10 mm H,O
nor at 15 mm H,O. Microcirculation in aged people does not also change with PEEP breathing at 5 mm
H,O, but at 10 and 15 mm H,O a decrease in the volume speed of skin blood flow in the forearm was
shown. Breathing with resistance to exhale causes a decrease in cardiac troop landing of aged people.
So, the decrease of the skin microcirculation as a result of breathing with resistance to exhale can be
considered as compensation reaction of the circulatory system and particularly of the microcirculation
which was caused by rearrangement of the blood stream and it’s sustaining at the needed level in the
vitally important organs (brain, heart). In aged people, PEEP breathing at 10 and 15 mm H,O causes a
decrease in the cerebral hemodynamics. Conclusions: Breathing with resistance to exhale leads to the
decrease in the microcirculation and function of endothelium in aged people. In addition, reduction of skin
blood circulation and dysfunction of endothelium appears with PEEP breathing at 10 and 15 mm H,O.

PROGNOSTIC FEATURES OF THE EPIDEMIC SITUATION OF TUBERCULOSIS
AND ITS CONCOMITANCE WITH HIV INFECTION IN UKRAINE
AND IN THE REPUBLIC OF BELARUS

Astrauko A.P.1, Shtan’ko V.L.2, Avdonina O.V.3, Arlindo Valerio Arao de Oliveira3

!Republican Scientific and Practical Center for Pulmonology and Tuberculosis, Minsk, Belarus;
’Kiev Municipal center TB hospital, Kiev, Ukraine; 3State institution «Dnepropetrovsk Medical
Academyy, Dnepropetrovsk, Ukraine, oksana.avdonina@gmail.com

Aim: To monitor HIV-associated tuberculosis in Ukraine and Belarus for the last 10 years. Results: It
was shown that the epidemiological indicators of tuberculosis in Ukraine over the last years are swiftly
worsening. A negative tendency to increase in destructive forms of tuberculosis incidence is noted; a high
percentage of patients with multidrug-resistant forms of tuberculosis is revealed; a number of patients
with co-infection TB/ HIV increases. There was a significant exponential increase in HIV- associated
tuberculosis in Belarus (p <0.001) with a concentration of co-infections in the Gomel region— 63.0£5.6%
(95% CI, 58.3%— 67.7%). In Belarus, one of the main opportunistic infection leading to death among
HIV-infected persons is tuberculosis: there was a significant increase in the proportion of TB in the
structure of AIDS mortality (from 16.7% in 2001 to 43.2% in 2011). Whether a mathematical simula-
tion technique might be used to predict new cases of tuberculosis and its concomitance in HIV-infected
patients was studied. There was a stable trend for increasing number of cases of tuberculosis concurrent
with HIV infection in the Dnipropetrovsk region. Results of the study indicate that the application of
mathematical simulation technique allow TB doctors and organizers of health to develop specialized
care to patients with comorbidity, plan financial costs to take measures that will lead to enhanced TB
control in Ukraine and in the Republic of Belarus based on prognostic features of epidemic situation in
the regions.

TUBERCULOUS PERIODONTITIS:

CLINICAL-LABORATORY AND EPIDEMIOLOGICAL ASPECTS

Avdonina L.I.!, Priyma N.V.2, Avdonina 0.V.3, Vayntrub V.F.!, Khristyan G.Ye.!,
Arlindo Valerio Arao de Oliveira?

IPolymed Dental Clinic, Dnepropetrovsk, Ukraine, larisa-avdonina@mail.ru;
2Crimea State Medical University, Simferopol, Ukraine;

3Dnepropetrovsk State Medical Academy, Dnepropetrovsk, Ukraine

To the present day, tuberculous periodontitis is not diagnosed and not present in the classification of
tuberculosis. Its microbiological diagnostics is the most complicated as it is performed by investigat-
ing small quantities of paucibacillary material. The purpose of work was defining the significance of
mycobacterial population variability forms in the clinical picture and epidemiology of tuberculous peri-
odontitis. Comparative analysis of clinical and epidemiological features of tuberculous periodontitis was
performed in two groups of patients aged 20 to 70 years over different observation periods from 1980
till 2012. Group A was composed of 258 patients who were observed from 1980 till 1990, and Group B
consisted of 250 patients who were examined from 2005 till 2012. Peridental focal points of infection
in chronic forms of tuberculous periodontitis were used as the material for the advanced microbiologi-
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cal and pathohistological examination. It has been established that in Group A, peridental focal points
of infection serve as a reservoir for persisting mycobacteria. The main forms of such mycobacteria are
unstable L-phase variants which were found in 50% of the investigated samples. We have noticed that the
number of focal points of infection in which the changed mycobacteria forms vegetate tends to increase:
L-forms (55,2%) and granular forms in Group B. L-form transformation of mycobacteria and emerging
of granular forms is the reason of exacerbations coming up more frequently and persistent course of tu-
berculous periodontitis. The strains of mycobacteria in peridental focal points of infection susceptible to
all antituberculous drugs that were detected 30 years ago has been supplanted by mycobacteria resistant
to isoniazid and rifampicin in patients who had not taken antituberculous drugs before. At present, the
fact that tuberculous periodontitis in HIV-positive patients can be a prognostic for clinical manifestations
of AIDS is a point of interest. The clinical and epidemiological features of tuberculous periodontitis that
have been revealed are similar to clinical pathomorphism of extrapulmonary tuberculosis; therefore tuber-
culous periodontitis can be included in the classification of tuberculosis as a separate nosological entity.

MAINSTREAM CAPNOGRAPHY ANALYSIS AS A TOOL FOR THE ASSESSMENT
OF ALVEOLAR VENTILATION EFFECTIVENESS IN CHILDREN
WITH BRONCHIAL ASTHMA UNDER INTERMITTENT HYPOXIA TRAINING (IHT)

Bakunovskiy O.M.!, Serebrovskaya T.V.!, Nesvitailova K.V.2, Gavenauskas B.L.!,
Tymoshenko K.R.3, Mankovska I.M.!

I Bogomoletz Institute of Physiology, Kiev, Ukraine, sereb@biph.kiev.ua;

2 Institute of Pediatrics, Obstetrics and Gynecology, Kiev, Ukraine;

3 Taras Shevchenko National University, Kiev, Ukraine

Capnography is a technique that provides both a waveform and a numerical value for the end-tidal car-
bon dioxide partial pressure (P, CO,) during each respiratory cycle. In patients with bronchial asthma
the lower CO, content in alveolar gas is often observed between attacks compared with healthy people.
Clinicians see the cause of hypocapnia in hyperventilatory syndrome and offer special training programs
with the use of mainstream analysis to teach patients breathing techniques that reduce the base hypo-
capnia. However, in clinical practice the mainstream analysis has not yet found a fairly wide use as a
diagnostic test for bronchial asthma patients. This study was designed to determine whether the main-
stream P;,CO, measurement can accurately evaluate the effectiveness of alveolar ventilation under IHT
in children with bronchial asthma (BA). Two groups of children aged 9—13 years with persistent atopic
BA (moderate form, between attacks, without the signs of respiratory insufficiency) participated in the
study: experimental group (Gr. I) — 15 children who underwent a two-week IHT (5 min exposures to 12%
O, with intervening 5 min room air breathing, 4 times a day) alone with traditional medical treatment
(anti-inflammatory and spasmolytic drugs), and control group (Gr. II) — 8 children who received the
same medical treatment, but without IHT. Most children in both groups had a hyperventilation-induced
hypocapnia. The clinical effect of treatment was assessed by physicians who did not participate in the
study. The effect “improvement” was registered in 4 (Gr. I) and 3 (Gr. II) patients; the effect “significant
improvement” was recorded in 11 (73.3%, Gr. I) and 5 (62.5%, Gr. II) children. IHT program resulted
in a 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. Exercise tolerance was significantly improved. A decrease
in hyperventilation by 26 % and an increase in basal P CO, from hypocapnic (32,3+0,8 mm Hg) to
normocapnic range (35,6+0,7 mm Hg, p<0,05) was registered in 11 children of Gr.1. The proportion of
dead space in the alveolar ventilation diminished by 11, 4 %. Thus, capnography can better assess the
IHT effectiveness in children with bronchial astma.

QUALITY OF LIFE IN PATIENTS WITH PULMONARY SARCOIDOSIS
Baradzina H.
Belorussian State Medical University, Minsk, Belarus, baradzina@tut.by

Aim: to investigate the quality of life (QL) in pulmonary sarcoidosis patients compared with QL in patients
with tuberculosis and evaluate the influence of good clinical monitoring. We examined 50 patients with
sarcoidosis and 40 patients with tuberculosis by “Quality of life - 100”. All sarcoidosis patients have
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low QL in the following scales: physical health, social relations, independence and emotional status.
Total score in these patients was significantly lower than in healthy persons (60.5+4.7, p<0.01). Dispnoe,
fever, arthritic syndrome have the main influence on QL in sarcoidosis. Total score (42.7£4.5, p<0.01)
and especially score in physical health scale (33.4£3.8 and 75.849.3, p<0.01), independence (36.7%4.1
and 56.4£5.8, p<0.01), and social relations were significantly lower in tuberculosis than in sarcoidosis.
But QL in sarcoidosis compared to tuberculosis was lower in emotions scale (51.74£4.9 and 67.246.3,
p<0.01). All sarcoidosis patients were divided into two groups: 1st group received only basal treatment,
2nd group has additional clinical monitoring by physician during 20 months. Total score of QL in the
Ist group increased slightly after treatment but not statistically significant. Total score in the patients
of 2nd group has reached 72.4+4.9 and in the emotional status scale - 80.6+7.3. The level of clinical
improvement was significantly higher in 2nd group (improving of lung function, small number of re-
lapses). Conclusion: In spite of better physical health, sarcoidosis patients have much more psychological
problems than in tuberculosis, and physicians must take this circumstance into consideration in the every
day activity. Clinical monitoring and good compliance can positively impact on the QL in sarcoidosis.

IS THERE CORRELATION BETWEEN LUNG FUNCTION PARAMETERS
AND THE LENGTH OF INDUSTRIAL WORK RECORD IN POTASH MINE?

Baradzina H., G.Hurevich, V. Denisevich

Belorussian State Medical University, Republic Scientific-Practical Center of Pulmonology and
Phthisiology, Minsk, Belarus, baradzina@tut.by

Exposition to industrial factors in coal mine is firmly correlated with lung function parameters in miners.
The impact of the length of industrial work record of service in potash mine on the lung function has not
been so far well investigated. Aim: To evaluate the correlation between the lung function characteristics
and the industrial work record of service in potash mine. Materials and methods: We examined 111 potash
miners of Soligorsk (average age 36.1 yrs) by spirometry. [ group included 21 miners with the record
of service less than 10 yrs; II group (n=52) has the record of service from 10 to 20 yrs, and III group
consisted of 38 miners with the record of service more than 20 yrs. Results: In average, lung function
parameters were absolutely normal. There are no significant differences between groups. We found only
a slight tendency to increase of lung function disturbance rate with the length of industrial work record.

Table. Lung function parameters of miners with different exposition to industrial factors.

Groups of miners VC,% FVC,% FEV, % MEV . %
Group I 98.1+14.6 111.9£15.9 107.5+£14.2 99.1+10.4
Group II 97.1+11.6 99.3+12.8 101.4+12.6 100.7+10.2
Group 111 93.9+13.6 95.9+14.8 99.3£13.6 93.249.8

Conclusion: Despite of influence of industrial aerosols the lung function of miners remained normal
for a long time. This is, probably, the result of broncho- and mucolytic effects of potassium salt and
absence of microbial contamination of the mine air. Positive effect of the potassium mine microclimate
neutralizes the negative impact of industrial aerosols.

CHANGES IN EPITHELIAL BARRIER OF AIRWAYS IN ALLERGY
Barkhina T.G. , Gushchin M.Y., Polner S.A., Golovanova V.E.
Institute of Human Morphology, Institute of Immunology, Moscow, Russia, tharkhina@yahoo.com

Aim: To compare clinical and morphological data indicating the damage of the mucous membranes of the
nose and bronchi in patients with bronchial asthma (BA) and allergic rhinitis (AR). Materials and me-
thods: We investigated the scrapings of the mucous membrane of the nasal cavity and bronchobioptates in
patients of different ages with AR and BA. Scanning (SEM) and transmission electron microscopy (TEM)
were performed. Results: The surface of the epithelial cells of the upper and lower respiratory tract of
patients with AR and BA tend to have the same changes that, along with clinical data on hyperreactivity
of these parts as determined by provocative tests, indicates a common mechanism of epithelium damage.
The greatest damage to the exposed ciliated cells (CC) was detected by SEM, and intracellular destruc-
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tive processes - by TEM. Significant changes in goblet cells (GC) can enhance its main function. This
reaction was more pronounced in the nasal mucosa. Clinical effect after allergen specific immunotherapy
(ASIT) in adolescents was morphologically confirmed by demonstration of endocellular regeneration
processes in epithelium. Conclusion. The intensity of changes in epithelial barrier of airways is directly
related to the severity, early onset, dynamics and duration of BA or AR. This whole complex of changes
suggests major modifications in the morphology of the airway in response to allergic aggression. Timely
basic therapy and ASIT contribute to a better clinical effect, helps to prevent potential complications,
and to restore a damaged nose and bronchial mucosa.

THE ALPHA-1-ANTITRYPSIN (AAT) DEFICIENCY IN RESPIRATORY PATIENTS -
TARGETED SCREENING PROGRAMS IN POLAND AND CENTRAL EASTERN EUROPE
(CEE AAT NETWORK).

Chorostowska-Wynimko J.!, Kubincova A.%, Yanev N.3, Ulmeanu R.*, Struniawski R.!, Pobeha P.ZS,
Kyuchukov N.3, Deleanu O. 4, Poplawska B.!, Tkacova R.2, Ivanov Y.3, Mihaltan F.%, Valiulis A.

I National Institute of Tuberculosis and Lung Diseases in Warsaw, Poland;

Medical Faculty, PJ Safarik University and L Pasteur Univ. Hospital, Kosice, Slovakia,
anna.kubincova@upyjs.sk;

3 UMHAT “Dr.G.Stranski” Pleven EAD, Pleven, Bulgaria;

*Institute of Pneumophtisiology “Marius Nasta” Bucharest, University of Oradea-Medical
Faculty, UMF “Carol Davila’Bucharest, Romania;

3 Vilnius University Medical Faculty, Vilnius, Lithuania

Inherited alpha-1 antitrypsin deficiency (AATD) is listed among the three most common genetic disorders
in Caucasians. It considerably increases the risk of progressive obstructive lung diseases, mostly chronic
obstructive pulmonary disease. Data concerning the prevalence of AAT deficiency in general population
or respiratory patients in CEE countries are limited or non-existent. The overwhelming majority of indi-
viduals with AAT deficiency remains undiagnosed. In 2009 the targeted screening program for Poland
has been established offering free access for high-tech AAT diagnostic for all respiratory patients. AAT
serum concentration in DBS is measured by nephelometry and Pl-phenotype identified by real-time
PCR. The PI*S and PI*Z alleles are confirmed by isoelectrofocusing; rare phenotypes identified by
direct sequencing. Between late 2009 and 2013 841 samples from respiratory patients were referred for
diagnostics. 113 (13.6%) patients demonstrated AAT deficiency phenotypes. Calculated frequencies for
main deficiency alleles PI*Z and PI*S were respectively 46.6 per 1000 (95% CI: 32.3-60.8) and PI*S
20,3 per 1000 (95% CI: 10.8-29.8), significantly higher than in general Polish population. Recently, as
a result of the LPP Leonardo da Vinci EU program (2011-1-PL-LEO04-197151) “Introducing standards
of the best medical practice for the patients with inherited Alpha-1 Antitrypsin Deficiency in Central
Eastern Europe” the CEE AAT NETWORK has been established. Between October 2012-January 2013
samples were collected from 328 COPD patients in Poland (n=198), Bulgaria (n=44), Romania (n=26)
and Slovakia (n=60). PI*S or PI*Z deficiency alleles were observed respectively in 14 (4,27%) and 30
(9,14 %) patients. There were 6 patients with rare AAT mutations: FM-3, IM-2, Mzbristol-1. In total,
any AAT mutation was diagnosed in 48 COPD patients (14,63%). The calculated frequency for PI*Z and
PI*S alleles in overall tested population was 46,1 (95% CI: 31,1-60,9) and 15,8 (95% CI: 6,92-24,6),
respectively. The AAT gene prevalence calculated by Hardy-Weinberg equilibrium was: 1/1.15 for MM,
1/34 for MS, 1/4011 for SS, 1/12 for MZ, 1/688 for SZ and 1/471 for ZZ. Conclusion: Our results confirm
the relatively high frequency of AAT deficiency in COPD patients from CEE. This initiative is the very
first attempted to establish the diagnostic and scientific collaboration for AATD in CEE.

SOME INDICATORS OF OXIDANT-ANTIOXIDANT HOMEOSTASIS IN PATIENTS WITH
NONALCOHOLIC FATTY LIVER DISEASE COMBINED WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

Cintar T.P., Fediv O.I., Stupnitska G.Ya.
Bukovinian State Medical University, Chernivtsi, Ukraine; dumanna77@mail.ru
In different countries 3 to 24% of the population suffers from nonalcoholic fatty liver disease (NAFLD).

NAFLD is often diagnosed in people aged 40-60 years. It is also known that in this age there is a peak
in the incidence of chronic obstructive pulmonary disease (COPD). In this regard, the actual problem
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is a combined course of this pathology. Aim: To examine the state of oxidant-antioxidant homeostasis
in patients with NAFLD combined with COPD. Material and methods: The study involved 23 patients
with NAFLD combined with COPD (first group) and 18 patients with NAFLD without concomitant
COPD (second group). The control group consisted of 20 healthy individuals. It was studied the content
of malondialdehyde (MDA), the content of reduced glutathione (RH), glutathione peroxidase (GP) and
glutathione -S-transferase (GT) activities in the blood. Results: In the first group of patients, the content
of MDA was higher than in patients of second group (by 39.6%,) and healthy individuals (by 2.3 times).
In addition, there was a significant decrease in RH level in the blood of patients compared with healthy
individuals (by 1.8 times - in group 1 and by 1.5 times - in group 2, p <0.05). These changes were ac-
companied by a compensatory increase in GP and GT activities in both groups of patients. Conclusion:
Thus, the results indicate the presence of more severe disturbance of oxidant-antioxidant homeostasis
in patients with NAFLD combined with COPD, which requires appropriate correction of treatment.

TREATMENT OF THE ADVANCED CHRONIC OBSTRUCTIVE PULMONARY DISEASE
(COPD)

Doboszynska A.
Pulmonary Clinic, University of Warmia and Mazury in Olsztyn, Poland, anna.doboszynska@wp.p!

COPD is a chronic progressive disease. In the end-stage of the disease, when respiratory failure is de-
veloped, a prolonged home oxygen therapy is used. Indications to the prolonged home oxygen therapy
in patients with COPD include: PO, 55 mm Hg or P0,<60 mm Hg with accompanied cor pulmonale
or heart failure, or polyglobulia (Hct>55). Home oxygen therapy aims at prolonging patient’s life. To
achieve this, it is necessary to use oxygen therapy for at least 15 hours per 24 hours.

Another therapy used in the chronic respiratory failure is non-invasive ventilation. Indication to such a
treatment in the exacerbations of the chronic respiratory failure is:

— persisting, sever hypoxemia despite oxygen therapy (Pa,/O, <50 mm Hg);

— increasing hyperkapnia (PaCO, > 60 mm Hg);

— respiratory decompensated acidosis with pH<7.30.

Noninvasive mechanical positive pressure ventilation (e.g. respirator of BiPAP type) in the treatment
of the acute or exacerbated respiratory failure in the course of COPD brings about several advantages:
— decreases the number of patients requiring intubation;

— decreases the rate of complications resulting from the treatment with invasive mechanical ventilation
(e.g. pneumonia);

— decreases in-hospital mortality.

EBUS/TBNA — A CHALLENGE FOR PATHOLOGIST
Domagala-Kulawik J.
Medical University of Warsaw, Department of Pneumonology, domagalakulawik@gmail.com

Endobronchial ultrasound-guided transbronchial needle biopsy (EBUS/TBNA) is a new diagnostic tool
useful in hilar or mediastinal lymphadenopathy diagnosis. The alternative method is Endoscopic (EUS)
/TBNA. These procedures are performed in the cases of CT-confirmed mediastinal or hilaradenopathy
(the diameter of short axis >1 c¢m). Two main clinical indications for EBUS/TBNA are: lung cancer
staging and clinically suspected sarcoidosis. However, many other pathological processes may involve
lymph nodes. For aspiration the thin needle, less than 1mm is used. The cell smears are alcohol fixed and
hematoxylin- eosin stained. The rapid on site evaluation (ROSE) is possible with immediate diagnosis
during bronchoscopy procedure, but in practice the final cytological diagnosis is available after 1-2 days.
The wide spectrum of pathological changes in enlarged lymph nodes is recognized by cytopathology:
normal cells- lymphocytes and their young forms, reactive inflammatory reaction, unspecific inflammation,
granulomatous diseases and the presence of metastatic malignant cells. EBUS/TBNA is useful in lung
cancer diagnosis often being the only available material. The best results are obtained in the cases of
small cell lung cancer. The distinguishing main types of non small cell lung cancer: squamous cell type
from adenocarcinoma is possible in about 60% in classical hematoxylin-eosin staining, but the use
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of immunocytochemistry improves the effectiveness of diagnostic. If lymphoproliferative disorder is
suspected the flow cytometry analysis of cells is indicated. Tuberculosis remains the common cause of
lymphadenopathy. The use of molecular biology in the analysis of TBNA allows for a proper diagnosis
of TBC infection. We conclude that EUBS-TBNA may have applications in both benign and malignant
lung diseases as a routine examination by the experienced cytopathologist.

EFFECTS OF HEAD-DOWN TILT ON RESPIRATORY CONTROL
AND LOAD COMPENSATORY RESPONSES IN RATS

Donina Zh.A.
LP. Paviov Institute of Physiology RAS, St.Petersburg, Russia, zdonina@yahoo.com

Aim: To examine the role of vagal afferents in the control of ventilation and compensatory capacity of the
respiratory system during short-term head-down tilt (HDT) exposure. The experiments were performed
in vagally intact or vagotomized, anesthetized rats. The response of tidal volume (VT), breathing
frequency (f), minute lung ventilation (VE), esophageal pressure (Poes), inspiratory occlusion pressure
(P, ,) were examined at supine position (baseline) and after 30 min HDT-30° exposure. Results: There
was a significant decrease in VT by 18% and VE by 14% after 30min HDT-30° exposure compared to
supine. An increase both resistive by 50% (p<0.05) and elastic component by 90% (p<0.05) of respiratory
resistance was found. On the other hand, it was seen the Poes rising by 116%, which reflects an increase in
inspiratory muscle output occurring when respiratory load increases. After bilateral vagotomy, Poes rose
only by 65% in comparison to vagal intact animals. Inspiratory occlusion pressure evoked an increase of
P, , in both supine and HDT. In supine, this value rose by 536% (p<0.01), whereas in HDT - by 320%
(p<0.05). Conclusions: HDT in anesthetized animals induces ventilatory augmentation accompanied
with the rise of the airway resistance due to the increased intrathoracic blood volume. A compensatory
capacity of the respiratory system is diminished during short-term exposure at HDT-30°. One of the
possible mechanism of such respiratory system compensatory response is the vagal afferent, presumably
originating from the slowly adapting lung stretch receptors due to the decreased lung volume under HDT.

ROLE OF HYPOXIA-INDUCIBLE FACTOR 3A (HIF-3a)
IN PHYSICAL ENDURANCE OF RATS

Drevytska T, Gavenauskas B, Nosar V, Linnyk O, Drozdovska S, Mankovska I, Dosenko V.
Bogomoletz Institute of Physiology, Kiev, Ukraine

RNA-interference is the novel perspective method for knockdown of the genes involved in different
mechanisms of adaptation to physical exercises.One of the crucial factors in this process is hypoxia
inducible factor (HIF) that regulates transcription of many target genes encoding proteins that are
involved in molecular adaptation to hypoxia. Based on previously data, HIF-3a is considered as negative
regulator of HIF-1a and HIF-2a, thereby gene encoding HIF-3a appears to be an attractive target for
RNA interference application. The purpose of this study is to examine the effect of HIF-3a silencing on
physical endurance of rats. Methods: Experiments were conducted on adult male Fisher rats. All animals
were divided into three groups: (1) control (intact animals); (2) endurance training (ET) + scrambled
RNA injection; (3) ET + specific HIF-3a siRNA injection. Real-time PCR analysis was performed
for quantitative evaluation of HIF-3a, IGF1, GLUT-4 and PDK-1 in m. gastrocnemius and m. soleus.
Mitochondrial respiratory function was measured by the polarographic method of Chance and Williams.
Results: Knockdown of HIF-3a (expression of mRNA is decreased by 1.7 times in m. soleus and by
2.6 times in m. gastrocnemius) using siRNA increases time of swimming to exhaustion in 1.5 times,
but level of NAD- and FAD-dependent oxidative pathways is decreased. Efficiency of phosphorylation
and the respiratory control ratio are significantly increased after HIF-3a siRNA treatment.Expression of
HIF target genes IGF-1 and GLUT-4was not changed significantly,but PDK-1 expression was increased
in m. soleus by 2.1 times. So, HIF-3a silencing increases exercise endurance of rats, efficiency of
phosphorylation and the respiratory control ratio. These results might represent a potential therapeutic
approach for increase efficacy of athletes endurance training.
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ROLE OF ENDOGENOQUS INTOXICATION AND NEUTROPHILS IN MECHANISMS
OF ACUTE LUNG INJURY IN CASE OF EXPERIMENTAL PERITONITIS
Gerasymchuk M.R., Zayats L.M., Cherkasova V.V. and Vodoslavska N.Y.
Ternopil, Ukraine, Marta_solomea@yahoo.com

The study was carried out on 78 albino Wistar male rats (180-230 g) divided at random into 3 groups. Group 1
consisted of 58 rats with experimental acute diffusive peritonitis (ADP), 2" group — control group with sterile
0,9% NaCl at equlibrium (n=10) and 3" intact group (n=10). ADP was induced by intraperitoneal injection
of 10% suspension of feces. We analyzed total WBC count, Wet/Dry lung indexes, data of the oxidative and
antioxidative systems and endogenous intoxication indexes, light and electron microscopy. Blood samples
and lung tissue were obtained in 1, 12, 24 and 48 h after ADP induction. It has been established that after
ADP induction was noticed progressive endogenous intoxication with lipid and protein peroxidation and
inhibition of antioxidant protection for 24 hours with further exhaustion after the first day of experiment.
The most informative and sensitive biomarker of acute lung injury is a coefficient of leukocyte lung regula-
tion. The latter suggests enhanced leukocyte sequestration in respiratory system even on the background
of leucopenia, which implies lung injury. Furthermore, lung injury has been confirmed by the analysis of
morphological alterations of laboratory rats’ lung tissue micro- and ultrastructure.

ADAPTIVE EFFECTS OF INTERVAL HYPOXIA AND HYPEROXIA ON EXERCISE
TOLERANCE IN PROFESSIONAL ATHLETES: ROLE OF ROS AND REDOX PATHWAYS

Glazachev O.S.!, Sazontova T.G. %, Bolotova A.V. 2, Vdovina L.B. 2, and Arkhipenko Yu.V. 2

!Department of Normal Physiology, 1. M. Sechenov First Moscow State Medical University,
A.M.Sholokhov Moscow State University for the Humanities, Moscow, Russia, glazachev@mail.ru;
’Faculty of Medicine, M.V. Lomonosov Moscow State University, Moscow, Russia.

The pilot study has been performed to demonstrate protective effects of adaptation to interval hypoxia-
hyperoxia in eliminating the overtraining syndrome features and enhancing physical capacity in pro-
fessional athletes. On the first, experimental study on Wistar rats was established that combination of
adaptation to physical exercise with adaptation to hypoxia-hyperoxia sessions, not to hypoxia-normoxia,
improves tolerance under conditions of acute physical stress. Analysis of free radical processes, antioxidant
enzymes and HSP proteins levels revealed that adaptation to hypoxia-hyperoxia provides optimization
of both - hypoxic and stress components in systemic response to physical load, that’s why in applied
studies in 15 young over-trained professional athletes the efficacy of adaptation to 15 hypoxia-hyperoxia
sessions with low-intensity sport exercises has been tested. The study results demonstrate improving
the functional status, autonomic balance, physical endurance and aerobic performance in athletes with
overtraining syndrome. Adaptation to physical loads and its combination with adaptation to variable
oxygen levels increases the resistance of membrane structures to free radical oxidation at the expense of
excessive activation of antioxidant defense enzymes in the course of physical training, which is partly
compensated by adaptation to hypoxia/normoxia and is fully prevented by adaptation to hypoxia/hyper-
oxia. The combination of two adaptation forms (i.e. direct adaptation to physical loads and cross adap-
tation to variable oxygen levels) compensates markedly elevated content of HSP proteins in the course
of physical training, which is especially well-pronounced during adaptation to hypoxia/hyperoxia. This
novel technique is apparently less “physiologically demanding” and more beneficial for the organism.

MORPHOFUNCTIONAL STUDY OF BRONCHIAL ASTHMA
WITH EXTRAHOSPITAL PNEUMONIA
Gumeniuk SA?, Barkhina TG', Polner SA%, Guschin MY".

Unstitute of Human Morphology, Russia, Moscow; *Institute of Immunology, Russia, Moscow,
yZ 8, g,
gum-sveta@yandex.ru

Aim: Study of Bronchial Asthma (BA) in conjunction with the extrahospital pneumonias (EP) of different
etiopathogenesis and cell-humoral mechanisms. Materials and methods: 1241 patients were divided into
3 groups: BA (1), EP (2), BA with EP (3). Morphology: cytological and electron-microscopic methods.
Results: 7% (86 P) with BA had EP. The patients were divided by severity: mild BA - 19%, medium
level - at 55.8%, and severe degree of BA - at 24.4%. A coccal flora was found in sputum. In nasal
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secretions we identified different number of lympho- and granulocytes. The most pronounced changes
in the cells were observed in group 3. The surface of the epithelial cells of the upper and lower airways
had the identical changes and match clinical data. Intensity changes of ciliated cells correlated with
the severity of the diseases. The changes were accompanied by a sharp extrusion of goblet cells, which
sometimes formed lacuna. These changes led to severe hypoxic and anoxic amendments to the mucous
membranes of the respiratory tract. Conclusion: Epidemiology, clinical and morphological data of EP
with combined pathology of inflammatory disorders have more severe cytological and morphological
changes in the upper and lower airways. The group 3 of patients needs an individual approach to the
treatment and prevention.

BRONCHIAL ASTHMA AND ALLERGIC RHINITIS IN PATIENTS OF DIFFERENT AGES
Gushchin M.Y., Barkhina T.G., Polner S.A., Gumeniuk S.A.
Institute of Human Morphology, Institute of Immunology, Moscow, Russia,; guschin.michail@yandex.ru

Aim: to study the epidemiological, clinical, and morphological features of allergic rhinitis (AR) and
bronchial asthma (BA). Materials and methods: common clinical, allergological, morphological (cyto-
logical and electron-microscopic methods) examination of patients with AR and BA. Results: the study
was conducted among 685 adolescents with AR and BA between the ages of 14 to 18 years and 870
adults aged 18 to 65 years who were divided into groups. Divided by severity of adults: light level -
23%, medium - at 72%, and severe degree - at 5%. Divided by severity of teenagers: light level - 33,1%,
medium - at 42,1%, and severe degree - at 24,8%. In the group of adolescents onset of the diseases
occurred mostly from 5 to 15 years, and also a hormonal imbalance was detected that increased the
severity of illness at this age. The results of allergological examination in the spectrum of allergens in
patients with more severe BA revealed sensibilization to multiple allergen groups. In adolescents with
AR and BA, there was found unique clinical and morphological changes in the mucous membranes of
the respiratory tract. It was installed expressed morphological changes that have a direct relationship
to the severity of the diseases. Conclusion: revealed similarities and differences in the clinical course,
allergy data and morphological changes in patients of all ages with AR and BA.

SPROMETRY LIMITATIONS — A FEW EXAMPLES
Gutkowski P.
Military Medical Institute, Warsaw, Poland, pgutkowski@wim.mil.pl

Spirometry is the basic method of respiratory function assessment. Several examples of spirometric
and plethysmographic measurements performed in adults and children are presented in the paper. The
comparison of these measurements indicate that: 1. Spirometry is unable to measure TLC and there-
fore to diagnose restrictive dysfunction of respiration. 2. In some cases spirometry does not show the
airway obstruction. 3. Spirometry may not be sensitive enough to assess bronchodilatation response to
beta-agonists nor to assess the bronchocontriction response in bronchoprovocation test. Nevertheless
spirometry remains the primary diagnostic tool in pulmonary medicine.

SLEEP DISORDERED BREATHING (SDB) IN CHILDHOOD
Gutkowski P.
Military Medical Institute, Warsaw, Poland, pgutkowski@wim.mil.pl

The natural history and classification of SDB in childhood are to be described in the presentation. The
pathomechanisms of SDB and its effects on cardiac and central nervous system are shortly discusses as
well as the risk factors of obstructive sleep apnea (OSA) in childhood. In the paper are also given the
recent literature examples of OSA impact on the course of bronchial asthma in children on one hand and
on impaired behavioral and neurocognitive functions on the other.
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THE ROLE OF PULMONARY EDEMA AND SURFACTANT INACTIVATION
IN THE PATHOGENESIS OF HCL-INDUSED ACUTE LUNG INJURY

Hryshchuk L.A., Bondarenko Yu.l., Beskyy V.O., Marushchak M.I.
1. Ya. Horbachevsky Ternopil state medical university, Ternopil, Ukraine, hrischuk(@ ukr.net

Acute lung injury (ALI) is the major cause of the acute respiratory failure. The aim of this study was to
estimate the degree of pulmonary edema and the condition of surfactant metabolism in the dynamics of
hydrochloric acid (HCI)-induced ALI. Nonlinear male rats (weight range 200-220 g) were used in all
experiments. Were determined the oxygenation index pO2/Fi02 of arterial blood, level of total protein
in bronchoalveolar lavage (BAL), Wet-to-Dry ratio and coefficient of stability by R. Pattle. The devel-
opment of lungs damage in the case of intratracheal instillation of HCI was confirmed by three times
increased concentration of protein in BAL after 24 hours of experiment. Elevated calculated ratios of
pulmonary edema indicated a significant increasing in the lung tissue edema and pulmonary exudate
in all research groups (p<0, 01). It was found the progressive decrease in the level of surface activity
of pulmonary surfactant system during the first day of observation: significant increase in the level of
maximum surface tension and simultaneous decrease in the stability ratio by 45.8%.

Thus, presented data indicate the formation of ALI as a result of lung tissue’s edema progression, the
accumulation of exudate fluid and hence, impaired oxygenation with the development of hypoxemia.
Accumulation of protein-rich fluid in the alveoli is the factor of surfactant inactivation that leads to a
decrease in the stability ratio.

HOW TO TREAT SARCOIDOSIS.
Jarzemska A.!, Przybylski G.!, Domagala-Kulawik J.2

! Lung Diseases Clinical Ward KPCP Bydgoszcz, Poland,;
2 Pneumonology Clinic Medical University of Warsaw, Poland; ajarzemska@wp.pl

Sarcoidosis is a granulomatous disease of unknown cause, ranging from limited to multisystem disorder.
About 2/3 patients develop an acute form strongly associated with spontaneous remission, others evolve
into chronic course. Persistent sarcoidosis is likely to involve lungs but also other, in practice, any organs.
Therefore, with the diffuse and especially with progressive onset, it could be potentially life-threatening.
Due to ATS/ERS/WASOG consensus statement- the diagnosis of this disease is based on clinico-ra-
diological findings, supported by histological evidence of noncaseating granulomas obtained by biopsy
from involved organs. However, there are not unequivocal recommendations for treatment. Because of
the heterogeneous course of the disease, it is not clear when, if at all, to apply therapy. Despite sponta-
neous remissions some patients have mild forms of this disease and adverse effects of drugs could be
potentially worse than expected benefits. Therefore, a specific score of severity of sarcoidosis has just
been created to help provide appropriate treatment. An acute form- Lofgren’s syndrome, should not
be cured with any immunosuppressive agents, as well as many stages of pulmonary or extrapulmonary
sarcoidosis with no potentially lethal course. The involvement of heart and nervous system is an indica-
tion for immunosuppressive drugs application. Severe renal involvement leading to renal failure (with
or without hypercalcemia) is also an indication for treatment. Very rare, but serious complication is
hepatic localization of granulomas combined with cholestasis. Usually, liver and spleen localizations
are asymptomatic and require no treatment, similarly to bone, cutaneous and other localizations that do
not severely impair their function. Taking into account the serious course of some cases of pulmonary
and systemic sarcoidosis over the past years, an increasing number of prospective controlled treatment
trials have been completed.

EPIGENETIC REGULATION OF OXYGEN SENSING AND ITS IMPACT
ON AUTONOMIC FUNCTIONS

Jayasri Nanduri
Institute for Integrative Physiology & Center for Systems Biology of O, Sensing, University of Chicago,
Chicago, IL. 60637. USA, jnanduri@bsd.uchicago.edu

Recurrent apnea with intermittent hypoxia (IH) is a major clinical problem in preterm infants. Adults who
are born preterm exhibit increased incidence of sleep-disordered breathing and hypertension suggesting
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that apnea of prematurity predisposes to autonomic dysfunction in adulthood. Here, we demonstrate
that adult rats exposed to IH for 10 days in the neonatal period exhibit remarkable cardio-respiratory
abnormalities in adulthood manifested as irregular breathing, spontaneous apneas and hypertension.
The enhanced hypoxic sensitivity was associated with elevated oxidative stress, downregulation of
genes encoding anti-oxidant enzymes, and upregulation of pro-oxidant enzymes in the carotid body and
adrenal medulla, which are known to be major regulators of cardio respiratory functions. We examined
how perturbations in O, levels in neonatal period produce long lasting autonomic abnormalities in adult-
hood. Emerging evidence suggests that epigenetic mechanisms underlie long-lasting changes in gene
expression. Epigenetic changes are heritable modifications of DNA that does not involve changes in
DNA primary sequence. Of the different epigenetic mechanisms DNA methylation has been shown to
mediate neonatal programming of adult diseases. In general, DNA hypermethylation leads to repression
of gene transcription and hypomethylation causes transcriptional activation. Our results showed marked
DNA hypermethylation in adult rats exposed to neonatal intermittent hypoxia, which was associated
with persistent down regulation of anti-oxidant enzyme genes. Further analysis of the superoxide dis-
mutase 2 (Sod2) gene, which encodes the anti-oxidant enzyme Sod2 showed DNA hypermethylation
of a single CpG dinucleotide close to the transcription start site. Decitabine, a DNA hypomethylating
agent, prevented DNA hypermethylation, oxidative stress, enhanced hypoxic sensitivity, and autonomic
dysfunction. These findings implicate a hitherto uncharacterized role for epigenetic modulation of oxygen
sensing in mediating neonatal programming of hypoxic sensitivity and the ensuing autonomic dysfunc-
tion in adulthood. The current findings are of considerable relevance for understanding the early onset
of autonomic dysfunction in adults that were born preterm. Supported by NIH-HLBI grants HL-76537,
HL-90554, and HL-86493.

COMPLEX THERAPY OF RECURRENT OBSTRUCTIVE BRONCHITIS COMBINED
WITH FOOD ALLERGY IN CHILDREN AGED 1 TO 3 YEARS

Kharchanka A.
Grodno State Medical University, Belarus; kharchanka@mail.ru

Aim: to prove the usefulness of pharmacological correction in babies’ recurrent obstructive bronchitis
that occurs on a background of food allergy. Materials and methods: There were 76 children aged from
1to 3 years under the supervision. All of them suffered from recurrent obstructive bronchitis that occurs
on a background of food allergy (to cow’s milk protein). These children were cured by usual therapy:
antibiotics, short-acting B-adrenergic agonists, theophyllines, H1- histamine blockers, antitussives. It
was additionally assigned the probiotic-antagonist “Enterogermina” to 48 children during the course of
antibiotic therapy (experimental group). The control group was consisted of 28 children. It was provided
physical examination, determination of total immunoglobulin E, calculation of the reactive-protective
potential of organism such as: phagocytic index of cell protection, allergic disposition index, lymphocyte-
monocyte ratio. Results: (1) Diarrhea was registered in 6.4% of cases within the experimental group,
and 27% of cases within the control group (p<0, 05). (2) The frequency of detection of neutral fat and
fatty acids in coprogram of experimental group is lower in comparison with control group by 1,5 and 2,3
times respectively, (p<0,05). (3) The level of total Ig E had a downward trend within the experimental
group; it has grown by 23 % within control group. (4) Children of experimental group had a real decrease
of allergic disposition index and lymphocyte-monocyte ratio in comparison with control group. Conclu-
sions. Results of clinical supervision verified by positive shifts in coprogram, blood count, reflecting the
state of immunobiological resistance and allergic disposition of organism, allow recommending probiotic
“Enterogermina” as accompanying therapy of bronchial obstructive bronchitis in babies.

UNIVERSAL MOBILE ANALYTICAL COMPLEX FOR RESEARCH OF RESPIRATION
AND GAS EXCHANGE IN MAN AND ANIMALS

Kislyakov Yu.Ya., Kislyakova L.P., Zaiceva A.Yu., Gulyaev V.I.
Institute for Analytical Instrumentation, Russian Academy of Sciences, St.Petersburg, Russia;
yukisl@rambler.ru

Experimental model of universal mobile and compact analytical complex for continuous monitoring of O,
consumption and CO, emissions in breathing humans and laboratory animals has been developed. These
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gas exchange parameters are calculated based on the simultaneous recording of expiratory flow rate and
partial pressures of oxygen (pO,) and carbon dioxide (pCO,) in the exhaled air during each respiratory
cycle (for a man), and the dynamics of the partial pressures of O, and CO, in a metabolic chamber (for
animals and other biological objects). An analytical complex, in contrast to existing systems for the
control of breathing and gas exchange in humans (EOS-Sprint, ER 800, ER 900, Ergo-line, Oxycon 5,
Meta Max 3B, Rapidlab 840, Synthesis 15, Omni 3), has a small size, light weight and measure human
respiration and gas exchange immediately during each breathing cycle. It consists of two parts - mobile
and stationary. The mobile part includes a sensor unit, electronic converters, microcontroller unit, wireless
transmitter and a miniature compact battery. Stationary part includes a wireless receiver and a computer
control module. The sensor unit consists of the O, sensor (amperometric membrane electrode), the CO,
sensor (the method of infrared correlation spectroscopy) and expiratory flow rate sensor (differential
strain gauge pressure). Wireless transmission of information from the analyzer to the computer provides
a radio modem. Computer control module with microcontroller provides calibration, measurement and
calculation studied parameters, performance monitoring of all modules of the complex. The computer
calculates indicators of the intensity of the gas exchange. The experimental results showed that the
mobile analytical complex allows to measure with high precision volumetric expiratory flow rate and
the partial pressure of O, and CO, in the breath of man, as well as the partial pressures of O, and CO,
in a metabolic chamber with the animal (Table 1).

Table 1. Technical characteristics of sensors.

Registered parameters | Range Error limit of measurement |
pO,, mmHg 0-800 +0.2 (0-200)

pCO,, mmHg 0-100 +0.3

Expiratory flow rate, 1/ s 0-16 +2%

The complex has been tested in human studies during exercise and in studies on laboratory animals in
surgical simulation of myocardial infarction and bleeding.

The project was supported by grants of the Program of the Presidium Russian Academy of Sciences
“Fundamental Sciences - Medicine”.

MULTISENSORY EDUCATIONAL SYSTEM “ELECTRONIC TONGUE”

FOR THE DIAGNOSIS OF THE FUNCTIONAL STATE OF THE HUMAN BODY
ON THE CHARACTERISTICS OF EXHALED BREATH CONDENSATE
Kislyakova L.P., Kislyakov Yu.Ya., Zaiceva A.Yu., Gulyaev V.I.

Institute for Analytical Instrumentation, Russian Academy of Sciences, St. Petersburg, Russia, yukisl@ramblerru

The structure of a learning diagnostic system produced on basis of a new concept of multi-parameter
electrochemical analysis, simulating the organization and functioning of biological sensory systems is
developed. System features: 1) the use of an array of cross-selective sensors with sensitivity to various
chemical components of the medium, 2) evaluation of the measurement results using the methods of
handling large volumes of multidimensional data and pattern recognition. Such analysis systems are called
“electronic tongue”. They have been successfully used for the diagnosis of patients on integrated electro-
chemical indicators of urine. The purpose of this study is the development of a learning multisensory
analytical system for the diagnosis of the functional state of the human body using indicators of exhaled
breath condensate. The diagnostic system is composed of four modules: sample preparation, sensory,
measuring and information. Sample preparation module provides a sampling of condensate. The sensor
module consists of 6 potentiometric electrodes, each of which has the basic sensitivity of one of HY,
Na®, K*, Ca™", NO,", NH," and the additional cross-sensitivity to other ions and organic components
of the condensate. He formed an “image” investigated medium in the form of the composition of the
electrode potentials. The measuring module is a precision electronic microprocessor meter output
potential sensors (error limit of measurement +0.002 mV, input impedance 10'* Ohm). Information
module contains a set of data processing techniques derived from the metering unit via telemetry. They
realize the functions of the system learning and recognition of multi-dimensional “images” generated by
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the sensor module. Studies performed on the subjects showed that each of them has its own individual
reproduced “image” of exhaled breath condensate and can be identified on the “image”. Changes in
the functional state of the subjects are shown in the characteristic changes of the “image”. The results
indicate efficiency of the described software and application possibilities of the proposed method for
the diagnosis of the functional condition of the parameters exhaled breath condensate. The project
was supported by grants of the Program of the Presidium Russian Academy of Sciences “Fundamental
Sciences - Medicine”.

EXPRESSION OF PYRUVATE DEHYDROGENASE KINASE-1 (PDK-1) GENE IN BRAIN-
STEM MITOCHONDRIAL DYSFUNCTION DURING ADAPTATION TO INTERMITTENT
HYPOXIC AND HYPOXIC-HYPEROXIC TRAINING

Kolesnikova E. E., Drevitskaya T. 1., Mankovskaya I. N.

Bogomoletz Institute of Pysiology, Kiev (Ukraine), dr_kolesnikova@mail.ru

It’s well known that brain stem as respiration-supporting structure is relatively stable under different
physiological conditions. At the same time, deviations of mitochondrial (MT) function at the brainstem
nuclei as non-specific reaction at early stage of different disorders could be a cause for the drop in ATP
production, enhancement of reactive oxygen species (ROS) production and hence significant shifts in
Glu/GABA balance at respiratory rhythm generation. During hypoxia, the induction of pyruvate dehy-
drogenase kinase-1 (PDK-1), a glycolytic gene, is considered critical for metabolic adaptation to hypoxia
through increased conversion of glucose to pyruvate and subsequently to lactate. Simultaneously, forced
PDK-1 expression increases ATP levels, attenuates hypoxic ROS generation. We examined the expression
of PDK-1 gene in Wistar rats with brainstem MT dysfunction (EMBD, single rotenone injection, 3 mg/
kg s.c.) during adaptation to 14-days intermittent hypoxic training (IHT, 15 min hypoxia (12% O,) with
15 min room air breathing, 5 times a day) and hypoxic-hyperoxic training (IHHT, 5 min hypoxia (12%
0,) with 5 min hyperoxia (30% O,,) 12 times a day). EMBD was accompanied by the drop in PDK-1
gene expression (by 29%). At the same time, 14-days course of IHT and IHHT enhanced PDK-1 gene
expression (by 34% and 40%, respectively, p<0,05). After IHT and IHHT, EMBD rats were character-
ized by significant rise of PDK-1 gene expression (by 35% and 200%, respectively). Our observations
suggest that adaptation to IHT and IHHT promotes the expression PDK-1 to maintain ATP production
and to prevent toxic ROS production in the brain stem of EMBD rats.

EFFECT OF INTERMITTENT HYPOXIA TRAINING (IHT) ON OXYGEN CONSUMPTION
IN ELDERLY PEOPLE WITH AND WITHOUT OBESITY

Korkushko O., Ishchuk V., Shatylo V.
State Institute of Gerontology, Academy of Medical Science of Ukraine, Kyiv, vadishchuk@ukr.net

Obesity is accompanied by a decrease in physical performance due to glycogenolysis disorder that leads
to a deficiency of energy substrates and more rapid fatigability during exercise. Many investigations
showed cardiovascular chronic hypoxia progression and carbohydrate metabolism disorders in obese
humans. Short episodes of breathing with hypoxic gas mixture (5 min) with intervening 5 min room air
breathing, 4 times a day (IHT) improve cardiovascular system efficiency, normalize lipid and carbohydrate
metabolism, and increase tissue insulin sensitivity. 4im: To investigate oxygen consumption in elderly
people with and without obesity under IHT. Methods. Two groups of elderly people were examined:
Gr. 1 - 15 subjects without obesity (body mass index, BMI = 22.6 + 0.5 kg/m?), and Gr. 2 - 20 subjects
with obesity (BMI = 32.6+0.5 kg/m?, p < 0, 01). IHT was conducted during 10 days. With the subject
seated, normobaric hypoxia (12% O,) was administered using a devise ‘Hypotron’ (Ukraine). Oxygen
consumption at rest and at 55 W load was studied during bicycle ergometer test by Oxycon-4 (Neth-
erlands) before and after IHT. Exercise power at lactate threshold was also estimated. Results. Before
IHT, oxygen consumption at rest was higher by 13% in Gr. 1 (5.3 = 0.2 ml/kg) compared to Gr. 2 (4.6 +
0.1, p<0.05). The same pattern was observed at 55 W load: 18.3 £ 0.8 ml/kg in Gr. 1 against 14.2 + 0.4
ml/kg in Gr. 2 (p<0.05). Exercise power at lactate threshold was 70.0 £ 5.0 W in Gr. 1 and 62.5+3.2 W
in Gr. 2 (p>0.05). After the IHT course, oxygen consumption did not change in Gr. 1 (5.2 £ 0.2 ml/kg
atrest and 17.8 £ 0.9 ml/kg at 55 W load) as well as lactate threshold. In Gr. 2 the tendency to increase
the oxygen consumption at rest (4.8 = 0.1 ml/kg) and at 55 W load (14.7 £ 0.5 ml/kg) was observed.
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Exercise power at lactate threshold increased significantly ( 66.8 = 2.4 W, p<0.05). Conclusions. IHT
improves tissue oxygen consumption in elderly obese people. This leads to the inclusion of anaerobic
mechanism of energy supply during physical load. The results suggest the potential use of IHT in the
complex treatment of obese people.

S PROTECTS HEART FROM DEFEROXAMINE-INDUCED CARDIOTOXICITY
PﬁEVENTING ROS AND RNS PRODUCTION

Kotsuruba A.V., Korkach Ju. P., Goshovska Y.V., Sagach V.F.
Bogomoletz Institute of Physiolology NASU, Kyiv, Ukraine, toliko49@uk.net

Objective. Hydrogen sulfide (H,S) has been shown to protect against oxidative stress injury and inflam-
mation in various hypoxia- 1nduced insult models. However, it remains unknown whether H,S protects
rat cardiomyocytes against chemical hypoxia-induced damage We hypothesized that deferoxamme
(DFO), an iron chelator and activator of the hypoxia-inducible factor-lalpha (HIF-1a), would pro-
vide cardiotoxicity by oxidative (ROS) and nitrosative (RNS) stress activation in an in vivo model of
ischemia in part through inhibition of the cardiac H,S availability. Model. Deferoxamine mesylate salt
(Sigma Cat # D9533) was injected intraperitoneally 15mg/100g for 2 days to adult rats. Main outcome
measures. Content of H,S, H,0,, NO,", NO; and urea, as well as ROS (*O,” and *OH) and RNS (NO)
generation rate were determined in hearts tissue homogenate of control and DFO-pretreated rats. NO
generation rate was calculated by ¢cNOS (eNOS+nNOS) and iNOS activity of NO de novo synthesis
pathways. Oxygenation index ([nitrite]1000/([nitrate]+[urea], RNS/ROS ratio and % cNOS in total NOS
(cNOS+iNOS) activity were calculated in both groups. Results. H,S content in DFO-pretreated heart
homogenates was dramatically decreased (from 12.01+1.71nmol/mg protein to 1.15 + 0.14nmol/mg
protein) simultaneously with dramatic increasing of ROS (*O," from 4.02 £0.97 r.u. to 13.09 £2.34 r.u.,
*OH from 0.9240.15 r.u. to 16.85 +3.78 r.u.) and RNS (¢NOS from 6.38 £3.76 pmol/min/mg protein to
35.71 + 3.76 pmol/min/mg protein, iNOS from 1.28 +£0.36 pmol/min/mg protein to 13.71 +£1.56 pmol/
min/mg protein, nitrite from 359.01£22.6 to 1906.83+440.4 pmol/mg protein, nitrate from 12.96+0.75
to 45.28 £9.05nmol/mg protein. Total NO generative activity of NOS raised from 7.63+1.5 pmol/min/mg
protein to 49.42 +5.32 pmol/min/mg protein. In addition, oxygenation index in DFO pretreated hearts
was markedly increased (from 3.49 +0.53 r.u. to 13.51£2.17 r.u.). H,0, pool, % ¢NOS and RNS/ROS
ratio were not affected. Conclusions. Our findings showed that exposure of rats to hypoxia mimetic
agent DFO for 48 h induces both dramatic decreases in H,S level and nitrosamine and oxidative stress in
heart tissues, suggesting protective effect of endogenously generated H,S in normoxic heart condition against
stress and inflammatory factors. Taken together, our findings suggest for the first time that H,S may protect
cardiomyocytes against ROS- and RNS-induced injuries and inflammatory responses througzh inhibition of
ROS- and RNS-activated pathways, mainly by peroxynitrite (under excess NO and *O,") formation.

CHANGES OF THE PARAMETERS OF THE PLASMATIC COMPONENT
OF THE HEMOSTATIC SYSTEM IN PATIENTS WITH BRONCHIAL ASTHMA

Kovalenko S.V.!, Dorofeev A.E.2
! Bukovinian State Medical University, °Donets k National Medical University, dorofeyev@med.finfort.com

Introduction. An indisputable role in the development of the chronic inflammatory process in the
bronchopulmonary apparatus is played by disturbances in the system of hemostasis. The object of the
research. To study the specific characteristics of the hemocoagulating component of the system of
hemostasis in patients with bronchial asthma (BA). Material and methods. Have been estimated the total
anticoagulating blood potential according to the level of plasma fibrinogen; the activity of antithrombin
IIT (ATIII), Hageman-dependent fibrinolysis, total (TFA), nonenzymatic (NFA) and enzymatic (EFA)
fibrinolytic activity of the blood, the potential activity of plasminogen (PAPG); a quantitative evaluation
of the activity of factor XIII (fibrinases) in 50 patients with asthma. The experimental findings. 1t has
been found an increased level of fibrinogen. While investigating the NFA level increase was registered as
a result of anelevation of its share within the TFA pattern. The potential activity of plasminogen did not
increase significantly compared with healthy persons. The activity of antiplazmin was reliably decreased
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in BA patients. There occurred an activation of the clotting blood system in case of a BA exacerbation,
as a consequence — an increase of the ATIII level, decrease of the level Hageman-dependent factor, a
reliable increase of factor XIII. Conclusions. The signs of marked blood hypercoagulation are observed
in patients with BA at the time of an exacerbation.

NICOTINE DEPENDENCE AND MOTIVATION TO QUIT SMOKING IN PATIENTS
WITH ACUTE MYOCARDIAL INFARCTION

Krolikowski K., ! Domagala-Kulawik J.2 , Chadzynski R.2; Maka A.* ,and Opolski G.?

!Cancer Epidemiology and Prevention Department, Centre and Institute of Oncology, Warsaw, Poland,
biuro@szpitalujazdowski.pl;

’Department of Pneumonology, Medical University of Warsaw, Warsaw, Poland,

3Chair and Department of Cardiology, Medical University of Warsaw, Warsaw, Poland;
Students’ Scientific ‘alveolus’ of Department of Pulmonology and Allergology, Medical University of Warsaw

Introduction: The percentage of smokers in Poland is 33.5% among adult men and 21.0% of adult women,
which is, respectively, 5.2 and 3.5 million people. Diseases of tobacco are the cause of many deaths.
These include patients with acute myocardial infarction. Objectives.: The aim of this study was to assess
the degree of dependence and the strength of motivation to quit smoking of patients hospitalized with
acute myocardial infarction (AMI) as compared to asymptomatic smokers and analysis of the results
with regard to demographic data and disease severity. Method: The surveys: motivation test to quit
smoking and Fagerstrom test (tF) was performed in 32 patients-current smokers hospitalized for AMI.
The control group consisted of 32 “healthy” cigarette smokers. In addition to the clinical examination
and questionnaire regarding addiction, each patient was carried out anti-smoking advice by the rules.
Results: The majority of patients reported the first episode of the AMI, dominated transmural infarction.
Fagerstrom test mean score in the group of men did not differ between patients and healthy controls and
ranged from 5.84 to 5.72. In the women patients group with AMI, Fagerstrom test average was 2.6 and
6.1 in the group of healthy subjects. In the particular case of the patients with AMI observed a strong
dependence of the simultaneous strong motivation in patients with a first myocardial infarction with
coexisting hypertension. Conclusions: Patients with AMI (especially women) have an average degree of
dependence and high motivation to quit smoking. Strong biological and psychological dependence was
observed in men. These observations point to the need to include patients with AMI to specialist care.

PECULIARITIES OF TUBERCULOSIS EPIDEMIOLOGY IN RURAL POPULATION
Kryvanos P., Sinkov G., Baradzina H.
Belorussian State Medical University, Minsk, Belarus, krivonos_pavel@list.ru

Aim. To study peculiarities of tuberculosis epidemiology of rural population in region of Minsk. Methods.
We used report forms of the official statistics and made comparative analysis of tuberculosis cases in
rural and urban population of Minsk region during 2007-20011. Results. We revealed common conformi-
ties of tuberculosis prevalence in urban and rural population. Tuberculosis morbidity of rural population
exceeded analogous data of urban population 1,7 — 1,8 times and corresponded to average data in the
country. Morbidity of female tuberculosis in rural population was 1,6 times higher as compared with
urban population; male tuberculosis morbidity 1,5-2 times accordingly. We revealed reliable differences
in morbidity data of some age groups. The highest tuberculosis morbidity was registered in males of
35-55 years, in females of 25-40 years. Risk to fall ill with tuberculosis decreases with age in urban
population and increases in rural population. Incidence rate of tuberculosis in urban males and females
of 65 years age are the same. But rural females older than 65 years fall ill with tuberculosis 1,7 times
more offer as compared with males. Conclusion. Modern unfortunate tuberculosis situation as in Minsk
region also in the country depends high morbidity in rural population. Revealed differences of some age
groups of rural population require following study.
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BACILLI SHEDDING SIGNIFICANCE IN DIFFERENTIAL DIAGNOSTICS
OF LUNG TUBERCULOSIS AND CANCER

Kryvanos P.,Tamashakina G.

Belorussian State Medical University, Scientific Practical Centre for Pulmonology and hthisiology,
Minsk, Belarus, krivonos_pavel@list.ru

Aim. To study bacilli shedding character in patients with lung tuberculosis and cancer. Methods. We
analyses the results of complex examination of 80 patients with new detected lung cancer in clinic of
Scientific Practical Centre for Pulmonology and Phthisiology in 2007-2011 years. Results. We detected
mycobacterium tuberculosis in sputum of 13 (16.1%) patients, 7 of them had tuberculosis formerly —
2-10 years ago. 10 patients had central cancer and 3 patients - peripheral lung cancer. Most of patients
(11 persons) had advanced (3-4 stage) lung cancer forms. Lung cancer diagnosis was confirmed with
bronchoscopy and morphological studies of bioptats in all the cases. 9 patients had localized lung cancer
in zone of post tuberculosis changes. Only 1 patient had profuse and frequent bacilli shedding; 7 patients
had single or dual bacilli shedding; 5 patients had second bacilli shedding in 5-10 months. 12 patients
had drug resistance. 3 patients had active tuberculosis and lung cancer simultaneously; 3 patients had
cancer on back —ground of chronic tuberculosis; 2 patients had tuberculosis reactivation thanks to tumor.
Summary. Physicians interpret MBT detection in sputum or post tuberculosis changes in tuberculosis
favour during the differential diagnosis process. The further examination is conducted only in aggravation
of clinical and roentgen data of illness.

STATE OF RESPIRATORY MUSCLES (RM) IN MEN
WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE (COPD)

Lemeschewskij A., Nedzvedz M., Makarevich A., Lemiasheuskaya S.
Belorussian State Medical University, Minsk, Belarus, lemechby@gmail.com

Background. 1t is necessary to introduce new methods of assessment of RM. 4im: to investigate the RM
status by echography and compare results with histological data. Material and Methods: We obtained
the indices (ultrasonic): homogeneity (H), structural density (SD), echogenicity (E) in units. We carried
out histological research of bioptic material of intOAM. Research was made in 20 pts: 15 group (10 — 1%
COPD stage; mean age — 55 yrs; FEV | —79%; BMI — 24kg/m?); 2" group (10 — 2™ COPD stage, age — 59
yrs; FEV, —59%; BMI — 24kg/m?); control group - 12 pts. Results: There have been areas of myolysis,
in which we found cell proliferation of perimiysium, “ingrowth” of fatty tissue between myofibrils (MF).
There is interstitial sclerosis around the individual MF and bundles, sections “contractions” of MF.
Among the relatively preserved MF was found deep dystrophic one with protein granules of different
sizes in the appearance of the sarcoplasm. The atrophy and crimp of muscular fibrils with the phenomena
of “contractions” of MF was observed predominantly in the 2" group. Increasing of COPD severity
was associated with significant enhancing of “contractions” (r=0.72), destruction of MF (r=0.69) and
proliferation of fibroblasts (r=0.52). We detected the presence of negative correlations between H, SD
and intensity of sclerosis manifestations (r=-0.39 and r=-0.51 respectively; p<0.05). Meanwhile the E
was higher in these pts and correlated directly (r=0.48; p<0.05). The E of intOAM correlated in the
2" group with fat mass index (r=0.62). This may indicate the accumulation of intramuscular fat in the
second stage. Conclusion: The proposed echodensitometric parameters reflect the degenerative processes
occurring in the RM.

IMPACT OF DIFFERENT FACTORS ON BONE MINERAL DENSITY IN MEN WITH
CHRONIC OBSTRUCTIVE PULMONARY DISEASE.

Lemiasheuskaya S.
Belorussian State Medical University, Minsk, Belarus, lemsvby@gmail.com
Background: COPD is often associated with the systemic extra pulmonary effects such as osteoporosis.

Aim: to study the likelihood of low bone mineral density in male patients with COPD. Material and
Methods: We examined 92 COPD male patients aged 40 — 70 years. BMD was measured in spine (L -
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L,) and femoral necks (FN) using DEXA. Results: The index of “odds ratio” (OR) was 4.14 with the
confidence interval (CL) (95%CI, 3.12-5.51) in patients with the presence of exacerbations in the year 3
and more. The likelihood of reduction in BMD with COPD significantly increase in patients with disease
duration 10 years or more (OR, 7.34; 95% CI, 5.41-9.95); work related to hazardous occupational factors
—OR, 2.30 (95% CI, 1.63-3.24); smoking — OR, 5.25 (95% CI, 3.20-8.35); the presence of emphysema
in the X-ray — OR, 3.11 (95% CI, 2.37-4.06). Age 57 years and over - the probability increases 5.25
times (95% CI, 3.90-7.07). The likelihood of lower BMD in the 24 stages COPD is 2.18 (95% CI, 1.36-
3.50) and in the 3" stage is greatly increase — OR, 10.91 (95% CI, 6.98-17.05). The presence of hypoxia
(SpO,%) significantly increases the risk of secondary reduction of BMD in COPD - OR 15, (95% CI
10.05-22.38). Conclusion. Factors that increase the likelihood of reducing the BMD in male patients in
age 40-70 years are the frequency and type of exacerbations, age, duration and severity of disease, the
presence of occupational factors, emphysema and hypoxia.

EFFECT OF INTERMITTENT NORMOBARIC HYPOXIA ON TOTAL OXYGEN
CONSUMPTION AND EFFICIENCY OF CARDIO-RESPIRATORY MECHANISMS
OF OXYGEN SUPPLY IN PATIENTS WITH CHRONIC PULMONARY DISEASES

Levashov M.I., Berezovskii V.A., Saphonov S.L., Chaka E.G., Yanko R.V.
Bogomoletz Institute of Physiology, Kiev, Ukraine, levashov@biph.kiev.ua

Intermittent normobaric hypoxic training (INGT) is one of the effective non-pharmacological methods
for care and rehabilitation of patients with chronic pulmonary diseases. The total oxygen consumption
(OC) and main indices characterizing the efficiency of cardio-respiratory mechanisms of oxygen supply
were studied in 103 adult high-risk chronic obstructive pulmonary diseases patients. The 15t group of
patients received only conventional treatment. The 2"4 group received the same treatment in combination
with INGT. INGT comprised of a daily 90 minute sessions in chamber “Orotron” for 2 weeks under such
environmental parameters: PO, - 147-160 hPa, relative humidity - 60-70%, ambient temperature - 16-
18°C and content of light negatlve ions - up to 6000 per cm?. The heterogeneity of OC dynamic of both
the amplitude and direction was observed in 2™ group of patients after INGT. The pattern and degree of
changes were dependent on the initial level of OC. In this regard the 2"¢ group of patients was divided
into three subgroups: 2a - 33% of patients had a normal value of OC, 2b - 53% of patients had a lower
value and 2c¢ - 14% of patients had a higher value of OC. INGT did not change OC but improved the
efficiency of hemodynamic mechanisms of oxygen supply in patients subgroup 2a. The total OC and
efficiency of respiratory mechanisms of oxygen supply moderately increased in patients subgroup 2b.
The value of OC decreased to normal level in patients subgroup 2c, but respiratory and hemodynamic
mechanisms of oxygen transport remained highly effective. It was concluded that INGT normalized OC
in patients with chronic pulmonary diseases.

THE MODERN SPIROMETRY: CHALLENGES AND RESPONSES
Lopata V.A. !, Myasnyi L.S.2

'Bogomoletz Institute of Physiology, Kiev, Ukraine, v.lopata@meta.ua;
2Clinical Hospital “Feofaniya”, Kiev, Ukraine

The aim of study was to discuss the spirometry problems and offer their solutions. Spirometry is a medical

technology that combined methodological, metrological and informational aspects. Modern microprocessor

spirometers have reached their limit - the requirements of ATS/ERS standard and have a reserve to improve

their performance. This, however, doesn’t solve all problems of spirometry. They are designated mainly in

methodological and informational support: (1) Algorithms for interpreting the results of spirometric tests

based only on the parameters of FVC, FEV1 and Tiffeneau’ index, whereas flow rates parameters of the

forced expiratory “flow-volume” loop don’t participate in the diagnostic conclusion formation. (2) Too great

arole of subjective factors (operator training and patient cooperation) in the conduct of forced spirometry.

(3) Spirometric testing software isn’t standardized. For these problems solving, we have developed:

* the prospective requirements for spirometers;

* algorithm for interpreting the results of spirometric tests, taking into account the values of MEF25,
MEF50, MEF75 and FEF25-75 of forced expiration;

* the requirements for the unified spirometry software;
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* scenes of animation programs to encourage patients with forced expiratory maneuvers.

For the further development of the spirometry it’s necessary to: (1) put into practice a patient incentive
programs ; (2) develop the interpretation algorithms that take into account parameters of forced expiration
flow rates for deeper and more objective assessment of breathing function as a result of spirometry; (3)
create the dynamics standards of methodological, metrological and informational support for spirometry
with a mandatory upgrade every 3 years.

DYNAMICS OF RESPIRATORY MUSCLE CHANGES
DURING CHRONIC OBSTRCTIVE PULMONARY DISEASE PROGRESSION

Makarevich A. 1, S. Lemeshevskayal, A. Poctavcev!, A. Lemeshevsky?, M. Nedvedz®

Belorussian State Medical University: | - Department of Internal Medicine; ° - Department of General
Surgery; 3 - Department of Pathologic Anatomy, Minsk, Belarus, makae@bsmu.by

Background The pathological changes of respiratory muscles (RM) during chronic obstructive pulmonary
disease (COPD) progresses have not been studied in details yet. The aim was to assess RM status in COPD
patients with different stages and detect the relationship between echodensitometric and morphological
changes in RM. Methods. All 152 COPD male patients were divided according to the severity: COPD,
(mild: age - 55 yrs, FEV, - 85%) — COPD, (moderate: age - 57 yrs, FEV, -55%) - COPD; (severe: age — 60
yrs, FEV-33%). We studied the following muscles of inspiration (sternocleidomastoid, scalenus anterior,
external intercostals) and expiration (abdominal internal oblique, abdominal external oblique, rectus abdomi-
nis, transversus abdominis and internal intercostals). The status of RM was detected in these groups both by
using the echodensitometry indices (echogenicity - IE; homogeneity - H and structure density - ISD) and
morphological material of abdominal internal oblique muscle (which was received during inguinal herni-
otomy). Results. In COPD, the tendency to increase of the indices of homogeneity (IH) and) was detected
(due to hypertrophy of RM), while IE reacted differently. In moderate COPD IH and ISD were decreased,
while IE was increased (due to fatty infiltration and sclerosis of RM according to our parallel morphologic
data). In severe COPD IH and ISD rose against the background of IE decrease (due to reduction of fatty
mass and intensification of RM sclerosis). Conclusion The proposed echodensitometric parameters reflect
in a complex way the dynamics of the degenerative processes occurring in RM during COPD progression.

MITOCHONDRIAL DYNAMICS IN OXYGEN-GLUCOSE DEPRIVATION
ON A MODEL OF CULTIVATED HIPPOCAMPAL SLICES

Malieieva G.V., Lushnikova 1.V., Skibo G.G.
Bogomoletz Institute of Physiology, Kiev, Ukraine, li@biph.kiev.ua

Ischemia injury is one of the most common death reasons in Ukraine and in a whole world. At the cells
level stroke characterized by oxygen and glucose supply loose that cause energy failure and neurdegen-
eration. Mitochondrais are the key organelles of cell energy homeostasis. In order to discover dynam-
ics of energy metabolism in ischemia damage we have been focused on investigation of mitochondrial
functioning after 30-min oxygen-glucose deprivation (OGD) and reoxygenation 1 and 4 hours. We have
done a comparison analyze of active mitochondrial activity of hippocampal pyramidal neurons and glial
cells of CA1 and CA3 areas using fluorescent dyer MitoTracker Orange. In the present study it was
determined that pyramidal neurons and glial cells have different dynamics of mitochondrial activity.
Hippocampal pyramidal neurons have demonstarated the increasing of activity during first hour and
the decreasing for four hours after OGD. Glial cells increased their mitochondrial activity fourth hours
after start of reoxygenation, comparing with first hour. This indicates a specific activation of pyramidal
neurons in response to the OGD, which, however, can not be maintained for a long time. For glial cells
is characteristic of a more prolonged and sustained increase in mitochondrial activity. Thus, it can be
assumed that the more resistant glial cells are able to some extent, to modulate the function of neurons
in a lack of oxygen and glucose.
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INTERMITTENT HYPOXIA-HYPEROXIA, ANEW MODE OF ADAPTIVE TRAINING
IN CORRECTION OF LUNG MITOCHONDRIAL DYSFUNCTION

Mankovska 1., Gonchar O., Steshenko N.
Department of Hypoxic States, Bogomoletz Institute of Physiology, Kyiv, Ukraine, ogonchar(@yandex.ru

Hypoxic and hyperoxic therapy has a various application in traditional and alternative medicine for the
treatment and prophylaxis of various pathological syndromes. Glutathione (GSH), GSH-related enzymes
as well as MnSOD play an important role in preventing of lung mitochondrial dysfunction following
oxidative stress injury. However, its role in forming of compensatory-adaptive responses to hypoxia/hy-
peroxia is unclear. It was explored a new mode of adaptive training, which combines periods of hypoxia
and hyperoxia (H/H) and is characterized by upregulation of adaptive ROS signals compared to classi-
cal intermittent hypoxic training. The purpose of this study was to determine the influence of repetitive
moderate sessions of hypoxia and hyperoxia on pro-/antioxidant homeostasis in lung mitochondria of
rats exposed to acute severe hypoxia. It was shown that H/H pretreatment [5 cycles of 5 min hypoxia
(10% O, in N,) alternated with 5 min hyperoxia (30% O, in N,) daily for two weeks] reduced the acute
hypoxia-induced basal and stimulated in vitro lipid peroxidation, increased the GSH/GSSG ratio, and
decreased the GSSG content. The enhancement in the level of GSH and activities of MnSOD, glutathione
peroxidase and glutathione reductase in comparison with acute hypoxia as well as the maintenance of
glutathione-S-transferase activity at control level confirm that mitochondrial protection during H/H may
be mediated through the modulation of mitochondrial antioxidant levels. In lung H/H training caused the
increase in MnSOD protein synthesis, at the same time, no changes in mRNA MnSOD expression was
registered. This study supports the viewpoint that moderate periodic generation of free radical signal
during changes in the oxygen level causes the induction of antioxidant enzyme protein synthesis that
may be an important trigger for specific adaptations.

CONTENT OF ANTIMICROBIAL PEPTIDES IN OROPHARINGEAL SECRETIONS
OF CHILDREN SUFFERING FROM ACUTE RESPIRATORY DISEASES

Marushko Yu., Melnikov O., Movchan O., Lysovets O.
Bogomoletz National Medical University, Kyiv, Ukraine, Pr-Marushko@yandex.ru

Today the studying of children local immunity of oropharingeal secretions that often suffer from acute
respiratory diseases is a matter of current interest. Antimicrobial peptides, especially defensins, are the
first link of antiinfectious defense. Their level in children is almost not studied. The aim of the work: to
study features of acute respiratory diseases (ARD) course and human B -defenses level in oropharingeal
secretions (OS) in children of different age suffering from chronic tonsillitis. 30 children that suffered
from ARD and chronic tonsillitis aged from 4 to 12 were examined. The level of human B -defenses in
OS during non acute period was investigated. Clinical, immunological and statistical methods were used.
The level of human B -defensins in OS of children that suffered from ARD aged from 4 to7 years is
much smaller than in OS of the children with the same diseases aged from 8 to 12 years. It is 0,85 (0,12-
2,25 ) mkg/ml and 4,8 (0,26-9,88) mkg/ml. The level of defenses in children aged from 4 to 7 is smaller
than minimal level, when human (3 -defenses can demonstrate their antimicrobial activity. Clinically, the
group of children that suffer from ARD aged from 4 to 7 is characterized by higher frequency of ARD
and exacerbation of chronic tonsillitis, 11 children ( 73,3% ) aged from 4 to 7 had bacteriologically
confirmed bowels dysbiosis. During bacteriological studying of tonsils swab St. aureus was found in 9
children ( 60 % ) aged from 4 to 7 and in 7 children aged from 8 to 12 ( 46,7 % ). They showed smallest
levels of human B-defensins: 0,46 (0,12- 0,59 ) mkg/ml and 2,61 (0,26 — 5,94) mkg/ml relatively. Thus,
we determined that children who suffer from ARD and chronic tonsillitis have low level of human 3
-defensins in OS. That is more pronounced in the younger age group (from 4 to 7 years). It can explain
high frequency of ARD of children under school age.
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FUNGAL CONTAMINATION OF PREMISES AS A RISK FACTOR
FOR RESPIRATORY ALLERGY

Maslova L.
Belorussian Medical Academy of Postgraduate Education, Minsk, Belarus, allergo@tut.by

Background: Currently, moulds are among the unconditional risk of allergic rhinitis and asthma, in closed
rooms. The inhabitants of modern cities, especially children, spend a significant part of their time indoors.
Our objective was to determine the structure of mycobiota indoor and its impact on respiratory allergy
development. Methods: questionnaire to assess the living conditions of patients, suggest fungal infection,
visual examination of lesions of microscopic fungi, mycological examination of premises, sampling
locations of the alleged mold damage, the selection of fungi in culture. Evaluation of 174 patients living
in the fungal contamination included a medical history of life and disease, allergic history, physical
examination, skin allergotesting, blood samples for determination of specific IgE to the major inhalation
allergens. Results: Mycological analysis of the isolates showed a high degree of microscopic fungi
spores sample contamination, dominated genera Penicillium, Cladosporium, Aspergillus, Ulocladium.
A total of 174 people living in the areas affected by fungi, 59 of them (33.9%) have a sensitization to
fungal allergens, including thresholds specific Ig E. Almost half of the sensitized patients (16.7%) were
sensitized to several species of fungi. 174 residents of the surveyed areas were affected by the fungus,
and 33 people (19%) had a diagnosis of asthma. Asthma fungal installed in 21 patients, 6 of whom had
isolated fungal sensitization, 15 - sensitization to fungal allergens combined with sensitization to house
dust mite allergens. Conclusion: Among the patients living in a residential area where the growth of
fungi took place, there were increased sensitivity to fungal allergens in isolation or in combination with
other types of sensitization. There is a need of residential patients with fungal sensitizationis inspection,
the development of measures for the indoor fungi elimination. When moulds induce the early type of
hypersensitivity specific immunotherapy should be used as the primary method of pathogenetic therapy.

SYMPATHETIC-ADRENAL SYSTEM AT PSYCHO-EMOTIONAL STRESS
UNDER HYPOXIA IN AGING

Osmak E.D.

D.F. Chebotarev State Institute of Gerontology of the NationalAcademy of Medical Sciences of
Ukraine, Kiev

The onset of CNS changes in aging creates the prerequisites for reducing of the resistance to psycho-
emotional stress influences. Age changes of the sympathetic-adrenal system present the key mechanism
of age-dependent disturbances in adaptation to various factors including hypoxia and psycho-emotional
stress. Our earlier investigations have shown that during aging there develops a more marked reaction
of the sympathetic-adrenal system to the hypoxic stress. In literature there is lack of data about the pe-
culiarities of adaptation to psycho-emotional stress under hypoxia in old age. We have tried to elucidate
the reaction of the sympathetic-adrenal system to psycho-emotional stress under hypoxia in the old age.
The study included 15 young and 25 essentially healthy elderly people in the age range from 60 to 74
years. Normobaric hypoxia was induced by the inhalation of gas mixture with low oxygen content (12%
of O, and 88% of N,) during 20 min. Blood plasma catecholamine concentrations were measured at
the basal state and at 20" min of hypoxia. To reproduce the state of psycho-emotional stress, we used
the laboratory model of psycho-emotional strain developed by A.A. Polyakov, N.F. Prokopenko and
A.V. Pisaruk. Psycho-emotional stress at normoxic conditions caused a typical universal reaction to stress
which is mediated by activation of sympathetic-adrenal system in all study groups. The increase in blood
adrenalin content was observed in young subjects and both catecholamines (adrenalin and noradrenalin) - in
old persons. Under hypoxic conditions the psycho-emotional load did not lead to further activation of the
sympathetic-adrenal system in young subjects. On the contrary, in elderly subjects the combined action of
psycho-emotional and hypoxic stress led to more marked reactions of the sympathetic-adrenal system in
comparison with their young counterparts. Conclusions. In aging there develops a more pronounced reaction
of the sympathetic-adrenal system to psycho-emotional stress. Combination of psycho-emotional and hypoxic
stresses leads to more pronounced activation of sympathetic-adrenal system in elderly versus young people.
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PULMONARY ALVEOLAR MICROLITHIASIS: REPORT OF 2 CASES
Patil P.V.!, Gaude G.S.2, Paramjyothi G.!, Jain R.!, Kaur K.!

INavodaya Medical College, Raichur -584103. 2J.N. Medical College, Belgaum - 590010. India.
docpvpatill@gmail.com

Pulmonary Alveolar Microlithiasis (PAM) is a rare pulmonary disease of unknown aetiology and patho-
genesis, characterized by diffuse microliths in the alveoli. We report 2 cases of PAM encountered by us in
last 16 years. Case 1: A 40 years male presented with cough and expectoration and progressive exertion
dyspnoea since 6 months. He gave history of occasionally bringing sand like particles in the sputum.
Sputum AFB was repeatedly negative. The RA test, LE cell phenomenon and ANA tests were also nega-
tive. The sputum examination revealed sand like particles to be microliths. Fiberoptic transbronchial
lung biopsy showed calcified spherules (microliths) in alveoli. Case 2: A 22 years female presented with
cough with scanty expectoration and dyspnoea since 3 years. The patient was treated in rural area as a
case of pulmonary tuberculosis (PTB) based on chest X ray (CXR). However sputum was negative for
AFB on repeated examination. Later the patient was referred to our hospital where the CXR and high
resolution computed tomography (HRCT) —findings were suggestive of PAM. The above 2 cases are
being presented for their rarity. Such cases are often under-diagnosed and treated as PTB in rural setup.
Facilities for genetic studies to detect the mutation in SCL34A2 gene, which encodes a type 11b sodium
dependent phosphate transporter, are not available in our setup.

THE ROLE OF POLY(ADP-RIBOSE) POLYMERASE-1 (PARP-1) IN CONCANAVALIN A
(CONA) INDUCED MICROCIRCULATION DISTURBANCES IN MOUSE LIVER

Pavlovych S.I., Martynova T.V., Makogon N.V., Grushka N.G.,
Sukhina V.S., Bryzgina T.M., Yanchii R.I.

Bogomoletz Institute of Physiology, Kyiv, Ukraine, spavl@biph.kiev.ua

Experimental hepatitis induced by polyclonal T lymphocyte activator ConA closely mimics pathologi-
cal features of immune-mediated liver diseases, such as microcirculatory disturbances leading to tissue
hypoxia. This is a good and convenient model for studying the mechanisms of autoimmune hepatitis,
particularly mediated by nuclear enzyme PARP-1. It participates in DNA repair and regulates transcription
factors. Excessive activation of PARP-1 has been shown to contribute to some inflammatory disorders.
Here we examined the effect of PARP-1 inhibitor 4-hydroxyquinazoline (4-HQN) on ConA-induced
liver microcirculation disturbances to estimate the involvement of PARP-1 in the development of hepatic
tissue hypoxia. ConA administration resulted in hepatitis with pathological changes in liver vascular
system which caused acute tissue hypoxia. Hypervolemia, microvessel enlargement, stasis, hemolysis,
thrombosis, vessel wall damage and perivascular edema were observed. The vascular injury was accom-
panied with the enhanced neutrophilic infiltration in the liver and with intensified superoxide produc-
tion by activated neutrophils. These changes caused oxidative stress and increased lipid peroxidation
(estimated by the level of malondialdehyde in the liver). The treatment of mice with 4-HQN (2h before
ConA) decreased the total score of liver vascular injury (sum of scores for microvessel enlargement,
hypervolemia, thrombosis, vessel wall damage and perivascular edema), P <0.001. 4-HQN administration
significantly reduced diffuse and focal neutrophilic infiltration in Con A-induced hepatitis and attenuated
hepatic oxidative stress. These results suggest that PARP-1 plays an important role in pathogenesis of
immune-mediated hepatic vascular damage and support the potential therapeutic application of PARP
inhibitors in the treatment of hypoxic liver injury.

SYSTEMIC CONDITION OF SOME INFLAMMATORY MEDIATORS IN PATIENTS WITH
BRONCHIAL ASTHMA AND WAYS OF THEIR CORRECTION

Pobedjonna G.P., Shuper V.O.
Lugansk state medical university, Lugansk, Ukraine, g-pobeda@ukr.net

Cytokines (CK), in particular, interleukins (IL) play a significant role in the development of chronic
inflammation in bronchi of patients with Bronchial Asthma (BA). The purpose of work: to study IL-1,
IL-4, IL-8, IL-10, TNF-a contents in blood serum (BS) and condensate of moisture of expiratory air
(CMEA) in patients with BA of different severity with exacerbation; to define the directions of their
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correction. Materials and methods. 222 patients with BA were studied including those with mild degree
- 107 (group I), moderate degree - 74 (group II), severe degree - 41 (group III). IL-18, IL-4, IL-8, IL-10,
TNF-a were studied in CMEA and BS by enzyme immunoassay method.

Results. In group I IL-1P, IL-4 were increased in BS and CMEA. In group II IL-1f, TNF-a, IL-8, IL-4
were increased almost doubled of the norm in BS and CMEA. IL-10 in BS was around the norm, and
in CMEA - significantly higher. In group III IL-1B, IL-4 TNF-a in BS and CMEA were significantly
higher than norm; IL-8 in CMEA was higher than in BS, IL-10 in BS and CMEA was close to norm.
Conclusions. After basic treatment the studied cytokines in patients of II and III groups didn’t become
normal in BS and CMEA. Medications with pleotropic effects which aren’t contraindicated in BA should
be added for correction of cytokines.

SENSING CHANGES IN OXYGEN CONTENT: THE ROLE IN HEALTH AND DISEASE
Pokorski Mieczyslaw

Department of Respiratory Research, Medical Research Center, Polish Academy of Sciences, Warsaw,
Poland, m_pokorski@hotmail.com

Oxygen is indispensible for life, as its molecule participates in energy metabolism in mitochondrial
electron transport chain. Sensing changes in oxygen is thus a vital homeostatic function of the organ-
ism. Oxygen is basically sensed by the sensory organ of the carotid body located at the bifurcation of
the common carotid artery. The organ produces a powerful defensive chemoreflex consisting of lung
hyperventilation in response to reductions in O,. The innate mechanisms of carotid body function are still
unknown and are subject of intensive research; in particular the role of a spate of neurotransmitters and/
or ionic channels in the organ’s receptor neurons, called chemoreceptor cells or Type I cells, is unsettled.
The assessment of carotid body function consists of taking the ventilatory responses to hypoxia (HVR)
and hyperoxia. Clinical usefulness of these tests is subject to debate. In health, the HVR may be used to
predict the ability to adaptively respond to hypoxia, e.g., during strenuous exercise, which comes down
to the prediction of safety of hypoxic episodes which someone may encounter. In disease, the HVR may
be used to predict, e.g., if supplemental oxygen given to patients in case of emergency or in chronic
respiratory disease would diminish ventilation. The hypoxic ventilatory response, and thus the ability
to deliver oxygen through the aged lungs, also is crucially important during the aging process. Interest-
ingly, despite severe structural and ultrastructural changes in the aged lungs, the response to hypoxia is
well preserved. Therefore, in advanced, but healthy, old age the central and peripheral neural respiratory
drive is able to compensate for the morphological lung tissue decline. The lecture will end up with the
hints on the newest theories concerning the detection of oxygen changes along the hyperoxia-hypoxia
continuum, having to do with the transient receptor potential channels.

PHASE CHANGES IN ENERGY METABOLISM DURING RECOVERY
AFTER HYPOXIA OR STRESS

Portnichenko V.L!, Nosar V.I.2, Portnychenko A.G.!, Pavlovich S.I.2, and Mankovskaya I.N.?

! International Centre for Astronomical, Medical and Ecological Research, NAS of Ukraine, Kyiv,
’Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine, vport@biph.kiev.ua

Patterns of energy metabolism changes during hypoxia or stress are poorly characterized and understood.
Male Wistar rats were exposed to periodic hypobaric hypoxia (PHH, 5600 m, 1 h, 6 séances every 3 days),
acute hypoxia (5600 m, 3 h), or stress (6 h immobilization daily, 2 weeks). During recovery period, oxygen
consumption (VO,), pattern of respiration, body temperature (Tm), mitochondrial respiration by Chance, HIF-
la and HIF-3a gene expression were determined. Four phases of metabolic changes were identified. The first
phase, hypometabolic (up to 7 days), is characterized by decrease in VO, and Tm, induction of HIF-la and
HIF-30 with delayed transitory stimulation of metabolism in response to each séance of hypoxia. It was found
that during above-mentioned phase the mitochondrial complex II was significantly activated. During the second
(transitional) phase the metabolic shifts were developed. In the third (hypermetabolic, 7-12 day or more) phase,
metabolism was intensified that accompanied by VO, enhancement and the mitochondrial complex I activation.
The fourth phase of primary adaptation (after 5 séances of PHH or 2 week of stress) was characterized by
the normalization of VO, and Tm, expression of HIF-10 and HIF-3a, mitochondrial respiration, the increase
in NAD-dependent oxidation of carbohydrate and lipid substrates. Thus, we identified four general patterns
of the rebuilding in energy metabolism during periodic, acute hypoxic episodes and stress.
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CELLULAR AND MOLECULAR BASIS OF ACUTE O, SENSING
AND ITS PHYSIOLOGICAL CONSEQUENCES

Prabhakar Nanduri R.

Institute for Integrative Physiology & Center for Systems Biology of O, Sensing, University of Chicago,
Chicago, IL, USA, nprabhak@medicine.bsd.uchicago.edu

The carotid body is a sensory organ for detecting arterial blood O, levels and reflexly mediates systemic
cardiac, vascular and respiratory responses to hypoxia. Sensory discharge of the carotid body is low under
normoxia and dramatically increases in response to even modest hypoxia. Type I (also called glomus)
cells, the site of O, sensing in the carotid body, express haem oxygenase-2 and cystathionine-y-lyase,
the enzymes which catalyze the generation of gaseous messengers carbon monoxide (CO) and hydrogen
sulfide (H,S), respectively. Physiological studies have shown that CO is an inhibitory gas messenger,
which contributes to the low sensory activity during normoxia, whereas H,S is excitatory and critical for
sensory stimulation by hypoxia. Hypoxia increases H,S generation in the carotid body, which requires
redox-dependent interaction of cystathionine-y-lyase with haem oxygenase-2, which generates CO. The
transcriptional activators, hypoxia-inducible factors 1 and 2 (HIF-1 and HIF-2) constitute important
molecular underpinning of hypoxic sensing by the carotid body. Recent studies demonstrate that redox
balance determined by mutual antagonism between HIF-1a and HIF-2a isoforms defines the ser point
for hypoxic sensing by the carotid body. Emerging evidence suggest that developmental programming
of the carotid body response to hypoxia involves epigenetic changes, e.g., DNAmethylation of genes
encoding redox-regulating enzymes. Available evidence implicates heightened carotid body chemo-reflex
in the progression of autonomic morbidities associated with cardiorespiratory diseases, such as sleep-
disordered breathing with apnoea, which causes intermittent hypoxia (IH). Exposing rodents to chronic
IH leads to sensitization of the carotid body response to acute hypoxia and induces sensory long-term
facilitation and these effects are mediated by altering the redox state. Analysis of the systemic responses
revealed that rodents exposed to chronic IH exhibit: a) more number of spontaneous apneas (cessation of
breathing greater than 2-3 breaths), b) elevated baseline and augmented sympathetic nerve response to
hypoxia, ¢) augmented catecholamine secretion from adrenal medulla, d) hypertension and e) elevated
ROS levels in central and peripheral nervous system. Remarkably, selective ablation of the carotid body,
while preserving the carotid baroreceptor function, prevents IH-evoked systemic and cellular responses.
Supported by grants from NIH-HL- 090554; HL-086493.

THE INFLUENCE OF HYPERINFLATION AND SYSTEMIC INFLAMMATION
ON THE 6 MINUTE WALKING DISTANCE IN PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE

Przybylowski T., Rubinsztajn R., Maskey-Warzechowska M., Paplinska-Goryca M., Nejman-
Gryz P., Karwat K., Chazan R.

Department of Internal Medicine, Pneumonology and Allergology, Warsaw Medical University,
Poland, przyb@amwaw.edu.pl

Dyspnea and impaired exercise tolerance are frequent in patients with chronic obstructive pulmonary
disease (COPD). Hyperinflation contributes to exercise intolerance by its negative impact on lung me-
chanics. The aim of the study was to evaluate the influence of hyperinflation on the 6 minute walking
distance and the markers of systemic inflammation in patients with COPD. The study group consisted
of 149 patients with stable COPD (61F, 88M) aged 68+8.8 yrs in all stages of severity. All the patients
underwent spirometry and bodypletysmography with bronchial reversibility testing. Hyperinflation was
defined as RV%TLC > 48% and > 126% predicted. The 6 minute walking test (6MWT) was performed in
accordance with the ATS recommendations. The following serum inflammatory markers were evaluated:
C-reactive protein, IL-6, IL-8, TNF alpha, CC16, adiponectin and resistin. The patients were divided
into group A (patients without hyperinflation, n=53) and group B (patients with hyperinflation, n=96).
Table 1 presents significant differences in the results of the 6 MWT between the two groups.
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Group A Group B )
Distance (m) 472.2+102.6 401.5+108.9 0.0003
Distance (% pred.) 98.0+20.3 84.3+20.5 0.0001
HR at rest (min!) 74.2+10.9 80.4+10.5 0.0008
Baseline SpO, (%) 94.8+2.3 93.8+2.7 0.01
SpO, 6 min (%) 90.5+5.8 88.5+6.5 0.01
Post-6MWTT dyspnea (Borg scale) 1.5£1.5 23+19 0.01

We found significant positive correlations between 6 MWD and serum IL-8 (R=-0.2,p=0.02), IL-6 (R=
-0.3, p=0.002), TNF alpha ( R=-0.2, p=0.04) and C-reactive protein (R=-0.2, p=0.03); SpO, 6 min and
resistine (R=0.2, p=0.006), CC16 (R=0.2, p=0.03); RV%TLC and IL6 (R=0.2, p=0.007) in the group
as a whole. Conclusions: (1) Hyperinflation has a negative influence on exercise tolerance in COPD
patients. (2) Systemic inflammation may also deteriorate exercise tolerance in COPD patients.

GUINEA-PIG BLOOD SERUM INTERLEUKIN-6 ACTIVITY IN THE DYNAMICS
OF EXPERIMENTAL BRONCHIAL ASTHMA DEVELOPMENT

Regeda M.S., Kolishetska M.A., Sementsiv N.G.
Danylo Halytsky Lviv National Medical University, Lviv, Ukraine, marta.kolishetska@gmail.com

Bronchial asthma is a common respiratory illness which affects people of all ages at any given time.
Cytokines play a critical role in the orchestration of chronic inflammation in all diseases, including
asthma and chronic obstructive pulmonary disease.

The aim of our research is to investigate some changes in activity of anti-inflammatory cytokine - In-
terleukin 6 (IL-6) in the blood serum of guinea-pigs in the dynamics of experimental bronchial asthma
(BA) development. Research materials and methods. Researches were carried out on 60 guinea-pigs
(males). The weight of each one was 180-220g. They were divided into 5 groups for 12 animals in each
of them. Intact guinea-pigs formed the first group (control). Animals with an experimental BA (5" day)
were among the second group. Among the third group there were guinea-pigs with an experimental BA
(19™ day). The fourth group consisted of animals with an experimental BA (26" day) and the last fifth
group included guinea-pigs with an experimental BA (33" day). Experimental model of bronchial asthma
was restored on guinea-pigs by the V.I. Babych method (1979). Euthanasia of animals was carried out
by the way of decapitation followed the European Convention for the protection of vertebrate animals
used for experimental and other scientific purposes (1985). The IL-6 concentration in the blood serum was
defined for all groups of guinea-pigs. It was made using hard-phase immune-enzyme analysis (ELISA), by
means of the test-system “Diaclone” (France). Numerical results were adapted with static method using
Student’s criteria. Research results and discussing. During the experimental researches some changes in activity
of Interleukin-6 in the dynamics of BA development was observed. So, after 5 days guinea-pigs had increased
their index by 39,7% (p<=0,05) in comparison with control indexes. Then, on 19" day of experiment, the in-
creasing of such index was noticed on 88,2% (p<=0,05) concerning the first group. The same index was noticed
concerning the intact animals (by 88,2% (p<=0,05)). In the latest term, on 33™ day, the highest increasing of this
anti-inflammatory factor was observed. It was higher by 122 % (p<=0,05) in regarding to healthy animals. Con-
sequently, the research of anti-inflammatory cytokine IL-6 in the blood serum of guinea-pigs during BA showed
its great increasing. It is evidence of considerable activity of immune inflammation and its direct participation in
pathogenesis on the assumption of such bronchial-pulmonary disease.

SOME POSSIBILITIES OF ELIMINATION OF THE ULTRASTRUCTURAL
PREREQUISITES UNDER EXPERIMENTAL PNEUMOSCLEROSIS DEVELOPMENT

Rozova E.V.
Bogomoletz Institute of Physiology, Kiev, Ukraine, erozova@ukr.net

The development of pneumosclerosis under experimental pneumonia and some possibilities of its pre-
vention were studied on adult Wistar rates. Due to peculiar structure of lung tissue, the chronisation of
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acute pneumonia and the development of pneumosclerosis accompanied not only with collagen fibers
germination in connective lung tissue, but to an even grater degree with disturbances of air-blood barrier
with epithelium desquamation, significant cell reaction with destruction of capillaries wall endothelium
and pronounced mitochondrial dysfunction. All these processes lead to hyperhydration of lung tissue
and/or intra-alveolar edema origin even during 4 and 6 weeks after pneumonia simulation. Different
modification of traditional therapy not always could prevent of pneumosclerosis development. In our
investigations it was shown that exogenously entered phospholipids in liposomal form proved a pro-
nounced positive effect on ultrastructure of lung tissue under acute pneumonia, consists, first of all, in a
substantial decrease of edema symptoms. We have also shown that the same positive effect may reveal
in the case of pneumonia chronisation. It was argued that employment of natural phosphatidylcholin
(lecithin) in liposomal form in combined therapy of experimental pneumonia lead to normalization of
ultrastructure of lung tissue: decreasing of destructive processes, hyperhydration and intra-alveolar edema,
mitochondrial dysfunction. Simultaneously, the number of sections with collagen fibers spreading and
hyalinosis in lung tissue decreased after 4 weeks of pneumonia modeling on 35% and after 6 weeks - on
75%. Thus, the effectiveness of treatment of chronic experimental pneumonia essentially increased with
employment of phospholipids in liposomal form.

INFLUENCE OF PSYCHOLOGICAL FEATURES OF CHILDREN ON THE PARAMETERS
OF EXTERNAL BREATHING

Roubuts T., Kharitonava A.
Grodno State Medical University, Belarus, roubuts 60@mail.ru

The act of breathing is considered to be a means of expression in the sphere of interpersonal relations
as well as a means of evidence of the inner state of an individual. The aim of our research was to study
the influence of the psychological peculiarities of a child’s organism on the parameters of the function
of the external breathing. Material and methods. The psychological investigation and the study of the
function of the external breathing of 148 practically healthy children with the help of the spirometer
were carried out. The children were 12,05+2,51 years of age in average. Results. The children are di-
vided into the following groups according to the type of the temperament: phlegmatic type — 34,2%,
sanguinic type — 24,4%, intermediate — 30,5%, choleric type — 7,3%, melancholic type — 3,7%. The
decreasing of FVC at the children with melancholic type (F=2,561, p<0,05) was revealed. It was also
revealed that there is a negative correlation dependence between schizoid dissocial type and the value
FEV, (r=-0,283, p<0,000 and r=-0,264, p<0,001, accordingly), proneness to conflict and FVC (r=-0,270,
p<0,001), positive - between conformism, stress level and IT (r=0,279, p<0,001 and r=0,211, p<0,01,
accordingly). Conclusion. The schizoid and dissocial type of the child’s temperament can be accompa-
nied by the obstructive violation of the function of external breathing. Conformism and stress states are
accompanied by the restrictive violation of the external breathing.

UNDERGROUND WORKING ENVIRONMENT PROVOKES LUNG DISEASES
DEVELOPMENT

Rybina T., Amelchenko E., Omelyanenko-Gonulal O.

Clinical Laboratory of Occupational Diseases, Republican Scientific and Practical Center of Hygiene,
Minsk, Belarus, oxanamackiewicz@yahoo.com

Background: Morbidity with temporary disability is the main parameter, characterizing health status
of workers with occupational aerosol exposure. Unhealthy and dangerous working conditions, their
long-term exposure upon workers promote risk factors of occupational lung diseases development.
We analyzed morbidity with temporary disability (MTD) of the workers with lung diseases working in
underground conditions within the period of 7 years. Materials and methods: Study included 2 groups:
15t group — workers with underground working environment (n=30383), 2" group — workers without
underground working conditions (n= 5536). Groups were divided into 5 age subgroups. Length of ser-
vice of the workers with respiratory diseases was calculated on the basis of morbidity with temporary
disability. Results: Upper respiratory tract infections developed in 15! group workers at mean age 36,1
years old and length of service in underground conditions - 11,6 years. Control group developed upper
respiratory tract infections in older age - 39,6 years old (p<0,05). We didn’t reveal statistical difference
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in comparison of morbidity of workers with influenza and pneumonia. Mean age of the workers with
temporary disability due to the upper respiratory tract diseases - 38,1 years old. Length of service in
underground conditions — 13,7 years. 2" group workers data demonstrated older age — 43,2 years old
(t=3,09; p<0,05). Conclusion: Medical prophylaxis measures should be provided first of all in workers
with length of service in underground conditions 5-15 years.

THE INFLUENCE OF HYPERINFLATION ON BODY COMPOSITION AND CYTOKINE
PROFILE IN PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

Rubinsztajn R. , Przybylowski T., Maskey-Warzechowska M., Paplinska-Goryca,
Gryz P-N, Karwat K., Chazan R.

Department of Internal Medicine, Pneumonology and Allergology, Warsaw Medical University,
Poland, przyb@amwaw.edu.pl

Body composition is an important prognostic factor in patients with COPD. The decrease in fat free mass
(FFM), muscle mass (MM) and increase in visceral fat is associated with an elevated secretion of cytokines
which promote systemic inflammation. The aim of the study was to evaluate body composition and the
cytokine profile in patients with COPD in relation with the presence of hyperinflation. The study group
consisted of 149 patients (61F, 88M) with stable COPD in all stages of severity aged 68+8.8 yrs with a
mean FEV1 55.9£18.9 % predicted. All the patients underwent spirometry and bodypletysmography with
bronchial reversibility testing. Hyperinflation was defined as RV%TLC > 48% and > 126% predicted.
Body composition was analyzed by bioimpedance. The following serum inflammatory markers were
evaluated: C-reactive protein, IL-6, IL-8, TNF alpha, CC16, adiponectin and resistin. Hyperinflation was
found in 96 patients (group A) and it was more frequent in women than men (49/61 vs. 47/88, p<0.001).
BMI and age in this group were comparable to those in patients without hyperinflation (group B). Table
presents significant differences in body composition between both groups.

| Hyperinflation (+) group A | Hyperinflation (-) group B | P |
Total body water (kg) 36.5+8.0 40.9+£7.8 0.0006
Fat free mass (kg) 49.4+10.2 55.9+10.7 0.0003
Body fat (%) 32.5£7.9 28.8+8.1 0.008
Muscle mass (kg) 47.6+10.6 52.4+10.3 0.0005
Height (cm) 163.9+8.9 168.8+8.2 0.0007

We found significantly higher serum concentrations of inflammatory markers in group A: IL-6 — 6.4+10.9
vs. 3.6+4.2 pg/ml, p=0.004; resistin — 9.3+4.2 vs. 7.6 £2.4 ng/ml, p=0.02, CRP 4.1£2.3 vs. 2.9£2.1
mg/l, p=0.04, respectively. Conclusions: (1) Although BMI in COPD patients with lung hyperinflation
is not different when compared to non-hyperinflated patients, patients with hyperinflation have a lower
FFM, TBW, MM and a higher proportion of fat tissue. (2) Hyperinflation is associated with systemic
inflammation and could therefore be a negative prognostic factor in COPD patients

INHIBITION OF H,S-SYNTHESING ENZYME CYSTATIONINE-GAMMA-LYASE
PROTECTS HEARZI‘ FROM REPERFUSION INJURY

Sagach V.F., Shimanskaya T.V., Goshovska Y.V.
Circulation Department, Bogomoletz Institute of Physiology, Kyiv, Ukraine, vsagach@biph.kiev.ua

Purpose: Hydrogen sulfide (H,S) is an endogenously generated gaseous transmitter. It is produced in
cardiovascular system from amino acid L-cysteine by cystathionine-gamma-lyase (CSE) enzyme. Recent
studies demonstrate controversial results of exogenously applied H,S donors. Among others H,S exerts
toxic effect at mitochondrial respiration and cardioprotective properties. Thus, mechanism of H,S ac-
tion is not fully understandable. The aim of the present study was to investigate the modulation of H,S
synthesis in heart ischemia-reperfusion model. Methods: Rat hearts of control group was perfused by
Langendorf preparation and submitted to 20 min of non-flow ischemia followed by 40 min of reperfu-
sion (I/R protocol). Second group of animals was pretreated with precursor of H,S synthesis L-cysteine
in dose of 121 mg per kg (intraperitoneal injection 30 min before I/R protocol). The third group was
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treated with inhibitor of CSE DL-propargyl glycine (PAG) in dose of 11.3 mg per kg intraperitoneally
10 min before L-cysteine injection and underwent I/R protocol. Registration of left ventricular devel-
oped pressure (LVDP), end-diastolic pressure (EDP), dP/dt and coronary flow was performed. Oxygen
cost of myocardial work (OCMW) was expressed as the ratio of the oxygen consumption and the heart
work (the product of the LVDP and the heart rate). Results: L-cysteine protected hears from reperfusion
injury improving cardiodynamic parameters restoration after ischemia. At the 10™ min of reperfusion
LVDP averaged 52% comparing to 42% in control. L-cysteine prevented appearance of postischemic
contraction and dramatic coronary flow reduction in early period of reperfusion: EDP averaged 34 mmHg
comparing to 43 mmHg in control. This protective action of L-cysteine was not attenuated by the CSE
inhibitor PAG. In third group recovering of cardiac contractile activity was even greater then in second
group. At the 10" min of reperfusion LVDP averaged 105% and EDP averaged 3 mmHg comparing to
43 mmHg in control group. Other parameters showed the same pattern of recovery including OCMW
which at 10" min of reperfusion averaged 216% in second group and 134% in third group comparing to
239% in control group. These data indicate more effective oxygen utilization by ischemic myocardium
under L-cysteine and PAG pretreatment. Conclusion: Our data demonstrate that L-cysteine improves
heart contractile activity recovery after prolonged ischemia. L-cysteine in combination with PAG pro-
tects hearts from ischemia-reperfusion injury and prevents non-effective oxygen utilization by ischemic
myocardium.

PROTEASOME ACTIVITY CHANGES AFTER FOCAL ISCHEMIA
Savchuk O.I., Goncharov S.V., Dosenko V.E., Skibo G.G.
Bogomoletz Institute of Physiology, Kiev, Ukraine, floweringbowl@ukr.net

Stroke is the third leading cause of mortality and a major cause of functional disability among the older
people worldwide. The aim of our study was to investigate proteasomal activity in rats with focal
cerebral ischemia in the locus of damage and in risk zone. Materials and methods. Experiments were
performed on 42 adult male Wistar rats, weighing 280-320 g, animals were divided in 6 groups — Nel
control (sham operated, 7 rats) and Ne2 experimental (7 rats) with 6 hours of reperfusion, Ne3 control
(7 rats) and Ne4 experimental (7 rats) with 24 hours of reperfusion, Ne5 control (7 rats) and Ne6 experi-
mental (7 rats) with 72 hours of reperfusion. Ischemic Stroke was modeled by transient occlusion of the
middle cerebral artery according to the method of Koizumi J., et al. (1986), which lasted 60 minutes.
Evaluation of ischemic damage was performed 6, 24 and 72 hours after restoration of blood flow. To
confirm the specificity of proteasomal hydrolysis we added to the samples selective inhibitors of the
proteasome -laktatcystyn-beta-lactone or Mg-132 at a concentration of 5 mM. Results. Three types of
proteasomal proteolytic activity were measured in brain tissue: chemotrypsin-like (CTL), trypsin-like
(TL) and peptidylglutamyl peptide-hydrolase (PGPH). Shifts in proteasomal activity in the result of
ischemia were found ambiguous. The TL activity of proteasome in ischemic brain regions decreased
by 2 times compared with controls (P = 0.045) in groups Ne2, 6, but increased by 11 times compared
with controls (P>0.05) in group Ne4, but increased by 6 times in group Ne3. CTL activity decreased
by 1.2 times compared to the control (P = 0.037) in groups Ne 2, 6, but increased by 2 times compared
with controls (P>0.05) in group Ne4. PGPH activity decreased by 3 times compared to the control (P =
0.037) in groups Ne 2, 4, this type of activity was not significantly changed with either the control or
with the risk zone in groups Nel, 3, 5, 6. Conclusions. Proteasomal proteolysis is significantly reduced
in a result of focal brain ischemia during the first 6 hr of reperfusion with subsequent increase observed
starting from 24 hr.

FEATURES OF THE KIDNEY INFLAMMATION AND THE LEVEL
OF ENDOGENOUS INTOXICATION IN ACUTE LUNGS INGURY IN EXPERIMENT

Sas P.A.
Ternopil state medical university named after I. Ya. Horbachevskiy, Ternopil, Ukraine, sas_lesia@mail.ru
Purpose — to determine features of the kidney inflammation progression during acute lungs injury (ALI).

Simulated acute lung injury experiments were performed on white rats by introducing to the trachea HCI,
pH 1,2 at a dose of 1.0 ml-kg-1 at inhalation. Animals of the experimental group withdrew from the
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experiment at 2, 6, 12 and 24 hours. In kidney tissues there was determined the content of TBA-active
lipid peroxidation processes products, in serum — endogenous intoxication level using data on middle
molecular weight of different fractions (MMW 254-280). Studies have shown that the lipid free radical
oxidation is significantly intensified, what is evidenced by a significant increase in TBA-active products
of lipid peroxidation, which was increased at 1.79 times (p<0.001) in 6 hours. After 12 h, these figures
declined by 12.6% (p<0,05), but did not reach the control level. After 24 h they exceeded the level of
control by 76.7% (p<0,001). Content of MMW also increased up to 6 hours of observation, somewhat
decreased to 12 hours, and increased again to 24 hours. Thus, during ALI the inflammation is signifi-
cantly increased in the kidneys. The content MMW varies in proportion to it and shows derangement of
secretary function. Reducing the content of these indexes to 12 h indicates obviously the development
of adaptive-compensatory processes in the body. However, after 24 h the depletion occurs.

INSPIRATORY MUSCLE RESISTANCE TO FATIGUE
DURING SIMULATED AIRWAY OBSTRUCTION

Segizbaeva M.O., Aleksandrova N.P.
L P.Pavlov Institute of Physiology, RAS, St. Petersburg, Russia, marina@infran.ru

Respiratory muscle fatigue can develop during simulated airway obstruction. The aim of this study
was to characterize the pattern of inspiratory muscle fatigue and to assess the resistance to fatigue
of diaphragm (D), parasternal (PS), sternocleidomastoid (SM) and scalene (SC). 6 healthy untrained
subjects participated in this study. To identify signs of inspiratory muscles fatigue development electro-
myographic activity of D, PS, SCM and SC was recorded during 5-min exercise with loaded breathing
(40 cm H,O "5~ I'") . The before-to-after exercise measurements of maximal inspiratory pressure (MIP)
and EMG power spectrum changes were performed. Maximal inspiratory pressure declined about 12 %
after exercise test compared with control, whereas the peak magnitude of integrated electrical activity
of D, PS, SCM and SC during post-exercise Muller’s maneuver was significantly greater than in pre-
exercise test in all subjects. The extent of inspiratory muscles fatigue was evaluated by analysis of shift
in centroid frequency (f)) of EMG power spectrum. All subjects demonstrated a significant reduction
in f, of PS, SCM and SC. Frequency f, of D was not changed. Diaphragm is more resistant to fatigue
during obstructive breathing comparecf with PS, SCM and SC. The data suggest that the reduction of
maximum inspiratory pressure in chronic obstructive pulmonary disease also caused primarily by the
weakening of the accessory muscles, while the weakness of the diaphragm may occur in the later stages
of the disease. The functional failure of accessory muscles is an additional factor, which, along with the
additional breathing resistance increases the load on the diaphragm, promoting its fatigue and reduced
respiratory reserve.

TUBERCULOSIS IN MEDICAL WORKERS
Semashko O.B.,Tsygankova O.A.,Pankratova Yu.Yu.,Germenchuk L.A..
Belorussian State Medical University, Minsk, Belarus, olga.semashko.83@mail.ru

According to the Belorussian Center of Medical Technologies, Computer Systems, Administration and
Management of Health (BelCMT), the respiratory tuberculosis (RT) in healthcare providers takes up
third place yearly in Republic of Belarus. During last 10 years 152 professional patients were revealed
among medical workers. 125 of them (82%) have respiratory tuberculosis. They were occupied in TB
dispensary and deal with patients, suffered from tuberculosis, which also include persons discharging
bacteria, or contaminated substance. Respiratory tuberculosis (RT) was frequently diagnosed in hospital
aide — 42%, nurses — 35%. Doctors morbidity was about 17% and medical technologists ones — 6%. We
studied features of RT development (according to medical documentation) in 32 patients. Selection was
made using casual selection method. In all cases overload at work was associated with unfavorable ac-
commodation facilities: one-room apartment with other family members, a hostel room with 6-8 people
or a communicating room. Short length of service before RT was diagnosed attracts attention: 25 people
(78%) felt ill in the range from half a year till 4 years of work, 9 (28%) of them -in the range of half a
year till one and half a year. The occupational disease was established in most cases in 1-2 years after
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the treatment onset (90,6%), and in 9,4% of cases in 6 and more years. Some patients were not inspected
by Medical Rehabilitation Expert Board(MREB), since after treatment they came back to former work.
Percent of disability were established in cases of disease reccurrence.The II-III group of disability and
60-80% of disability were established when an infiltrative form of tuberculosis with a disintegration
and BK+ phase, a resection of part of a lung took place. Thus, it is necessary to employ injured med-
ics in due time and to direct them on MREB for drawing up PRP (Patients Rehabilitation Program) and
activity restriction extent definition.

LESSONS FROM TWENTY YEARS’ INVESTIGATION OF INTERMITTENT HYPOXIA:
PRINCIPLES AND PRACTICES

Serebrovskaya T.V.
Bogomoletz Institute of Physiology NASU, Kiev, Ukraine, sereb@biph.kiev.ua

Widespread use of the intermittent hypoxic training/treatment (IHT) methods in sports, military and
medical practice during recent decades has provoked a discussion: “What is ‘intermittent hypoxia’? Does
it play pathogenic roles in disease states, such as sleep-disordered breathing, chronic pulmonary disease,
cardiovascular disease, and cancer? Or, quite to the contrary, does exposure to intermittent hypoxia induce
protective responses?” (Semenza, 2011). In contrast to studies from the former Soviet Union countries
that emphasized mainly the beneficial effects of IHT on an organism, intermittent hypoxia research in
Western Europe and North America was primarily focused on the detrimental effects associated with
sleep apnea. However, during the past decade, such a gap of division between East and West is progres-
sively shrinking, and mutual understanding on what “intermittent hypoxia” means, becomes clearer.
Potential mechanisms underlying both beneficial and adverse effects of IHT have been described. Basic
investigations led to the proliferation of various methods of IHT exposure, the development of different
medical equipments — hypoxicators — for its implementation in sport practice, military operations and
also for clinical application. However, wide array of different protocols and measurements makes the
results difficult to harmonize. The questions that arise are, what are the key mechanisms determining the
adaptive versus maladaptive nature of different paradigms of intermittent hypoxia, and, what molecular
pathways are mediating the observed pathological or physiological response (Prabhakar, 2012)? Until
now there is no exact evidence about the precise mechanism for switching adaptive or maladaptive
responses to hypoxic impact. Besides, there is no exact answer on the practical question of what dose
and regimen of hypoxic impact could be mostly beneficial for animals and humans. Wide spectrum of
protocols for IHT is represented now in literature showing both effects. Meanwhile, the mode of hypoxic
influence (depth, duration, and intermittence) appeared to be critical for the determination of healing or
harmful result. Therefore, special purposeful investigations are needed to elucidate basic mechanisms
of different IHT effects depending on the modality of hypoxic stimuli and elaborate most effective and
safe regimen for the introduction in human practice.

MODERN TRENDS IN THE TREATMENT OF COPD,
COMBINED WITH OSTEOARTHROSIS

Skiba T.A.
Lugansk state medical University, Ukraine

COPD is one of the most common human diseases, which, according to the WHO data, affects 0,8% of
the population of the planet, mainly persons over the age of 40, with the excess of incidence rate among
men (0,9%)than among women (0.7%). In recent years, the importance of such factors of COPD patho-
geneses, as hypoxemia and hypercapnia, increases and leads to limitation of physical activity, increas-
ing of body mass index as unfavorable prognostic factor for life, and in the future — to development of
systemic effects of disease, such as progressive cachexia, secondary anemia, systemic inflammation,
systemic osteoporosis as a basis for the osteoarthrosis (OA) development. In patients older than 40 years
the comorbidity of COPD and OA occurs quite often. In turn, OA is a common pathology, especially
in people of middle and elderly age, which significantly reduces the quality of life of the patients, thus
makes its important medico-social value. The degree of severity, functional changes and progression
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of disease in patients with COPD and OA are at least partly connected with level of chronic inflamma-
tion. The coexistence of COPD, which is accompanied by a systemic inflammation, with OA, in the
progression of which the influence of the mediators of inflammation was also revealed, requires careful
consideration to search for ways of rational treatment of COPD and OA combination. At the present
time the physical rehabilitation has a significant role in the treatment of COPD; it should increase the
tolerance of the patient for physical loads, slow down the fall of the respiratory volumes and improve the
social adaptation of the patient. Accompanying of OA with COPD, especially with the defeat of the large
joints and pain syndrome, can significantly limit the recovery capability of the patient and degrade the
quality of his life. That is why the determination of ways of pharmacological correction of the revealed
pathogenic factors and directions of medical rehabilitation of patients with a combination of COPD and
OA has a considerable practical importance.

APPLICATION OF INTERMITTENT HYPOXIC TRAINING FOR THE AMELIORATION
OF BALNEOTHERAPEUTIC COMPLEX SPA TRUSKAVETS EFFECTS ON IMMUNE
SYSTEM

Starodub A.G., Barylyak L.G., Popovych L.L.
Bogomolets Institute of Physiology, Kyiv, Ukraine, i.popovych@ukr.net

Children with chronic pyelonephritis and concomitant chronic bronchitis being at balneotherapeutic
complex spa Truskavets were subjected to additional IHT course using the apparatus Hypoxytron- Simplex
(Kiev). Such treatment prevented in some cases the reduction of Stange test and the concomitant reduction
of CD8-T cells, caused the increase in blood serum immunoglobulins G, A, M content and serum and
saliva lysozyme content with normalizing of circulating immune complexes. IHT also potentiated the
stimulatory effect of balneotherapy on the activity, the intensity and completeness of phagocytosis by
neutrophils in blood culture Staph. aureus. IHT did not significantly affect other parameters of immunity.

HYDROGEN SULFIDE AS ENDOGENOUS MODULATOR OF CA?*-SENSITIVE
MITOCHONDRIAL PERMEABILITY TRANSITION PORE IN ADULT AND OLD RAT HEART

Strutynska N.A., Semenykhina O.M., Kotsuruba A.V., Dobrovolsky F.V., Sagach V.F.
Bogomoletz Institute of Physiology, Kyiv, Ukraine , natalystrutynska@inbox.ru

Introduction. Hydrogen sulfide (H,S) is an endogenous gaseous mediator, produced by de novo synthesis
in mammalian tissues during cysteine metabolism. It is known three H,S synthesized enzymes — cys-
tathionine B-synthase (CBS), cystathionine y-lyase (CSE) and 3-mercaptopyruvate sulfurtransferase
(MPST). H,S and NO are key regulators of several cell processes and organ functions under both normal
and pathological conditions. Mitochondrial permeability transition pore (mPTP) opening causes mito-
chondrial membrane potential collapse that leads to mitochondrial dysfunction and apoptosis in aging
heart. The role of H,S in mitochondrial function regulation is now receiving increasing attention. The
present study aims to clarify the mechanisms underlying the cardioprotective effects of H,S in aging rats.
Methods. In the isolated from the adult and old rat hearts mitochondria, we studied the intramitochondrial
H,S pools simultaneously with production of ROS (*O," and *OH-radicals generation, H,0,, uric acid,
MDA and DK pools) production of RNS (activity of cNOS and iNOS, NO,", GSNO and protein nitro-
sothiol pools) and arginase II activity. In experiments in vivo and in vitro we studied the effects of both
H,S donor (NaHS) and precursor of de novo synthesis (L-cysteine) on the sensitivity of isolated from
the adult and old rat hearts mitochondria mPTP opening to its natural inductor, Ca>* by mitochondria
swelling. Results. For production of H,S in physiological concentrations we used donor H,S - NaHS
in concentration 107° - 107> mol/l. NaHS used in these concentrations exerted the inhibiting effect on
the Ca?"-induced mPTP opening in adult hearts (corresponding values of such effect were 31 and 77%,
respectively), while in old hearts the protector effect of NaHS was observed only at its concentration of
1075 mol/l. A specific inhibitor of K ,;,-channels, 5-hydroxydecanoate (5-HD; 10~ mol/l) decreased the
both Ca?*- independent and Ca**-induced mitochondrial swelling in the presence of NaHS (107 '°and 1073
mol/l), indicating the contribution of these channels to the H,S-dependent inhibition of mPTP transition
in both adult and old rat hearts mitochondria. In experiments in vivo, single intraperitoneal injections of
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NaHS (10* mol/kg) or L-cysteine (1072 mol/kg) resulted in a decrease in the sensitivity of mPTP of its
Ca?"induced opening in both adult and old rat hearts. In experiments in vivo propargylglycine (10~* mol/
kg), specific blocker of H,S de novo synthesis by cystathionine-y-lyase, increase the sensitivity of Ca®*
induced mPTP opening in old hearts. The results showed that in heart mitochondria isolated from the
old rat H,S pool was decreased to 47% of control value, as well as NO,"(31%) and GSNO (56%) pools
and cNOS activity (51%). In contrast, iNOS activity was increaset to 168% of control value, as well
as ROS generation (*O,” — 308%, *OH — 288%) and pools of H,0, (197%), uric acid (1042%), MDA
(284%), DK (1059%) and protein nitrosothiol (697%). Conclusion. We demonstrated that endogenous
H,S may be include in the control of the Ca**-induced mPTP opening in heart mitochondria isolated
from the adult and old rat. Concentration of H,S in mitochondria of old rat hearts was dramatically
decreased thereby resulted in increasing of sensitivity of mPTP to Ca?*. Thease changes were accom-
panied by oxidative (ROS) and nitrosative (RNS) stress activation. Thus, endogenous H,S may exerted
the protective effect on the Ca?*-induced mPTP opening by incresing Ca**-dependent constitutive NO
de novo synthesis by ¢cNOS and by inhibition of ROS and RNS formation .

ANTITOXIC EFFECT OF ADAPTATION TO HYPOXIA AND HYPEROXIA: REDOX
SIGNALING AND PHYSICAL ENDURANCE IN THE MODEL OF LOW DOSE
INTOXICATION BY CHROMIUM AND BENZENE

Stryapko N.V., Sazontova T.G., Hajrullina A.A., Vdovina I.B., Kulikov A.N., Arkhipenko Yu.V.
Faculty of Medicine, M.V. Lomonosov Moscow State University, arkhipenko@fbm.msu.ru

The aim of this study was to evaluate the possibility of non-medicamentous prevention of toxicant-
induced damage. We used the rat model of intoxication by potassium bichromate and benzene developed
on the basis of data obtained with employees exposed to low doses of toxicants or inhabitants from
environmentally neglected zones. New model of the adaptation to hypoxia and hyperoxia is capable of
antioxidant system and energy metabolism activation. We investigated the effect of chronic intoxication
with a mixture of benzene and potassium bichromate on physical endurance, behavior parameters, the
intensity of oxidation processes, the activity of antioxidant enzymes, level of heat shock proteins (HSPs)
and hypoxia induced factor (HIF-10) on male Wistar rats. It was found that preliminary adaptation to
hypoxia and hyperoxia (alternately by 3-5 min, in total 1 hour daily during 7 days) can prevent disorders
caused by intoxication: decrease of physical endurance, animal weight reduction, increased oxidative
stress and concentration of transcription factor HIF-1a and HSPs. Conclusion: preliminary respiration
with hypoxia and hyperoxia can be used as preventive method of toxic damage.

DETERMINATION OF ENDOTHELIAL DYSFUNCTION IN PATIENTS WITH CHRONIC
OBSTRUCTIVE PULMONARY DISEASE WITH AND WITHOUT DIABETES MELLITUS
TYPE II BY THE CONTENT OF ENDOTHELIAL CELLS IN BLOOD

Stupnitska G.Ya., Fediv O.I.
Bukovinian State Medical University, Chernivtsi, Ukraine, dumanna77@mail.ru

In recent years, chronic obstructive pulmonary disease (COPD) is regarded as systemic inflammation
with the presence of comorbidities that significantly affects the course of the underlying disease. We
studied the role of the functional state of endothelium in systemic effects of COPD with the presence
of comorbidities, in particular cardiovascular diseases and diabetes mellitus type II (DM II). The aim
of the work: to estimate the content of blood circulating endothelial cells as an indicator of endothelial
dysfunction in COPD patients with and without concomitant DM I1. Materials and methods. The study
involved 20 patients with COPD, combined with DM II, and 25 COPD patients without concomitant
diabetes. The control group consisted of 20 healthy individuals. Number of circulating endothelial
cells was determined by the method of Hladovec J., that assumes the isolation of endothelial cells with
platelets with subsequent deposition of platelet adenothindiphosphate. Results. In the group of patients
with COPD combined with type Il DM, the content of circulating endothelial cells in blood was higher
(12,5 £2,1x10%1) than in patients without concomitant diabetes (6,0 = 0,9x10%1, p <0.05) and healthy
individuals (3,5 + 0,9x10%1, p <0.05). Conclusion. Thus, higher level of endothelial cells desquamation
in blood indicated the presence of endothelial dysfunction, particularly with concomitant DM type II.
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CLINICAL COURSE AND TREATMENT OF BRONCHIAL ASTHMA IN THE ELDERLY
Svintsitskyy A.S.
Bogomolets National Medical University, Kyiv, Ukraine, sasnmu@mail.ru

Bronchial asthma is a common disease in the elderly. According to epidemiological data, the preva-

lence of asthma in elderly patients (EP) is about 5 to 15%. In this study we examined 186 patients with

bronchial asthma aged over 60 years. Allergens from focal infections (chronic bronchitis, pneumonia)

played leading role in hyperresponsiveness formation and asthma development in EP. Genetic predis-

position was less common, EP mainly had infectious-allergic form of asthma due to inflammatory lung

diseases. The most important features of asthma clinical course in EP were comorbidity, nonspecific

manifestations of the disease, age-related changes in respiratory organs, depletion of adaptive mecha-

nisms, rapid deterioration at late start of treatment, frequent development of complications caused both

by the disease and treatment.

Based on our observations and literature data, principles of asthma treatment in EP are:

immunotherapy in most EP is not used;

to prescribe drugs with optimal effect and the lowest probability of adverse events;

to give priority to inhalation of anti-inflammatory drugs and bronchodilatators;

to select the optimal inhaler (without reference to the asthma clinical course severity) accordingly

to lung function ventilation parameters;

* to optimize methods of drugs administration (basic therapy includes use of inhalers, spacers; nebu-
lizers are used at exacerbation of disease);

* to follow the rules of possible complications prevention (oral hygiene, etc.);

* to educate patients to implement the treatment recommendations;

e to treat comorbidities, exclude drugs that can affect the course of asthma.

THE CHILDREN’S INCIDENCE OF ASTHMA
IN GRODNO ACCORDING TO A LONG-TERM MONITORING

Tomchyk N.V.
State Medical Universit, Grodno, Belarus, natallianv@tut.by

According to epidemiological studies the incidence of bronchial asthma among children is 5-10%,
but, according to statistical reports, this index is much lower. The purpose of the work is to assess the
dynamics of asthma incidence in Grodno in 2000 to 2012. General and primary asthma incidence was
studied among children in Grodno at the age of 0-17 years in 2000 to 2012 according to the statistics.
It has been found the reduction in overall asthma incidence from 10,1 in 2000 to 6,1 in 2012 per 1000
children (p <0,001) in the background of chronic allergic respiratory diseases during the same period.
It is noted the decline of the indicator of primary incidence from 1,6 in 2000 to 0,5 in 2012 per 1000
children (p <0,005). It has been found an increase in the overall asthma incidence of children aged 15-
17 from 12,1 in 2000 to 37,1 in 2012 per 1000 children, p <0,001. In addition, this group of children
marked the increase in the number of boys suffering from asthma from 14,2 in 2000 to 49,4 in 2012 per
1000 children, p <0,001. Conclusions: It was established the decrease in general and primary asthma
incidence in children in the city of Grodno. The older the child, the higher the frequency of this pathol-
ogy is observed. Among teenagers bronchial asthma is more often found in boys.

RAT RESPIRATORY FUNCTION AFTER HYPEROXIC GAS MIXTURE IMPACT
Yanko R.V., Chaka E.G., Litovka I.G. and Levashov M.I.
Bogomoletz Institute of Physiology, Kiev, Ukraine, biolag@ukr.net

Hyperoxic gas mixture (HGM) is widely used in the clinic for the treatment of diseases. However, it is
known that with increasing levels of partial pressure of oxygen and duration of its effects may develop
various pathological processes. Our purpose is to examine the changes of morphological and biochemical
indicators of lung respiratory section of adult rats after exposure to HGM. The investigation of HGM
(40% oxygen) influence was performed within 1 hour during 14 days to 24 male Wistar rats age of 12
months. Histological preparations from the lung tissue were made by the standard method. The concentra-
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tion of total oxyproline was determined photometrically. In rats exposed to HGM, there is occurred the
tendency to reduce the area of transversal cut to alveolus (7%). The average width and depth to alveolus
remained at the control level. Width of the entrance to the alveolus and the total width of respiratory
bronchioles, alveolar ducts and sacs in the experimental group of animals significantly increased by 21
and 25% accordingly. So there is an increase of respiratory bronchioles airiness and alveolar ducts, but
decrease of alveolar surface area and alveolus airiness, after the exposure to HGM. Experimental rats
revealed a significant increase in the number of collagen fibers, interalveolar septum thickness (41%)
and the concentration of total oxyproline (29%) in the lungs. Therefore, breathing the gas mixture of
40% oxygen reduces the total alveolar surface area, increases the mass of connective tissue in lungs
which leads to the reduction of gas exchange rate and ventilation in adult rats.

CHOLESTEROL LEVEL AS A MARKER
OF COMMUNITY-ACQUIRED PNEUMONIA (CAP) SEVERITY

Yatsevich O. N, Alekseychik D. S.”

'‘Department of Internal Diseases N I Belorussian State Medical University, Minsk, o-n-y@yandex.ru;
2Central distrik polyclinic Ne 3, Minsk

Background: The knowledge regarding lipid biomarkers in CAP still remains limited. The aim: We
investigated the level of cholesterol in immunocompromised CAP patients. Methods: 365 hospitalized
CAP patients were retrospectively enrolled to the study and assigned to one of the two groups. The 15
group included 140 patients under 45 years of age with moderate and severe CAP (mean age: 32+8; 82%
severe CAP and 18% moderate CAP). The 2" group - 225 patients over 45 years of age with moderate
and severe CAP (mean age: 63+1; 90% severe CAP and 10% moderate CAP). Results: Cholesterol level
in patients with severe pneumonia appeared to be lower than those in patients with moderate pneumo-
nia (3.8+=1.0 mmol/L in patients under 45 years old and 4.3+0.9 mmol/L in patients over 45 years old)
vs (4.7£0.8 mmol/L and 5.09+1.0 mmol/L respectively). We found the different cholesterol levels in
patient with moderate and severe CAP. The hypo-and normocholesterolemia in patients of the 1% group
was detected in 73% of those with moderate CAP and in 92 % with severe CAP, in patients of the
2" group — in 56.6% and 86% respectively (p<0.05). We analyzed 22 medical records of the deceased
patients. Cholesterol level was considerably decreased in non-survivors - 2.3+0.5 mmol/L (p<0.05).
Probably this could be related to the increased cholesterol use for the leukocytes membrane building.
Conclusions: Cholesterol level was significantly decreased in patients over 45 years old versus patients
under 45 years old with the similar CAP severity. Cholesterol value was significantly lower in severe
CAP patients in comparison with the moderate CAP patients. Thus, cholesterol level could be a simple
marker of CAP severity.

OCCUPATIONAL TUBERCULOSIS (TB) AS THE DISEASE OF MEDICAL PERSONALS
Zienkow L.N., Aleksa E.N.
Grodno State Medical University, Grodno, Belarus, alex helen2001@mail.ru

Background. Pulmonary TB takes a leading place among all occupational diseases of medical staff in the
Grodno region of Belarus. 32 patients with TB are registered in the regional center of Pathology. This is
85% of the total number of occupational diseases in medical staff. The aim of study was the analysis of
the incidence of occupational TB cases. Material and Methods. All the 30 observed patients were women,
age varied from 25 till 35 years (in 70% of cases) as well as the length of work varied from 6 till 15 years.
There were 15 nurses, 13 physicians, 2 laboratory assistants and 2 nurses among these patients. 30 patients
worked in TB hospitals and only 2 persons were from other hospitals. Results. Focal pulmonary TB was
established in most of the patients (86%). Surgical treatment was performed in four patients. The disability
group was established in 8 patients. Two patients died from pulmonary TB. It should be noticed that 3-4 of
new cases of TB were diagnosed annually in the Grodno region. The exogenous and endogenous risk fac-
tors of occupational TB were: a high virulence and drug resistance of mycobacteria TB, unfavorable work
conditions with high level of chronic psychoemotional or physical stress, nonphysiological conditions (night
duties, uncomfortable psychological climate) and other factors. Conclusions. The important measures for
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the prevention of occupational TB among medical personals are the following: regular periodic medical
examinations, following the strict measures of infectious control and improvement of work conditions.

THE IN VIVO AND IN VITRO BLOOD OXYGEN-BINDING PROPERTIES MODIFICATION
BY DIFFERENT NITRIC OXIDE DONORS

Zinchuk V.V, Stepuro T.L., Khodosovsky M.N.
Grodno Medical State University, Grodno, Belarus

It is known, that the donors of nitric oxide (NO) — sodium nitroprusside (SNP), nitroglycerine (NG), can
protect liver against ischemia/reperfusion injury decreasing lipid peroxidation, improving antioxidant status
and transaminase activity. Including the role of NO in the hemoglobin oxygen affinity regulation we aimed
to investigate in vivo and in vitro the possibilities of modification of blood oxygen-binding properties by
different NO donors. Infusion of SNP (2, 5 mg/kg) or NG (1, 5 microg/kg) was performed in rabbit hepatic
ischemia(30min)/reperfusion(120min) model in vivo. The in vitro experiments were performed with rabbit
venous blood, which was incubated during 30 or 60 min with different NO donors: SNP, NG, molsidomine
(Mls), S-nitroso cysteine (CysSNO), S-nitroso-N-acetylpenicillamine (SNAP), S-nitrosoalbumin (AIbSNO).
Indices of blood oxygen transport (p50, ., p50,. ., PCO,, pH, etc.) were measured. There is determined, that
NG infusion in vivo experiments leads to decrease of hepatic venous blood p50, , on 5 mmHg (p<0,05) at
the end of reperfusion concerning rabbits without NG. SNP administration for animals reduces p50_, . in
the blood on 4,5 mm Hg (p<0,05) on the 120 min of reperfusion. The in vitro investigation has shown, that
none of the NO donors changed the p50,, but p50_ . was reduced by CysSNO and SNAP on 2,8 (p<0,05)
and 3,3 (p<0,05) mm Hg, respectively. Thus modification of blood oxygen-binding properties depends of
NO donor’s structure, metabolism, peroxynitrite formation and environment of experiment.

TOLERANCE TO HYPOXIA
Zubieta-Calleja, GR, Ardaya G, Zubieta N, Paulev PE and Zubieta-Castillo, G.
High Altitude Pulmonary and Pathology Institute IPPA, La Paz, Bolivia. zubieta@altitudeclinic.com

People living at sea level have poor tolerance to hypoxia. In striking contrast, humans experiencing
hypoxia at high altitude live very well. How is it possible for man to tolerate extreme hypoxia at high
altitude? In this article we propose a hypothesis that potentially explains the tolerance to hypoxia at high
altitude. Close examination of values of hemoglobin and PaCO2 for an altitude of 3510 m demonstrate
that an increase in hemoglobin (Hb) and a decrease in arterial carbon dioxide tension (PaCO2) are two
essential changes that occur on high altitude exposure. We propose a formula:

Hb
Tol to Hypoxia = ————x 3.01
olerance to Hypoxia = 5~

We present evidence that the relationship between Hb and PaCO2 explains the tolerance to hypoxia at high altitude.
(Presented in part at the Leh Symposium and the Global Hypoxia Summit in New Dehli India Aug3-9, 2012).
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Decade of the cooperation between Polish, Ukrainian and
Belorussian physiologists and pulmonologists (2004 - 2013)

The initiative to organize the Polish-Ukrainian Respiratory Working Group has arisen in October 2003

during the official visit of Prof. Janusz Kowalski to the Bogomoletz Institute of Physiology, Kiev, Ukraine.

The driving motion of this initiative was the great wish to establish closer collaboration between Polish

and Ukrainian researchers and physicians, to inspire the exchange of mutual experiences in research work
and clinical practice and finally to help our patients who suffer the same pain and diseases on both sides of
Polish-Ukrainian border. This concept has been approved by Prof. Jerzy Kozielski (President of the Polish

Respiratory Society, Silesia Medical Academy, Poland), Prof. Platon Kostyuk (Director of the Bogomoletz
Institute of Physiology, Ukrainian National Academy of Sciences, Kiev) and National Delegates of the

European Respiratory Society Prof. Joanna Chorostowska (National Research Institute of Tuberculosis and
Lung Diseases in Warsaw, Poland) and Prof. Yuri Feshchenko (Institute of Phthisiology and Pulmonology
AMSU, Kiev, Ukraine). Next year Ukrainian scientists and doctors were invited by the Organizing Committee
of 28th Congress of the Polish Respiratory Society to participate in this meeting in Lodz. During the Congress

the Polish-Ukrainian Working Group of Clinical and Experimental Pathophysiology of Respiration was

established. Prof. Janusz Kowalski (Institute of Tuberculosis and Lung Diseases in Warsaw) and Prof.

Tatiana Serebrovskaya (principal researcher of the Bogomoletz Institute of Physiology in Kiev) have been

elected as Coordinators of this group. Since 2012 Prof. Piotr Gutkowski leads the working group. During
following decade the annual meetings in Kiev (2005), Opole (2006), Donetsk (2007), Katowice (2008),

Ternopil (2009), Mikolajki (2010), Chernivtsi (2011), and Wisla (2012) took place. In 2008 Belorussian

colleagues from Grodno and Minsk joined working group. Besides scientific conferences, exchange of
therapeutics and students was organized for training courses both in Polish and Ukrainian pulmonological
clinics. The fundamental monograph «Lung function in lung diseasesy (Eds. J.Kowalski, A. Koziorowski,

L.Radwan) written by prominent Polish specialists in physiology and pathophysiology of respiration was
translated from Polish to Russian by Dr. Eugenia Kolesnikova. The monograph was published in Poland,

transported to Ukraine and distributed among main Ukrainian and Belorussian medical universities and
libraries. A number of joint researches were provided, and international scientific papers were published
in peer-reviewed journals. Many other initiatives have focused on the exchange of scientific and medical
information between the Polish, Ukrainian and Belorussian colleagues to the benefit of the health of our
populations. In conclusion, despite many organizational and financial difficulties in cooperation between

Polish, Belorussian and Ukrainian universities, this initiative should be considered as significant and
fruitful, integrating students, physicians and scientists of Central and Eastern Europe. The history of the
Polish-Ukrainian-Belorussian Respiratory Working Group is going on. We ought to write it together.

INTRODUCTION in Poland were organized within the program

of the biennial congresses of Polish Society of

Due to the initiative of Polish and Ukrainian Lung Diseases in Lodz (2004), Opole (2006),

pulmonologists, lung physiologists and scien-
tists, the Polish-Ukrainian Respiratory Working
Group has been formed in 2004. During the dec-
ade 2004-2013, the five joint scientific meetings

© Janusz Kowalski, Piotr Gutkowski, Tatyana Serebrovskaya
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Katowice (2008), Mikotajki (2010) and Wista
(2012). Besides that, there were four confer-
ences in Ukraine: Kiev (2005), Donetsk (2007),
Ternopil (2009) and Chernivtsy (2011). After
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ten years of the successful cooperation, the next
anniversary conference “Physiology and Pathol-
ogy of Respiration: Advances in basic research
and clinical applications” has to be held in Kiev,
October 2013. There were also multiple meet-
ings in Grodno and Minsk (Belarus). From the
beginning, the Belorussian participation is very
important in all common activities. Therefore in
2012 the name of the Working Group has been
modified from Polish-Ukrainian into Polish-
Belorussian-Ukrainian. The main purpose of
the cooperation is to create a platform for the
introduction of advanced achievements in basic
research of lung function from molecular to sys-
temic level. In this mini-review we summarize
the main topics of scientific meetings as well as
the results of other common activity.

BASIC RESEARCH

Every scientific meeting included exchange of
views on the most significant achievements in
modern basic research. One of such topics is the
problem of intermittent hypoxia which was being
intensively developed during the last decades.
Many experimental and clinical data of Ukrainian
scientists have demonstrated that intermittent
hypoxia training (IHT) is an effective mean for
increasing nonspecific body resistance to harsh
or toxic environments and pathogenic agents.
There were attempts to apply IHT for treatment
of respiratory and cardiovascular diseases, en-
docrine disorders, and immunodeficits (Lei Xi
& Serebrovskaya, 2009, 2012; Drevytska et al.,
2009; Rozova & Mankovska, 2012; Mankovska et
al., 2011; Serebrovskaya et al., 2013). It has been
proved that IHT induces an increase in ventilatory
sensitivity to hypoxia and various hypoxia-related
physiological changes, including raised alveolar
ventilation, lung diffusion capacity and height-
ened hematopoiesis. Intermittent hypoxia also
transiently increases the release of reactive oxygen
species which then induce a compensatory increase
of antioxidant defense. These data could be con-
sidered as the theoretical base for the including of
IHT in therapy of various diseases in which the
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patogenesis of oxidative stress is involved.

IHT procedure seems to be very attractive for
sportsmen and alpinists training. Considering COPD
and asthma patients who suffer from hypoxia due to
bronchial obstruction, the special strict requirements
for IHT application should be elaborated.

Prof. Iryna Mankovska’s group from Bogo-
moletz Institute of Physiology is focused on the
latest advances in the study of mitochondrial
function under different types of hypoxia. Ba-
sic mechanisms of mitochondrial dysfunction
associated with impaired oxygen delivery to
mitochondria, intensification of free radical
processes, reduced stability of mitochondrial
membrane, etc was elucidated. The methods
of non-pharmacological and pharmacologi-
cal correction of mitochondrial dysfunction
were vividly discussed (Drevytska et al., 2009;
Mankovska et al., 2011).

Dr. Evgenia Kolsnikova from Bogomoletz
Institute of Physiology (Kiev) presented her
results about changes in respiratory control of
Parkinson’s diseases patients. Her experimental
research of brainstem mitochondrial function
under hypoxic conditions reveals the mecha-
nisms of non-specific reactions at early stage
of different disorders. The last observations on
rats suggest that adaptation to IHT promotes the
expression of a glycolytic gene - pyruvate dehy-
drogenase kinase-1 to maintain ATP production
and to prevent toxic ROS production in the brain
stem normalizing mitochondrial dysfunction
(Kolesnikova, 2013).

Investigations of Dr. K.V. Rozova from
Kiev about structural and functional changes in
biological barriers and mitochondrial apparatus
of the lung and heart during hypoxia and
stress were of great interest at all meetings.
Particularly, it was shown that the ultrastructural
reorganization in lung and heart mitochondria
during hypoxic hypoxia can be attributed
to the compensatory- adaptive reactions of
mitochondrial apparatus. IHT mode with
more severe but shorter hypoxic bursts led
to the prooxidant/antioxidant imbalance in
the myocardial and lung tissues which was
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accompanied by the significant disorders in their
morphology and function. Moderate hypoxic
exposures of different duration promoted the
maintenance of optimal prooxidant-antioxidant
homeostasis and development of compensatory
adaptive changes in tissue structure (Rozova &
Mankovska, 2012).

Scientists from Ukrainian State Institute
of Gerontology (Department of clinical phy-
siology and pathology of the internal organs,
Kiev) presented the results of fundamental
investigations devoted to age-related peculiarities
of adaptation to hypoxia and new methods for
the correction of age pathology. One of such
methods is non- pharmacological method of IHT
which was developed for the usage in geriatric
clinics in close cooperation with other members
of the Polish-Ukrainian working group. As a
result, the guideline for IHT implementation
in elderly healthy people and patients with
coronary artery disease, arterial hypertension
and chronic obstructive pulmonary diseases
was elaborated (Korkushko et al., 2009; 2010;
Shatilo et al., 2008).

CLINICAL STUDY

Among discussed topics there was a predomi-
nation of papers devoted to chronic obstructive
pulmonary diseases (COPD), asthma, interstitial
lung fibrosis and tuberculosis. The progress in the
bacteriological and radiological investigations,
lung function tests and molecular diagnostic was
very often discussed. The usefulness of modern
lung function tests in differentiating COPD and
bronchial asthma was presented by J. Kowalski
(2008) and P. Gutkowski who also spoke about
the identification and clinical relevance of the
increased bronchial reactivity in the bronchial
asthma diagnostics.

The very important lecture was presented
by A. Dorofiejev from Medical University in
Donetsk which was concerned with the impact
of changes in performance barriers lining of the
colon on the course of COPD (Donetsk 2007).
The natural history of COPD was discussed
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by J. Kozielski (Opole). Very original was
also the lecture of Prof. A. Swiencicki (Medi-
cal University in Kiev) who in perfect Polish
presented his observations and thoughts on
the impact of gastro esophageal reflux on the
course of bronchial asthma (Katowice). Prof. J.
Zielinski from the Medical University in Warsaw
discussed the current rules for early detection
of bronchial obstruction as a very important
element of COPD diagnosis and therapy. The
physiological and anatomical peculiarities of the
respiratory system in children were referred by
P. Gutkowski. The epidemiological situations of
tuberculosis in Europe were presented by T.M.
Zielonka from the Medical University in War-
saw. An interesting original report by E. Korzh
from Donetsk demonstrated the epidemiological
situation of tuberculosis in the Donetsk region.
S. Lepishyna (Kiev) drew attention to the current
state of drug-resistant tuberculosis in Ukraine.
A.H. Hryshchuk from Ternopil University had
presented his experience about spontaneous
pneumothorax in the tuberculosis clinic. Prof.
Z. Zwolska (Institute of Tuberculosis in War-
saw) demonstrated the rules of modern micro-
biological diagnosis of tuberculosis bacilli. In
her original talks, Dr. Z. Zwolska discussed the
situation caused by Mycobacterium tuberculosis
Beijing in Europe.

Interesting paper about thyroid function in
community-acquired pneumonia (CAP) patients
was presented by Dr. Oxana Omelyanenko and
Prof. Alexandr Makarevich from Medical Uni-
versity in Minsk (Belarus).

Colleagues from the Department of Pul-
monary Diseases in Grodno (H. Alexo, L. Pi-
galkowa, O. Zhernosek) in a number of reports
focused on various aspects of lung tuberculosis
in students, including the treatment of patients
with tuberculosis and abusing alcohol.

YOUNG SCIENTISTS’ SESSIONS

The Scientific Circle of students «Alveolus»
at the Department of Pulmonology, Warsaw
Medical University, led by Prof. J. Domagala-
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Kulawik presented three reports: (1) Smoking
among students.

WUM - A. Leskov, K. Orska, A. Maka; (2)
Newly detected COPD in patients with severe
asthma - Sleszycka J. et al; (3) Nicotine addiction
is a disease - K. Krolikowski, E. Jopowicz.
Since 2007 at all conferences the special
young scientist sessions were organized. The
student of Medical University in Donetsk A.V.
Tereshkova presented preliminary observations
on the use of “Coraxan” in patients with COPD
and coexisting coronary artery disease, and at
the same time the student O. Hryshchuk from
University in Ternopil summarized the results
of the treatment of liver disease in patients with
pulmonary tuberculosis.

HOSPITAL PRACTICE FOR YOUNG
PHYSICIANS AND STUDENTS IN POLAND
AND UKRAINE

The arrangement of a two week professional visits
for young physicians from Ukraine and Belarus to
leading pulmonary centers in Poland demonstrates
the important activity of our group. The internships
in Warsaw for doctors from Kiev (2 persons),
Donetsk (2), Kharkiv (2), Ternopil (2), Chernivtsi
(2), Grodno (5), Minsk (3) were organized with the
support of the Board of Warsaw-Otwock Branch
PTCAhP. This assistance included the organization of
the stay and financial support (hotel, meals, public
transport ticket). Outside Warsaw, Wroclaw Center
was also very actively involved in the process of
organizing of internships for young physicians from
Ukraine and Belarus. Moreover the Department of
Pulmonary Diseases in Zabrze organized a visit for
two physicians from Donetsk.

JOINT SCIENTIFIC PROGRAMS

Scientific contacts between Poland, Belarus and
Ukraine resulted in joint research programs.
These included the study of asthma prevalence
in Poland, Ukraine and Belarus (coordinator
Professor J. Zejda, Medical University of Silesia
in Katowice), alpha-1- antytrypsine deficiency
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in patients with chronic bronchial obstruction
(Coordinator Prof. J. Chorostowska-Wynimko,
Institute of Tuberculosis and Lung Diseases in
Warsaw). The program «Children of Chernobyl»
in cooperation with pediatricians from Grodno
Medical University, coordinated by Dr. P.
Gutkowski, was focused on long-term effects
of Chernobyl disaster on the respiratory system
in children and young people living in areas of
high contamination with radioactive isotopes.

FINAL NOTES

In conclusion, it must be underlined that
scientific cooperation between the clinics
and medical universities in Poland, Belarus
and Ukraine should be considered as the
fruitful and significant activity, integrating
students and physicians of our countries. We
are still convinced of the need to continue the
collaboration. Our assumption is that patient
suffering from asthma, chronic bronchitis,
pulmonary tuberculosis and other diseases is
identical regardless the native language or place
of residence.

ACKNOWLEDGEMENT:

Many thanks for Dr Krzysztof Krdlikowski for his great
work during the organization of bilateral meetings.
His perfect Russian and his boundless enthusiasm in
creation of Polish and Ukrainian cooperation were
very helpful in the integration process of our group
and realization of our plans.

Kopaabcbknii S., I'yrkoBebkmii I1.,
Cepeoposcbka T.B.

JECATUPIYYSA CIIIBPOBITHULITBA MIK
HOJbCbKUMM, YKPATHCHLKUMHU

TA BIJIOPYCBKUMH ®I310JIOTAMHA

I IYJIBMOHOJIOTAMM (2004 — 2013)

Inest 3acuyBanns IlonbchKo-ykpaiHCEKOI po6ouoi rpymu 3
narodiziosnorii quxaHHS BUHUKIA B 5k0BTHI 2003 poky min
yac Bi3uTy npogecopa [HCTUTY Ty TyOepKyIIb03y Ta JIETeHEBUX
3axBoproBanb y Bapmasi SInyma Kosanbscekoro mo Incru-
TyTy Qizionorii im. O.0.Boromonbist y Kuesi. TonoBHOO
pYWIiiiHO0 CHIIOK IIi€l iHIiIiaTHBY OyJIO BEIHKE OaKaHHS
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HOJNBCBKUX Ta YKPalHCBKMX BUCHMX 1 JIiKapiB BIJIbHO 00-
MIHIOBaTUCH JTOCBIZIOM 3 (pyHIaMEHTaJIbHUX JOCIIIKEHb i
KJTIHIYHOT PAKTUKU 33]UTs KPAIoi JOMOMOTH MaIliEHTaM, 10
CTPaXKIAIOTh B/l OHUX 1 TUX CAMHX HE/yTiB 110 00u1Ba OOKH
OJILCEKO-YKpPaTHCHKOTO KOpoHy. HacTynHoro poky mij gac
28-ro koHrpecy [1onbchKkOro pecripaTtopHOro TOBapUCTBa B
Jlonzi (ITonbia) 1st inest Oyna Brinena y sxuttst. [TisHime 1o
IOTO pyXy npueaHanuch ¢daxisui 3 Binopycii. Briponosxk
JecaTupiuus OyJM IMPOBEAeH] IOPiuHi HayKOBI KOH(pepeHLil
B Kuegi (2005), Onosne (2006), louersky (2007), Katosimax
(2008), Tepuomoui (2009), Muxomnaiikax (2010), UepHiBrsix
(2011) Ta Bicxui (2012). Kpim HaykoBOoro oOMiHy HOBITHIMH
JIOCSITHEHHSIMU 3 11aT0(i310J10TiT ANXaHHS Ta MYJIbMOHOJIOTTT
Ha KOH(EPEHLisIX | BUKOHAHHS CITUTBHUX HAYKOBO-TIPAKTHYHUX
IPOEKTIB, OyJI0 OpraHizoBaHO OOMiH MOJOIUMH CIIeLiali-
CTaMH, IO CTAXYBAIHCS HA POOOYMX MICIIX B MPOBIIHUX
wrinikax [Tonbmi ta Ykpainu. [lepexnagena Ha pociicbKy
MOBY (pyHIaMEHTaJbHA MOJIbCbKAa MOHOTpadis «DyHKis
JIETeHIB IPH JIEreHeBUX 3axBoproBaHHsIx» (pen. J.Kowalski,
A. Koziorowski, L.Radwan, nepeknan €.E. KonecHikoBoi),
10 KowToM [TombChKOTO pecripaTopHOro ToBapucTBa Oyna
BUJIaHA Ta PO3MOBCIO/PKEHA Cepej MPOBIIHUX MEAMYHHUX
yHiBepcuTeTiB Ta 0ibmiotex Ykpainu ta binopycii. 3ano4ar-
KOBaHO 0araro iHIIMX iHIIiaTHB 10 OOMiHY JOCBIZOM MiX
IPOBIHUMHU BYCHUMH Ta JiKapsMH KpaiH-CyCijiB, 1[0 Mae
BEJIMKE 3HAYCHHSI IS TUTiAHOT poOoTH (haxiBIiB EHTPaIbHOT
Ta cxigHoi €BpOIMH.

KurouoBi croBa: martodizionoris qUXaHHs, ITyJIbMOHOJIOTI,
00OMiH JOCBiIOM.

KoBaabckuii S1., I'yrkoBckuii I1.,
Cepeoponckas T.B.

JEKAJIA COTPYIHUYECTBA MEXKIY
MOJbCKUMHU, YKPAUHCKUMM U BEJIO-
PYCCKUMU ®U3HOJIOTAMU

U MYJIbMOHOJIOTAMH (2004 — 2013)

Upnest co3nanust [lonbcko-ykpanHckoil pabouei rpymmsl mo
nato(hU3UOJIOTHH JIIXaHHs BO3HKKIA B OKTsi0pe 2003 roma
BO BpeMms Bu3uta npodeccopa MHcturyTta TyOGepKynesa u
JerouHbIX 3aboneBanuii B Bapuiase Snyma KoBasbckoro
B Uuctutyr Qusmonornu uM. A.A.boromosbua B Kuese.
I'maBHO#M ABMKYILEH CHIION ATON MHULIMATUBEI OBLIO XKeJIaHHe
HOJIbCKUX M YKPAHHCKHUX Y4EHbIX ¥ Bpaueil cB0O0IHO OOMEHHU-
BATHCS OIBITOM B 00J1acTH (DyHIaMEHTAJIBHBIX HCCIICI0BAaHHH
¥ KIIMHAYECKOM MPAKTHUKH AJIs JIyqIIeil TOMOIIM MalueHTaM,
CTPaJaoLIUM OT OfHHX U TeX K& HEIYroB IO 00€ CTOPOHBI
IIOJIBCKO-YKPanHCKOHU IpaHULBL. B crenyromem roxy Bo BpeMst
28-ro kourpecca Iloabckoro pecnupaTtopHoro oomecTsa B
Jlonze (Tlonbmia) 3ta waest ObUTA BOILIOMICHA B XKH3HB. [10-
3Ke K 9TOMY JIBIIKCHHIO MPUCOSTHHUINCH CIICLMANNCTBI U3
Benopyccun. Ha npotsbkenun necatuneTus ObliIy POBEACHbI
exeroyHble Hay4dHble KoHdepenun B Kuese (2005), Onone
(2006), Honenke (2007), Karopunax (2008), Tepuomone
(2009), Muxkomaiikax (2010), Yepnouax (2011) u Bucine
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(2012). Kpome Hay4HOr0 0OMEHA HOBEHIIUMU JOCTHKEHUSIMU
10 TaTO(U3HOJIOTHHU ABIXaHUS U IYJIbMOHOJIOTHH Ha KOH]e-
PCHIINAX U BBITOTHCHUSI COBMECTHBIX HAyYHO-TIPAKTUICCKUX
MPOEKTOB, ObLI OPraHW30BaH OOMEH MOJOIBIMHU CIICIIHA-
JIUCTaMHM, KOTOPBIC CTaXXUPOBAIKUCh HA PabOYMX MECTax B
Beaymux kinHuKax Ilonsmm u Ykpaussl. [lepeBenena Ha
pycckuil s3bIK (QyHIaMEHTaJIbHAsI MMOJbCKAass MOHOTpadus
«DyHKIUS JETKUX MPH JICTOYHBIX 3a00JIeBaHUIX» (pes.
J.Kowalski, A. Koziorowski, L.Radwan, nepesox E.D.
KonecHukoBoii). Monorpadus Oblia U3gaHa Ha CpeaCTBa
[Monbckoro pecnupaTopHOro odIecTBa U pacHpoCTpaHeHa
Cpe/in BeyIINX MEIUINHCKUX YHUBEPCUTETOB M OMOIHOTEK
VYkpaunbl u benopyccuun. BomnouieHsl B KU3Hb MHOTHE
JIpyTHe NMHUIHATUBBI 10 0OMEHY OIIBITOM MEXKAY BeIYILIUMH
YYEHBIMHU M BpayaMM CTPaH-COCEAEH, 4TO MMeeT OoblIoe
3HAYCHHUE /IS TUIOJOTBOPHOU PabOThI CIICIIHATUCTOB [IEHT-
panbHOi 1 BocTouHOH EBpomsbl.

KiroueBbie ciioBa: narodu3noIorus AbIXaHUs, MyJIbMOHO-
JIOTHsI, 0OOMEH OIBLITOM
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Mitochondrial dynamics in oxygen-glucose deprivation
on a model of cultivated hippocampal slices

Ischemia injury is one of the most common death reasons in Ukraine and in a whole world. At the cells level
stroke characterized by oxygen and glucose supply loose that cause energy failure and neurdegeneration.
Mitochondrais are the key organelles of cell energy homeostasis. In order to discover dynamics of energy
metabolism in ischemia damage we have been focused on investigation of mitochondrial functioning after
30-min oxygen-glucose deprivation (OGD) and reoxygenation 1 and 4 hours. We have done a comparison
analyze of active mitochondrial activity of hippocampal pyramidal neurons and glial cells of CAI and CA3
areas using fluorescent dyer MitoTracker Orange. In the present study it was determined that pyramidal
neurons and glial cells have different dynamics of mitochondrial activity. Hippocampal pyramidal neurons
have demonstarated the increasing of activity during first hour and the decreasing for four hours after
OGD. Glial cells increased their mitochondrial activity fourth hours after start of reoxygenation, comparing
with first hour. This indicates a specific activation of pyramidal neurons in response to the OGD, which,
however, can not be maintained for a long time. For glial cells is characteristic of a more prolonged and
sustained increase in mitochondrial activity. Thus, it can be assumed that the more resistant glial cells are
able to some extent, to modulate the function of neurons in a lack of oxygen and glucose.

INTRODUCTION

Mitochondria are important for functioning
of eukaryotic cells. It is main determinants
of cellular respiration, energy homeostasis.
Lots of pathological states (anoxia, ischemia,
hemorrhagic shock) are accompanied by
disfunction of the mitochondria and its inability
to keep electrochemical proton gradient on
membrane that result in cell degeneration and
death. As consequence, oxide phosphorylation,
ATP producing and Ca?>" homeostasis can not
be maintained at native level. Brain ischemia is
one of the most widespread pathology in Ukraine
and in the whole world. The study of the cellular
mechanisms of neurodegeneration is of great
importance. Hippocampal organotypic culture
is effective and useful model to investigate the
mechanisms of ischemic damage of the brain. The
natural tissue cytoarchitectonic and cell connections
are preserved into cultivated slices. In present
work we have been focused on mitochondria of
neuronal and glial cells in CA1 and CA3 area under
© G.V. Malieieva, 1.V. Lushnikova, G.G. Skibo
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oxygen-glucose deprivation (OGD) on a model of
cultivated hippocampal slices.

METHODS

Hippocampal slices were obtained from the
brains of 7-day-old rats and cultured according
to the technique by Stoppini [1]. The procedure
of oxygen-glucose deprivation was performed
as described previously [2, 3]. The duration of
OGD was 30 min; then, the slices were returned
to normal conditions of culturing for 1h or 4 h
(period of normoxic reoxygenation).

One and four hours after OGD hippocampal
cultivated slices were stained with MitoTracker
Orange CMTMRos (Cat. n0.M7510). Next op-
erations were performed: 1 —slices were washed
with serum free medium; 2 — incubation with
MitoTracker Orange (final concentration — 50
nM) was lasting 30 min at temperature 37°C; 3
—slices were washed with PBS (2 times, 5 min);
4 — staining was controlled with inverted micro-
scope; 5 — fixation with 4% paraformaldehyde in
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PBS (30 min); 6 — slices were washed with PBS
(2 times, 15 min), mounted on slides, embedded
in Dako fluorescent mounting medium (Dako,
Denmark). Mitochondrial activity of CA1 and
CA3 hippocampal cells was analyzed at 1 and
4 hours after OGD. Pyramidal neurons and glial
cells were estimated separately. The slices and
sections were analyzed under a confocal micro-
scope FV1000-BX61WI (“Olympus”, Japan,
magnification — x600) using the corresponding
software. Statistical analysis was performed
using Statistica software, version 5 (StatSoft,
USA). Numerical data are presented below as
means = S.E.M. Intergroup differences were es-
timated using Student’s t-test; these differences
were considered to be significant at P<(0.05
(marked by an asterisk in the figures).

RESULTS AND DISCUSSION

The aim of investigation was to analyze
mitochondrial dynamics of CA1l and CA3
hippocampal cells after 30-min OGD and
normoxic reoxygenation 1 and 4 hours. Pyra-
midal neurons and glial cells were estimated
separately, as previously was reported that they
have different susceptibility to deficiency of
oxygen and glucose [4].

For estimation mitochondrial activity was
used fluorescent dye MitoTraker Orange.
Fluorescent probes aloud to uncover changes
in membrane lipoprotein composition and to
explore molecular mechanisms of cell patho-
genesis. The membrane surface heterogeneity,
charges accumulation, membrane ion binding
and changes in membrane potential during mito-
chondrial functioning can be estimated [5]. The
intensity of fluorescent probe luminescence was
influenced by membrane dynamics and changes
in trans-membrane potential.

The cell-permeant fluorescent MitoTracker
probes contain a mildly thiol-reactive chro-
methyl moiety for labeling mithohondria. To
label mitochondria, cells are incubated with
MitoTracker probes, which passively diffuse
across the plasma memebrane and accumulate
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in active mithohondria forming thiol conjugates
with mitochondrial proteins. MitoTracker Or-
ange determine amount of functionally active
mitochondrias.

Electrochemical proton gradient was used
as criteria of mitochondrial functional state.
Mitochondrial membrane potential provided
by respiratory chain electron transport and
can reach 200mV [6]. Its decrease is an
evidence of respiratory chain disruption and
ATP synthesis failure. Mitochondrial membrane
potential decreasing can provoke release of
mitochondrial factors that can trigger cell death
pathways. It is well known that changes in cell
conditions directly connected with changes in
mitochondrial membrane potential [7].

In control mitochondrial activity of pyra-
midal neurons in CA3 hippocampal areca was
2,4+0,1 (a.u.) and 1,7+0,2 in CA1 area. That
confirms previously observed differences in
metabolic and energy state of this brain area
[8]. In present investigation in control we
have not observed any significant difference in
mitochondrial activity between CA1 and CA3
glial cells. Mitochondrial activity of pyramidal
neurons of CA1 area is lower (1,7+0,2) than
activity of glial cells of the same zone (2,7+0,3).
This phenomenon was not typical for CA3
hippocampal area.

The level of mitochondrial activity was
higher in both pyramidal and glial cells of
CA1 and CA3 areas one hour after OGD. Most
prominent activation was noticed in pyramidal
neurons (3,1+0,1) and glial cells (3,6+0,2) of CA3
hippocampal area. That could be an evidence of
cell defense mechanisms switch and employment
of mitochondrial reserve energy sources.

Mitochondrial activity level of pyramidal
neurons in CA1 and CA3 areas was decreased
(2,2+0,3 and 2,7+0,2 respectively) four hours
after OGD, but did not reach control meaning.
We suppose that damaged mitochondria amount
increase is responsible for that. In contrast, glial
cells demonstrated a tendency to activation even
four hours after OGD, both in CA1 and CA3 arcas
(3,5+0,2 and 3,8+0,2 respectively). That lets us
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Fig. 1 Level of mitochondrial activity of pyramidal neurons (A) and glial cells (B) of CA1 and CA3 hippocampal areas

to conclude that in our experimental conditions
the glial cells are significant activated.

Thus, it was shown the differences of
mitochondrial dynamics in hippocampal pyra-
midal neurons and glial cells after OGD.
Mitochondrial activity of pyramidal neurons
was increased during first hour and decreased
after four hours of reoxygenation. Glial cells
demonstrated continuing increase in their
mitochondrial activity with time (one and four
hours after reoxygenation). This is evidence of
the specific features of the energy metabolism
in the pyramidal and glial cells as well as the
greater sensitivity and vulnerabilities of neurons
in oxygen-glucose deficiency.

Maueesa I. B., Jlymnikosa I. B., Cxuoo I'. I,

MITOXOH/JIPIAJIBHA TUHAMIKA ITPHA
KACHEBO-IVIFOKO3HIN JIEITPUBAILIIL HA
MOJEJII KYJIbTUBOBAHUX 3PI31B
I'ITOKAMITA

[memiuHe ypakeHHs MO3KY € OJIHI€IO 13 HAWYaCTIIINX MPUIUH
HepBOBHX matoioriid. [li 3axBoproBaHHs 00YMOBIJIEHI TOpY-
IICHHSIMH KHCHEBOTO Ta IIIFOKO3HOTO IIOCTA4aHHs Ha KIIITHH-
HOMY PiBHI, 10 IPU3BOANTH IO MaiHHS PiBHSI €HEPreTHIHOTO
MeTaboi3My i, SIK pe3yibrar, 10 Heiiporereneparii. Kirowo-
BUMH KJIITHHHUMH OpTaHesIaMHy, sIKi 3a0e311eTy0Th FOMeocTas
KIITHH € MITOXOHJpIi. 3 METO JOCHIJKCHHS JHHAMIKH
EHEePreTHYHOro MeTaboIIi3My B yMOBaX PO3BUTKY IIIEMIYHOTO
YIIKO/DKEHHSI, HAMH OyJI0 TIPOBEJICHO CEepil0 eKCIIePHMEHTIB,
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CIpsSIMOBaHUX Ha BUABJICHHS 0COONMMBOCTEH (PyHKITIOHYBaHHS
MITOXOHIpiH micisa 30-XB KHCHEBO-TIIOKO3HOI AempuBaii
(K[A) Ta HOpMOKCHYHOI peokcureHanii 1 Ta 4 ToquHMA Ha
MOJIETI KyTbTHBOBAHHUX 3pi3iB TillOKaMIa. [3 BUKOpHUCTaHHIM
¢myopecuentHoro 6apsHuka (MitoTracker Orange), Oymo
MPOBECHO MOPIBHUIBHUI aHaJi3 aKTHBAIil MITOXOHIPIH Y
mipaMiHUX HelipoHax Ta mmianeHuX KiaitnHax CAl ta CA3
30H rimokamma. Panimie Oyio mokasaHo, o MIHaIbHi KITITHHA
OLITBII PE3UCTEHTHI A0 IMIEMIYHOTO YPayKeHHS, Hi’K HEHPOHH.
BcranoBieHo, 1m0, B HAIIUX EKCHEPHMEHTAIBHUX YMOBAX,
JUIS TIPaMiIHUX HEHPOHIB Ta MIialbHUX KIITHH XapakTepHa
Ppi3Ha TMHAMIKa MiTOXOHpIaIbHOT aKTUBHOCTI. B mipamigaux
HEHPOHAX riOKaMIIa CIIOCTEPIraaocs MiABUIICHHS aKTHBHOC-
Ti MITOXOHIIpiK "yepe3 oaHy roauny micis K| Ta 3HmKeHHs
Yyepe3 YOTUPU TOAWHU. Y DIaJbHUX KIITHHAX aKTHBHICTH
MITOXOHAPIN MiJBHUITYBajacs Ha MPOTA3i BCHOTO MEPiOTy
cnocrepekers. Lle Bkasye Ha MeBHY aKTHBALIIO MipaMiTHUX
HelipoHiB y Biamoias Ha K/, sika oqHade He MOXKE MiATPH-
MYBaTHCh AOBTHH dac. [l TIiadbHUX KIITHH XapaKTepHUM
€ O1IBII TPHBAJIE MiIBUIIECHHS MITOXOHPiaIbHOT aKTUBHOCTI.
TaxkuM 9MHOM, MOYKHA TIPHUITY CTUTH, IO OLTBII CTiHKI 10 ire-
MIYHOTO BIUTUBY IVTiaJIbHi KITITHHH, 3aJTAIIAIOTHCS 30aTHUMH, B
TIEBHII Mipi, MOAYIIOBaTH (PyHKIIIi HEHPOHIB 32 YMOB HECTadi
KHCHIO Ta TTFOKO3H.

Kiro4oBi cioBa: MiTOXOHIpialbHA aKTUBHICTb, (ITYOPECIICHT-
HHI 30H/1, KHCHEBO-IVIIOKO3HA ACTIPUBALList

Maueesa I. B., Jlymuukosa U. B., Ckuoo I. I.

MHUTOXOAPUAJIBHASA TUHAMUKA ITPU
KHACJIOPOJHO-TJTTIOKO3HOM JIENTPUBALIMN
HA MOJEJIA KYJIbTUBUPOBAHHBIX
CPE30B I'HITIOKAMITA

Nimemmueckoe mopaxeHHe MO3ra SIBISETCS OTHON U3 Haubo-
Jiee 4acThIX MPUYNH HEPBHBIX MaTonoruii. Tu 3a00meBanus
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00yCJIOBJICHbI HAPYILCHUSIMUA KHCIOPOAHOTO U TIIFOKO3HOTO
obecrieyeHuss Ha KJICTOYHOM YPOBHE, KOTOpPbIC NMPHUBOAST
K HaJCHUIO YPOBHS DHEPreTHYeCKOro Meraboiamu3Ma M, Kak
pe3yIibTat, K Helipoaereneparyu. KitroueBbIMu opraHesiamu,
00ecIeYrBaOIIMHI TOMEOCTa3 KIICTOK, SIBIISIFOTCSI MUTOXOH-
npun. C Lenbio UCCIIe0BaHNMs THHAMUKI SHEPreTHIECKOTO
MeTaboM3Ma B YCIOBHSIX MIIEMHIYECKOT0 OBPEKIACHHUSI, HAMH
Obl1a IPOBEJICHA CepHsl IKCIIEPUMEHTOB, HAIPABICHHBIX Ha
BBUIBIICHHE OCOOCHHOCTEH (DyHKIIMOHUPOBAHHSI MUTOXOHIPHIA
nocie 30-muH Kucnopoa-nitoko3Hoi nenpusanuu (KI/D) n
HOPMOKCHYECKOH peOKCUIeHaluu B TeueHue 1 u 4 yacoB Ha
MOJECJIN KYJIbTUBUPYEMBIX KJIETOK I'MIITIOKaMIIa. C ucronn3o-
BaHueM QuyopecuentHoro 3ou1a (MitoTracker Orange), 661
IPOBEACH CpaBHHTeHbelﬁ AHaJIN3 aKTHBaLlUU MI/ITOXOHlel/Iﬁ
B MUpaMUIHBIX HelipoHax U kinerkax miuu CAl u CA3 30H
rumnmokamia. Panee 6])1.]'10 IIOKa3aHO, YTO ITIMAJIbHBIC KIICTKH
0oJiee PE3UCTEHTHBI K HIIEMHUYECKOMY MOBPEKACHHIO, YeM
HeﬁpOHbl. yCTaHOBJ'leHO, 4TO, B HAIKUX SKCIICPUMECHTAJIbHBIX
YCIIOBUAX, NIl MUPpAMUIHBIX HeﬁpOHOB U INTHAJIBHBIX KJICTOK
XapaxkTepHa pa3iinuHas TMHAMHUKA MUTOXOHIPUAJIbHON aKTHB-
HOCTH. B mupamMuaHbIX HeHpoHax runmnokaMna HabIoAaI0Cch
yBEJIMYECHHE aKTHUBHOCTH MHUTOXOHAPUH depe3 OIUH yac
nocie KI'Jl u cHuwkeHue uepes ueTbIpe yaca. B mimaiabHbIX
KJICTKaX aKTUBHOCTb MHTOXOH}lpI/lﬁ MOBhBIIIAJIACH B TCHCHHUC
BCEro Iepro/ia HaOIoAeH . DTO YKa3bIBAaeT Ha ONPE/IeNICH-
HYIO aKTHBAIL[MI0 MUTOXOHAPHH NMUpaMHUIHBIX HEHPOHOB B
oteet Ha KI'/l, koTopas, olHaKo, HE MOXET MOICP>KUBATHCSI
JJIATEJIbHOC BPEMs. I[.]'IS[ [NIMAJIBHBIX KJIETOK XapaKTCPHbLIM
SABIISACTCA 60.]'[66 JUIMTCIIBHOC ITOBBIICHUE MI/ITOXOH}lpI/IaJTbHoﬁ
aKTUBHOCTU. TakuM 00pa3oM, MOXKHO HPE/IOJI0KHUTh, YTO,
Oosiee CTOMKHE K UIIEMHYECKOMY BO3/ICHCTBHIO IVIHAIIBHBIC
KJIETKH, OCTAIOTCA CIOCOOHBIMH, B ONPEICICHHONH Mepe,
MOJYJIUPOBaTh (YHKIMH HEHPOHOB B YCIOBHUSIX HEIOCTaTKa
KHCJIOPOJIA U TIIFOKO3BI.

KitroueBbie c10Ba: MUTOXOHIPHAIbHAsI aKTHBHOCTS, (ryopec-
LICHTHBII 30H]1, KUCIOPOA-ITIIOKO3HAs ACIPUBALIUL
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Lessons from twenty years’ investigations of
intermittent hypoxia: principles and practices

Widespread use of the intermittent hypoxic training/treatment (IHT) methods in sports, military and medical
practice during recent decades has provoked a discussion: “What is ‘intermittent hypoxia’? In contrast to
studies from the former Soviet Union countries, that emphasized mainly the beneficial effects of IHT on an
organism, intermittent hypoxia research in Western Europe and North America was primarily focused on
the detrimental effects associated with sleep apnea. However, during the past decade, such a gap of divi-
sion between East and West is progressively shrinking, and mutual understanding on what “intermittent
hypoxia” means, becomes clearer. Potential mechanisms underlying both beneficial and adverse effects of
IHT have been described. Basic investigations led to the proliferation of various methods of IHT exposure,
the development of different medical equipment — hypoxicators — for its implementation in sport practice,
military operations and also for clinical application. However, wide array of different protocols and
measurements makes the results difficult to harmonize. Meanwhile, the mode of hypoxic influence (depth,
duration, and intermittence) appeared to be critical for the determination of healing or harmful result.
Therefore, special purposeful investigations are needed to elucidate basic mechanisms of different IHT
effects depending on the modality of hypoxic stimuli and elaborate most effective and safe regimen for the

introduction in human practice.

INTRODUCTION

Intermittent hypoxia (periodic hypoxia, interval
hypoxia, hypoxic preconditioning etc) became
today “the talk of the town” among physiologists
and clinicians who deal with hypoxic problems.
Although the roots of this topic go deep into
Middle Ages, sharply intensifying in 30™ years
of XX century in Soviet Union due to military
needs, most fundamental investigations were
made during last two decades. The number of
publications indexed in PUBMED under the
key-word “Intermittent Hypoxia” increased
from 49 in 1993 to 520 during the first half-
year of 2013. Several monographs have been
published [Kolb, 2004; Gozal et al., 2011; Xi
& Serebrovskaya, 2009; 2012].

Many types of protocol with different num-
bers of hypoxia episodes, severity, and total
exposure duration, have been used by investiga-
tors and these combinations may have resulted
in various physiological responses. Principals of
IHT application for cell cultures, animal experi-

© Serebrovskaya T.V.
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ments (mice, dogs, cats, rabbits, pigs, horses and
even insects) have been elaborated. A variety
of technical implementations for treatment of
animals and humans has been tested.

Widespread use of the intermittent hypoxic
training/treatment (IHT) methods in sports,
military and medical practice during recent
decades has provoked a discussion: “What
is ‘intermittent hypoxia’?” [Semenza, 2012].
All papers using this term should be divided
into the four main classes: (1) hypoxic hy-
poxia (intermittent hypoxic training using gas
mixtures or barochambers, recurrent sojourn
at high altitudes, hypoxic preconditioning in
stem cell transplantation therapy); (2) ischemic
preconditioning (cardiac, cerebral etc); (3) hy-
poxia induced by breath holding (divers, yogic
technique Pranayama, training with extra dead
space); (4) obstructive sleep apnea syndrome
(OSAS) and other diseases associated with
brainstem disorders.

Three first classes are generally considered
as beneficially influencing on an organism,
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whereas the fourth one (which is characterized
by the similar pattern of hypoxic and normoxic
episodes) is an example of the pathological
process. Rats exposed to chronic intermittent hy-
poxia (CIH) simulating recurrent apnea in OSAS
patients demonstrate autonomic morbidities and
hypertension similar to those described in recur-
rent apnea patients [Fletcher, 2001; Prabhakar
et all., 2005, and many others]. Meanwhile,
such comparison seems to be rather mechanis-
tic because does not take into account several
significant differences between other factors
accompanying hypoxia in these four paradigms.

For example, most researchers do not take
into account that IHT methods in the vast major-
ity of cases use eucapnic hypoxia which results
in hyperventilation and hence hypocapnia. At
the same time, ischemic preconditioning which
was proved to activate endogenous defense
mechanisms and shows marked protective ef-
fects is accompanied by hypercapnia, acidosis
and the accumulation of metabolites absent dur-
ing IHT. In experiments on rats, only hypoxic
component is modulated, whereas inspired CO,
is maintained at normal level. Meanwhile, pCO,
and pH play one of the main regulative roles in
respiration and metabolism and could affect the
organism very differently from hypoxia per se.
Intracellular acidosis due to hypercapnia raises
concerns about potential harmful effects. In
contrast to intermittent hypoxia, the effects of in-
termittent hypercapnia and its cohabitation with
hypoxia are the areas of research that remain to
be explored. Therefore, a direct comparison of
IHT, ischemia and sleep apnea effects seems
inconsistent.

Although intermittent hypoxia research in
Western Europe and North America was pri-
marily focused on the detrimental effects of
chronic intermittent hypoxia associated with
sleep-disorder breathing, during last decade
such a gap of division is progressively shrinking,
and mutual understanding on what “intermittent
hypoxia” means, becomes clearer.

In this mini-review we will just outline the
main recent achievements in the field of inter-
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mittent hypoxia focusing on recent advances in
the mechanisms of IH investigation.

MECHANISMS
An impressive amount of scientific information
has been gathered with regard to the responses
to hypoxia, from the integrative systems level
to the molecular and genomic level, such as:
(1) regulation of respiration and circulation;
(2) free radical production; (3) mitochondrial
respiration; (4) role of genetic factors (HIF,
MTF-1, NF-Bx, c-Fos, c-Jun, etc); (5) epigen-
etic mechanisms of adaptation to IH. Repeated
exposures to hypoxia have been examined for
both their beneficial and adverse effects. The
following questions arise: what are the key
mechanisms determining the adaptive versus
maladaptive nature of different paradigms of
intermittent hypoxia, and, what molecular path-
ways are mediating the observed pathological or
physiological response? Until now there is no
exact evidence about the precise mechanism for
switching adaptive or maladaptive responses to
hypoxic impact. The most important arguments
are presented in recent papers [Prabhakar &
Semenza, 2012; Raghuraman et al., 2013].
Many discoveries demonstrated that in-
termittent hypoxia leads to remodeling of the
carotid body function manifested by augmented
sensory response to hypoxia and induction of
sensory long-term facilitation (LTF). More than
20 years ago we have shown that intermittent
normobaric hypoxia augments hypoxic ventila-
tory response (HVR) and do not substantially
influence hypercapnic ventilatory sensitivity
(HCVR) [Serebrovskaya, 1992]. Later on John
Weil and his co-workers [2003] described varia-
tions in the HVR in human subjects. There are
many reviews reflected further investigations
in this field [Prabhakar & Kline, 2002; Sere-
brovskaya, 2002; Teppema & Dahan, 2010;
and oth.]. Recent studies strongly indicate that
endothelin-1 takes part in this process resulting
from reactive oxygen species-dependent acti-
vation of endothelin converting enzyme [Peng
et al., 2013]. Role of such gasotransmitters as
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nitric oxide, carbon dioxide and hydrogen sul-
fide (H2S) in the regulation of respiration under
intermittent hypoxia was excellently described
by N. Prabhakar [2013].

It is widely known that during acute episodes
of hypoxia, chemoreceptor-mediated sympathetic
activity increases heart rate, cardiac output, pe-
ripheral resistance and systemic arterial pressure.
Tyrosine hydroxylase (TH) is the rate-limiting
enzyme for catecholamine synthesis. Several
mechanisms contribute to the short- and long-term
regulation of TH which are well-established. IH-
mediated activation of TH leads to the increase in
catecholamines level in the brainstem and adrenal
medulla [Raghuraman et al., 2013]. In our lab, it
was shown that two-week IHT course increased
dopamine synthesis in adult and old rats and the
animals with experimental Parkinson’s disease
(PD), especially in the right striatum, restoring
partially the skewness of DA distribution between
brain hemispheres which has been lost during ag-
ing [Belikova et al., 2012].

However, different IH paradigms produce
remarkably divergent effects on systemic arterial
pressure in the posthypoxic steady state [Sere-
brovskaya et al., 2008]. The hypertensive effects
of OSA vs. the depressor effects of therapeutic
hypoxia exemplify this divergence. Why do OSA
and IHT produce such disparate effects on blood
pressure? It is useful to consider the fundamen-
tal differences between the two phenomena:
duration of hypoxia periods; hypercapnea and
acidemia versus hypocapnea and alkalemia;
hypoxic episodes occur at day- or night-time,
etc. As a result, OSA ignites a crescendo of
factors which activate the sympathetic nervous
system and systemic inflammation, culminating
in maladaptive, persistent hypertension. In con-
trast, therapeutic IHT activates parasympathetic
system and dampens other factors.

Another IH effects on cardio-respiratory
system should be only mentioned here. There
are increased alveolar ventilation and lung
diffusion capacity; increased haematopoiesis,
increased capillary density and tissue perfusion,
suppressed function of mitochondrial enzyme
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respiratory complex I (MEC I) and the alterna-
tive activation of MEC II and many others (see
reviews Schmidt, 2002; Serebrovskaya, 2002;
Mankovska et al., 2005; Lukyanova et al.,
2009; Faiss et al., 2013; Prabhakar & Semenza,
2012). Some authors [Prokopov, 2012] consider
intermittent hypoxia as a multifunctional tool
of a natural mitochondria-rejuvenative strategy.

Besides, hypoxic exposure significantly
increases the tolerance and regenerative prop-
erties of stem cells and progenitor cells. Dur-
ing last decade it was shown that short-term
hypoxic exposures can mobilize hematopoietic
stem cells (HSC) and increase their presence in
peripheral circulation [Tang et al., 2009; Viscor
et al., 2009; Serebrovskaya et al., 2011; Ranera
et al., 2012]. Different intensities and durations
of hypoxia could have important and diverse
effects on stem cell development. Special study
was designed to compare the effects of inter-
mittent versus acute hypoxia on human HSCs
and some immune parameters [Serebrovska et
al., 2010]. The effect of two-week program of
cyclic 5 min exposures to 10% O, were: (1) de-
crease in circulating hematopoietic stem cells;
(2) complement activation; (3) phagocytic and
bactericidal activities of neutrophils stimulation
while suppressing pro-inflammatory cytokines.
In contrast to the 14d program, a single IHT
session provoked appreciable yet transitory
increase in circulating HSC which quickly sub-
sided after hypoxic exposures. Results raise the
possibility that IH induces HSC emigration from
niches into the circulation, followed by homing
and sequestration in target tissues during post-
hypoxic recovery. The IH-induced decrease in
blood TNF-a content with simultaneous increase
in IFN-y could contribute to the moderation of
infectious-inflammatory processes.

One of the key mechanisms of cell damage
during hypoxia and reoxygenation is an exces-
sive production of reactive oxygen and nitrogen
species (ROS and RNS) in mitochondria. ROS
and RNS generation leads to mitochondrial
protein, lipid and DNA oxidation which impedes
normal mitochondrial physiology and initiates
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cellular death pathways [ Thompson et al., 2013].
On the other hand, ROS function as signaling
molecules in a variety of physiological systems
[Prabhakar, 2011; Wang et al., 2011). Several at-
tempts were undertaken to analyze this question
[Sazontova & Arkhipenko, 2009; Lukyanova et
al, 2009, 2012]. It was shown, that low levels of
ROS production are protective and may serve as
a trigger for hypoxic adaptations. At the cellular
level, intermittent hypoxia leads to reprogram-
ming of mitochondrial metabolism that ensures
adequate ATP generation and prevents adverse
consequences of excess mitochondrial ROS
generation. These metabolic adaptations are due
to hypoxia-inducible factors 1 and 2 (HIF-1 and
HIF-2) transcriptional regulation of glycolytic
enzymes, mitochondrial electron transport chain
components, and other metabolic enzymes [Se-
menza & Prabhakar, 2007; Prabhakar & Semenza,
2012]. Recent studies have shown that HIF-1 and
HIF-2 regulate the expression of gene products
with opposing functions that regulate the redox
state (Prabhakar, 2013). For instance, HIF-1
regulates the expression of pro-oxidant enzymes,
including NADPH oxidases, whereas HIF-2
regulates the expression of antioxidant enzymes.

In our lab, Drevytska et al [2012] investi-
gated the role of another subunit - HIF-3a — in
adaptation to IH and physical load. It was shown
that this subunit plays a negative role in the ad-
aptation to hypoxia. HIF-3a mRNA expression
increased sharply under acute hypoxia in the
heart, lung, and kidney but did not change after
5-week [HT. Inhibition of HIF-3a expression led
to an increase in physical endurance. Thus, every
of HIF-subunits plays different role in response
to hypoxic load. It seems that the investigation
of their ensemble functioning under different IH
modes (depth, duration, and intermittence) could
explain the mechanism for switching adaptive
or maladaptive cellular and systemic responses
to hypoxic impact.

One of the new directions in the investigation
of hypoxic adaptations is epigenetics — heritable
modifications of DNA that do not involve changes
in the DNA primary sequence [Gluckman, 2011;
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Nanduri et al., 2011; Prabhakar, 2013]. Epigenetic
mechanisms can determine whether a gene is ac-
tivated or silenced. These studies seem to be very
promising in this rapidly emerging area.

While all above mentioned fundamental
studies provided important insights into mecha-
nisms of HIF activation by hypoxia, they can
not answer as yet practical question what dose
and regimen of hypoxic impact could be mostly
beneficial for animals and humans.

Use in clinical practice

To the present days, intermittent hypoxic
training (IHT) has been used extensively for
altitude pre-acclimatization, for treatment of a
variety of clinical disorders and in sports. Wide
spectrum of protocols for IHT is represented
now in literature showing both beneficial and
detrimental effects. Beneficial results were
shown for treatment and prophylaxis of numerous
disorders in pulmonology (chronic obstructive
diseases, bronchial asthma, chronic rhinitis etc),
cardiology (ischemic heart disease, hypertension,
cardiosclerosis, etc), hematology (hypoplastic
and iron-deficient anemia, post-radiation
hematological disturbances, etc), neurology
(functional neurological disorders, Parkinson’s
and Alzheimer’s diseases, neurosis, syndrome
of autonomic dystonia, diabetic neuropathy,
psychosomatic disorders), diabetes mellitus,
obstetrics and gynecology (juvenile bleedings,
toxicosis of expectant mothers, pathology of
climacteric period etc), gastrointestinal diseases
(gastroduodenitis, peptic ulcer), professional
diseases (pneumoconiosis, vibration- and
dust-induced pathology, acute and chronic
intoxication etc), post radiation disorders of
immune system and male reproductive system,
and many others. In this mini-review we can
not mention all spectrum of papers devoted to
this problem. The interested reader is referred to
several reviews and monographs [Karash et al.,
1988; Berezovskii and Levashov, 1992; Fesenko
and Lisyana, 1992; Xi & Serebrovskaya, 2009;
2012; and many others]. Much literature may
be found on the websites www.go2altitude.com
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and www.bionova.ru. Here we mention just some
last publications.

IHT clinical applications are clearly pre-
sented by S.Basovich in his last review [2013].
Among others, he described beneficial results
of IHT application for treatment of bronchial
asthma and chronic obstructive pulmonary
disease, hypertension, to correct abnormalities
during pregnancy, in epilepsy treatment, for
preparation of patients to surgery to increase
nonspecific resistance, etc.

The efficacy of IHT was demonstrated for
improving male subfertility and other andro-
logical disorders [Swanson & Serebrovska,
2012]. Intermittent hypoxia protocols may be
developed for treatment and prevention of os-
teopenia and osteoporosis [Berezovskii et al.,
2004; Guner, 2013].

Recently, a new mode of adaptive training was
explored, which combines periods of hypoxia and
hyperoxia [Arkhipenko et al., 2005; Glazachev
et al., 2010; Sazontova et al., 2012; Gonchar &
Mankovska, 2012]. A novel principle of short-
term periodic adaptive training by varying the
oxygen level from hypo- to hyperoxia is substanti-
ated both theoretically and experimentally. Studies
supports the viewpoint that moderate periodic
generation of free radical signal during hypoxic/
hyperoxic bouts causes better induction of anti-
oxidant enzyme protein synthesis then hypoxic/
normoxic exposures, that may be an important
trigger for specific adaptations.

Another new direction in IHT application
is developing during last years: hypoxic post-
conditioning [Leconte et al., 2009; Maslov et
al., 2012; Joo et al., 2013; Xie et al., 2013].
While pre-conditioning is induced before stroke
onset, experiments on animals have shown that
ischemic post-conditioning performed after
reperfusion attenuates brain injury. Clinical in-
vestigations testify on cardioprotective impact
of postconditioning in patients with acute myo-
cardial infarction and cardiosurgery patients.

Some works are devoted to the application of
hypoxic-hypercapnic or intermittent hypercap-
nic treatment to clinical practice. This question
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is elucidated in review of Pokorski & Serebrovs-
kaya [2009]. The effects of hypercapnia are
somewhat surprising. CO, is a recognized vaso-
dilator of myocardial blood vessels, it is capable
to substantially increase cerebral blood flow
leading to increased tissue oxygenation. Hy-
percapnic acidosis may have a beneficial effect
in its own right in severe respiratory conditions
and may, paradoxically, be helpful in patients
with organ failure due to ischemia-reperfusion-
related cellular injury. That brings us to the use
of “therapeutic hypercapnia”, a purposefully
increased inspired CO, concentration to achieve
some beneficial health effects. Hypoxia and
hypercapnia, used in tandem, may strengthen
the curative effects of either. So, intermittent
hypercapnia seems an obvious area of future
research focusing not only on the mechanisms
of long-term potentiation and synaptic plasticity
in the brain stem respiratory network, but also
on the health-related applicability of this kind of
respiratory strategy. The controversies that sur-
round the use of therapeutic hypercapnia uphold
research interest. The potential of intermittent
hypercapnia is just starting to be realized and
hopefully will be further explored.

During the past few years numerous debates
about the ethical evaluation of diagnostic and
therapeutic use of hypoxia in humans are raised.
Although the works devoted to this problem
obtained the approval from the Human Inves-
tigation Ethics Committees, there is the lack
of evidences about strong evaluation of risk/
benefit ratio. The analysis of such ratio and the
creation of standardized guide-lines for hypoxic
treatment/training application are complicated
due to the differences in criteria for individual
dosage and utilized methods. One of the attempts
to solve this problem was made by applying a
new mathematician method - “Method of Expert
Assessing Scales” (MEAS) - for the estimation
of IHT application safety in human practice
[Serebrovsky & Serebrovska, 2009]. MEAS
dilates capabilities of traditional probabilistic
safety assessment and allows determining the
danger degree at the most early stage of its de-

ISSN 0201-8489 ®ision. scypn., 2013, T. 59, Ne 4 ([Jooamok)



T.V. Serebrovskaya

velopment and fulfilling well-timed actions for
danger 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; d) joint
influence of factors on basic events probability.
The methodology provides the forming of the
system of indexes characterizing the risk of IHT
negative effects and determination of legitimate
value scopes for basic physiological parameters;
creation of the classification system allowing to
set human individual cardio-respiratory reac-
tivity; development of proper IHT regimen for
every class of reactivity.

But there is just one of the first steps which
is far from the elaboration of concrete methodic
recommendations. Mode of hypoxic influence
(depth, duration, and intermittence) appeared
to be critical for the determination of benefi-
cial or detrimental effects of IHT. Low doses
of hypoxia might not be sufficient stimuli to
mobilize adaptive mechanisms, whilst severe
or prolonged hypoxia may provoke dangerous
pathological processes.

Meanwhile, in practice hypoxic regimens
which are used for the study of hypoxic adap-
tations vary broadly from 3-12 short hypoxic
sessions (2-10 min) with 2-20 min normoxic
breaks during 7-30 days to hypoxic influences
lasting from 1 - 12 hours during 2-90 days. In
our lab, V.Nosar compared the effects of five
most spread modes of IHT on rat gastrocnemius
muscle PO, and heart and liver mitochondrial
respiration [Serebrovskaya et al., 2013]. Min
of hypoxia, % O, and recovery min on air in
each mode were: 1) 5, 12%, 5; 2) 15, 12%,
15; 3) 5, 12%, 15; 4) 5, 7%, 5; 5) 5, 7%, 15.
Our experimental data indicated that among 5
tested modes of IHT, optimal hypoxic dose for
muscle oxygen supply is 5-min breathing with
12 % O, gas mixture and 5-min breaks (Mode
1), 5-6 times a day during two or three weeks.
Under such mode, PmO, dropped minimally to
the end of every hypoxic period and recovered
quickly after every hypoxic set to initial level
or even exceeded it. Two-week training with
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this mode raised basal tissue oxygenation dur-
ing normoxia and provided higher PmO, level
during acute hypoxia. Such mode caused the
substrate dependent reorganization of liver and
heart mitochondrial energy metabolism favoring
NADH-dependent oxidation and improving the
efficiency of oxidative phosphorylation.

However, we must take into account that
all these beneficial results were obtained on rat
models. Are we ready to propose this as a clinical
therapeutic method? More rigorous studies need
to be provided in the near future on patients with
several diseases. Besides, in actual human prac-
tice including sports and military applications of
hypoxic training [Musa, 2007], the IHT regimen
(the degree of hypoxia, exposure duration and
number of sessions) could be also titrated to the
mission requirements, such as the operational
target altitude, risk of developing acute mountain
sickness, or anticipated physical activity levels.

Basic investigations led to the proliferation
of various methods of IHT exposure, the de-
velopment of different medical equipment —
hypoxicators — for its implementation in sport
practice, military operations and also for clinical
application [Lopata & Serebrovskaya, 2012].

In conclusion, intermittent hypoxic treat-
ment/training represents a promising field of
study in prevention and treatment of many dis-
eases. The proper choice of the hypoxic dosage
depending on individual’s reactivity must be
titrated for each patient to avoid negative ef-
fects of hypoxia and to augment the favorable
properties. We can envisage a bright future for
individualized IHT, which may play a significant
role in the fast developing field of personalized
preventive medicine against various human
diseases.

Cepeoposcbka T.B.

YPOKU ABAALIATUPIYHOT'O BUBYEHHSA
IHTEPBAJIBHOI I'MTOKCIi: IPUHITATIIHN 1
IMPAKTUKA

[npoke 3acTOCyBaHHS METOAIB IHTEPBAJIBHOTO TIITOKCHY-
Horo tpenyBanHs (I['T) B cropri, BilicbKOBIif Ta MexMUHIN
MIPaKTHIII TPOTSTOM OCTaHHIX JIECATHIIITh BUKIIHKAIIO IUPOKY
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JIMCKYCIIO: 1110 TaKe «iHTepBaibHa rinokcis»? Ha BigMiHy Bix
JIOCITIIKEHb, IPOBEICHNX Y KpaTHaX KOJIHUIIHLOTO PastHChKO-
ro Coro3y, B SIKMX MiKPECIIOBAINCS B OCHOBHOMY [TO3UTHBHI
etexru IT'T Ha opraHi3m, A0CITIIKEHHSI iHTEPBAIBHOT ITOKCIT
B 3axianiit €Bpomi i [TiBHivHiit AMepuLi Oyau 30cepemKeHi
rOJIOBHUM YMHOM HA HETaTMBHHUX HACIIJKaxX, [1OB’s3aHHUX 3
COHHHUM arnHoe. TUM He MEHII, MPOTArOM OCTaHHBOTO JECs-
TUIITTS. Takui po3puB y nonmsiax Mk CxomoM i 3axoqom
IOCTYIIOBO CKOPOYYETHCS, i B3a€EMHE PO3YMIHHS TOrO, IIO
O3Hayae Lel TepMiH, crae sicHiue. Bynu omucani moteHuiiHi
MEXaHi3MH, 110 JIEKATh B OCHOBI SIK IIO3UTUBHHUX, TAK 1 HEra-
tuBHHX HaciakiB [T, po3poGiieni pi3Hi METO/IM 3aCTOCYBaHHSI
IT'T ta obnaHaHHs I iX peaizaiii B CIOPTHBHIN MPaKTHII,
BIICBKOBUX OIEPAIlisfX, a TAKOXK JJIS KIIHIYHOTO 3aCTOCY-
BaHHs. THM HE MEHII, IUPOKUI CHIEKTpP Pi3HUX MPOTOKOIIB
i BUMIpIOBaHb POOHUTBH PE3yJbTATH BAXKO Y3TOKCHUMH.
[Mpote, came pexuM riloOKCHYHOTO BILIUBY (CHIIa, TPUBAIICTh
i yPUBYACTICTh) € KPUTUYHHUM /ISl OTPUMAHHS [TO3UTHBHOTO
a00 HeraTWBHOTO pe3ysbTary. ToMy MaroTh OyTH HPOBEICHI
CreIianbHi IIICCIPAMOBaHI AOCTIHKSHHS IS 3’ SICYBaHHS
OCHOBHHUX MexaHi3MmiB pi3Hux edekriB II'T 3amexHo Bix
MOJAJIHOCT] TIOKCHYHOTO CTUMYITY i pO3pOOKH HaiOiIbII
e(eKTHBHUX 1 OE3MEUHNX PEIKMMIB BIUTUBY JIsl BIIPOBAPKCHHS
B [IPAaKTHYHY MEAULIMHY.

CepeopoBckas T.B.

YPOKHU JIBAJUHATUJIETHEI'O N3YYEHUA
UHTEPBAJIbHOM T'MIIOKCHUMA: IPUHIIAIBI
N IMPAKTHUKA

[Iupokoe npuMeHEeHHEe METOI0B HHTEPBAIBHOMN THITOKCHYE-
ckoii TpenupoBku (UI'T) B criopre, BOGHHON M MEIUIIUHCKOM
IPaKTUKE B TEYCHUE TOCIEAHUX JECATUICTUN BbI3BAJIO MIU-
POKyto uckyccuto: YTo Takoe «uHTepBajIbHas THIoKcUs»? B
OTJIMYME OT MCCIICIOBAHHH, IPOBEACHHBIX B CTPaHaX OBIBIIETO
Coserckoro Coro3a, B KOTOPIX OTYEPKUBAIUCH B OCHOBHOM
nosoxkurenbHbie 3G dexts UT'T Ha opranusM, HCciea0BaHus
UHTEpBaJIbHON THUnokcun B 3ananHoit EBporie nu CeBepHoii
AMepuKe ObUIH COCPEOTOUCHBI INIaBHBIM 00pa3oM Ha Hera-
TUBHBIX ITOCJIC/ICTBUAX, CBA3aHHBIX C COHHBIM artHO?. Tem He
MeHee, B TeUEHHE OCICIHEro ACCATUICTHS TaKoi pa3pbiB
BO B3IVIIaX Mexkay BocTokoMm m 3amagoMm MOCTENEHHO CO-
KpallaeTcsl, U B3aMMHOE IOHUMaHHE TOr0, YTO 03HAYAET 3TOT
TEPMUH, CTAHOBUTCS sicHee. bbutn onucaHbl NOTEHIMAIBHbIC
MEXaHU3MBbI, JISKAIle B OCHOBE KaK IOJIOKUTEIIBHBIX, TaK
U HeratuBHbIX nocneacteuit UI'T, pa3paboTaHsl pa3inyHbie
mertozb! npumeHenus UI'T u o6opynoBaHue - THIIOKCHUKATO-
PBI- AJI UX peayu3aliy B CIOPTUBHON MPaKTHKE, BOCHHBIX
onepanysx, a Takxke I KIMHUYECKOro NMpUMEHEHUs. Tem
HE MEHee, IIUPOKUI CIEKTP PA3IMYHBIX IPOTOKOJIOB U U3Me-
peHUIl AenaeT pe3yibTaThl TPYAHO COnIacyeMbIMU. Mexy
TeM, UIMEHHO PEKUM TUIIOKCHYECKOro Bo3JeiicTBus (cuia,
JUITUTENIBHOCTh U IPEPBIBUCTOCTD) SBISIOTCA KPUTHYECKUM
JUIS TIOJTyY€HMS MOJIOXKUTEIBHOTO WM OTPHLATENIBHOIO pe-
3ynbTara. [103ToMy NOJKHBI ObITH IPOBEAEHBI ClICIMAIbHbIC
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LEJICHATIPABIICHHBIC MCCIICIOBAHHS JUIS BBISICHCHHUSI OCHOBHBIX
MeXaHU3MOB pazinuHbiX dQdektoB UI'T B 3aBucumMocTu ot
MOJIAJILHOCTH THUITIOKCHYECKOTO CTHMYJIa M pa3paboTKH Hau-
6osee 3PEKTUBHBIX U OE30MACHBIX PEKUMOB BO3ACHCTBUS
UISL BHE/IPCHUSI B IPAKTHICCKYHO MEIHIIHHY.
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Effect of intermittent normobaric hypoxia on total
oxygen consumption and efficiency of cardio-respiratory
mechanisms of oxygen supply in patients with a high
risk of chronic obstructive pulmonary disease

Effect of intermittent normobaric hypoxic treatment (INHT) on total oxygen consumption (OC) and
efficiency of cardio-respiratory mechanisms of oxygen supply was studied in adult patients with a high
risk of chronic obstructive pulmonary disease (COPD). The I*' group (n=43) of patients received only
conventional treatment. The 2" group (n=103) received the same treatment in combination with INHT.
INHT comprised of a daily 90 minute sessions in chamber “Orotron” for 2 weeks. The oxygen partial
pressure was maintained in the automatic mode at 147-160 hPa. The heterogeneity of OC dynamics of
both the amplitude and direction was observed in patients after INHT. The pattern and degree of changes
were dependent on the initial level of OC and the functional status of the cardio-respiratory system. In this
regard, the study group of patients was divided into three subgroups: 2-A — 33,1% of patients had a normal
value of OC, 2-B — 52,4% of patients had a lower value of OC and 2-C — 15,5% of patients had a higher
value of OC. INHT did not change the total OC but improved the efficiency of hemodynamic mechanisms
of oxygen supply in patient subgroup 2-A. The total OC and efficiency of respiratory mechanisms of oxygen
supply moderately increased in patient subgroup 2-B. The value of OC decreased moderately in patient
subgroup 2-C, but respiratory and hemodynamic mechanisms of oxygen supply remained high enough. It was
concluded that INHT optimized the oxygen consumption and improved the efficiency of cardio-respiratory

mechanisms of oxygen supply in patients with a high risk of COPD .
Key words: intermittent normobaric hypoxia, chronic obstructive pulmonary disease

INTRODUCTION

Mountain climate has been used for treating
patients with chronic pulmonary diseases for
many years. Since the days of P.Bert (1878)
and A.Mosso (1898), it has been postulated
that high-altitude hypoxia is the most important
factor that determines the specific nature
and pattern of the physiological effects of
mountain climate [17, 18]. It was found that
even a relatively small decrease in oxygen
partial pressure (PO,) activated a number of
compensatory and adaptive mechanisms, such
as alveolar ventilation, systemic and regional
hemodynamic, microcirculation, oxygen binding
properties of hemoglobin, oxygen metabolism,
etc. [2,7,10-13,20]. Oxygen delivery to tissue
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and total oxygen consumption (OC) are changed
in patients with chronic pulmonary diseases
at high altitude. The nature of these changes
depends on the degree and duration of exposure
to hypoxia, as well as characteristics of the
disease. The individual genetic and phenotypic
features are another important factors that
determine the resistance of patients to hypoxia
and specific features of their adaptation to
mountain climate. Respiratory and hemodynamic
mechanisms of oxygen supply provide tissues
with oxygen in an amount that corresponds to
their metabolic needs. Functional efficiency
of these mechanisms determines the quality of
adaptation to mountain climate and severity of
hypoxic disorders in patients at high altitude.
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Intermittent normobaric hypoxia (INH)
is one of the effective non-pharmacological
methods for care and rehabilitation of patients
with different chronic pulmonary diseases, such
as bronchial asthma, chronic bronchitis, etc. [1-
6,9, 13, 19]. This method is being more widely
used in clinical practice now [8, 14, 15, 21-26].
But effect of INH on total oxygen consumption
in patients with a high risk of chronic obstructive
pulmonary disease (COPD) is not sufficiently
investigated. This question is very relevant for
prediction and evaluation of the therapeutic
effect of INH in individual patients. In this paper
we present the results of our studies regarding
the INH effects on total oxygen consumption
and efficiency of respiratory and hemodynamic
mechanisms of oxygen supply in patients with
a high risk of COPD.

MATERIALS AND METHODS

The total volume of oxygen consumption and the
main characteristics of the functional efficiency
of the respiratory and hemodynamic mechanisms
of oxygen supply were studied in 146 adult
patients. Patients ranged in age from 27 to 59
years (women — 52,1%, men — 47,9%). All of
them had a cough, sputum production and under
certain conditions — dyspnoea. The most of them
were smokers, but they had no persistent viola-
tion of lung function. According to the Global
Initiative for Chronic Obstructive Lung Dis-
ease, they were attributed to patients with high
risk of COPD. All patients were divided into
control (1) and study (2"%) groups randomly.
The 1% group (n=43) of patients received only
conventional treatment. The 2" group (n=103)
received the same treatment in combination
with INH. The intermittent normobaric hypoxic
treatment (INHT) was performed in “Orotron”
chamber within 2 weeks for 1,5 hours daily. Un-
der conditions of normal atmospheric pressure,
this device creates and maintains in automatic
mode the following parameters: PO, - 147-
160 kPa, relative humidity - 60-70%, ambient
temperature - 16-18° C, and content of light
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negative ions - up to 6000 per cm?. The total
time of hypoxic exposure in intermittent regime
was 21 hours. The total volume of oxygen con-
sumption was measured using closed-system
respirometer. Oxygen consumption per minute
(VO,), oxygen consumption index (VO,I), coef-
ficient of oxygen extraction from air (VO,/V ),
ventilation equivalent (VE), oxygen consump-
tion per one cycle of respiration (O,rc), oxygen
consumption per one cardiac cycle (O,cc), he-
modynamic equivalent (HE) were calculated by
standard formulae. Corrections were made for
barometric and vapor pressure and temperature
to reduce all figures to standard conditions -
STPD and BTPS. The methods of spirography,
pneumotachography, electrocardiography and
rheovasography were used for investigation
lung ventilation and hemodynamic’ function.
All parameters were recorded before and after
the course of conventional treatment and the
same treatment in combination with INHT. Mean
values of difference between control and study
groups of patients before and after treatment
were calculated and compared. Students “t” test
was applied for evaluating the significance of
differences.

RESULTS

The studies found no significant differences
in the total oxygen consumption, as well
as in characteristics of the efficiency of the
respiratory and hemodynamic mechanisms of
oxygen supply between the control and study
groups of patients before treatment (Table
1).This fact indicated that the compared groups
of patients were fairly uniform in the nature of
the disease manifestations.

The value of oxygen consumption was not
significantly changed in the 15 group of high risk
COPD patients after 2 weeks of conventional
treatment. They had only a moderate increase in
O,cc and decrease a negative base excess (BE).
It was found a moderate increase in VO,, VO, ],
O, cc, pH, BE and decrease in VE, HR and HE
in the 2" group of patients after conventional
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treatment in combination with INH. Thus the
number of parameters and the degree of their
changes after treatment were more pronounced
in the 2" group of patients. The functional
efficiency of the respiratory and hemodynamic
mechanisms of oxygen supply was evidently
higher in these patients.

The heterogeneity of the OC dynamic of both
the amplitude and direction was observed in the
2" group of patients after INHT. We analyzed
this fact. It was determined that the pattern
and degree of changes were dependent on the
initial level of OC. For this reason, we divided
all patients from study group into 3 subgroups
according to initial level of OC: 2-A — 32,0%
of patients had a normal value of OC, 2-B —
52,4% of patients had a lower value of OC and
2-C — 15,6% of patients had a higher value of
OC before INHT.

Significant differences in VO, could be relat-
ed to various height and weight in subgroups of

patients. In this regard, we calculated the oxygen
consumption index in all subgroups of patients
according to their actual height and weight.
The type and nature of inter-group differences
in VO, and VO,I remained unchanged. These
results showed that established differences had
a more complex mechanism of origin. We sug-
gested that these differences were related to the
individual characteristics of respiratory, hemo-
dynamic and metabolic mechanisms of oxygen
supply in individual patients. We refined this
assumption.

The values of VO,, VO,I and the main re-
spiratory and hemodynamic parameters of the
oxygen supply efficiency were within the physi-
ological range in the 2-A subgroup of patients
before INHT. Disturbances of acid-base balance
were absent (pH=7,36+0,03; BE=-1,22+0,05
mmol-I-1) (Table 2).

The largest number of patients was in sub-
group 2-B. The total volume of oxygen consump-

Table 1. Oxygen consumption and cardio-respiratory indices of oxygen supply in patients with a high risk of COPD before (I)
and after (II) conventional therapy (1) and INHT in combination with conventional therapy (2)

Group of patients

Characteristics 1 (n=43)

2 (n=103)

I |

II

I | 11

VO,, ml-min’! 289,02+12,51
VO,Lml'min"'m2  155,14+15,73

293,70+17,42
162,42+12,80

273,20+10,52
149,33+£12,12

305,604+9,48%*
164,51+11,78%

0, rc, ml 18,67+1,33 19,48+1,17 17,43+0,93 19,15+1,16
0, cc, ml 3,73+0,20 4,29+0,24% 3,45+0,13 3,08+0,14*
VO,/V,, ml-1! 25,05+1,86 26,10+1,98 24,60+1,25 28,78+1,10%
Vr, ml 749,8451,1 704,1438,3 726,7+33.,8 717,9+40,1
f, min’! 16,10+1,13 16,01<1,17 16,86+0,72 16,81+0,60
V., I'min"! 11,54+1,42 11,21£0,73 11,74+0,49 11,52+0,43
VE 39,81+2,90 38,82+2,85 45,53+2,39 40,35+1,65%
HR, min"! 78,01%1,97 76,404+2,31 79,46%1,61 75,06+1,50%
HE 13,12+0,92 12,10+1,20 14,06+0,74 12,67+0,59*
Q, ml 46,11+1,56 45,87+1,81 44,79+1,60 45,40+1,70
Q, ml-min! 3782,51+148,45 3692,89+167,78 3652,70£156,61 3637,50+164,89
pH 7.3440,03 7.38+0,05 7.35+0,04 7.42+0,01%
BE mmol-1"! -2,83+0,26 -0,5140,04* 2.33+0.19 +1,24+0,36%*

Here and below: *p<0.05, **p<0.01- values are significantly different from the initial state.
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tion did not exceed 216,92+5,62 ml-min™' in these
patients. The low respiratory indices of oxygen
supply efficiency were typical: VO,/V_ didn’t
exceed 21,26+1,69 ml-1!, O,rc=13,88+1,04 ml,
VE=52,58 +£3,65. But hemodynamic parameters
remained fairly stable: O,cc=5,19+0,11 ml,
HE=16,80+1,11 ml/l, HR=75,69+2,24 beats

per minute. The low efficiency of gas exchange
led to the development of metabolic acidosis:
pH=7,32+0,02, BE=-5,54+0,04 mmol-1-'.

The total volume of OC was above 400
ml-min-! in the 2-C subgroup of patients be-
fore INHT. The high intensity of OC com-
bined with a substantial increase in expired

Table 2. Oxygen consumption and cardio-respiratory indices of oxygen supply in subgroup of patients with a high risk
of COPD before (I) and after (II) INHT in combination with conventional therapy

- Stages Subgroup of patients
Characteristics
of research 2-A (n=33) 2-B (n=54) | 2-C (n=16)
. I 298,75+5,31 216,92+5,62 412,50+13,59
VO,, ml'min’!
I 309,98+19,86 266,15£8,93%* 362,50+18,68*
. I 163,19+12,80 119,62+10,60 222,91+10,12
VO,I, ml'min"!-m?
11 169,40+13,59 147,01+11,70%* 195,71+13,82*
I 20,12+1,25 13,88+1,04 23,91+£2,35
O,rc, ml
11 20,60+1,82 18,05+1,36* 24,94+5,04
I 3,56+0,15 5,19+0,11 4,9+0,16
O,cc, ml
11 4,01+0,19 6,19+1,07** 5,11+0,40
I 27,54+1,53 21,26+1,69 28,89+3,38
VO,/V,, ml-1"!
¢ II 27,14+1,65 25,98+1,59** 29,02+3,41
v i I 729,87+46,38 691,54+55,70 860,01+57,69
T,m
11 757,44+75,89 653,85+51,45 835,00+89,90
¢ min! 1 15,12+0,91 17,62+0,19 18,00+1,24
, min
II 15,66+0,90 17,46+0,85 17,00+1,84
. I 10,77+0,57 10,97+0,67 15,37+1,49
vV, I'min’!
N 11 11,35+0,60 11,05+0,64 13,30+1,12
VE I 36,19+1,96 52,58+3,65 37,77+4,03
11 37,74+2,14 42,2842,62% 37,82+4,25
. I 82,94+2,58 75,69+2,24 84,75+3,48
HR, min’!
11 78,31+£3,09* 73,85+1,90 72,50+3,42%*
HE I 12,41£1,10 16,80+1,11 9,80+1,12
11 12,20+1,11 13,55+0,80* 10,61+1,62
Q. ml I 45,20+3,40 43,90+£2,01 46,8+3,90
, m
11 48,95+4.3 42,41+1,80 49,70+3,70
Q. ml-min” I 3705,11+£308,50 3525,01+216,49 3920,10+332,81
, ml-min
11 3864,81+412,91 3479,00+169,90 3973,54+493,90
0 1 7,36+0,03 7,32+0,02 7,40+0,02
P 11 7,410,02 7,370,01% 7,44+0,03
I -1,22+0,05 -5,54+0,04 +1,03+0,06
BE, mmol-1!
11 +0,50+0,03* -0,81+£0,03* +2,01+0,03*
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volume (V,=15,37+1,49 1'min’"), tidal vol-
ume (V1=860,01+57,69 ml) and heart rate
(HR=84,75+3,48 beats per minute). A high
level of oxygen consumption could be due to
increasing of respiration and circulation work
but their functional efficiency for oxygen supply
still remained high enough. It was indicated by
such characteristics as VO,/V, O,rc, VE, O,cc
and HE.

Analysis of the research data showed
the specific patterns in changing of the total
oxygen consumption and the efficiency indices
of respiratory and hemodynamic function.
These patterns were subjected to correlation
analysis and calculation of the bivariate
correlation coefficients (r). A positive correlation
coefficients were found between VO, and V,
(r=0,405, p<0,05), HR (r=0,376, p<0,05), V
(r=0,341, p<0,05), Q (r=0,342, p<0,05) in
patient subgroup 2-A. Less strong positive
correlation coefficients were found between VO,
and BE (r=0,356, p<0,05), pH (r=0,305, p<0,05),
Q (r=0,302, p<0,05) in patient subgroup
2-B. Different magnitudes of the correlation
coefficients were found between VO, and V.,
(r=0,506, p<0,05), HR (r=0,438, p<0,05), VE
(r=0,383, p<0,05), pH (r=0,372, p<0,05) and Q
(r=-340, p<0,05) in patient subgroup 2-C.

The volume and intensity of OC and ef-
ficiency indices of respiratory function did not
significantly change in the 2-A subgroup of
patients after INHT. However, the functional
efficiency of hemodynamic improved mainly
due to decreasing in HR from 82,94+2,58 to
78,31+£3,09 beats per minute. The total vol-
ume of OC increased by 49,23+8,20 ml-min-!
(p<0,05) in the 2-B subgroup of patients. The
metabolic acidosis severity decreased due to
more effective function of respiratory and he-
modynamic mechanisms of oxygen supply. The
VO,/V, index reached up to 25,98+1,59 ml-1"!
(p<0,001) and VE decreased up to 42,28+2,62
(p<0,001). Oxygen cost of respiratory cycle in-
creased by 4,17+1,03 ml (p<0,001), and cardiac
cycle - by 1,00+0,27 ml (p<0,05). Amount of
oxygen, which is extracted from 1 liter of blood
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reached up to 13,55+ 0,80 ml (p<0,05). The total
oxygen consumption decreased by 50,00+20,71
ml-min"! (p<0,05) in the 2-C subgroup of pa-
tients after INHT. This effect may be associated
with decreasing of respiratory and hemodynamic
work: V, reduced by 2,07+0,79 1 (p<0,05) and
HR - by 12,25+3,80 (p<0,05) beats per minute.
The relative decreasing in OC remained within
the physiological limits and did not reduce the
efficiency of respiratory and hemodynamic
mechanisms of oxygen supply.

It is known that respiratory and hemody-
namic mechanisms of human adaptation to
mountain climate are closely interrelated and
interdependent. However, it does not exclude
the dominant role of one of them, especially in
patients with pre-existing defects in one of the
oxygen supply systems. The total oxygen con-
sumption in patients with chronic pulmonary
diseases has been studied for a long time. It is
found that the nature and extent of changes in
gas exchange is determined by many factors.
The most important of these factors are the
state of the lung’s ventilation and hemodynamic
[11, 16]. Changes of total oxygen consumption
are absent in patients with the initial stages of
COPD, although the functional efficiency of
oxygen supply mechanisms may be decreased.
These disorders become evident when the initial
symptoms of airway obstruction and respiratory
failure appeared. The total oxygen consumption
is significantly decreased in patients with severe
degree of respiratory failure. It is accompanied
by the development of tissue hypoxia and meta-
bolic acidosis.

The results of our research showed that
pattern and degree of changes in OC were
caused by INHT depended on the initial level
of VO, and functional state of respiration
and hemodynamics in patients with a high
risk of COPD. The total volume of oxygen
consumption and oxygen consumption index
were at an adequate level in the 2-A subgroup
of patient before INHT. The course of INHT
mobilized reserves and improved the functional
efficiency of hemodynamic mechanisms of
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oxygen supply in these patients. Oxygen
consumption was at lower level and symptoms
of metabolic acidosis were present in the 2-B
subgroup of patients. But the current level of the
hemodynamic mechanisms efficiency prevented
the development of more serious violations.
INHT improved the functional efficiency of
respiratory mechanisms of oxygen supply
in these patients but the basic hemodynamic
parameters remained stable. INHT reduced the
functional overloading of cardio-respiratory
system in the 2-C subgroup of patients. The breath
frequency and tidal volume were decreased up
to the level of physiological norm. Optimization
of the total oxygen consumption was achieved
by decreasing of the energy cost for work of
respiration and hemodynamics.

Thus INHT normalized the total oxygen
consumption in patients with a high risk
of COPD. This effect was connected with
moderate activation of OC and improvement
of the functional efficiency of respiratory and
hemodynamic mechanisms of oxygen supply.
The pattern and degree of changes in total oxygen
consumption were caused by INHT depended on
the initial level of OC and the functional status
of the patients’ cardio-respiratory system. The
results of this study may be used for prediction
and evaluation of the therapeutic effect of INH
in patients with a high risk of COPD.

JleBamoB M.I., Bepe3oBchkuii B.S1., Yaka O.I.,
SInko P.B.

BILJIUB IEPEPUBYACTOI HOPMOBAPHNU-
HOI I'IMOKCIi HA CIIO’)KUBAHHS KUCHIO
TA EOEKTUBHICTb PECIIIPATOPHUX TA
TEMOJUHAMIYHUX MEXAHI3MIB 3ABE3-
MEYEHHSI OPTAHI3MY KUCHEM Y XBOPUX
3 BUCOKUM PU3UKOM PO3BUTKY XPOHIU-
HOi OBCTPYKTIBHOI XBOPOBM JIETEHb

Bmine nmepepuBuactoi HOpMOOGApUUHOT TimOKCUTEpamii
(ITHI'T) na 3aranphe criokuBanHs kucHio (CK) Ta edek-
THUBHICTh PECIipaTOPHUX Ta TeMOIUHAMIYHUX MEXaHi3MiB
3a0e3MeveHH s OpraHi3My KHCHEM BHBYAIIN Y XBOPHX 3 BUCO-
KHM PHU3UKOM PO3BUTKY XPOHIYHOI 0OCTPYKTIBHOI XBOpOOH
nerenb (XO3J1). 1-a rpyna (n=43) naiieHTiB OTpHUMaa TUTbKH
CTaHAapTHY Tepamiro. 2-a rpyma (n=103) oTpumana Takex
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nikyBanus y noeananni 3 [THI'T. JIBotmwxuesnit kype ITHI'T
CKJIaJIaBCs 3 MOACHHUX 90-XBUIMHHHUX CEaHCIB JIKyBaHHS Yy
kamepi “Opotpon”. IIpoTsirom ycworo ceancy PO, y cepenmni
Kamepu nigrpumysaiics Ha piHi 147-160 rlla. 3minu CK y
nauienTis micis kypey ITHI'T Oynu HeogHOpinHi sIK IO amri-
JiTyI, TaxK i 3a CIpsIMOBaHiCTIO. BeTaHoBi€HO, 1110 XapakTep i
CTYIIiHB 3MiH y OKPEMHX MaLli€HTIB 3aJI€KaJTH BiJl IOYaTKOBOIO
piBust CK i dpyHkuiitHOro cTaHy CTaHy Kapaio-peciipaTopHol
cucTeMu. Y 3B’S13Ky 3 LIUM, OCHOBHY T'DYIly Hali€HTiB Oyi10
poszineHo Ha 3 miarpynu: 2-A - 33% nanieHTiB Majau HOp-
MaJibHi 3HaueHHs CK, 2-B - 53% nawieHTiB Majid 3HHKEHE
CK i 2-C - 14% namienris manu Bucoke CK. I[THI'T cyTreBo
He 3minroBana CK, ane migBuiyBaia eeKTHBHICTh TEMOIN-
HaMIYHHX MEXaHi3MiB 3a0e3MeUeHHs OPraHu3My KHCHEM Yy
nauientis 2-A niarpynu. CK ta eexTuBHICTb pecripaTopHux
MEXaHi3MiB JIOCTaBKH KHCHIO MOMIPHO ITi{BUIIYBaJIHCh Y
nauienTis 2-B nmiarpynu. Bennunna CK nabnmkysanacs 10
piBHs dizionoriunoi HopMu y nauientis 2-C minrpynu, ane
e(eKTUBHICTb PECTiPATOPHUX | TEMOAMHAMIUHHX MEXaHI3MiB
JIOCTAaBKH KHCHIO 3aJIMIIANacs BiIHOCHO BHCOKOIO. Takum
yproM, [THI'T ontumizye crio)kuBaHHS KHCHIO y MAlli€HTIB
3 XPOHIYHUMHU JIETEHEBUMH 3aXBOPIOBAHHSIMH, ITiJ[BUILYE
e(eKTHBHICTb PECMipaTOPHUX Ta FEMOAIHAMIYHUX MEXaHI3MiB
3a0€3MeYEHHS OpPraHi3My KHCHEM.

KirouoBi ciioBa: mepepruByacta HOpMOOAapUYHA TiMOKCIs,
XPOHIYHE OOCTPYKTHBHE 3aXBOPIOBAHHSI JICTCHb.

JlepamoB M.H., bepe3oBckuii B.A., YUaka E.I.,
Suko P.B.

BJIMSIHUE MMPEPBIBUCTOM HOPMOBAPH-
YECKOM T'MIOKCHUHU HA MTOTPEBJIEHUE
KHUCJIOPOJA U DOPPEKTUBHOCTD PECIIN-
PATOPHBIX U TEMOJINHAMMWYECKUX ME-
XAHU3MOB OBECITEYEHUS OPTAHU3MA
KHUCJIIOPOAOM Y BOJBHBIX C BBICOKUM
PUCKOM PA3BUTHUS XPOHUYECKOM OB-
CTPYKTUBHOM BOJIE3HM JIETKHUX

BirusiHre npepbIBUCTOH HOPMOOAPUUECKOM THITOKCHTEPAITHN
(ITHI'T) na obimee nmorpebnerue kucmopona (ITK) u adpdek-
TUBHOCTb PECIIUPATOPHBIX U TEMOAMHAMUYCCKUX MEXaHU3MOB
obecriedeHrst OpraHu3Ma KUCIOPOAOM H3ydain y OOJIbHBIX B
BBICOKHM PHCKOM DPa3BUTHsI XPOHHYECKOW OOCTPYKTHBHOMN
6onesun nerkux (XOBJI). 1-g rpynna (n=43) nanueHTos mo-
JIy4uJia TOJIbKO CTaHJApTHYIO Tepamnuio. 2-g rpynmna (n=103)
noTy4na Takoe ke gedeHne B coderanuu ¢ [THI'T. J[ByxHe-
nensHbIi Kype [THI'T coctostin u3 exenHeBHBIX 90-MUHYTHBIX
ceaHCoB JieueHus B kamepe “Opotpon”. Ha npotsbkeHnu Bcero
ceanca PO, BHYTpH KaMepbI [IOIUIEPKUBATIOCH Ha YpOBHE 147-
160 rlla. M3menenus 11K y naunenros nocne kypca ITHI'T
OBUTH HEOJJHOPOJHBI KaK 110 aMILIUTY/IE, TAK U [0 HaIllpaBJICH-
HOCTH. YCTaHOBIICHO, YTO XapaKTep U CTCIEHb U3MEHEHUH y
OTZEJbHBIX MAllUEHTOB 3aBUCEIH OT HcxoxHoro yposHs I1K
U (YHKIHMOHAJIBHOTO COCTOSIHUSI KapJUO-PecrnupaTopHOi
cucTeMbl. B ¢BsA3U € 3THM, OCHOBHAs rpyIia NalkeHToB Obl1a
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pasaenena Ha 3 noxarpynmsl: 2-A - 33% nanueHToB UMeIu
HopMmanbhble 3HaueHus [1K, 2-B - 53% nanuenroB umenu
cHmwkeHHoe 1K u 2-C - 14% nauueHToB uMmesn BBICOKOE
[IK. [THI'T cymecrBenno ne usmensuia [1K, Ho noBbiiana
3¢ }eKTHBHOCTh TeMOJMHAMHYECKUX MEXaHU3MOB obecre-
YEHUS! OpraHu3Ma KUCJIOPOAOM Yy HAaLUEHTOB 2-A MOArpyI-
nbl. [IK 1 3¢ dexTHBHOCTh pecnupaTopHbIX MEXaHH3MOB
JIOCTaBKU KHCJIOPOJa YMEPEHHO MOBBIIIAINCH Yy IallUCHTOB
2-B noarpynmsl. Benmnunna [IK npubnmxanack K ypoBHIO
(usnonoruyeckoil HopMbl y manueHToB 2-C HOATPYIIIBL,
HO 3((HEeKTUBHOCTH PECIHUPATOPHBIX M I'eMOJMHAMUYECKUX
MEXaHU3MOB JI0CTaBKHU KHCIOPO/a 0CTaBaIaCh OTHOCUTEIILHO
BbIcOKOi1. Takum o6pazom, [THI'T ontumusupyer norpebie-
HHUE KUCJIOPOAA y MAllUEHTOB ¢ XPOHUUYECKUMHU JICTOYHBIMU
3a00JIeBaHNSIMU, TIOBBIIACT P PEKTHBHOCTH PECITUPATOPHBIX
Y FeMOJIMHAMUYECKUX MEXaHN3MOB 00€CIeUeHH s OpraHn3ma
KHUCJIOPOAOM.

KitoueBsle ciioBa: mpepbIBUCTas HOPMOOApHIecKast THITOKCHS,
XpOHHYECKast 00CTPYKTHBHAsK 00JI€3Hb JIETKHX.
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Poul-Erik Paulev and Gustavo Zubieta-Castillo

Tolerance to hypoxia

People living at sea level have poor tolerance to hypoxia. In striking contrast, humans experiencing hypoxia
at high altitude live very well. How is it possible for man to tolerate extreme hypoxia at high altitude? In
this article we propose a hypothesis that potentially explains the tolerance to hypoxia at high altitude. Close
examination of values of hemoglobin and PaCQO, for an altitude of 3510 m demonstrate that an increase
in hemoglobin (Hb) and a decrease in arterial carbon dioxide tension (PaCO2) are two essential changes
that occur on high altitude exposure. We propose a formula :

Hb
Tolerance to Hypoxia = ————=*3.01

Pal02

and present evidence that the relationship between Hb and PaCO, explains the tolerance to hypoxia at

high altitude.

INTRODUCTION

People living at high altitude in the city of La
Paz 3600m, with diverse types of lung disease
exhibit extremely low arterial oxygen tensions
(Pa0,). Their arterial oxygen partial pressure
of oxygen (Pa0O,) can range between 30 and 40
mmHg (Normal values: PaO, = 60 + 2 mmHg,
arterial carbon dioxide tension (PaCO,) = 30 +
2 mmHg and pH = 7.40 = 0.02, Oxyhemoglobin
saturation by pulse oximetry (SpO,) are 91%
+ 1%). The SpO2 oscillates with irregular
breathing and taking a deep breath can reach
even 98% (like at sea level) provided there is
a normal pulmonary function, as previously
described [1]. This results from a decrease of
the ratio between pulmonary dead space and
alveolar ventilation. When the medical reports
from people in La Paz were shown to physicians
at sea level, they often asked: “Were these people
conscious?” This clearly shows that people at
sea level can not tolerate such low arterial PO2.
A patient presenting a PaO2 below 60 mmHg at
the sea level is usually sent to an intensive care
unit, as his life could be in peril.

Around one out of four subjects, arriving
to La Paz, have some form of Acute Mountain
Sickness. Some can present extreme hypoxia.
The pathologies associated with extreme
hypoxia are: pneumonia upon ascent, pulmonary

thrombo-embolism, high altitude pulmonary
edema, high altitude cerebral edema and several
others.

For example, a 25 years old Frenchman
climbed Huayna Potosi at 6088m two days after
arriving to La Paz 3600 m, from Paris. On the
way down he felt very short of breath and unable
to sleep overnight. He came to consultation as an
ambulatory patient. Blood gas analyses revealed
a PaO, = 35 mmHg, PaCO, = 29 mmHg and a
pH = 7.53. This was clearly a case of severe
hypoxia with respiratory alkalosis and High
Altitude Pulmonary Edema (HAPE). Would he
have been alive if at sea level? The purpose of
this article is to present potential mechanisms
underlying adaptation at high altitude.

High Altitude Adaptation Index.
Adaptation to high altitude is dependent on
altitude and the duration of sojourn (time).
The relation between altitude and duration
as a function of adaptation to altitude can be
expressed as the following equation [2]:
time

altitude ,
where time at altitude is in days and altitude is
in kilometers (km).

A complete and optimal hematocrit and
hemoglobin adaptation is only achieved at
around 40 days for a subject going from sea

Adaptation to kigh altitude =
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level to 3,510m in La Paz. It has been estimated
that the time in days required to achieve full
adaptation to any altitude, ascending from sea
level, can be calculated by multiplying the
adaptation factor of 11.4 times the altitude in
kilometers. This factor was obtained based on
the time of full hematological adaptation to
3510m when arriving from sea level. Conversely,
descending from high altitude in La Paz to sea
level in Copenhagen (35 m above sea level), the
hematocrit response is a linear fall over 18 to
23 days [2,4].

Importance of Arterial PCO,.

The other variable that can allow for the
tolerance to extremely low PaO, values is the
low PaCO, values at high altitude relative
to sea level. As is well known, oxygen and
carbon dioxide partial pressures descend as the
altitude increases. In Fig 1, the distribution of

200

PaCO, in arterial blood gases at the city of La
Paz (3510m) shows clearly that the average is
around 30 mmHg. Furthermore, it can be noted
that the highest PaCO, reached is 72 mmHg in
an isolated critically terminally ill patient. The
great majority hardly reach a PaCO, above 53
mmHg. Fig 2. shows the relationship between
PaCO, and altitude. At high altitude, high
PaCO, levels as those seen at sea level are not
compatible with life.

Hypocapnia and the ensuing alkaline pH
during high altitude exposure shifts the oxygen
dissociation curve to the left, allowing more capture
and transport of oxygen. The Acid-Base balance in
the human body is calculated by the Van Slyke
equation based on sea level measurements. The
maintenance of blood pH within a fairly strict
range at around pH 7.4, with due consideration
of the effect of hyperventilation, is essential
for cellular function at any altitude. This is
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Fig 1. Distribution curve of the P,CO, in 1865 patients including both sexes at 3510 m [4]
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because various chemical processes occurring
in the body, e.g., those involving proteins and
enzymes, are pH-dependent. With chronic low
levels of the arterial carbon dioxide partial
pressure (PaCO,), the acid-base balance begins
to change. Mountaineering physiologists,
employed the sea level equation for estimations
of acid-base balance in high altitude subjects.
without critical appraisal of its validity. The
pH effects are inextricably linked critically
with hemoglobin and oxygen status that can be
crucial at high altitudes. Therefore, for a more
precise recalculation of the ‘Titratable Hydrogen
Ion Difference’ (THID), that should use a Hb and
HCO;™ values for a particular altitude, we have
derived our modified Van Slyke equation: THID in
eECF=(1-[Hb]/43) x (A[HCO, ]+ BB x (pH-7.4)
[5]. An adequate Acid-Base Balance is probably
the fundamental metabolic adaptation that allows
for mountaineers to tolerate extreme hypoxia
and even reach the summit of Mt. Everest [26].

Hemoglobin.

Hemoglobin increases with altitude as shown in
Fig.3. This data is from permanent residents at
different altitude cities or towns. From the trend
curve one can attempt to calculate the optimal
hemoglobin value upon the summit of Mt. Everest,
if complete adaptation could be achieved.

PaCo2 in mmHg
_ i (3] ra w
o w o o o
. , . . .
| 8

o
L

The Hb values for residents at 2500m,
3600m and 4100m for the Bolivia cities of
Cochabamba, La Paz and El Alto, respectively
are the normal values in our labs. The Hb values
of residents at 4355m, 4660m and 5500m were
obtained from bibliographic data [25. 26].

It becomes evident from the observation of
a longer breath holding time at high altitude in
polyerythrocythemia (PEC) patients with low
Pa0O,, compared to normal high altitude subjects,
that they are more tolerant to hypoxia [6]. The
greater oxygen content of blood in PEC, as a
result of the increase in Hb, allows for a better
tolerance to hypoxia. This is also demonstrated
by plotting the oxygen consumption of yeast
cells against time after full saturation with 100%
oxygen [7]. The resulting oxygen dissociation
curve of PEC patients has a much broader
oxygen content area when exposed to 100%
oxygen as shown in Fig 4.

The above observations on PaCO, and Hb
prompted us to propose the hypothesis that
the Tolerance to Hypoxia (TH) formula can be
defined as:

= 3.01

Tolerance to Hypoxia = PaC0Z

The constant factor is obtained by using
the Hb and PaCO, normal sea level values and
equating to 1. This way, the tolerance to hypoxia

0 1000 2000 3000 4000

5000 6000 7000 8000 9000

Altitude m

Fig. 2 PaCO,, in its relationship to altitude from data obtained at different altitude sites around the world #. At 8400 the PaCO2
is from & The PaCO2 value at 8848 m is obtained from an estimated value 2*
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Fig. 3. Hemoglobin values found at different altitudes in resident populations. The red dot is the calculated Hb from the trend

equation: Hb = 2E-07x> - 0,0003x + 14, 45 with an R = 0.9718

for comparison purposes becomes 1 at sea level.
From then on the values at different altitudes are
calculated as shown in table 1.

In this table the Mt. Everest value is obtained
from the paper by Grocott et.al® taken on the
Cauldwell Expedition to Mt. Everest. Blood
gases were measured at 8400m and the Hb
values were obtained from 4 subjects averaging
the measurements at 5300m before and after
the climb to the summit. This value should
have been measured at higher altitudes and
without averaging before and after climb as it
reduces the true value. Only the value obtained
after the ascent could be a more appropriate
measure. However since the subjects were
climbing and changing altitudes and the body
has a fixed production of red blood cells, there
was not enough time for full hematologic
adaptation®. An optimal hemoglobin value for
the summit of Everest is not known. However,

based on Fig 2, it is estimated that the optimal
hemoglobin for oxygen transport at the summit
of Mt. Everest would be around 26 gm%. This
roughly corresponds to a hematocrit of 78%.
In our medical practice, we have seen patients
with PEC even above 80%°-!!. Hence, although
it seems that these are surprising high values,
they are within biological limits for humans.
It is noteworthy to mention that the maximum
possible increase of Hb is double the sea level
value, hence the tolerance to hypoxia formula
is also is ruled by this.

Our formula links Hb with PaCO,, the
hematological and respiratory (including
acid-base parameter) responses to hypoxia,
respectively. These biological responses to
hypoxia in humans will also apply to animals.
This is clearly demonstrated when a normal
average sea level Hb in males of 13.3 gm%
rises to an average of 16.6 gm% in the city of La

Table 1. Tolerance to hypoxia calculated at different altitudes from the Hypoxia Tolerance formula.
The values of Hb and PaCO2 obtained from |2, 8].

Altitude in m Hb/PaCO, HT
Sea Level 0 13/40 *3.01 1
La Paz, Bolivia 3510 16.6/30 * 3.01 1.7
Mt. Everest 8842 21/13  *3.01 4.86
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Paz, Bolivia at 3510m of altitude, for example.
The formula also includes the PaCO, where
it is showing the hyperventilatory response
to hypoxia. For example, a sea level normal
PaCO, of 40 mmHg upon arrival to high altitude
immediately is decreased to a PaCO, of 30
mmHg, again, in the city of La Paz (3510m).
Although this is a tolerance to hypoxia formula,
the PIO, is not included in the formula as it is
directly related to the barometric pressure, as
originally described by Paul Bert in 1878!2. The
Barometric Pressure, a physical atmospheric
parameter is indirectly included with the PaCO,
which is equal to the FaCO, * PB —PH,0.
Other factors of adaptation to hypoxia,
such as HIF, VEGEF, increase in the density of
mitochondria, increase in capillary density,
increase in pulmonary artery pressure, increase
in heart rate and ventilatory rate, etc are not
included in this formula, as they would be
automatically linked to the two biologic factors
included. Adaptation to hypoxia is complex
but this formula uses two essential variables

P2 in mmHg

and in our criteria sufficient for the adequate
interpretation on the concept.

Furthermore, upon initial ascent, the changes
in the PaCO, are immediate, being linked to an
increase in the heart rate and hyperventilation.
However, as the hemoglobin gradually increa-
ses at high altitude, closely linked to the
erythropoietin stimulus secondary to hypoxia,
the cardio-respiratory initial responses also
gradually decrease in search of a less energy
consuming adaptation that allows for an efficient
and effective energy-cost mechanism such as
the increase in hemoglobin [13]. Noteworthy
is the fact that the tolerance to hypoxia when
first arriving to high altitude is not optimal until
the hematocrit reaches its maximum level [2].
Hence it can be appreciated that the numerator
is the factor that increases tolerance to hypoxia
with time at high altitude. The denominator of
the Tolerance to Hypoxia formula is fixed upon
arrival to high altitude and will not change
during the residence at the same altitude,
provided the subject is healthy. So it is not

100% 0%

Saturation in %

0%

Fig 4. The oxyhemoglobin dissociation curve (ODC) of a normal high altitude resident in La Paz, Bolivia 3510m (Ht=43%) as
compared to a patient with polyerythrocythemia (Ht = 71%) using the Ryan Neville yeast cells oxygen consumption technique
[7]. The ODCs can best be viewed by turning the graph 90° clockwise. The Yeast area (on the left) is the oxygen consumed by
yeast cells alone. The Ht = 43% area (on the middle in light grey) corresponds to the oxygen content of a normal high altitude
resident with a hematocrit of 43%. The Ht = 71% area (on the right in dark grey) plus the middle area, correspond to the total
oxygen content in a polyerythrocythemic patient with a hematocrit of 71%
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time dependant, but rather barometric pressure
and hyperventilation dependant. The initial
hyperventilation upon acute exposure to high
altitude lowers the PaCO, however there are
minor changes as time allows for the Hb increase
and gradual reduction of hyperventilation.

On an autocritical side, tolerance to hypoxia
cannot be oversimplified as it is very complex.
In Drosophila flies it has been demonstrated
that following long term exposure to hypoxia,
adaptation through gene expression has allowed
for survival even during several hours in anoxia
[14]. For improving the tolerance to hypoxia,
it has been found that Acetyl Salicylic Acid is
neuroprotective against hypoxic hypoxia and
chemical hypoxia and delays the decline of
intracellular ATP content [15]. Nitrate can be
converted to nitrite and nitric oxide, that can
improve muscle efficiency and also dilate blood
vessels allowing more O, to be delivered to
active muscle [16]. The ability of cells to tolerate
hypoxia is critical to their survival, but varies
greatly among different cell types. Pulmonary
arterial endothelial cells (PAEC) retain their
viability and cellular integrity during hypoxic
exposure, whereas renal tubular epithelial cells
are extremely hypoxia sensitive and are rapidly
and irreversibly damaged. The maintenance of
high energy phosphates in hypoxic PAEC suggests
that there exists tight regulation of ATP and GTP
turnover in these cells and that preservation of these
nucleotides may contribute to the tolerance of PAEC
to acute and chronic hypoxia [17]. On exposure to
hypoxia, biochemical behaviour of skeletal muscles
was consistent with lowered reliance on glycolytic
contributions to energy supply, thus improving
the yield of ATP per mole of carbon fuel utilized.
Using glucose in preference to fatty acids, heart
adaptations also seemed to rely upon stoichiometric
efficiency adjustments, improving the yield of ATP
per mole of oxygen consumed [18]. Hemoglobin
can also have evolutionary adjustments in Hb-O,
affinity through alterations of the equilibrium
constants of O, binding to deoxy- and oxyHb as
shown in different vertebrates [19].

Finally, it is well known that in intensive
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care units (ICU) at sea level some people tolerate
hypoxia better than others. This is not clearly
understood, but this tolerance to hypoxia formula
may contribute significantly. Some ICU could
treat selected patients by increasing the Hb level,
above the normal expected for sea level. This
would increase their tolerance by increasing
the numerator of the formula. Of course, this
requires a most careful and suitable transfusion
and paying attention to the coagulation factors in
order to avoid complications. Another interesting
possibility would be to use hypobaric chambers
in the ICU, thereby reducing the barometric
pressure, but of course maintaining the hyperoxia
in ventilators. Such a procedure would decrease
the PaCO,, the denominator in the formula, further
boosting tolerance to hypoxia. Following the same
logic, an alternative would be to ventilate subjects
trying to achieve a lower PaCO,, but maintaining
the pH efficiently. These hypothetical proposals
obviously need to be fully and extensively studied
before their practical application.

CONCLUSIONS

The importance of presenting this concept of
higher tolerance to hypoxia based on the PaCO,
value rather than on the PaO, value allows a
further understanding of the blunted respiratory
drive at high altitude originally observed by S.
Lahiri [20]. The gaseous messengers in oxygen
sensing have recently gained importance [21].
Focusing the attention not only on the oxygen
levels but essentially on the CO, levels, can
help better understand the observed phenomena.
It is also possible that it could contribute in
understanding ventilatory drive during hypoxia
of the complex neuronal respiratory centers [22].
Nature is wise in allowing for the sustaining of
life and giving advantages in hypoxia tolerance,
the higher one goes. This new concept of
greater tolerance to hypoxia at high altitude
further contributes to the understanding of the
hypothesis of the extraordinary adaptation of
man to extreme hypoxia, including the summit
of Mt. Everest [23].
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I'ycraso P. 3ybiera-Kasueiia, I'ycraBo Appaiis,
Haranis 3y0iera-Je Ypocre, [loya-Epik Ilaynes
Ta I'ycraso 3y0iera-Kacrinio

CTIAKICTH IO I'MOKCIi

JIronm, o MpOXKUBAIOTH HAa PIBHUHI, MAIOTh HU3BKY CTIHKICTh
10 rimokcii. Ha mpoTuBary 10 1poro, JIO/IH, 10 MPOKUBAIOTH
Ha BHCOKOTIp’i, MOo4YyBaroTh cede ayxe qoope. SIk MOKIIBO
[EPEHOCHTH EKCTPEMAaIIbHY TIOKCII0 Ha BEMKHX BucoTtax? B
Lill CTAaTTi MU MPOMOHYEMO TilOTE3y, IO MOTSHIIHO MOsIC-
HIOE CTIHKICTB JIO TiMmOKcii Ha BUcoTax. Peectpartis BenmmuuH
koHIeHTparii remorno6iny (Hb) ta PaCO, na Bucoti 3510 m
JIEMOHCTpYE, 10 came TijBumieHHst Hb Ta 3HmKeHHs PaCO2
€ IBOMa CyTTEBUMH 3MiHAMHU, 1[0 MAIOTh MiCI[e IIPH ITiAHOMI
Ha BHCOTY. MU miporonyeMo GopMyay: CTIHKICTb 0 TimOKCii
= Hb/PaCO2 % 3.01 i npUBOAMMO JIOKa3M, IO 3aJICKHICTh
mik Hb ta PaCO2 1nosicHIO€ CTIMKICTh 70 IiIOKCcii Ha BUCOTI.
Kirouosi crosa: PaCO2, remorino6iH, BUCOKOTIp st

I'ycraso P. 3youera-Kanneiis, I'ycraBo Appaiis,
Haranbs 3yonera-ge Ypoc, [loyn-dpux Iaynes u
I'ycraso 3ybduera-Kacruiuio.

YCTOMYUBOCTH K THIIOKCUA

JIromu, MpOXXUBAOIINE HAa PaBHUHE, UMEIOT HU3KYIO yCTONYH-
BOCTB K THIIOKCHH. B IPOTHBOIIONOKHOCTD STOMY, JIFOJIH, ITPO-
JKUBAIOILHE BHICOKO B FOpaXx, 4YyBCTBYIOT c€0st 04€Hb XOPOLLIO.
Kak MOJKHO IIEPEHOCHTh IKCTPEMAIIbHYIO THITIOKCHIO Ha 0J1b-
KX BbICOTaX? B 3T0#i cTaThe MBI H3J1araeM rHIOTE3Y, KOTOpast
OBSICHSCT YCTOWYMBOCTh K TMIIOKCHHU Ha BbICOTaX. Perucrpa-
LSl BEJIMYHMH KOHIEHTpanuu remoriodunHa (Hb) u PaCO2 Ha
BbicoTe 3510 M mokasbIBaeT, 4TO MMEHHO HoBbleHne Hb u
camxenne PaCO, ABIAIOTCA ABYMs CyILECTBEHHBIMU H3MEHE-
HHSIMH, KOTOPbIE HMCIOT MECTO IPH HObEME Ha BICOTY. MBI
npeziaraeM GopMyity: ycToRunBOCTb K runokcun = Hb/PaCO,
% 3.01 ¥ IPUBOJIMM JIOKa3aTeIIbCTBA, YTO 3aBUCUMOCTD MEXK/LY
Hb u PaCO, 00bsCHAET yCTOHIMBOCTD K THIIOKCHH Ha BBICOTE.
Kmouesrie ciopa: PaCO,, reMomioOuH, BEICOKOTOPEE.
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M.O.Cerusbaesa, H.Il.Anexcanaposa

CpaBHHUTE/IbHAS OL[EHKA YCTOMYUBOCTH
UHCIIMPATOPHBIX MBI K YTOMJICHUIO
IPU MOACJUPYEMOil OOCTPYKIMH AbIXaATEJIbHbIX IMyTEH

Ilposedenue cnekmpanvroeo ananuza IMI™ pasuvix epynn ObIXamenbHbIX Mblully NOKA3AL0, YMO NOCe
BbINOJIHEHUSL MbIUUEYHOU pabOMbl 8 COYEMaHull ¢ 000a80UHbBIM CONPOMUBILEHUEM ObIXAHUI) OOHOBDEMEHHO
CO CHUDICEHUEM MAKCUMANbHO2O0 UHCnupamophoeo oaeienusi (MIP) nabniodaemcs cosue yeHmpouoHou
yacmomol DMI” napacmepHanbHbIX, 1eCMHUYHBIX U 2PYOUHO-KIIOUUUHO-COCYEEUOHBIX MbIUY 8 HUSKVIO
yacmo cnekmpa. Hsmenenui 6 cnexkmpe SMI” ouappaemer ne ommeuaemces. Takum obpaszom, cHudxceHue
06uje2o cunI08020 pe3epea ObIXamenbHbIX MblllilY, HAOII0O0aeMoe NOCLe YCUTLEHHOU HASPY3KU HA ObIXAMelb-
HYI0 cucmemy, 00yCio81eH0 YXyouleHueMm YHKYUOHATbHO2O COCMOAHUSA He OUappazmpl, d MOPAKATbHBIX
U 6CNOMOSAMENbHBIX UHCRUPAMOPHBIX Mbluly. [Juadpazma bonee ycmouuusa k ymomaenuro. Ilonyuentole
OaHHble NO360NAIOM NPEONOIOHCUNTD, UMO CHUNCEHUE MAKCUMATbHOZO UHCRUPAMOPHO20 OA6IeHUs npu
XPOHUUECKUX 0OCMPYKMUBHBIX OONIE3HAX Ie2KUX MAKICe GbI36AHO NPENCcOe 6Ce20 0CLADIeHUeM 6CHOMO2a-
MeNbHOU MYCKYIamypul, mo20a KaK c1abocmsb Ouagpazmol MOX#cem pa3eusamscsi Ha Oonee NO30HUX Cma-
ousix 3abonesanusi. Ilpu smom GyHKYUOHANLHAS HEOOCMAMOYHOCHb 6COMOSAMELbHBIX MbIUUY S6IAEMCs]
OONONHUMENbHBIM (PAKMOPOM, KOMOPbIL HAPAOY ¢ 00OABOUHBIM CONPOMUBLEHUEM OLIXAHUIO YEeaUu Uusaen
HA2py3Ky Ha ouagppazmy, cnocob6cmeys pazeumuro ee YmMOMIeHUs U CHUJICEHUI) Pe3eP808 ObIXAMENbHOU
cucmembl.

Knrouegvie cnosa: uncnupamophuvin muluiybl, 000A60UHOE CONPOMUBIIEHUE, NEeKMPOMUOSPADUsL, YIMOM-

JleHue, Mbliheunas HacpysKka

BCTYIIVIEHHUE

CoBpeMEeHHBIMH UCCIIEJOBAHUSIMHI yCTaHOBIIEHO,
YTO CYLIECTBEHHAs POJb B I'€HE3€ BEHTUIISALIH-
OHHBIX PACCTPOUCTB Y OOJBHBIX XPOHHUECKON
o0cTpykTuBHOU Oosie3Hbi0 Jerkux (XOBJI)
MPUHAUIEKUT HE TOJBKO BHYTPHIETOUHBIM
MeXaHU3MaM, HO U TUC(YHKIMH ABIXaTelbHbIX
mbi (Polkey, Mokham, 2001 et al.). MI3BecTHO,
yto npu XOBJI 3HaYuTEeNbHO yBETUUYHMBAETCA
Harpy3ka Ha MOTOPHBII anmnapar pecuupaTropHoOi
CHCTEMBI BCIIEACTBHE POCTa OPOHXUAIBHOIO
conportusneHus. asg Toro, 4To0bl KOMIIEHCH-
pOBaTh YBEIWYEHHYIO Harpy3ky M COXPaHHUThb
aJIeKBaTHBII ypOBEHb MUHYTHOH BEHTWISALHUH
JIETKUX WHCIUPATOPHBIE MBIl BBIHYKJEHBI
paszBuBaTh OOJbIICE YCUIIUE AJS CO3JaHUs CO-
OTBETCTBYIOLIET0 OTPULATEIBHOIO JABICHUS B
FPYyAHON NONOCTU. JINUTENbHO AEHCTBYHOILIAS
MOBBIIICHHAS PE3UCTUBHAS HArpy3Ka Ha CUCTe-

© M.O.Cerusbaea, H.I1.Anexcannposa
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MY JIBIXaHHUS MOXKET CIOCOOCTBOBATH PA3BUTHIO
YTOMIICHUS JIbIXaTEIbHBIX MBIIII, B Pe3ylIbTaTe
Y€ro BO3MOXHO BO3HUKHOBCHHEC CHUMIITOMOB
JIBIXaTEIbHOM HEJOCTATOYHOCTH, COMTPOBOKAA0-
IUXCA HAPYHICHUAMHU ra30BOIr0 COCTaBa KPpOBHU.
YCTaHOBIEHO, YTO yTOMJICHHUE JbIXaTEIbHBIX
MBIIII MOXET Pa3BUBATHCS Y 30POBBIX JHO/ICH
MpU COYETAHUHU JIOOABOYHOTO COMPOTUBICHUS
IBIXaHUIO ¢ MBITIIEIHON paboToit (Cernzdaena,
Anexcauaposa, 2009). B Tom caydae, koraa aei-
cTBHUE J0OABOUYHOTO CONMPOTUBIICHHS COYETACTCS
C HEOOXOAMMOCTBIO BBIMOJIHEHUS! (PU3NYECKON
paboThI, KOTJa MOBBIMIAIOTCS BEHTUIATOPHBIC
MOTPEOHOCTU OpraHu3Ma, Harpy3ka Ha JibIXa-
TCJIBHBIC MBIIIIBI BO3pacTacT MHOTOKpPATHO.
3T0 MOXET HeOJIaronpHUsATHO OTPA3UTHCS HAa UX
(YHKIMOHATBLHOM COCTOSIHUHU, CIIOCOOCTBOBATH
CHIDKECHHUIO PE3EPBHBIX BO3MOKHOCTEH M IPHUBO-
JUTh K MOCTENCHHOMY Pa3BUTUIO YTOMJICHHUS.
Jas Toro, 9TOOB ONMEHUTH (HYHKIIMOHAIHHOE
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CpaBHI/ITeHLHaﬂ OIICHKa yCTOﬁ‘IHBOCTH HHCIHUPATOPHBIX MBI K YTOMJICHUIO

COCTOAHHNEC MHCIIUPATOPHBIX MBI IIPpU COUYCTA-
HUH J00aBOYHOTO COMPOTHBIICHUS JBIXaHHUIO U
MBIIIEYHOW HATPY3KH, & TAKXKE MPOBECTH CPaAB-
HUTEIBHYIO OI[CHKY YCTOWYHNBOCTH Pa3IMYHbIX
WHCIUPATOPHBIX MBIIII] YeJIOBEKa K YTOMIICHHUIO
ObLTa BRITIOJHEHA MaHHas paboTa.

METOJUKA

B wmccienoBaHuy MpuUHUMAIN y4acTHE HIECTh
ucIbITyeMBbIX (2 roHOmM U 4 meBymkun). Bee
YYaCTHHKH ObLTH OCMOTPEHBI BPAa4OM-ITyIbMOHO-
JIOTOM, HE UMEJIH B aHaMHe3€ OPOHXO0-JIETOYHBIX,
CEPACYHO-COCYAUCTBIX U HEHPO-MBIIICUHBIX
3a00J1eBaHU W HE OBUIH MMOABEPIKEHBI OCTPHIM
pEeCIMPaTOPHBIM BUPYCHBIM HH(EKITUSIM B Teue-
HUE TpeAIecTBYIOMMUX 2 MecsieB. Bee obcie-
JyeMble OBbLIH MOAPOOHO NPOUH(DOPMUPOBAHEI O
MPUMEHSIEMBIX METOJMKAX, IOCIIEI0BATEIILHOCTH
MPOBEACHNUS UCCIECAOBAHUN U 1aJI¥ MHCbMEHHOE
corIacHe Ha y4yacTHe B HUX. DKCIEPUMEHTHI IIPO-
BOJIMITH B COOTBETCTBUH C TIPUHIIUTIAMH X EJTbCHH-
ckolt [lexnapaiuu o npoBeIeHUH UCCTIEA0BAHUM C
y4acTHEM YeJIOBEKa U C COOIOIEHUEM OCHOBHBIX
HOPM M IpaBWJ OMOMEIUIIMHCKON >TuKH. Bce
MNpUIJIALIEHHBIE K YYAaCTHIO B HCCIEIOBAHHIX
UCIBITYyEeMbIE OBIJIM OJHOIO BO3pPacTa, UMEIH
CXOJIHBIE aHTPOTIOMETPUYECKUE JIAHHBIE U COOT-
BETCTBYIOIIHE POCTY M BECY CITUPOMETPHUECKHE
MoKa3aTelH, a TakKe MPUMEPHO OJMHAKOBBIN
YPOBEHb (PU3UUECKOH MOATOTOBICHHOCTH.

B kauectBe QyHKIMOHATILHOM MpOOBI, MmO-
3BOJISAIOILEH OLICHUTh CHUJIOBBIE PE3EPBHBIC BO3-
MOYKHOCTH JIBIXaTEIIbHBIX MBIIIIII, HCIIOJIb30BAICS
MaHeBp Mromnepa. McnbITyemMble BBITOTHSIIH
MaKCHMallbHO€ MHCIUPATOPHOE YCHJIUE MpHU
MEPEKPHITHIX BO3TYXOHOCHBIX MYTAX OT YPOBHS
¢GbyHKIIMOHATBEHON ocTaroyHO# eMkocTH (ATS/
ERS Statement on Respiratory Muscle Testing,
2002). U3mepenne MakCUMalbHOTO HHCIIHpA-
topHoro nasieHus (MIP) mpousBogunu c mo-
MOMIBIO MOPTATUBHOIO CEPTU(GHUIIUPOBAHHOTO
npubopa PowerBreath KH1 (PowerBreath, UK).
W3mepeHust MpoOU3BOAMIN MOCIE TIIATEIBHOTO
UHCTPYKTUPOBAHUS U OOy4YEHMs] MCIBITYEMO-
ro ¥ mociie 5-8 03HaKOMHUTEIbHBIX MOMBITOK
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BOCIIPOMU3BEJACHUS MHCIHPATOPHOTO MAHEBPA.
HN3mepenus mpou3BOAUIN HE MEHEe 5 pa3 ¢
nepepeiBaMu B 1 MUHYTY, B pacdeT MPUHUMAIH
MAaKCHUMaJIbHOE U3 NOCTUTHYTHIX Be1udnuH MIP.

PerucTpanuto 3aeKTpUUE€CKO aKTUBHOCTH
nuadparmsl, mapacTepHaaibHOU, IPYAUHO-KITIO-
YUYHO-COCIHEBUAHON M JIECTHUYHOM MBIIII]
MIPOBOAMIIH C TOMOIIBIO TOBEPXHOCTHBIX KapIu-
orpaduueckux 31ekrponoB (ARBO, I'epmanus).
s peructpamuu 3MeKTPUIECKOH aKTHBHOCTH
nuadparMel 2JIEKTPONBl yCTAaHABIWBAJIU B 8
1 9 MexpeOephsIx CIpaBa MO XOIy IMepeaHeit
MOAMBIIICYHON JTUHUU. DICKTPUUCCKas aKTUB-
HOCTb MapacTepHaJbHBIX MBIIII] OTBOAUIACH C
MTOMOIIBIO Taphl JIEKTPOJOB, PACIIOIOKESHHOM
BO 2-M Mexpebepbe crpaBa Ha pacCTOSHUU
2-3 ¢M OT Kpas TpyauHbl. g perucTpanuu
AKTUBHOCTH TPYAUHO-KITIOYNIHO-COCIIEBUIHOM
U JCCTHUYHOM MBIIII] SJIEKTPOABl HAKIIAIBIBA-
JIUCH MOCIE0BATEIBHO IO XOIY PACIOI0KEHUS
BOJIOKOH MBIIIIBI HA PACCTOSIHUU | CM JPYT OT
npyra. DIeKTpUYeCKHue CUTHAIBI YCHITHBAINCH
C TIOMOIIIBIO YCHITUTEN ST OMOMTOTEHIINAIOB BHICO-
KOU 9yBCTBHUTEIBHOCTU C TIOJIOCON MPOIyCKa-
Hust ot 10 mo 1000 ' (I'YATI, C.-ITeTepOypr).
YcuiieHHbIE CUTHAJBI C JJIEKTpOMHUOTpadude-
CKOTO yCUJIMTEJISI TOJIaBAIMCh YEPE3 aHATIOTOBO-
nudpoBoil mpeoOpa3oBaTeNb U 3aMHUCHIBAINCH
Ha JKECTKOM JHCKEe KOMITbIOTEpa C 4acCTOTOH
nuckpern3anuu 1000 I'm mist mocnenyromero
aHanusa. {ns cpaBHEHUS YCTOMYMBOCTH K
YTOMJICHUIO PA3IMYHBIX HHCITUPATOPHBIX MBIIIII]
WCIIOJB30BAJICS METO/[ CIIEKTPAILHOTO aHaIu3a
OMI. DTOT METOA MO3BOJAET ONPEACTUTH CUTY
AIEKTPUUECKOTO CHTHANA KaK (YHKIHIO OT €To
4acTOTHOTO kommnoHeHTa (Basmajian et al.,
1975) u naeT BO3MOKHOCTD BBISIBUTH TOHKHE U3-
MEHCHUS B (YHKIIMOHAIBHOM COCTOSIHIH MBbIIII-
upl. J{ns 06padorku DMI Beiiensics yuacTok
HaTUBHOU 3aNMCH, KOTOPBIH AKCIIOPTHPOBAIICS
B TeKCTOBBEIN (haitn. Ilociie TOr0 TEKCTOBBII
(haitn oOpabarsIBaIn ¢ TOMOIIBIO CIICITUATIBHOM
MPOTPaMMbI, TTO3BOJISIONICH Pa3JIOKUTh OIU]-
POBaHHBIA CUTHAN B JUCKPETHBINA psag Dypse,
a 3aTeM BBIYHCIHUTH MOIIHOCTHh CIIEKTPAIbHOU
MJIOTHOCTHU. {7 TOro, 9TOOBI MpPOCIEeNNUTh Ya-
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CTOTHBIH cBUT criekTpa DMI' paccuuThIBagach
LEHTPOMIHAs YacToTa (f,) 10 Havana MbleYHOH
Harpy3ku M cpasy ke IMOClie €€ MPeKpaIieHus.
IllenTpounHas dacToTa sBIASETCS Hambolee
CTaOMIIBHBIM TTAPaMETPOM, HCTIOJIB3YEMbIM TIPH
aHaliM3e CIEeKTpa AEKTPUUCCKON aKTHBHOCTH
meii (Schweizer et al., 1979). CmemnieHue 1eH-
TPOUAHON YaCTOTHI B Ty MJIU APYTYIO CTOPOHY
OTpakaeT U3MEHEHHUE OTHOCHUTEIHHOTO BKJIaja
HHU3KO- ¥ BBICOKOYACTOTHOW KOMIIOHEHTHI B
JIaHHYIO TIOJIOCY CIIeKTpa. MI3MeHeHue 4acToT-
HOTO cocTaBa DOMI, ¢ mepepacupenenrcHueM
MOIIIHOCTH OT 0oJiee BBICOKHMX K 00Jiee HU3KUM
4acTOTaM, UCIIOJb3YeTCS B KaueCTBE KPUTEPHs
yXxynmeHus: pyHKIIMOHAIBHOTO COCTOSIHHS JIbI-
XaTeJIBHBIX MBI, TPEAIIeCTBYONET0 Pa3Bu-
tuio ux yromnenus (Gross et al., 1979).
Kaxxnoe mccnenoBanne mpoBOIUIIOCH B JIBa
srana. B mepBoli yacTu uccieq0BaHUsA HCIIbI-
TyeMbI€ BBIMOJHSIM MBIIICYHYK HArpy3Ky B
YCIIOBHSIX CBOOOJIHOTO JBIXaHUS, BO BTOPOH — Ha
(dhoHe MoeTHpyeMOi 0OCTPYKITNHN BIXaTEeTbHBIX
MyTel, KOTopas CO37aBajiach IyTEM BBEIEHUS
J00aBOYHOTO PE3UCTHBHOTO COMPOTHBIICHUS Be-
nuuuHOM 40 cM Boa.CT./1 ¢! B MHCIMpaTOpHBIii
KaHaJ JIBIXaTeJIbHOTO KOHTYypa. MHBIIICYHYIO
Harpy3Ky HCITBITYEMbIE BBITTOJHSIIN HA MEXaHUYe-
ckoM TperOane (yroi HakiIoHa 30° OTHOCHTETHHO
TOPHU30HTA) — XOAh0a B TEUCHHUE 5 MUHYT B PEIKHU-
Me 2 mara B cekyHay. Jlo u rmocie BBIIOJTHEHUS
MBIIICYHON HArPy3KH OIPEACIISUTH BETMUUHY MaK-
CHUMaJIbHOT'O HHCIIMPATOPHOTO AaBjieHus. B mokoe
U B MPOLECCe IKCIIEPUMEHTa MPOU3BOJUIACH
HeTpepbhIBHAS PETUCTPAIIHS THEBMOTaXOTPAMMBI
(TpyOxa dieiimra No5), MHCTTHPATOPHOTO BHYTPH-
MacOYHOTO (POTOBOTO) JABICHUS, DIICKTPUUIECKOM
aktuBHOCTH (OMI') nuadparmel, mapactep-
HaJIbHOH, TPYIUHHO-KIIOUNYHO-COCLIEBUIHON U
JeCTHUYHOU MbIII. COOp IKCIEPUMEHTAIBHBIX
JTAHHBIX POW3BOIMIICS C TIOMOIIBIO aIlliapaTHo-
nmporpaMMHOTO KomIuiekca «Biograph» (I'VAIL,
Cankr- [leTepOypr) — MHOTOKaHaJILHOTO YCTPO¥A-
cTBa JUIs cOOpa (PU3MOJOTUYECKUX J[AHHBIX,
COCTMHEHHOTO C MEPCOHAIBHBIM KOMIIBIOTEPOM
yepe3 BeicokockopocTHOM USB 2.0 nmopr. ITocne
OKOHYAHMSI HKCIIEPUMEHTA, TTOTyYeHHBIE 3aITHCH
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MpOCMaTPUBAJIMCh U NOJIBEPTAIUCH JaJbHEHIIEN
KOJIMYecTBeHHOM 00paboTke. CTaTHCTHYECKUN
aHalli3 JAHHBIX NPOU3BOAMIICS C MCIOJIb30Ba-
HueM nporpamm Microsoft Excel. Beraucisiiach
CpenHss BEJIMYMHA PETHCTPUPYEMBIX IapaMme-
TpoB U omuOKa cpeauei. Jns cpaBHeHUs AaH-
HBIX IPUMEHSICS IapaMEeTPUUECKUI KPUTEpUI
CreionenTa. Paznuuus cautanu cTaTUCTUYECKH
3HauuMbIMU nipu P<0.05.

PE3VYJIBTATbBI UCCJIEJOBAHMUSA
N UX OBCYXKJIEHUE

MakcuMalbHOE HHCTTMPATOPHOE POTOBOE JIaBiie-
Hue (MIP), pazBuBaeMoe BO BpeMs BEITIOJTHEHHS
MPOU3BOJILHOTO MHCIIHUPATOPHOTO YCHIIHS TIPH
MEePEeKPBITHIX BO3yXOHOCHBIX ITyTAX, OTPAKAET
CYMMapHYIO CHJIy COKpallleHHil BCeX MBIIIII,
y4acTBYIOIIKX B Ipouecce Baoxa. CpenHss Be-
nnunHa MIP B rpynne ucnbeITyeMbIX FOHOMIEH
coctaBuia 99.0+£3.0 cMm BOA.CT., B TpyIIIE AEBY-
mek — 58.1£9.2 cm Boa.cT. CpegHss BeaTndnHa
MIP y Bcex ucnbITyeMbIX cocTaBuina 75.6+11.1
CM BOJ.CT. Ot 3HaueHus MIP coorBeTcTBOBAIN
JOJDKHBIM BEJIMYMHAM JJIs  BO3pacTa, pocTa U
BeCa YYaCTHUKOB uccienoBanus. Bennunna MIP
Mo CJie MBIIIIEYHOH HAarpy3KH C COMPOTUBIEHUEM
cHu3miach Ha 12% mo cpaBHEHUIO ¢ )OHOBBIMU
JNAHHBIMH, 9TO MOXET CIIYXUTb OJHUM U3 TPH-
3HAKOB CHW)KCHUS (PyHKIIMOHAIBHBIX PE3EPBHBIX
BO3MOYKHOCTEHN JIBIXaTEeNbHBIX MBIIII YeJI0BeKa
1 BO3MO>XHOTO Pa3BUTHUSA UX YTOMIIEHUS.
Jlo6aBoYHOE MHCIIUPATOPHOE COMPOTHB-
JICHUE BBI3BIBAJIO XapaKTepHbIE M3MEHEHUS B
MOTOPHOM TAaTTEpPHE JbIXaHUS: MPOUCXOIHUIO
OJHOBPEMEHHOE yBEJIWYEHHE BHYTPHUMACOU-
HOTO JaBJEHUS U yCHUJIEHHUE DJIEKTPUUYECKOI
AKTUBHOCTH Juadparmel, napacTepHalbHBIX,
JNIECTHUYHBIX U TPYAUHO-KIFOUYNYHO-COCIEBU/I-
HBIX MBI, Ha GoHe BBITTOTHEHHS MBIIICYHOM
Harpy3Kku Kak Ipu CBOOOHOM JbIXaHHH, TaK H,
0COOEHHO, B YCJIOBHSX PE3UCTUBHOTO COMPO-
THUBJICHMSI, HAOIIOJaaCh YCHIICHHAS JJICKTPH-
yeckas aKTHBALlUsl BCEX HCCIEAYyEMBIX MBIIIII.
WNx mHCIIMpaTOpHBIE pa3psAAbl OBIIA XOPOIIO
BBIPAYKEHBI 1 Y€TKO CHHXPOHU3UPOBAHEI IPYT C
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npyroMm. Takol maTTepH 3NEKTPUUECKOU aKTUB-
HOCTH MOAJIEP/KUBAJICS 10 OKOHYAHUS MBbIIIEY-
HoH Harpy3ku (Puc.1).

AHaTu3 MOITHOCTH CIIEKTpPa MOKa3ayd, YTO
B YCIOBHSAX TMOKOS MPU CBOOOTHOM JbIXaHUH
HEHTpOoUAHAas YacToTa crekrpa DMI auadpar-
MBI pacmonarajack B obnactu 161.7+£5.9 I'm,
napactepHaiabHON MbIIIbl — 222.849.0 I'n, rpy-
JUHO-KJIIOYUYHO-cocieBuaHoN — 137.7+8.0 I'w,
nectHuuHOM — 151+7.0 I'u. CpenHee 3HaueHue
MEeHTPONIHON YacTOTel DMI" nuadparmsl, n3me-
PEHHOM cpa3y MOCie BHITIOJHEHHUS MBIIICYHON
HArpy3KH Kak B YCJIOBHSIX CBOOOIHOTO JAbIXaHHUS,
Tak 1 Ha (poHE 10OABOYHOTO COMPOTHUBIICHHS,
COXpaHsIOCh Ha YpPOBHE (DOHOBBIX BEIUYUH
(Puc.2). [locne hnu3maeckort pabOThI C PE3UCTHB-
HBIM COTIPOTHBJIEHNEM 3HAUEHHUS IEHTPOUTHON
YaCTOTHI JIECTHUYHOW MBIIIIBI CHUXKAJINUCH HA
16.6% (P<0.05), mapactepHanbHoii —Ha 11.7%
(P<0.05), rpyanHO-KIHOYNYHO-COCIICBUTHON —
Ha 11.8% (P<0.05) (Puc.2). Takum o0pa3om,
4aCTOTHO-aMIUTUTYAHBIH aHaJIN3 3JIEKTPOMHO-
rpadudecKoi aKTUBHOCTH MCCIIETYEMBIX MBIIIII
MOKa3aJl JOCTOBEPHOE CHM)KEHHE I[EHTPOHU]I-
HOM 4aCTOTHI NapaCTEPHAIBHOM, JIECTHUUHON
U TPYAUHO-KJIIOYUYHO-COCLEBUTHON MBIIII
MOCJIe BBIMIOJHEHUSI MBIIICYHON HArpy3KH Ha
(hoHE MHCTIUPATOPHOTO PE3UCTHUBHOTO COIIPO-
THBJIEHUA. DTO OTpaXkaeT MepepacupenesieHne
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MOIIIHOCTH CIIEKTPa OT 00Jiee BHICOKUX YACTOT
K 0ojiee HU3KUM 4acTOTaM M CBUJETEIbCTBYET
00 yXynlIeHNU (PYHKIHMOHAIBHOTO COCTOSTHUS
MBILIIIBI, TPEAIIECTBYIOMIETO PA3BUTHIO YTOM-
JICHUSI U CHM)KEHUIO CHJIbI MBIIIEYHOTO COKpa-
menus (Lindstrom et al., 1970). OTtu nanubie
MO3BOJISIIOT MPEJIITOI0KUTH, YTO BCIIOMOTaTeNb-
HbI€ MHCIIMPATOPHBIE MBIIIIBI YEJIOBEKAa MEHEE
YCTOMYMBBI K YTOMJICHUIO MO CPAaBHEHUIO C
OCHOBHOW WMHCHHUPATOPHOW MBIIIEH — nuad-
parmoii. OgHOM 13 BO3MOXKHBEIX TPUIUH CIIBUTA
criekTpa MoimHocTd OMI' B yclOBUSAX HaArpy-
KEHHOTO (POPCHPOBAHHOTO JBIXAaHUS MOXKET
SIBJATHCS YMEHBIIEHHE CKOPOCTH MPOBEIECHUS
MUOMNOTEHLUMAJIOB B MBIIIEYHBIX BOJOKHAX
(Gross et al., 1979). 3amenneHue CKOpoOCTH
MPOBEJCHUS SIBISETCS MEPBOHAYAIBHBIM MPU-
3HAKOM METa0O0INYECKUX N3MEHEHHH B MBIIIIIE,
CBA3aHHBIX C HAKOIUIEHNEM MOJIOYHOM KUCIIOTHI,
CHIKEHHMEM BHYTpukieTouHoro pH u mnsmene-
HMEM BcleacTBHe 3Toro Tpancrnopra K u Ca?’.

HabGnromaemoe B HammuX HMCCIETOBAHUAX
CMEIIeHNE MOIITHOCTH criekTpa DMI TpyaHBIX 1
BCIIOMOTaTeIbHBIX MHCIUPATOPHBIX MBIIII] B CTO-
poHy mpeodaaaHus HU3KHUX YacTOT MO3BOJISIET
3aKJIIOUYUTH, YTO 3TH MBIIILBI 001a/1a10T MEHbLICH
YCTOMYHBOCTHIO K YTOMIICHUIO, 4YeM quadparma.
TakxuMm 006pazom, CHIPKEHHE MAaKCHUMaTbHOM CHITBI
COKpallleHU HHCITUPATOPHON MYCKYJIaTyphl MO-
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Puc.] HaruBHas 3amuch MHEBMOTAXOTPaMMbl, HHCIMPATOPHOTO POTOBOTO JABIICHHS, SICKTPHYECKON aKTUBHOCTU IPYAUHO-
KITFOYIYHO-COCIIEBUIHOM, IECTHUYHOH, MapacTepHAILHON MBIIIIL B AUAPparMbl (CBEpXy BHH3) IIPH CBOOOTHOM AbIXaHUH (A) 1
Ha (oHe AeicTBUS 106aBOYHOIO HHCITUPATOPHOTO conpoTusieHus (B) B yCIOBHAX BBIIOIHEHHUS MBIIICYHON HATPY3KH
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cJie BBITTOJIHEHHUs MBIIIEYHON HAarpy3KkH B ycio-
BUSIX 100aBOYHOTO CONPOTHBICHUS ABIXaHUIO
00yCIOBJIEHO yXyllIeHHeM (DyHKIIMOHAIBHOTO
COCTOSIHUSI NapacTEepHAJbHBIX, JIECTHUYHBIX U
FPYAUHO-KIIOUMYHO-COCLIEBUIHBIX MBIIIL], HO
He nuadparmel. Jlmadgparma B MeHbIIEH cTerie-
HU MO/IBEP)KEHA YTOMIICHUIO, YeM TOpaKalbHbIe
1 BCTIOMOTaTeIbHble HHCIIUPATOPHBIE MBIIIIIHI.
PesynbraThl HaLIEro UCcie10BaHUS MOATBEP-
KJAIOT JaHHbIE, IOJyYEHHbIE PAHEE Ha OCHOBE
M3MEpPEHHs] MaKCHUMaJbHOTO 330(araJbHOTO H
TpancanadparMagsbHOTO JABICHUI 0 U TIOCIE
BBINIOJIHEHUSI TECTA C PE3UCTUBHON HArpy3Kou
(Hershenson et al., 1989). ABTopsl IpoIeMOH-
CTPUPOBAIU AOCTOBEPHOE CHUKECHUE BEIUYMH
MaKCHUMaJIbHOTO 330(paraibHOTO JaBICHUS Y HC-
MBITYEMBIX [10CJIE «HATPY304YHOI0» TE€CTA, TOTAA
KaK 3Ha4eHUs] MAaKCHUMalIbHOTO TpaHcanadpar-
MaJIbHOTO JIaBJICHUS 0CTABAINCh HEM3MEHHBIMH.
Bennuuna 330(aranbHOTO JaBICHUS OTpakaeT
CHUJy COKpAIlleHUN BCEX MHCIIUPATOPHBIX MBIIILI,
a BeJTMYMHA TpaHcanadparMaabHOTO — CHITY CO-
KpaleHni HCKII0IUTEIbHO nuadparMsl. [1oaTo-
My CHH)K€HHE MaKCHMaJIbHOTO HHCITUPATOPHOTO
YCHIJIHS TIOCJIE TeCTa ¢ J0OaBOYHBIM COMPOTHB-
JIEHUEM MOKET MPOU30UTH 3a CUET OCIa0ICHHUS
CHJIBI MEXPEOSpPHBIX W/UIU WHBIX BCIIOMOTa-
TEJIbHBIX MHCHUPATOPHBIX MBILIL BCJIEICTBUE
pasButus ux yromienus (Hershenson et al.,
1989). Kpome TOTO, CymECTBYIOT JaHHBIE O
BO3MOXXHOCTH M30MpaTEIbHOTO yTOMJIEHUS
MBI TPYIHOW KJICTKU WIH JuadparMbl, KO-
TOPOE MOKET Pa3BUBATHCS B 3aBUCUMOCTH OT

O don
LOMHRO
BIMHR40

TectHiyHan

MapacTepHankHan rKC

Jwapparma

Puc.2 JIluHamuka HEHTPOMAHOM 4acTOTH crekTpa OMI
nuadparMsl, MapacTepHANBHOMN, IPYIHHO-KIIOYHYHO-COC-
LEBU/IHOM M JIECTHUYHOM MBIIII 0 U T10CJIE BBITOIHCHUS
MBIILIIEYHON HArpPy3KHU B yCIIOBHSAX CBOOOIHOTO IBIXaHHS U HA
(hone nobaBouHOTO conpotusaeHus. * - p<0.05 o cpaBHEHUIO
C KOHTpPOJIEM
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TOTO, KaKOW TUIl JbIXaHUs — TOPaKaJbHbI WIIN
a0IOMHUHATBHBIN — IPOU3BOJIBHO BHIOUPAET HC-
MBITYEMbIi BO BPEMS BBIIIOJHEHHS HATPY304YHOTO
TecTa M0 NPEOAOJICHUIO PE3UCTUBHON HArpy3KHU
(Fitting et al., 1988).

[TonmyuyenHble HaM# JAaHHBIE MMO3BOJISIOT
MPEMOIOKUTh, UTO CHI)KCHUE MaKCUMaJIbHOM
CUJIBI COKPAIICHUM HHCTIUPATOPHBIX MBIIII] TPU
XPOHUYECKUX OOCTPYKTHUBHBIX OOJIE3HSX JIETKUX
BBI3BAHO TPEXJIe BCErO 0CIabIIeHNeM BCIIOMO-
raTelbHON MYyCKYJIaTyphl, TOTa Kak cl1aboCcTh
nradparMbl MOXKET pa3BUBATHCS Ha O0JIee mo31-
HUX cTaausx 3aboseBanus. [Ipu 3ToM QyHKIIM-
OHaJIbHas HeJOCTAaTOYHOCTh BCIIOMOTaTEIbHEIX
MBIIII] SBISETCS JOMOJTHUTEIbHBIM (PaKTOpOM,
KOTOPBIH Hapsay ¢ J00aBOYHBIM COTPOTHBIIE-
HHUEM JIBIXaHUIO YBEJIWUYMBAET HATPY3Ky Ha JU-
aparmy, CriocoOCTBYS Pa3BUTHUIO €€ YTOMJICHHUS
Y CHIDKCHUIO PE3EPBOB JIBIXaTEIbHON CUCTEMEL.

PesynbTaThl Halero uccienoBaHus U JIUTEpa-
TypHbIE JAHHBIE CBUAETEILCTBYIOT O TOM, UYTO
BBINOJIHEHUE MBIIICYHON HArpy3KU B YCIOBUAX
00aBOYHOTO COMMPOTUBIICHUS BBI3BIBACT CHUXKE-
HHE PE3EPBHBIX CUIOBBIX MMapaMeTPOB CUCTEMBI
npixanus. Mexay TeM, (QYyHKIHMOHAIbHBIMHU
BO3MOJKHOCTSIMH TOH CUCTEMBI, BKJIIOYas €¢
MOTOPHYIO COCTAaBISIONIYIO0, B 3HAUUTEIbHOMN
CTETIEHU OTPE/IENSIeTCs CTOCOOHOCTD alanTalun
OpraHu3Ma K U3MEHSIOIUMCS YCIOBUSIM OKPY-
JKarolel cpeapbl. U3BECTHO, YTO AbIXaTelIbHbIE
MBIIIIBI UTPAIOT KIIOUEBYIO POJb B MPUCIO-
COOJICHHU OpraHM3Ma K yBEJIHMYHUBAIOIIUMCS
PE3UCTUBHBIM Harpy3kam. B cBsi3u ¢ 3TuM npo-
rHO3UpyeMas TUCPYHKITUS TbIXaTeTbHBIX MBIIIIII
NpU JAJUTEIHHOM BO3J€HCTBUU PE3UCTUBHOTO
COTNPOTHUBJICHHUS MOYKET OKa3bIBATh HETATHBHOE
BIMSHUE Ha aJeKBaTHOCTL ra3000MeHa, 0CO-
OCHHO IIPH BBINIOJHEHUH (DU3UYECKUX HATPY30K.

M.O.CerizoaeBa, H.Il.Annexcanaposa

MOPIBHSIJIBHA OIIIHKA CTIMKOCTI
THCHIPATOPHUX M’SI31B 10 BTOMHA
PU MOJEJIbOBAHIN OBCTPYKIIIi
JAXAJBHUX LLISIXIB

[MpoBenenns crnexrpanpHOoro aHamizy EMIT pisHux rpyn
JIIXAJIBHUX M’ SI31B ITOKA3aJIo, IO ITiCJIsl BUKOHAHHS M’ 30BOT
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po06OTH B MOETHAHHI 3 JOJATKOBUM OIIOPOM JIMXaHHIO OJIHO-
YaCHO 31 3HIKEHHSIM MaKCHMaJIbHOTO iHCIIIPATOPHOTO THCKY
(MIP) crioctepiraeTbest 3pyLIeHHs HeHTpoinHoi yactot EMIT
HapacTepHaIbHUX, APAOMHYACTHX 1 IPYIMHO-KIIOYNYHO-COC-
LIEBU/IHUX M 5I3iB B HU3bKY YaCTUHY CIICKTPY. 3MiH y CIIEKTpi
EMTI niadparmu He Bin3HauaeThes. TaKuM YHHOM, 3HHKCHHS
3arajbHOIO CHJIOBOTO PE3epBY IMXAJIbHUX M’S3iB, IO CIIO-
CTEpIraeThCsl MiCJisl HOCHICHOTO HAaBAHTAXKEHHS Ha TUXaJIbHY
cHUcTeMy, 00yMOBJICHO MOTiPIICHHSIM (YHKI[IOHAIBHOTO CTaHy
He niadparMu, a TopakaibHHUX 1 JOMOMDKHHX IHCITIPATOPHUX
M’s3iB. Jliadparma GinbIr cTilika 10 cToMiaeHHS. OTpuMaHi
JIaHi JI03BOJISIFOTH MPHITYCTHUTH, 1110 3HH)KSHHSI MAKCUMAJIBHOTO
IHCITIPATOPHOTO THUCKY IIPU XPOHIYHUX OOCTPYKTHBHHX XBO-
pobax JIereHiB TAKOXX BUKJIMKAHO HacaMIIepe/l 0CIabIeHHIM
JIOTMIOMIDDKHOI MYyCKYJIaTypH, TOAI SIK crabKicTb aiadparMu Moxe
PO3BUBATHCS Ha OLIBII Mi3HIX CTaiisX 3axBoproBaHHs. [Ipu
11bOMY (yHKI[IOHaJIbHA HEAOCTATHICTh JOMIOMKHHUX M SI3iB €
JIOIaTKOBMM YMHHUKOM, SIKHH TOPSI 3 TOAATKOBHM OIIOPOM
JIMXaHHIO 301JIbIIy€ HAaBaHTAXKEHHS Ha Aiadparmy, CIIpHsIOIH
PO3BUTKY ii BTOMH 1 3HIIKEHHIO PE3epBiB JMXaIbHOT CHCTEMHU.
Kiro4oBi citoBa: iHCIIpaTOpHi M’ 31, T0JATKOBHIA OTIip, €ICK-
Tpomiorpadisi, BTOMJICHHSI, M’30BE HABAHTAXKCHHS

Segizbaeva M.O., Aleksandrova N.P.

INSPIRATORY MUSCLE RESISTANCE TO
FATIGUE DURING SIMULATED AIRWAY
OBSTRUCTION

Respiratory muscle fatigue can develop during simulated
airway obstruction. The aim of this study was to character-
ize the pattern of inspiratory muscle fatigue and to assess
the resistance to fatigue of diaphragm (D), parasternal (PS),
sternocleidomastoid (SM) and scalene (SC). Six healthy un-
trained subjects participated in this study. To identify signs of
inspiratory muscles fatigue development electromyographic
activity of D, PS, SCM and SC was recorded during 5-min
exercise with loaded breathing (40 cm H,0/1 - s™!). The
before-to-after exercise measurements of maximal inspira-
tory pressure (MIP) and EMG power spectrum changes were
performed. Maximal inspiratory pressure declined about 12
% after exercise test compared with control, whereas the peak
magnitude of integrated electrical activity of D, PS, SCM and
SC during post-exercise Muller’s maneuver was significantly
greater than in pre-exercise test in all subjects. The extent of
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inspiratory muscles fatigue was evaluated by analysis of shift
in centroid frequency (f,) of EMG power spectrum. All subjects
demonstrated a significant reduction in f, of PS, SCM and SC.
f_ of D was not changed. Diaphragm is more resistant to fatigue
during obstructive breathing compared with PS, SCM and SC.
The data suggest that the reduction of maximum inspiratory
pressure in chronic obstructive pulmonary disease also caused
primarily by the weakening of the accessory muscles, while
the weakness of the diaphragm may occur in the later stages
of the disease. The functional failure of accessory muscles is
an additional factor, which, along with the additional breathing
resistance increases the load on the diaphragm, promoting its
fatigue and reduced respiratory reserve.

LP.Pavlov Institute of Physiology, RAS, St. Petersburg,
Russia, marina@jinfran.ru
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Tuberculous periodontitis: clinical-laboratory
and epidemiological aspects

To the present day, tuberculous periodontitis is not diagnosed and not present in the classification of
tuberculosis. Its microbiological diagnostics is the most complicated as it is performed by investigating
small quantities of paucibacillary specimens. The purpose of work was defining the significance of
mycobacterial population variability forms in the clinical picture and epidemiology of tuberculous
periodontitis. Comparative analysis of clinical and epidemiological features of tuberculous periodontitis
was performed in two groups of patients aged 20 to 70 years over different observation periods from 1980
till 2012. Group A was composed of 258 patients who were observed from 1980 till 1990, and Group B
consisted of 250 patients who were examined from 2005 till 2012. Peridental focal points of infection in
chronic forms of tuberculous periodontitis were used as the material for the advanced microbiological and
pathohistological examination. It has been established that in Group A, peridental focal points of infection
serve as a reservoir for persisting mycobacteria. The main form of such mycobacteria are unstable L-phase
variants which were found in 50% of the investigated samples. We have noticed that the number of focal
points of infection in which the changed mycobacteria forms vegetate tends to increase: L-forms (55,2%)
and granular forms in Group B. L-form transformation of mycobacteria and emerging of granular forms is
the reason of exacerbations coming up more frequently and persistent course of tuberculous periodontitis.
The strains of mycobacteria in peridental focal points of infection susceptible to all antituberculous drugs
that were detected 30 years ago has been supplanted by mycobacteria resistant to isoniazid and rifampicin
in patients who had not taken antituberculous drugs before. At present, the fact that tuberculous periodontitis
in HIV-positive patients can be a prognostic for clinical manifestations of AIDS is a point of interest. The
clinical and epidemiological features of tuberculous periodontitis that have been revealed are similar to
clinical pathomorphism of extrapulmonary tuberculosis, therefore tuberculous periodontitis can be included
in the classification of tuberculosis as a separate nosological entity.

INTRODUCTION

This study has certainly become of current
interest and taken on great significance in
connection with tuberculosis pandemic. Despite
the doctors’ and scientists’ efforts as well as
numerous tuberculosis control programs, we
cannot expect this dangerous disease will be
defeated soon [4,10]. This is connected with
aggravation of tuberculosis course concurrent
with HIV/AIDS, Mycobacterium tuberculosis
bacteria gaining multi-drug resistance to
antituberculous drugs as well as the main
diagnostics problem — detection of the pathogen
in connection with mycobacterial population

diversity [8]. Microbiological diagnostics
of extrapulmonary tuberculosis is the most
complicated as it is performed by investigating
small quantities of paucibacillary specimens.
It is likely the reason that such a common
form of extrapulmonary tuberculosis as tuber-
culous periodontitis remains undiagnosed in
most observations and is not present in the
classification by now.

Multiple peridental focal points of infection
having tubercular origin in chronic forms of
periodontitis represent one possible variation
of extrapulmonary tuberculosis. Peridental focal
points of infection develop when M. tuberculosis
bacteria get in periodontal tissues through root
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canals of destroyed teeth or by hematogenous
transmission. A focal point of infection having
tubercular genesis (or etiology, or origin) is
formed around the tooth root apex in the form
of granuloma, cystogranuloma or radiculodental
cyst. Such focal points, on the one hand, have
some features of tuberculosis of bones and
joints and, on the other hand, some features of
pulmonary tuberculosis. In apical periodontitis
open root canals, like the trachea and bronchi,
mediate between periodontal tissues and the
ambient and improve aeration of these tissues.
The infection enters periodontal tissues from
oral cavity as well as vice versa, thus seeding
the ambient. The first findings regarding
involvement of mycobacteria in the development
of specific inflammatory process in periapical
tissues and their transformations from one form
to another date back to the beginning of the 20t
century [3].

Taking into account tuberculosis pandemic
and common use of antibacterial drugs, we
considered it reasonable to analyze the data
about variability forms of M. tuberculosis bacte-
ria and their susceptibility to antituberculous
drugs in cases of tuberculous periodontitis over
two periods: from 1980 till 1985 and from 2005
till 2012.

The purpose of work: to define the signi-
ficance of mycobacterial population variability
forms in the clinical picture and epidemiology
of tuberculous periodontitis.

METHODS.

The study was performed using the capacities
of dental clinics in the cities of Moscow,
Dnepropetrovsk, Simferopol and Odessa. In
the period from 1980 till 2010, comparative
analysis of clinical and epidemiological features
of tuberculous periodontitis was performed in
two groups of patients aged 20 to 70 years.
The analysis covered different observation
periods. Group A was composed of 258 patients
who were observed from 1980 till 1985, and
Group B consisted of 250 patients who were
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examined from 2005 till 2010. The diagnosis of
tuberculous periodontitis was verified based on
the medical history data and complex clinical-
laboratory diagnostics.

Peridental focal points of infection (granulo-
mas, cystogranulomas and radiculodental cysts
in chronic forms of tuberculous periodontitis)
were used as specimens for microbiological
and pathohistological examination. To find M.
tuberculosis bacteria, the following diagnostic
techniques were used:

1) bacterioscopy for M. tuberculosis L-
forms detection — direct microscopy of smears
taken from the peridental focal points of infection
specimens stained by Ziehl-Neelsen and with
Auramine O as well as by Romanovsky-Giemsa;

2) culture methods with the use of different
classical culture media and seeding techniques:
Lowenstein-Jensen media and Finn-II, a series
of semisolid media for L-form isolating;

3) seeding of the specimens using the method
modified by us; it includes the following steps:
the specimens — impression smears of peridental
focal points of infection — are applied on a
narrow microscope slide and treated sparingly
with acid, and then the slide is placed in a test
tube containing Finn-II medium. The test tube
was filled with Shkolnikova medium by two
thirds of the glass height, so that the smear would
touch the inclined surface of solid medium, and
was placed in a thermostat [1];

4) bioassay tests on guinea pigs;

5) immunoenzyme method; 6) biomolecular
method using the TB-Biochip microarray
system.

355 samples have been analyzed using
microbiological (culture) methods — for M.
tuberculosis and L-forms of M. tuberculosis,
and 49 samples have been analyzed using
biomolecular method. Microbiological and
biomolecular studies were performed in the
Division of Laboratory Diagnostics of Moscow
Research and Clinical Center for Tuberculosis
Control, Moscow Healthcare Department.

Because of complexity of mycobacteria
identification, concurrent studies of isolated
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cultures were performed in St. Petersburg Scientific
Research Institute of Phthisiopulmonology. We
used classical methods including bacteriological
and biochemical identification as well as
immunoenzyme biomolecular method allowing
to define the species mycobacteria belong to
with higher degree of reliability. Isolation of
aerobic and non-sporulating anaerobic bacteria
was also done. General structural changes were
revealed in histologic specimens stained with
hematoxylin and eosine, and distribution of M.
tuberculosis bacteria in tissues was investigated
under staining by Ziehl-Neelsen.

RESULTS AND THEIR DISCUSSION

Microbiological study of 355 impression
smears made from peridental granulomas,
cystogranulomas and cysts in 258 apparently
healthy persons allowed to detect mycobacteria
in 53.7% of cases (when bacterioscopy was
used) and did not show positive results when
the specimens were seeded on solid egg media.
Detection of mycobacteria by bacterioscopic
method and their concurrent dormancy on
culture media, by analogy with the data found
in references, gives evidence of the fact that
mycobacteria viability is being reduced [7].
Quantitative aspects of the results of different
microbiological diagnostics methods use for
detecting mycobacteria in peridental focal points
of infection can be found the table below.

Most frequently, mycobacteria were found
in the parietal part of the cystoid cavity contents
(26.6%). In half of the investigated samples,
mycobacteria in such parietal parts were
detected in the form of plait-like congestions.
Therefore, we can make a conclusion about
cord-factor presence yet in the nidus and not
in the culture, and, subsequently, about M.
tuberculosis virulency. In sporadic cases (3.3%),
mycobacteria were found in the envelope
of cysts or cystogranulomas. In peridental
granulomas, mycobacteria were detected in the
foci of decay (19%) twice as frequent as in the
«quiety parts (9%).
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The maximum quantity of strains — six
(12.8%) has been isolated from peridental
granulomas tissue homogenate; two strains
(2.9%) have been isolated from the exudate
leaking out from peridental focal points of
infection through the root canal, and one strain
(4.5%) has been isolated from the fistulous
drainage. It should be particularly noted that
M. tuberculosis bacteria presence in the exudate
leaking out from root canals and fistulous
passages is epidemiologically essential as one
of the ways of mycobacteria escaping into the
ambient and possibly as a source of infection
for the people around.

Bacterioscopy of smears in Group B indicated
the presence of finely granular acid-fast forms
of mycobacteria surrounded by pellucid area in
76% of peridental focal points of infection. Such
forms were found 1.5 times more frequently
compared to Group A. According to references
data, M. tuberculosis granular forms are an aggra-
vating factor in lung tuberculosis course [5].

Isolation of mycobacteria with reduced
viability made it necessary to use improved
bacteriological diagnostic techniques that also
include isolation of the changed mycobacteria
forms — L-forms.

To investigate small quantities of pauci-
bacillary specimens from peridental focal
points of infection, we have developed and
introduced a modified seeding method. Under
this method, the specimens in the form of
smears or impression smears taken from the
most infected parts of focal point of infection,
i. e. cyst and cystoid cavity content as well
as exudate from root canals and fistulas, was
applied on narrow microscope slides. As a
result of the study performed, 28 mycobacteria
cultures have been isolated; in 57.8% of cases
mycobacteria microcolony growth on narrow
microscope slides has been noticed that allows
to ascertain the presence of viable mycobacteria
population in peridental focal points of infection.

Mycobacterial populations were mostly
composed of L-forms found by bacterioscopy in
more than 90% of investigated samples.
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To identify mycobacteria, classical methods
including bacteriological and biochemical
identification as well as immunoenzyme method
were used, and in Group B, the test system for M.
tuberculosis detection by hybridization method
with fluorescence imaging on the biological
microarray system («TB-BIOCHIP») was
employed [9]. These methods allowed to define
what species mycobacteria belong to with higher
degree of reliability. When 49 specimens taken
from the peridental focal points of infection
were investigated by biomolecular method, in
nine cases (18.4%) M. tuberculosis bacteria have
been identified and their drug susceptibility has
been defined [6].

18 out of 28 isolated strains were analyzed in
the microbiological and immunoenzyme studies
from different points of view in order to identify
them. The remaining 10 strains showed poor
growth and died out in attempting to subculture
them.

The remaining 14 out of 18 investigated
strains had primarily orange pigment with
different gradations; based on this characteristic,
they were assigned to scotochromogenous
bacteria under Runyon classification. Further
identification also did not allow to assign
any of the investigated strains to one or other
classification group.

The results we have obtained while stu-
dying biochemical properties of the isolated
mycobacteria together with the available data

Table. Detection rate for M. tuberculosis bacteria and their

provided by other researchers [2,7] suggest
that these mycobacteria are revertants of M.
tuberculosis bacteria.

The fact that the isolated mycobacteria are
revertants of M. tuberculosis L-forms is indirectly
proven by the results of defining mycobacteria
drug susceptibility to 10 antituberculous drugs:
all the strains of M. tuberculosis isolated by
us show significant susceptibility to the first-
line and second-line drugs, while the most
nontuberculous mycobacteria are resistant to all
the antituberculous drugs.

Identification of the obtained mycobacteria
by immunoenzyme method allowed to find M.
tuberculosis antigens of human type in 7 out
of 18 cultures (38.9%), M. fortuitum antigents
in 5 cultures (27.8%), and antigens of other
atypical mycobacteria in 6 cultures (33.3%).

M. tuberculosis bacteria search using
immunoenzyme method in 80 tissue samples
from peridental granulomas and biomolecular
method in 20 samples taken from peridental
focal points of infection have not yielded
positive results.

Productive tubercular process of the limited
extent was noted in liver, spleen, kidneys and
lungs of the guinea pigs and mice infected with
typical acid-fast M. tuberculosis bacteria of
human type isolated from peridental focal points
of infection. The data obtained give evidence of
reduced mycobacteria virulency more apparent
in the changed mycobacteria.

L-forms in the specimens taken from peridental focal

points of infection in Group A using different techniques of microbiological diagnostics

Cultures isolated:
Diagnostic techniques Sample M. tuberculosis, abs. (%)
number L-forms
typical | changed |micr0c010nies

Bacterioscopy 355 84 (23.6%) 107 (30.1%) - 321 (90.4%)
Seeding on solid media 140 No growth ~ No growth  No growth -
Seeding on semisolid media 258 - - - 185 (71.7%)
Seeding by a modified method 417 4 (0.9%) 24 (5.7%) 241 (57.8%) 298 (71.4%)
fﬁzaﬁz :)e;:;;’réﬁ‘:ﬁfai‘lgs 65 30 (46.1%) 15 (23.1%) - 20 (30.8%)
Immunoenzyme method 18 7 (38.9%) 11 (61.1%) - -
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Seeding of 417 samples taken from peri-
dental focal points of infection helped to reveal
mycobacteria L-forms in the most cases (71.4%)
along with mycobacteria. L-form population
was heterogenous in its biological properties
and varied in balancing degree. In the most
observations made by us (52.2%), L-forms that
had reversed into M. tuberculosis bacterial forms
on culture media were assigned to unstable
forms.

While performing bioassay test by injecting
L-forms to guinea pigs the animals show
tubercular inflammation of the limited extent
similar to the one when M. tuberculosis bacteria
with reduced virulency were injected, as well
as paraspecific and non-specific changes like
immunoprotective reaction.

The data available in references together
with the results of the studies performed by the
authors extend traditional assumptions about
peridental focal points of infection microflora by
the established fact about mycobacteria and their
changed forms involvement in peridental focal
points of infection emerging and development.

Based on cumulative results of the micro-
biological study performed in 1980-1990, it has
been established that in peridental focal points of
infection in people apparently healthy in terms
of tuberculosis and having chronic periodontitis
forms, M. tuberculosis bacteria persist in 20%
of cases [1].

The results of the performed microbiological
study formed the basis for studying clinical
symptoms and sings as well as course of apical
periodontitis depending on the mycobacterial
population structure in peridental focal points
of infection.

Group 1A included 44 (17,1%) patients;
in specimens taken from their peridental focal
points of infection, bacterial forms and L-
forms of mycobacteria have been detected.
Group 2A included 129 (50%) persons with
unstable L-forms found in peridental focal
points of infection. Group 3A was composed of
85 (32,9%) patients; in specimens taken from
their peridental focal points of infection few
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stable L-forms of mycobacteria have been found.

Aggravated course with severe symptoms
has been noted in 18.2% of patients in Group
1A; 5,9 times less frequently in patients from
Group 2A and was not noted at all in patients
from Group 3A. In Group 1A, aggravated
course of the process was associated with fistula
presence more frequently (Fig.1). It is known
that tuberculous fistula act as a drain channel
for purulence in tuberculous lesions of spine,
hipbones and in other forms of tuberculosis
[11]. M. tuberculosis bacteria discharging from
fistulous passage (Fig.2) escape into the ambient
and play significant part in epidemiology of the
pathogen. Most patients have fistula with one
external opening.

However, complex fistula with branches
may have several external openings (Fig. 5).
Appearance and nature of purulent fistula
discharge can often help to suspect the specific
process in periodontal tissues while performing
initial oral exam. Specific features of this
process are: 1) fluid, almost colorless purulence
or yellowish exudate leaking out in a quite
considerable amount; 2) slender, dryish tyroid
inclusions in exudate; 3) pale, thinning mucosa
with cyanotic shade in the fistula opening area.
In patients from Group 1, peridental focal
points of infection of medium (34.1%) and
large sizes (65.9%) have been revealed, and
large peridental focal points of infection were
encountered 1.9 times more frequently compared

Fig. 1. Fistula on the gum with several external apertures
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Fig .2. Microcolony of mycobacteria tuberculosis in the liquid
content of fistula passage

to medium ones. X-ray images in persons having
asymptomatic course of peridental focal points
of infection showed blurred focal point contours
(27.3%) that speak for latent progressing of the
inflammatory process in periodontal tissues. In
15.9% of cases, osteosclerosis of bone tissue
surrounding peridental focal points of infection is
caused by purulent exudate and microabscesses,
as further morphologic studies have shown. In
10 out 109 (9.2%) large peridental focal points
of infection (more than 0.5 cm in diameter)
multifocal points of infection were observed
(Fig.3). The central focal point of infection and
«growth zone» differed not only in their form,
shade intensity and contour sharpness on X-ray
images, but also in their histological structure:
the central focal point of infection is a cystoid
cavity, and the growth zone is similar to a simple
granuloma in its structure (Fig.4) . In 5% of
the investigated samples the central focal point
of infection was similar to cavitary lesion, and
histobacterioscopy helped to reveal acid-fast M.
tuberculosis bacteria in it.

Mixed mycobacteria population vegetation
has been established primarily in young persons
(20-29 years old) and patients older than
50 years. According to our findings, peridental
focal points of infection with mycobacteria
and L-forms in young people have been
found in 17.1% of cases, and in 60-year-
old and older patients — in 24.3% of cases.
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Fig .3. Multifocal periodontal focus of infection — cystic
granuloma, received in resection of apix of dental root

Some authors who had studied mycobacterial
populations in different tuberculosis forms
in older age groups note a potential hazard
of tuberculosis reactivation in connection
with mycobacteria presence concurrent with

F

Fig . 4. X-ray picture of radicular cyst in tuberculosis
periodontitis
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lowered resistance of the macroorganism
[2]. It should be marked that in periodontitis
exacerbations anaerobic microorganisms were
isolated from peridental focal points of infection
alongside with mycobacteria. The findings of the
researchers having studied associated microflora
in tuberculosis show that mycobacteria in
association with anaerobe bacteria cause
peracute progressing of inflammatory process
with extensisve necrotic patches forming [12].
The results comparison of the peridental focal
points of infection integrated study allowed us
to make a similar conclusion.

Clinical picture of periodontitis when
unstable L-forms (Group 2) were isolated from
peridental focal points of infection was marked
by unstable course just like the population itself.
The early period of the disease was mostly
hidden with undulating course and remission
and exacerbation periods. Persistent progressing
of peridental focal points of infection with
local manifestations of different degree can be
associated not only with unstable mycobacteria
L-forms presence, but also with anaerobes most
frequently isolated along with L-forms.

Intoxication symptoms at the time of
exacerbation, especially in case of multiple
peridental focal points of infection, are cha-
racterized by faintness, temperature rise,
transient joint pain and headache. Face skin is
pale with yellowish and grayish tints. Weight
loss is observed in some patients.

In teenagers with conversion of tubercular
tests, tuberculous periodontitis often progresses
in intact teeth and soon exacerbates with
periostitis or an abscess. A large volume of M.
tuberculosis bacteria is found in the necrotizing
pulp of such teeth.

On examination: the tooth is more often
destroyed; a crown of the tooth has a changed
color ranging from light grey to dark grey. On
probing: the cavity of decay is opened into the
dental cavity. Vertical percussion of the tooth is
painful; the mucosa around the causative tooth is
edematous and reddened. Vasoparesis symptom
is positive.
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During histological examination of peridental
focal points of infection in patients of this group
areas of subtle tubercular inflammation were
revealed. In case of such subtle inflammation
architectonics of the tubercle is preserved, but
the composition of cells specific for tuberculosis
is lost, i. e. signs of chronic productive
nonspecific inflammation emerge.

Therefore, peridental focal points of infec-
tion serve as a reservoir for persisting mycobac-
teria with predominant persistence form — unsta-
ble L-phase variants of M. tuberculosis bacteria.
Studying M. tuberculosis bacteria variability in
tuberculous periodontitis over the period from
1980 till 2012 shows tendency to increasing the
number of peridental focal points of infection in
which changed mycobacteria forms persist, i. e.
L-forms and granular forms.

It has been revealed that L-form transforma-
tion of M. tuberculosis bacteria and emerging
of granular forms is the reason of exacerbations
coming up more frequently and persistent course
of tuberculous periodontitis. Presence of fistulas
is important both from diagnostic and epidemio-
logical points of view. Massive and diversified
M. tuberculosis bacteria population in tooth root
canals and fistula content can become a source
of tuberculous infection dissemination and its
propagation in the ambient.

It has been found out that the strains of
mycobacteria in peridental focal points of
infection susceptible to all antituberculous
drugs that were detected 30 years ago has been
supplanted by multi-drug resistant mycobacteria.

At present, the fact that tuberculous perio-
dontal disease in HIV-positive patients can be a
prognostic for clinical manifestations of AIDS
is also a point of interest.

The clinical and epidemiological features
of tuberculous periodontitis that have been
revealed are similar to clinical pathomorphism
of extrapulmonary tuberculosis, therefore
tuberculous periodontitis should be included in
the classification of tuberculosis as a separate
nosological entity.
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TYBEPKYJIbO3HUI NMEPIOJIOHTUT:
KJITHIKO-JTABOPATOPHI TA EIIIAEMIOJIO-
I'TYHI ACIIEKTH

TyOepkynb03HUN MEPIOJOHTHUT AOTENEp 3ATHILAETHCSA HE
JIIarHOCTOBAHMM 1 BiZICYyTHIM B Kiacudikauii TyOepKyIb03y.
Mikpo06ionoriyua AiarHOCTHKA HOro € HalOIbII CKIIAAHOIO,
TOMY IO 3/A1HCHIOETHCS IIUTIXOM JOCTIPKEHHS HE3HAYHOT KiJTb-
KOCTi onirobaninspraoro Marepiany. Mera podoTu mossrana y
BUBYCHHI 3HaUCHHS 3MiHEHUX (HOPM MiKOOaKTepiaIbHOT OITY-
JAMi{ B KITiHILI Ta emigeMionorii TyOepKyIb03HOTO epiooH-
TUTy. ByB ipoBeaeHNI MOpiBHAIBHUN aHAT3 KIIHIKO-€Iiie-
MIOJIOTIYHHUX 0COOIMBOCTEH TYOSPKYIbO3HOTO EPIOJOHTHUTY
B ZIBOX Tpynax namieHTiB y Bimi 20-70 pokiB y pi3Hi nepioan
cnocrepexents 3 1980 mo 2012 p.. I'pyny A cxmamm 258
MAII€HTIB, CIIOCTEPEKEHH AKUX mpoxoauao 3 1980 mo 1990
pix, rpymna B Oyna npencrasiena 250 namieHTamMu, 00CTEKEHHS
sxux mpoxoaumio 3 2005 mo 2012 pik. Marepianom po3mupe-
HOTO MiKpOO10JIOT1YHOTO Ta HAaTOTiCTOIOTYHOTO AOCIIHKCHHS
Oysm HaBKO103yOH1 BorHumIa iHdekuii (HBI) npu xpoHiunux
(hopmax TyOepKyIb03HOTO NEPiOOHTHTY. BcTaHOBIEHO, 1110 B
rpymi A HaBKoJI03yOHI BOrHUIIA iH(EKIIi € pe3epByapom mep-
CHCTYIOUHX MiKOOaKTepiii, OCHOBHA (hopMa SIKHUX - HECTAOUIbHI
JI-BapianTu, BusBieHi B 50% cnocrepexxens. BigzHaueHo
30epiraHHs TeHAeHMI] 30ubmenHs KiabkocTi HBI, B sxux
BETETYIOTh 3MiHEeHI popmu MikobakTepiit: JI-hopmu (55,2%)
i3epHucti popmu B rpymi B. JI-tpancdopmaris mikoGaxrepiit
1 MosiBa 3epHUCTUX (OPM MPHU3BOAMTH A0 OLTBLI YaCTHX
3aroCTpeHb 1 MPOrpecyrdoro nepediry TyOepKyab03HOTO
nepiofgoHTUTY. Ha 3MiHy MEANKaMEHTO3HO -4y TAMBUM JI0 BCiX
MPOTUTYOEPKYIbO3HHUX TPENapaTiB MTaMiB MiKOOAKTepiil B
HBI, 1m0 6ynu BusiBieHi 30 pokiB TOMY, IPUHIIUTH PE3UCTEHTHI
110 i30Hia3uay i pudamminuHy MikoOakTepil y malieHTiB, ki
HE NpUiMaNy paHille NPOTUTYOEPKYIbO3HI mpenapari. AK-
TyaJbHUM HUHI € TOH (HaKT, 10 TyOepKyIbO3HUH IEPIOTOHTUT
y BUI-iHdikoBaHHX mamieHTiB MOXe OyTH MepeaBiCHHUKOM
kiiHiyHEX npossiB CHI/ly. BusisneHi kiiHiKo-emiaemMionoriysi
0Cc0o0MMBOCTI TYOSPKYIIHO3HOTO IEPIOIOHTHUTY BiJOOpaKarOTh
KIIHIYHUNA TaTOMOP(] 03 M03aJIETeHEBOT0 TyOepPKYIIBO3Y, TOMY
TyOepKyJIbO3HUI MEePiOAOHTUT MOKe OyTH BHECEHUI B Kila-
cuikaitito TyOepKyIb03y SIK OKpema HO30J0ri4Ha Gopma.

Aspnonnna JLI., Mpuniima H.B.2, Agonuna O.B.3,
BaiinTpy6 B.®.!, Xpucrsin I.E.!, Arlindo Valerio
Arao de Oliveira’

TYBEPKYJIE3HBIA MEPUOJTOHTHUT:
KIIMHUKO-JTABOPATOPHBIE U DITUJIEMHNO-
JIOTHYECKHE ACIHHEKTbI

TyOepKyne3Hblil MTEpUOTOHTUT OO HACTOSILET0 BPEMEHU
OCTaeTCsl He ANArHOCTUPOBAHHBIM M OTCYTCTBYET B KJIACCH-
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¢bukannu Tyoepkynésa. MUKpoOHOIOrHUeCKast MArHOCTHKA
€ro sABIsCTCA Haubojee CIOKHON, TaK KaK OCYIIECTBIAETCS
nyTEM MCCIICOBAHUSI HE3HAYUTEIBHOIO KOJINYECTBA OJIH-
robanmusipHoro marepuaia. Llens paboThl 3akioyanach B
OTIpe/ICTICHUN 3HaUCHUST (OPM M3MCHUHMBOCTH MHUKOOAKTE-
pMaJ’leOF] HOl'IyJ'IﬂL[I/II/I B KJIMHUKE U 3ITHACMHOJIOTMH Ty6ep—
KyJIE3HOTO NMEPUOJOHTHUTA. Bbl MpoBeIeH CpaBHUTEIIBLHBIN
aHali3 KJIMHHUKO-3MUIEMHUOJIIOIHYECKUX 0COOEHHOCTEH
TyOEpPKYJIE3HOTO MEPHOJOHTUTA B JIBYX IPyIIax MalEHTOB
B Bo3pacte 20-70 jeT B pasauyHbIC MEPUOIbI HAOTIOICHNUS
¢ 1980 no 2012 r.. I'pynny A cocraBmiu 258 manueHTos,
HaOJroIeHHe KOTopbIX mpoxonuiio ¢ 1980 o 1990 rox, rpyn-
na B Obuta npeacrasiena 250 nangeHTaMu, 00CieI0BaHUE
KOoTOpbIX Ipoxoxuio ¢ 2005 mo 2012 rox. Marepuanom
pacUIMPEeHHOTO0 MHUKPOOHOJIOrMYECKOT0 U MaTOrMCTOIOTH-
YECKOI0 MCCIIIOBAHHS CITY)KHIIM OKOJIO3yOHBIE OYaru MH-
¢dexunn (OOU) npu XxpoHHYECKUX GopMax TyOepKyIE3HOro
NEPUOJOHTHTA. YCTaHOBIIEHO, UTO B IPyIIe A OKOJIO3yOHbIE
o4aru MHQEKLUH SIBISIOTCS Pe3epByapoM MEPCHCTUPYIOINX
MHKOOaKTepuii, OCHOBHAsl (hopMa KOTOPBIX — HeCTaOMIIbHBIC
JI-Bapuantel, oOHapyxensl B 50% nabmronenuii. OTMedeHa
COXpaHAIOLIAsACSA TEHACHIMA yBeauyeHus konuuectsa OOU,
B KOTOPBIX BEreTHPYIOT H3MEHEHHbIE (OpMbI MUKOOAKTE-
puii:  JI-popmsr (55,2 % ) u 3epHuCTBIe GopMbI B rpyrie B.
JI-rpanchopmariyss MUKOOAKTEpUil U MOSBICHHE 36PHUCTHIX
(dopM npuBOAMT K Gosiee 4acThIM 00OCTPEHHSM U Iporpec-
CUpYIOLLIEMY TEYCHHUIO TyOepKysié€3Horo nepuopoHTura. Ha
CMeHy J'leKapCTBCHHO—‘lyBCTBI/ITCHbeIM KO BCEM IPOTHUBO-
TyOepKyaE3HbIM IpenaparaM IITaMMaM MUKOOaKkTepuil B
OOMU, BoraBieHHBIM 30 JIET TOMY, IPULLIN PE3UCTEHTHBIE K
U30HMA3UIY U pUGAMINIMHY MHKOOAKTEPUH Y HAlEHTOB,
HE IPUHMMABILUX paHee IPOTHUBOTYOEPKy/IE3HbIE IIpenapaThl.
A](Tya.rleblM B HACTOALICC BPEMs ABJISICTCA TOT q)a](T, 4qTo
TyGepKyne3Hslid nepuogoHTuT y BUY-nHbUIMPOBaHHBIX
MalUEHTOB MOXKET ABJIATHCA NMPEABECTHUKOM KIIMHUYCCKUX
nposienuit CI1M/la. BeisiBieHHbIE KIMHUKO-3ITHIEMHO-
JIOTHYEeCKHEe 0COOCHHOCTH TyOepKyJIe3HOTO IEePHOJOHTUTA
OTpakaroT KIMHUYECKHUi natoMopdo3 BHEIErouHoOro Tyoep-
KyJie3a, I03TOMY TyOepKyJIe3HbIN EPUOIOHTUT MOXKET OBbITh
BHECEH B KJacCU(UKalMIO TyOepKylie3a Kak OTAelbHas
HO30JI0THYeCKast hopma.
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Clinical, epidemiological and morpho-functional
features of bronchial asthma with combined pathology

To carry out a retrospective analysis of medical records, we have developed an algorithm in which the
diagnosis was recorded, reflecting the shape, weight, stage of asthma, sensitization to various groups of al-
lergens, potential comorbidities, gender, age, the main clinical and laboratory parameters received therapy,
the timing of finding patient in the hospital. In a retrospective analysis of 1241 case histories of patients
were hospitalized in the department of «Asthma» Research Center of the Institute of Immunology Russia for
2007-2011 was found that about 7% (86 people) of the patients with asthma admitted to the hospital with
extrahospital pneumonia (EP) . A study of the ultrastructure of the surface of the mucous membranes, and
in particular the different populations of cells of the nose and bronchi in the middle and severe asthma when
connecting with EP. To study the scanning electron microscopy (SEM) of these divisions sparing methods
used world collecting material mucous membranes of the respiratory tract.

According to official statistics, the number of
asthma patients in Russia is about 7 million.
However, given the epidemiological data
collected in hospitals, the number of asthma
sufferers is much lower, at about 3.9 million
people, which is the lowest among European
countries [1,3]. Of course, these data are
significantly understated, in need of correction.
This is due to the lack of common approaches
to terminology and classification of asthma, as
well as standardized methods of diagnosis and
treatment of this nosology [2].

Due to the deterioration of the environmental
situation in the various regions of our country,
an increase in comorbidities was observed in
patients with asthma [3]. Among these cases, one
should note a frequent combination representing
a direct threat to the life of the patient - BA
with acute developing outhospital pneumonia
(OHP) and the so-called «nocturnal asthmay
(NA). Syndrom obstructive sleep apnea (OSA)
- a temporary overnight stop respiration, life-
threatening and is rarely a cause of sudden death
during sleep [5]. Therefore, these combinations
of pathologies are dangerous to the lives of

© Gumeniuk SA, Barkhina TG, Polner SA, Gushchin M. Yu.
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patients and cause serious problems during
asthma therapy.

When pneumonia is exacerbation of BA,
auscultation pneumonic outbreak causes sig-
nificant difficulties, which generally leads to
late diagnosis verification. Please note, that the
existing pathology of bronchi and bronchioles,
which occur in patients with asthma, pneumonia
and pathology joins alveolar and interstitial
lung tissue. Therefore, given a combination of
two affected all parts of nosology respiratory
system, leading to severe intoxication and
hypoxia, increases the risk of complications
from other systems, causing the need for
urgent action intensive care until resuscitation.
It should be borne in mind that patients with
allergies often changed not only the nature of
the reactivity of the bronchi, but also other
organs and tissues for any additional exposure
that makes significant changes in these complex
immunological mechanisms. It should also be
noted that previously we noted changes platelets
not only in peripheral blood but also in the
microvascular of the respiratory and digestive
systems in BA. These changes and contributed
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to increasing hypoxic and anoxic damage that we
observed in patients of asthma [4]. All this has
been characteristic motive in the study of clinical
and immunological, allergic and morphological
aspects of the study group of patients with
combined pathology.

Methodology To conduct a retrospective
analysis of medical records, we developed
an algorithm, in which recorded the sex and
age of patients, the diagnosis, reflecting the
shape, weight, stage of bronchial asthma (BA);
sensitization to various groups of allergens,
potential comorbidities, clinical, basic and
laboratory data on treatment, time to find
a patient in the hospital. In a retrospective
analysis of 1241 patients, who were treated at
the department of «Bronchial Asthmay Institute
of Immunology FMBA of Russia for 2007-2011.
We found, that about 7% (86) of the patients
with BA admitted to the hospital with OHP. Of
the 402 patients studied in 307 people (76.4%)
showed signs of obstructive sleep apnea.

For research a map of individual examination
of'the patient was developed which includes the
application form allowing to diagnose of OSA in
patients with complaints of snoring and daytime
sleepiness. Total for this questionnaire surveyed
402 patients at 76.4% (307 people) found signs
of OSA. Mean age 54.2 years. It was found that
among these are dominated by patients with
a mixed form of asthma 78.0% (288 people)
and the medium-severe severity - 73.4% (271
people). Among them were associated pathology
91.8% (369 patients). The majority of patients
with OSA obese 77.2% (285), type 2 diabetes,
26.3% (97 people) and hypertensive disease
51.2% (189 people).

Divided into 3 groups of patients: patients
with asthma (group 1), patients with OSA
without asthma (group 2), and patients with
a combination of asthma and OSA (group
3). Control group consisted of healthy male
volunteers, whose average age was 35 years.

Methods: physical examination, allergy
testing, skin tests, Diagnostics (ERF, test with
bronchodilators), polysomnography (PSG),
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morphological studies of bronchoalveolar lavage
(BAL) and peripheral blood cells (scanning and
transmission electron microscopy (SEM, TEM).

OWN RESEARCH AND DISCUSSION

The average age of patients studied (AD and
MR) was 42.5 years. The distribution by sex:
women accounted for 47 people, men - 39.
Experience of the disease was varied and ranged
from 1 year to 20 years. The average age of the
manifestation of the disease was 12 years. In
50% (43 persons) was burdened by heredity of
atopy and 88.4% (38 people) of them on BA.
At the same time 34.9% (15) showed a history
on the mother, at 7.0% (3 people) on the father,
in 58.1% (25 people) through both parents.
The emergence of OHP in patients with BA in
88.4% (76) of cases occurred in a cold season.
Among the analyzed group, patients were
divided according to severity: mild asthma was
found in 19% (17 people), medium level - at
55.8% (48 people), and severe degree of asthma
-in 24.4% (21 people). Atopic asthma suffered
32.5% (28 people), infection-dependent form
14% (10 people) and a mixed form (atopic and
infectious-dependent) - 55.6% (48 people). The
average level of total IgE was 306,90 = 35,1 IU
\ ml, which is two times the upper limit of the
reference values. When allergology study of
patients with atopic asthma without the OHP,
atopic asthma with the OHP, mixed with asthma
VP spectrum was identified cause-relevant
allergens. The results are consistent with a
history and results of skin testing. Positive skin
prick-tests with different groups of allergens
were detected in all patients (Table 1).

In 91.8% (79 people) were observed
other manifestations of atopy. Most of the
patients suffered from perennial allergic
rhinoconjunctivitis at what symptoms have been
present for more than 50% of the time, suffering
from seasonal allergic rhinoconjunctivitis -
76.7% (66 people), atopic dermatitis - 20.9%
(18 people). By analyzing the structure of
the co-morbidities of the study group, at
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82.5% (71 patients) were mentioned diseases
of the upper and lower respiratory tract. So
comorbidities ENT (chronic rhinitis of different
etiologies, sinusitis, tonsillitis, polypoid
rhinosinusopathy etc.) was observed in 40.7%
(35 persons), bronchopulmonary pathology
(chronic bronchitis, COPD, etc.) - at 59.3 (51
people). Drug intolerance of different drug
groups were 50% (43 people), NSAID-transfer
9.3% (4 people), intolerance of different groups
of antibiotics (in history) were 21.6% (8). It was
also noted that the average age of patients with
atopic asthma form lung flow was 31.4 years old,
moderate - 44.8 years; severe - these patients
have been reported. BA depended- infectious
form, easy flow - 36.0 years; moderate - 50.7
years; severe - 72.0 years. Mixed form of
asthma, lung flow - 42.5 years; moderate - 47.2
years; severe 61.9 year. The tendency to asthma
weighting with age, as well as the transition
to a mixed form of atopic form of asthma. As
a primary care - was held antibiotic therapy
(mostly broad-spectrum antibiotics): one course
of antibiotic therapy received 72.0% (62 people),
a second course of antibiotics took 28.0% (24
people), and the side effects of use of antibiotic
therapy were observed in 24.4% (21 people),
they were mostly drugs penicillin group 90.5%

(19 patients). SCS received 61.6% of patients
(n = 53) of these systemic corticosteroids -
47.6% (41 people). Mucolytics were assigned
84.9% (73 patients), methylxanthines short-
acting 41.8% (36 patients), 32-agonists, short-
acting additionally used 13.9% (12 people),
berodual 8.1% (7 patients). The mean number
of exacerbations per year 3,59 + 0,45. The
mean number of hospitalizations per year
1,51 = 0,36. Based on analysis of medical
records, it was found that quickly started,
adequate and simultaneous treatment of both
diseases -OHP and asthma, proper selection
of rehabilitation therapy helped to reduce the
severity of clinical manifestations of the disease
in question and the number of complications
significantly reduced hospital stay, accelerated
period convalescence and recovery efficiency.
Cytology of nasal secretions and sputum found
mainly coccal flora as well as the presence
of a large number of lymphocytes. The study
of the nasal mucous membranes by SEM [6]
suggests major inflammatory changes of the
surface epithelial cells and the build-up to them
macrophages and lymphocytes. And the study of
BAL revealed serious damage ciliated cells and
increased goblet cells, mostly in the extrusion
step (fig.1 a,b).

Table 1. Range of identified allergens.

Group 1 n=20 Group 1 n=28 Group 1 n=48
Positive prick-tests with allergens| the number of % the number of % the number of %
persons persons persons
Dust mites 12 60,0 16 85,6 35 72,9
Feather pillows 3 15,0 21,0 8 16,7
Library dust 5 25,0 [ 21,0 10 20.8
Hair cats 8 40,0 10 35,7 13 27,1
Dog hair 5 25,0 5 17,8 8 16,7
Wool sheep 0 0 3 10,7 104
Horse dander 0 0 2 7,1 0
The family tree 4 20,0 6 21,0 10 20,8
The family of grasses 2 10.0 5 17,8 6 12,5
The family of weeds 5 25,0 10 35,7 13 27,1

Group 1 - atopic asthma without the EP. [6] Group 2 - atopic asthma with OHP. Group 3 - mixed BA with OHP.
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With the combination of BA with OSA
methods were used: a standard physical exa-
mination, allergy tests (history taking, ques-
tioning of patients, skin scarification tests with
atopic allergens, the determination of total
and specific Ig-E, on the testimony - nasal
provocation tests), Diagnostics (ERF, the sample
with bronchodilators), polysomnography (PSG),
consulting (ENT, cardiologist, neurologist,
endocrinologist (indication)), morphological
studies of peripheral blood cells by transmission
(TEM) and (SEM).

In functional studies of respiratory (ERF)
broncho-pulmonary system in group 3 patients
have lower rates of airflow obstruction than in
the other two groups, a significant reduction of
the flow rate on the bronchi of all calibers.

Poliosomnografiya (PSG) is the preferred
method of diagnosis and assessment of seve-
rity of OSA [7]. Derived parameters: electro-
encephalogram, electrooculogram, electro-
myogram (mentalis), traffic of lower limbs,
electrocardiogram, snoring, nasal-oral airflow,

Fig. 1a. SEM. B,, 37 years old. BAL. The change
in the surface epithelium.

Destruction of ciliated cells (CC). Buildup on
their red blood cells, platelets, leukocytes and
macrophages. Sharp extrusion of goblet cells
(GC) - the desolate cells. Angiogenesis. x 400

ISSN 0201-8489 ®ision. scyph., 2013, T. 59, Ne 4 ([{ooamok)

respiratory movement of the chest and abdomen,
body position, blood oxygen saturation.

Total analysis time averaged 450 minutes,
the longest apnea obstruction 60. Apnea index
/ gipoapnoe (AHI) was 56.6 / h. It should be
noted that the PSC has revealed OSA in 35 of 36
patients complaining of respiratory discomfort
during the night, which indicates the efficiency
of this method and gives us the quality and
quantity of sleep efficiency and the level of
hypoxia.

Morphologic study of peripheral blood
samples by SEM revealed that the greatest
changes are observed in 3 patients, a group with
a clear increase in the percentage of pathological
forms of erythrocytes, which is proportional to
depend on the severity of the underlying disease.
There was a constant aggregation of red blood
cells with a predominance of pathological forms:
macrocytes, echinocytes, stomatotsites et al.
There was swelling of red blood cells, plasma
membrane detachment frequent, with severe
gravity - in some cases there is a «shadow»
of the complete separation of red blood cells
and their membranes. Revealed erythrocytes
in comorbidity indicate excessive hemolysis,
which is exacerbating the already existing

= i

Fig. 1b. SEM. BAL. BC and filled with secret sti-
cking to them macrophages. x 3000.
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tissue hypoxia, which generally leads to the
development of systemic respiratory failure
and not responsive to anti-asthma therapy.
Observed in the study of platelet aggregation
and accumulation of aggregated groups of
platelets, the most pronounced changes were
observed in patients 3 groups. Modified forms
of platelets differed pretentiousness their shape
and pseudopodia, local membrane protrusions
and membrane separation from the main
cytoplasm. In some parts of the modified form of
platelets with numerous spines, had a significant
extension and aggregation with others via
pseudopodia and directly own platelets.
Therefore, patients with bronchial asthma
who have been combined pathology other
nosologies deserve special attention of doctors in
various specialists.. For these groups of patients
need to use a special individual approach aimed
at treatment and prevention of BA is not only
complex, but also common therapy in general.

I'ymenwok C.A., bapxina T.I"., Iloxnep C.A.,
I'ymun MLIO.

KJITHIYHI, EMAEMIOJIOTI'TYHI TA MOP®O-
OYHKIHIOHAJIBHI OCOBJINBOCTI
BPOHXIAJIBHY ACTMY 3 HOEJHAHOIO
IHATOJIOT'IETO.

JUisi IpOBE/ICHHS PETPOCICKTHBHOIO aHali3y MeIUYHOI
JOKyMeHTalii Hamu OyB po3poONieHnit aaropuT™, B SIKOMY
(hikcyBaBcsl JiarHo3, Mo BigoOpaxkae GopMy, CTYHIHb TSK-
KocTi, cramito BA, cencuOinizamito A0 pi3HUX Tpynd anep-
TeHIB, MOJKJIMBI CYITyTHI 3aXBOPIOBAHHS, CTaTh, BiK, OCHOBHI
KJIIHIKO-1a00paTOpHI MOKa3HUKH, OJEpKyBaHa Teparis,
TEpMiHHU 3HaXOPKEHHs XBOPOTro B crauioHapi. B pesynbrari
peTpocreKTuBHOTO aHami3y 1241 ictopii XBOpoOu MmarieHTiB,
1110 3HAXOMJIMCS Ha CTALliOHAPHOMY JIIKYBaHHI y BiIiIEHH]
«BbponxiansHa actma» [HetuTyTYy iMyHOINOTT Pocii, 3a 2007-
2011 pp. Oyno BusABIEHO, 0 61I36K0 7% (86 0ci0) marieHTiB
3 BA Hapniitnuo y cramioHnap 3 mo3ajikapHsSHOO ITHEBMOHIEIO
(BII). [IpoBeneHO DOCTIMKEHHS YIBTPACTPYKTYpH TOBEPXHi
CIIM30BUX 00OJIOHOK, 1 OCOOINBO, PI3HUX MOMYIISIIN KITITHH
HOca i OPOHXIB IPH cepeHbOMY i BasKKOMY Iiepediry OpoH-
xiaJnpHOT acTMH Npu npuenHaHHi nHeBMoHii (BII). Jdus
BUBYEHHS CKaHy040i enekTpoHHoi Mikpockormii (CEM) nnx
BIJITUTIB HAMU 3aCTOCOBYBAIINCS I3/ THI METOIM 300py MaTepia-
JIy CIIM30BHUX O0OJIOHOK JTMXAJIbHHUX HIISXIB.

Institute of Human Morphology Moscow, Institute of
Immunology, Russia, Moscow
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KJIMHUYECKUE, SIINJAEMHAOJIOT NYE-
CKHUE 1 MOP®O-®YHKIIMOHAJIbHBIE
OCOBEHHOCTH BPOHXUAJIBHOM ACT-
MOM C COYETAHHOM NATOJIOTI UET.

Jl1s1 mpoBeneHUs PETPOCHEKTUBHOIO aHAJIN3a MEIUIMH-
CKOIl TOKyMEHTAaIlMK HaMH OB pa3paboTaH aaroOpuTM, B
KOTOPOM (UKCHUPOBAJICS AMATHO3, OTpaxkarouuii Gopmy,
CTEIICHb TSKECTH, cTaguio BA, ceHcubunmzanuio K pas-
JIUYHBIM TPYIIaM ajJIepreHOB, BO3MOXKHBIE COMYTCTBY-
onue 3a00Ja€eBaHusA, O0J, BO3PACT, OCHOBHBIE KIMHHUKO-
nabopaTopHbIe TIOKA3aTeNH, oJydaeMas Tepanus, CPOKH
HaxoXAeHH 00IBHOTO B cTanMoHape. B pesynsrare perpo-
CIIEKTHBHOTO aHanu3a 1241 uctopuu 60JI€3HM NAIEHTOB,
HaxXOAMBIIKXCS Ha CTALlMOHAPHOM JICYCHUHU B OTACICHUU
«bponxuanpnas acrma» I'HLl MHcTUTYyTa HMMYHOIOTHU
DMBA Poccun, 3a 2007-2011 rr. OBLIO BBISIBICHO, YTO
okoso 7% (86 denmoBek) manueHToB ¢ bA moctynuio B
cTanuoHap ¢ BHeOoiabHUYHOM mHeBMoHuel (BIT). Ilpo-
BEICHO HCCIIEIOBAHUE YIBTPACTPYKTYPBl MOBEPXHOCTH
CIM3UCTBIX 000JI0YEK, U B OCOOCHHOCTH, Pa3IUYHBIX
MOMYJISIUI KJIIETOK HOCA U OpPOHXOB MPHU CPEIHEM U TSIKE-
JIOM TeYCHUHN OPOHXMUAIBHOM aCTMBI IPH MPUCOCAMHCHUH
BHeOonbHNYHOI mHeBMoHMH (BII). [lnsg usyuenus ckanu-
pyromiei snexkTpoHHON Mukpockonuu (COM) 3Tux oTAeI0B
HaM{ OPUMCHSUIMCH MIaAfIIue METOABI cOopa MaTepuaa
CIU3UCTHIX 000J0YEK JBIXATENbHBIX MMyTEH.
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Bronchial asthma and allergic rhinitis

in different age groups

Aim: to study the epidemiological, clinical, and morphological features of allergic rhinitis (AR) and bronchial
asthma (BA). Materials and methods: common clinical, allergological, morphological (cytological and
electron-microscopic methods) examination of patients with AR and BA. Results. the study was conducted
among 685 adolescents with AR and BA between the ages of 14 to 18 years and 870 adults aged 18 to 65
years who were divided into groups. Divided by severity of adults: light level - 23%, medium - at 72%,
and severe degree - at 5%. Divided by severity of teenagers: light level - 33,1%, medium - at 42,1%, and
severe degree - at 24,8%. In the group of adolescents onset of the diseases occurred mostly from 5 to 15
years, and also a hormonal imbalance was detected that increased the severity of illness at this age. The
results of allergological examination in the spectrum of allergens in patients with more severe BA revealed
sensibilization to multiple allergen groups. In adolescents with AR and BA, there was found unique clinical
and morphological changes in the mucous membranes of the respiratory tract. It was installed expressed
morphological changes that have a direct relationship to the severity of the diseases. Conclusion: revealed
similarities and differences in the clinical course, allergy data and morphological changes in patients of

all ages with AR and BA.

In the structure of respiratory pathology allergic
rhinitis (AR) and bronchial asthma (BA) are
playing the leading roles. Also these diseases
involve both the upper and lower airways, and
have similar pathogenesis [1,5]. Despite the
fact that the initial contact with the allergen
occurs in the mucous membrane of the nose, the
further process of AR and BA affects the entire
respiratory tract.

Nowadays the number of patients with these
diseases is increasing worldwide; this process
affects negatively quality of life, efficiency in
work and study. Also other organs and systems
are involved in this pathological process [5]. All
these aspects make scientific investigations of
great social sharpness in the 21st century.

AR and BA are similar allergic diseases, which
are based on an inadequate response of airways
on foreign agent (allergen). Hyperresponse leads
to increased release of inflammatory mediators
that lead to the clinical manifestations (reduced
air speed and difficulty of passing it through
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airways, secretion hyperproduction, spasm of
the respiratory muscles) [3]. The degree of
foreignness of allergen-specific characteristics
is determined individualy; the nature of this
determination remains unknown.

Recurrent and long-lasting acute respiratory
viral diseases (ARVD), insufficient diagnostics of
allergic diseases, environment and appearance of
new allergens leads in childhood to development
of the AR, and in juvenile period to possibility
to transformation in asthma [4,6]. All of these
conditions have motivated us to investigate
the morphology of the nose cavity in patients
with BA and patients with AR. It should also
be noted that in juvenile period AR and BA are
very closely related. However, the mechanisms
of these phenomena are not well investigated.

MATERIALS AND METHODS.

Epidemiology of the diseases was studied,
clinical data of outpatients of different age
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groups was analyzed. The triggers and clinical
characteristics of the diseases were assessed,
as well as laboratory tests and instrumental
methods results. Also we analyzed claiming
rate for medical service, when the AR and BA
were diagnosed, the basic therapy competence
and adequacy. Studied the causes of onset
and clinical features, the results of clinical,
laboratory and functional studies, in seeking
medical care, the timing of diagnosis of AR
and BA, the amount and adequacy of standard
therapy. Depending on age and clinical criteria
patient were divided in to clinical groups. In
our work we used standard laboratory tests
and instrumental methods. Special laboratory
tests included immunogram, assessment of
hypothalamic-pituitary-thyroid system hormone
level in the serum (T3, T4, TG, insulin,
cortisol, testosterone, somatotropin, TPO, TTH,
ACTH) using radioimmunoassay and enzyme
immunodetection methods. Provocative nasal
and inhalation tests with carbaholinum were
carried using existing protocols. Morphological
examination of scrapings of the nasal cavity
(SNC), bronchoalveolar lavage (BAL) was
performed by scanning and transmission elect-
ron microscopy (SEM, TEM) using conventio-
nal methods, the same methods were used for
semithin sections (STS) assessment. STS were
made by using ultratome LKB (Sweden) and
stained with methylene blue combined method
- azure II - basic fuchsin.

Specific allergy assessment of patients
included getting the natural history, performing
prick - tests with atopic allergens, determination
of allergen-specific IgE - antibodies to the
main groups of non-bacterial allergens in
blood serum. Allergen-specific immunotherapy
(ASIT) was held in the hospital using allergens
Dermatophagoides pteronissinus. The average
total dose was 6000 PNU for one ASIT course.
Evaluation of clinical efficacy was carried out
after the end of each course using generally
accepted standards; the morphological evalu-
ation (re-study SNC) was carried out only after
the end of the third year of ASIT. All data were
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analyzed with Sigma Stat 3.5 (Systat Software,
Inc.). A value of P<0.05 was considered
significant.

RESULTS AND DISCUSSION.

According to the results of retrospective analysis
in juvenile patients atopic asthma (88.2%)
is the most common form. Debut of asthma
in juvenile period occurs in 73.8% patients
under the age of 15 years. We clarified that
that juvenile have moderate severity of asthma
(40.3%), mild severity was observed in 32.8%
of patients and the severity stage of the disease
was observed in 26.9% of patients. In adults
(from 20 to 55 years) the severity was observed
in 20%, 50% and 30% of patients respectively.
Gastrointestinal tract diseases, endocrine system
diseases and vegetative-vascular dystonia were
the comorbidities which were found in the half
of patients (tabl. 1).

Furthermore, 78% of patients with BA
possessed strong family allergic history, a
history of frequent ARVD, the presence of bad
habits (smoking - 42.2%, alcohol abuse - 10.6%,
all the data according the juvenile group).

Positive skin prick-tests with different
groups of allergens were detected in 87% of the
patients (Table 2).

The widest range of domestic and epidermal
allergens was found in patients with more
severe BA and with combination with the
AR. Nevertheless in patients with AR or mild
asthma were found significantly low number
of allergens. These data suggest maintaining
persistent allergic inflammation in patients with
a wide variety of year-round allergies. In patients
with more severe asthma polisensibilization
was more common. In this group of patients the
leading role played dust mites, pollen of trees,
compositae and gramineae. Despite the fact
that the pollen sensibilization was prevalent, a
significant percentage of patients had domesic,
epidermal and fungal sensibilization.

In 84% of patients with BA was diagnosed
3rd or 4th class of allergen-specific IgE
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Table 1. Comorbidities in the examined groups of patients

4
. 1 Group n=195 | 2 Group n=250 |3 Group n=425 Group
Diseases n=57
% % % %
Gastrointestinal tract diseases 65 53 46 45
Chr. tonsillitis 8 9 8 40
Sinusitis 10 8 12 33
Polypoid rhinosinusitis 10 6 11 5
Vegetative-vascular dystonia 53 47 36 46
Endocrinopathy 7 9 10 16
Atopic Dermatitis 25 32 27 37
Alimentary allergy 15 23 22 25

antibodies in the serum of different groups
of allergens, corresponding with a history of
clinical symptoms and results of skin testing.

Important diagnostic value have assessment
of respiratory function and provocative tests
with carbaholinum, cold air, exercise.

The most significant changes in respiratory
function parameters (obstructive type changes)
reported in juvenile and adults without remission.
Obstructive changes were observed mainly at
the level of small and medium-sized bronchi and
respiratory function parameters match the clinical
data: history and auscultation of the lungs.

While examining the levels of hormones
most significant deviations were observed in
juveniles with BA compared to adults. There
was a statistically significant (p <0.05) increase
in testosterone levels and decrease of cortisol
levels in half the patients (52.4%) with acute
and severe stage (fig. 1).

Morphologic study of the nasal mucosa in
patients of all ages groups with BA showed
changes, which are characterized as a destructive
process, and abnormal secretion process. These
changes were followed by the activation of
immunocompetent cells, the severity of which

Table 2. The spectrum of positive reaction on allergens.

1 Group n=195 | 2 Group n=250 | 3 Group n=425 | 4 Group n=57

Positive prick-tests with allergens

% % % %
Dust mites 76 80 70 70
Feather pillows 53 41 47 15
Library dust 43 39 38 30
Cats hair 53 41 40 36
Dog hair 15 14 13 23
Sheep wool 9 8 6
Horse dander 1 3 1
Tree group 11 13 14 20
Gramineae group 13 15 17 16
Weeds group 31 28 29 25
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FIGURE 1. Hormone levels in patients examined, nmol / L
(n=33) p <0.05

depends on the severity and duration of asthma.

The STS showed alteration of the epithelial
layer and cellular elements of the stroma. In
ciliate cells degradation processes in all parts of
the cell was observed: the disruption of cilia and
their smoothing, increased intercellular spaces
and changing the configuration of the cells. A
large number of goblet cells were located near
the basement membrane, and in the apical part
of the epithelium goblet cells were found in the
extrusion stage. Many patients, especially in the

severe form of the disease, had sharp extrusion
of secretion, which is most manifested in the
mucosa of the nasal cavity than in the lower
respiratory tract.

SEM showed that the surface of the epithelial
cells of the upper and lower respiratory tract
in AR and BA tend to have the same type of
changes, what along with clinical indicators
confirms the general pattern of hyperreactivity
of these parts, which was determined by
provocation tests, proving the similarity of
epithelium damage mechanisms [6,8,9]. Using
SEM as well as STS we found out that the
most damage have the ciliated cells throughout
the respiratory tract, but mostly are damaged
cells in the nasal mucosa. These changes are
characterized by disorientation, deformation of
the cilia, up to their smoothing. Using TEM we
found intracellular destructive processes in the
cell population, which often lead to atrophy.
Significant changes are observed in the goblet
cells, which playing their protective function,
respond to injury by promoted secretion, which
we have shown by both light and electron
microscopy. This reaction is more expressed in

FIGURE 2. SEM. SNC. Fixation — 2,5% glutaraldehide. Application of Aurum. Patient B. 14. Goblet cells in the process of

accumulation. x 1500 (a) and extrusion of secretion. x 1500 (b)
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the nasal mucosa, which primarily response to
pathological impacts [4,7,9].

In some parts of the epithelium there is such
great secretion extrusion of goblet cells, that
mucin granules cover with a thick layer these
damaged areas (fig. 2 a,b).

The intensity of these changes is directly
related with the severity of the disease, the
period of its debut and duration of the illness.
Along with this, the SEM and TEM make
it possible to characterize microvascular
changes in different parts of the respiratory
tract. Observing increased vascular pattern, its
roughness, contraction and expansion, unevenly
located in different areas we can detect the
severity of symptoms and the severity of the
pathological process what help us to choose the
most efficient method of treatment.

Practical work shows that treatment, which
is focused on on-time basic therapy and ASIT
realization is the most effective method for the
treatment of allergic respiratory diseases. After
the ASIT we observe the intensive decrease of
reactivity of the mucous membranes of the nose
and bronchi, increased regeneration processes of
the respiratory epithelial barrier, which are more
expressed in young age group compared with
adults. These data are confirmed by us using the
clinical and morphological methods. Managing
ASIT on-time not only reduces the development
of clinical symptoms of rhinitis and asthma, but
also reduces the amount of consumed drugs and
the risk of developing severe forms of the disease
and improving the quality of life of the patient.

With the special complex clinical and
immunological, allergy and morpho-functional
studies in patients with AR and BA in different
types of severity, we confirmed the unity of
the mechanisms of allergic inflammation of
the respiratory tract in AR and BA. We should
also note that in the development of AR and BA
in juveniles a leading role play: compromised
allergic history, inadequacy diagnostics and
inadequate treatment of associated allergic
diseases, endocrine imbalance, frequent ARVD,
bad habits gaining.
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It is shown that on-time administration of
basic treatment and early ASIT promotes rapid
morphological regeneration of the epithelium of
the mucous membranes of the respiratory tract.
It is important that airways reactivity reducing
while using the therapy and regeneration is more
intensive in juveniles compared to adult patients.
All these promote the most favorable prospects
of treatment of AR and BA in patients with on-
time and adequate therapy.

I'ymua MLIO., Bapxina T.I., loaunep C.A.,
I'ymeniok C.A.

BPOHXIAJIBHA ACTMA TA AJIEPTTYHI
PUHITH B PI3HUX BIKOBUX I'PYITAX

Ha 6a3i Bigninenns «bponxiansHa actma» ®I'BY «'HLl«
Iacruryt imynonorii »®MBA Pocii i B ®I'bY H/II mopdo-
norii moanan PAMH npoBeneHo moruOieHe KOMIUIEKCHE
KJIiHIKO-TabopaTopHe, aleprojoriyne, iMyHOJOTi4HE Ta
Mopdo-pyHKITiOHANEHE 00CTEXKEHHS XBOpUX y Bimi Bix 14
110 65 poKiB. 3aeKHO Bij BiKy Ta 0COOIMBOCTEH KIHIYHOTO
nepediry ajxepridyHoro puHITy i OpoHXianbHOI aCTMH, TAlli€H-
Tu Oynu pO3MOiIeH] Ha TPyNH. BUsABIEHO KOMIUIEKC TaHHX,
0 CBiJUaTh MPO €THICTH MEXAHI3MIB PO3BUTKY aJIEPTi4HOTO
3amaJieHHs 1 TineppeakTHBHOCTI TUXAIBHOTO TPAKTy pu AP
i BA. IlpeacraBneno anamni3 miamitkoBoi bA. Ilokaszano, mo
CBO€YACHE MPU3HAYCHH: 0a3MCHO]I Tepartii Ta paHHE TPOBE/ICH-
Hs1 ACUT cnipuste sikHaimBu i MopQomoriuHiii pereneparii
eMiTeNiIo CIN30BUX 000NIOHOK ANXATbHUX IUISAXIB.

I'ymua MLIO., Bapxuna T.I, IToanep C.A.,
I'ymeniok C.A.,

BPOHXHAJIBHASI ACTMA N
AJUVIEPTUYECKUE PUHUTDBI B PA3JIMYHbBIX
BO3PACTHBIX I'PYIIITAX

Ha 6a3e ornenenus «bponxuansaas actma» ®I'BY «I'HL]
«HHctuTyT mmmyHonorum»y @MBA Pocenn u 8 ®I'BY HUU
Mopdonorun dyenoBeka PAMH mpoBeneno yriayOiennoe
KOMIUIEKCHOE KIIMHUKO-Ta00paToOpHOE, aJIeproIorniecKoe,
HMMMYHOJIOTHYECKOe U MOP(O-PyHKIMOHATEHOE 00CIIeI0BaHIE
OONBHBIX B Bo3pacte oT 14 10 65 net. B 3aBucuMocTH OT BO3pa-
CTa U OCOOSHHOCTEH KIIMHUYECKOTO TEUEHNSI aJIeprUIecKOro
PpUHUTA 1 OPOHXUATBHOH aCTMBI AIEHTHI OBLIN PACHPE/ICICHBI
B TPYTITBL. BBIABIEH KOMITTIEKC TaHHBIX, CBUACTETBCTBYIONIHX O
€IMHCTBE MEXaHM3MOB Pa3BUTHS aJTIEPTIYECKOTO BOCHIATCHHS
Y TUIEPPEAKTUBHOCTH JbIXaTeNbHOTO TpakTa npu AP u BA.
[Ipencrasnen ananu3 noxpoctkoBoii bA. ITokazano, 4to cBoeB-
peMeHHoe Ha3HaueHne Oa3UCHOM Tepanyy 1 paHHEe IPOBEICHHE
ACHUT cnocoOcTByeT ckopeieid MOphOIOruiecKkoi pereHe-
PAIMH STUTENHNS CAU3HUCTBIX 000IOUEK JbIXaTeIbHBIX MyTeil.
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Multisensory educational system “electronic tongue” for
the diagnosis of the functional state of the human body
on the characteristics of exhaled breath condensate

The structure of a learning diagnostic system, produced on basis of a new concept of multi-parameter
electrochemical analysis, simulating the organization and functioning of biological sensory systems, is
developed. System features: 1) the use of an array of multi-selective sensors with cross-sensitivity to different
chemical components in the investigated medium, 2) evaluation of the measurement results using the methods
of processing large amounts of multi-dimensional information and pattern recognition. Such analysis systems
are called “electronic tongue”. The purpose of this paper is to investigate the possibility of application
of analytical trained multisensor system for non-invasive monitoring of individual functional state of the
human body using exhaled breath condensate indicators. The diagnostic system consists of two units - the
measuring and informational. They realize the basic functions of the system: learning and recognition of
multi-dimensional “images” formed by the sensor module. Studies performed on the test subjects have
shown that each of them has its own individual reproduced “image” of exhaled breath condensate and can
be identified on this “image”. The results obtained indicate the possibility of developing on this basis a
new non-invasive method of rapid diagnosis of the functional state of the person on indicators of exhaled

breath condensate.

INTRODUCTION

Human activity is largely determined by the
metabolic processes in the organs and tissues.
Their products are distributed throughout the
internal environment (cells, extracellular space,
blood plasma, exhaled air, urine, etc.). They are
indicators of the functional state of physiological
systems and characterize the “image” of the
functional state of the organism. Therefore
the analysis of the chemical composition
liquid and gaseous media of the body is the
leading technology of diagnosis, prognosis and
monitoring of the treatment process [6, 7]. This
procedure requires the precise measurement of
large quantities of chemical components. For
example, in human exhaled air detected over
600 chemicals indicators its functional state.
A significant number of laboratory diagnostic
tests, that determine the content of chemical
substances (indicators of disease) in the body,

are made using electrochemical methods. These
methods are used in most modern analytical
devices to measure the content of organic
and inorganic materials in different media
of the body. Their sensors (in most cases)
are sensitive not only to main test substance,
but also a number of related (“interfering”)
substances [1, 2, 5]. This increases the error
of f measurements. Meanwhile, biological
sensory systems with high accuracy recognize
complex “images” of the object being analyzed,
precisely because their sensors have cross-
sensitivity to a range of substances contained
in it. These properties are determined their two
features: a - their receptors are cross sensitivity,
b - in the process of identification of the object
involved “information system” - the brain,
which carries out the processes of learning and
pattern recognition. These principles of sensory
analysis systems of humans and animals were
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the basis of a new, intensely developed areas
multiparametric electrochemical analysis of
complex multicomponent biological media.
Analytical systems created on this basis were called
“electronic nose”, “electronic tongue”. They have
been successfully used to control of the liquid and
gaseous body media, environment and the food [3, 8,
4]. Their features are: 1) the measurement is made
with the use of sensors with cross-sensitivity
to different groups of important chemical
components of the medium, 2) evaluation of
the results of measurements carried out with the
help of pattern recognition methods, processing
of large arrays of multidimensional data and
mathematical models of neural networks.

The purpose of this study is development
multi-sensor analysis system using an array of
sensors with cross-sensitivity to different groups
of important chemical components of exhaled
breath condensate, able to create an “image” of
the functional state of the human body for later
use it for diagnosis of various diseases.

DESCRIPTION OF THE DIAGNOSTIC
SYSTEM

The diagnostic system consists of two units -
the measuring and informational. The first unit
includes of sample preparation module, sensors
module, measurement module. The second unit
includes modules: learning, pattern recognition
and visualization of images.

Sample preparation module is designed
to obtain condensate from exhaled air of test
subject.

Sensor module consists of six electrochemical
electrodes (sensors), each of which has a high
sensitivity to the main determining ion (Na*, K*,
Ca*2,NO“,NH,", H") and the cross-sensitivity
to biologically important components (other
inorganic ions, proteins, fats, organic acids,
products of lipid peroxidation, the white blood
cells, foreign substances). Each of the sensors,
placed in exhaled air condensate, generates its
electrical potential. Their composition forms
the “image” of the condensate of the diagnosed
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person. The composition and number of sensors
are selected based on their cross-sensitivity to
diagnostically significant components of the
object.

Measurement module (based on micropro-
cessor) performs high-precision measurement
of the electrical potentials of the electrodes
(measuring range +4.0 V, permissible limit
of error = 0.005 mV) and the transfer of this
information to the computer. This information is
statistically processed and displayed graphically
on the computer screen.

Learning and recognition module is pre-
sented in the form of a mathematical model.
During training, the system creates a database
(“images”) in the form of a particular composition
of electrical potentials of the electrodes that
characterize the functional state of certain
test subjects. In the recognition process, the
composition of electrical potentials (registered
by from the test subject) compared with the
composition of known potential “images”
in the database. Then, in accordance with a
predetermined criterion (permissible deviations
potentials recorded by the electrodes from their
average values in the database), the decision is
made about which the “image” of the database
corresponds to the functional state of the test
subject.

EXPERIMENTAL RESEARCH

Studies were carried out on three test subjects
during five days. Following conditions are met:
1) the absence of signs of acute illness in the
subjects, 2) lack of physical activity for 3 hours
prior to the collection of condensate, 3) the
experiment began not earlier than 3 hours after
a meal, at one and the same time (12 hours). A
sample of the condensate was collected for 10
minutes. The value of electrode potential in
the obtained sample was measured for each of
the sensors (Na*, K*, Ca*2, NO, NH,*, H").
The results of measurements were processed
statistically. They are presented in Figure 1 as
a visual “images” of the condensate - hexagons
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EpH--805+43

ENO; =155.6+ 7.4

Eca= 498+38

EK--132+0.2

Figure 1. A visual representation of the “image” of condensate test subjects (A, B, C) in the form of diagrams - the hexagon. On
the axes (dotted lines) are indicated average values (n = 5) electrical potentials of six electrodes. E, - symbol represents recorded
electrode potential (mV) with the basic of the ion (e.g., E, - is the total electric potential of the sodium electrode that includes
potential generated ions Na, and additional potentials caused sensitivity of the electrode a number of chemical components in
the sample). To the right of this symbol is shown the arithmetic mean value of the total electric potential of each electrode and
the value of its mean square deviation
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with rays (the coordinate axes), directed from the
center to the point of intersection of the facets of
the hexagon. The length of the rays at the points
of intersection facets hexagon corresponds to
the arithmetic mean of the measured electric
potential (average of 5 samples) generated by
each electrode.

The presented data shows that by using
a selected set of potentiometric sensors with
cross-sensitivity, may be obtain reproducible
individual “images” of the condensate tested
subjects (standard deviation of less than 5%
of the arithmetic average of the electrode
potential). These «images» in the process of
«training» are stored in the computer’s memory.
The character of their changes, depending on
the functional state of the tested subjects, will
be the subject of follow-up studies.
The project was supported by grants of the Program
of the Presidium Russian Academy of Sciences
Establishment and improvement of methods of
chemical analysis and investigation of the structure
of substances and materials. “

Kucasikosa JLIL., Kucaskos FO.51., 3aiinea A.1O.,
I'yasies B.U.

MYJIBTUCEHCOPHASA OBYYAEMASI CUC-
TEMA «QJIEKTPOHHBIN SA3BIK» JIJISI TUAT -
HOCTUKHU ®YHKIIMOHAJIBHOI'O COCTOSI-
HUS YEJTOBEKA IO XAPAKTEPUCTUKAM
KOHAEHCATA BBIABIXAEMOI'O BO3JIYXA

Pazpaborana cTpykTypa 00y4aemMoil TMarHoCTHUECKON CHCTe-
MBI, CO3/1aBaEMOIi HA OCHOBE HOBOM KOHLIENLMY MHOronapa-
METPUYECKOTO 3IEKTPOXUMUYECKOTO aHAIN3a, OCHOBAHHOTO
Ha MMHTALUK CIIOCOOO0B OpraHu3anuy U QyHKIIHOHUPOBAHHS
OHMOJIOTMYECKUX CEHCOPHBIX cucTeM. OCOOCHHOCTH CUCTEMBI:
1) ncronp30BaHNEe MAaCCHBA MONUCENEKTHBHBIX CEHCOPOB C I1e-
PEKPECTHON UyBCTBUTENBLHOCTBIO K PA3JIMIHBIM XMMHUECKUM
KOMIIOHEHTaM HCCIIClyeMOH Cpelibl, 2) OLIEHKa PEe3yIbTaToB
HU3MEpPEHUH ¢ MPUMEHEHUEM METOH0B 00paOOTKH OOIBIINX
00beMOB MHOTOMEpPHOI MH(pOPMALUU U PACHO3HABAHUS
00pa3oB. [lonoOHbIe aHATUTHYECKHE CHCTEMBI HOTYYHIN
Ha3BaHUE «3JIEKTPOHHBIN A3bIK». Llenbio HacTosmel padoTh
SIBJIAIETCS MCCIIEN0BaHNE BO3MOXKHOCTH IPHUMEHEHUs 00yya-
€MOH MYJIBTUCEHCOPHOW aHAJIMTUYECKON CUCTEMBI ISl HE-

WHBa3WBHOI'O MHAWBUIYAJIbHOI'O KOHTPOJIA (l)yHKLII/IOHaJ'[]:HOFO
COCTOSTHMSI OpraHU3Ma YeJI0BeKa Mo MHANKAaTopaM KOHJIeHcaTa
BBIIBIXa€MOT0 BO3/lyXa. J[MarHoCTHUECKasi CUCTEMa COCTOUT
U3 IBYyX Mo;(yneﬁ: HU3MEPUTEIIBHOT'O U HH(bOpMaLII/IOHHOFO.
OHU pean3yloT OCHOBHbIC (DYHKIIMH CUCTEMBbI: O0OyUeHHS 1
pacro3HaBaHUSI MHOTOMEPHBIX «00pa3oBy, (OpMUPYEMBIX
CEHCOPHBIM MojyleM. Mccnenosanus, npoBeieHHbIE HA
UCIBITYEMBIX, IMOKa3aJI1, YTO Ka)K)lbIﬁ M3 HUX HUMEET CBOU
MHJMBULyaJIbHbIHA, BOCIIPOU3BOIUMBIN «00pa3» KoHAeHcaTa
BBIIBIXa€MOTO BO3/1yXa M MOXKET OBITh HACHTU(GUIIMPOBAH I10
3TOMY «00pa3zy». [ToiyueHHbIE Pe3y/bTaThl CBUIETEIBCTBYIOT
0 BO3MOXXHOCTH Pa3pabOTKH Ha X OCHOBE HOBOTO HEMHBA-
3MBHOTO METOZIa JKCIPECC-AUArHOCTUKY (hyHKIIMOHAIBHOTO
COCTOSIHHSI UeJIOBEKA T10 1OKa3aTelIsiM KOHJEHCaTa BbIIbIXa-
€MOr0 BO3/lyXa.
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Universal mobile analytical complex for research
of respiration and gas exchange in man and animals

Experimental model of universal mobile and compact analytical complex for continuous monitoring of O,
consumption and CO, emissions in breathing humans and laboratory animals has been developed. These
gas exchange parameters are calculated based on the simultaneous recording of expiratory flow rate and
partial pressures of oxygen (pO,) and carbon dioxide (pCO,) in the exhaled air during each respiratory
cycle (for a man), and the dynamics of the partial pressures of O, and CO, in a metabolic chamber (for
animals and other biological objects). An analytical complex has a small size, light weight, and measure
human respiration and gas exchange immediately during each breathing cycle. The analytical complex
consists of two units - the measuring and informational. The first unit consists of a sample preparation
module, the sensor module, data logging module and the module data transmission through the channels
wired and wireless communications in the information unit. The second unit consists of a module data
reception from the measuring unit and the processing module, for the analysis and storage of data. The
experimental results showed that the generated mobile analytical complex allows to measure with high
precision volumetric expiratory flow rate and the partial pressure of O, and CO, in the breath of man, as
well as the partial pressures of O, and CO, in a metabolic chamber with the animal The complex has been

tested in human studies and in studies on laboratory animals.

INTRODUCTION

The state of energy and plastic metabolism,
determined by the intensity of O, consumption
and CO, emissions, is the leading method for
diagnosing the functional state of humans and
animals [1, 3, 4]. For the determination of these
parameters is necessary for a certain period of
time continuously, synchronously and accurately
carry out measurements space velocity of
breathing and the content of O, and CO, in air
exhaled during each breathing cycle.

Currently on the market there are a consi-
derable number of instruments for recording
these parameters (EOS-Sprint, ER 800, ER
900, Ergo-line, Oxycon 5, Meta Max 3B,
Rapidlab 840, Synthesis 15, Omni 3). The
main disadvantages of most of these devices -
a complicated procedure of removing moisture
from exhaled air, large size, stationary conditions
of exploitation, the high cost of the devices
themselves and expendable materials.

The purpose of this work - the development
of universal, high-speed, compact, mobile
and economic access analytical complex for
the diagnosis of energy metabolism in humans
and animals with the use of new technology,
constructive and informational solutions.

DESCRIPTION OF THE DIAGNOSTIC
SYSTEM

The analytical complex consists of two units - the
measuring and informational. The measurement
unit is intended for registration the parameters of
external respiration and gas exchange of subjects
and transfer this data into information block.
The information unit is intended to receive data
from the measuring unit and determination on
the basis of their state of energy and plastic
metabolism, physical efficiency and physical
health subjects on the whole complex of
recorded and calculated parameters.

© Kislyakov Yu.Ya., Kislyakova L.P., Zaiceva A.Yu., Gulyaev V.I.
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The first unit consists of a sample preparation
module, the sensor module, electronic data
logging module and the data transmission
module through the channels a wired or wireless
communications to the information unit. The
second unit consists of a module data reception
from the measuring unit and the processing
module for the analysis and storage of data.

Sample preparation module provides a
continuous flow of exhaled air in the sensor
module. It is thermostatic breathing tube that
contains sensors for monitoring the parameters
of respiration and gas analysis.

Sensor module consists of three electrodes
(sensors), each of which has a high sensitivity
to the main determining respiration and gas
exchange parameters: volume expiratory flow
rate q (1/ sec), the partial pressure of O, and CO,
in expired air (mm Hg). Control of the partial
pressures of O, (amperometry method) and
CO, (infrared spectroscopy method) is carried
out continuously during each exhalation. Each
of the sensors generates its electrical potential.

Electronic data logger module (based
on microprocessor) performs high-precision
measurement of the electrical potentials of
the electrodes (measuring range +12.0 V,
permissible limit of error + 0.005 mV) and
transmission of these data in the information

unit. This information is statistically processed
and displayed graphically on the computer
screen.

Transmitting and receiving modules sends
the data from the measuring unit in the infor-
mation unit through the channels wired or
wireless connection.

Module handling, analysis and storage
of recorded data provides their mathematical
treatment, visual display of the calculated
indicators and storing them in an array of data,
tables and graphs.

The basic continuously measured parame-
ters: the volume rate of exhaled air during the
respiratory cycle, the content of O, and CO, in
exhaled air and the environment, temperature of
the environment, atmospheric pressure.

Definable parameters: indicators of pulmo-
nary ventilation, the intensity of O, consum-
ption, CO, evolution intensity, the respiratory
coefficient.

EXPERIMENTAL RESEARCH

Technical characteristics analytical complex
(error measurements and dynamic parameters)
determined using the calibration gas mixtures
and the stand, simulated gas flow rate of during
exhalation, are presented in Table 1.

Table 1. Technical characteristics of sensors.

Registered parameters | Range Error limit of measurement
pO,, mmHg 50-200 +0.2
pCO,, mmHg 0-60 +0.3
Expiratory flow rate, 1/ s 0-12 +2%

Investigate the dynamic characteristics of
sensors with step changes in the composition
and flow rate of gas mixtures showed that the
time to reach steady state of their evidence less
than 0.1 seconds.

The developed analytical complex allows
to carry out continuous measurements recorded
parameters of human breathing (volumetric
expiratory flow, the partial pressures of O,

104

and CO, in exhaled air) during each exhalation
individually for each measured parameter (Fig.
1), in any combination of the two analyzed
parameters (Fig. 2) , as well as to determine
their average values for the three parameters
being measured in a given period of time of
continuous respiration (Fig. 3), which allows to
determine the intensity of O, consumption and
CO, emissions.
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Figure 1. Measurements of the partial pressure of O, in the flow
of exhaled air during prolonged exhalation. On the horizontal
axis - time in minutes and seconds

For laboratory animals these indicators can
be determined for a certain period of time in a
closed space metabolic chamber (Fig. 4).
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Figure 3. Simultaneous recording of three parameters (volume
expiratory flow rate (Vin), the partial pressure of O, and CO,
in exhaled air) after a delay of breathing (55 seconds). On the
horizontal axis - time in minutes and seconds

ISSN 0201-8489 ®ision. scyph., 2013, T. 59, Ne 4 ([{ooamok)

vin, s
o
w

00:.09 0010 0011

€02, mmHg
o
]

o0:08 00:10 011

Figure 2. Simultaneous recording of expiratory flow rate (Vin)
and the partial pressure of CO, in exhaled air. On the horizontal
axis - time in minutes and seconds

Demonstrated research results indicate the
possibility of using the analytical complex in
physiological studies of the functional state
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Figure 4. Changes O, partial pressure and temperature in the
metabolic chamber for 5 minutes stay a rat in it. On the hori-
zontal axis - time in minutes and seconds
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of gas exchange and respiratory systems of
humans and animals, as well as to measure the
basic parameters of the gas exchange of the
body (the intensity of O, consumption and CO,
emissions) characterizing its metabolism in
normal, pathological and extreme situations [2].
The project was supported by grants of the Program
of the Presidium Russian Academy of Sciences
«Establishment and improvement of methods of
chemical analysis and investigation of the structure
of substances and materials”.

Kislyakov Yu.Ya., Kislyakova L.P., Zaiceva A.Yu.,
Gulyaev V.I.

UNIVERSAL MOBILE ANALYTICAL
COMPLEX FOR RESEARCH OF
RESPIRATION AND GAS EXCHANGE IN MAN
AND ANIMALS

Pazpaboran sxciepuMeHTanbHbINH 00pa3el] YHUBEPCaIbHOTO
MOOMIIBHOTO MajorabapUTHOIO aHATUTHYECKOTO KOMILIEKCa
JUISl HETIPEPBIBHOTO KOHTPOJIS TApaMeTPOB AbIXaHHs, TOTpe-
Gnenns O, n Beaenenns CO, 4eOBEKOM H 1a60paTOpPHLIMH
#&nBOTHBIMU. [Toka3aTenn ra3000MeHa BBIYUCIISIIOTCS Ha OC-
HOBE JaHHBIX OJHOBPEMEHHOW perucTpauu 00beMHOM CKO-
POCTH BBIIOXA M NIAPUMAIBHBIX AaBieHui kucnopona (pO,),
yrexuenoro raza (pCO,) B BBIABIXaEMOM BO3yXe B IPOLIECCE
Ka’KJI0T0 JBIXaTeNbHOIO IUKIA (7151 4eNI0BEKa) U MO THHAMUKE
napuuanbHeix nasnenui O, u CO, B MeTaboIMYECcKoi Kamepe
(7151 )KUBOTHBIX U JPYTMX OMOJOIMYECKHX OOBEKTOB). AHa-
JUTHYECKUI KOMIUIEKC UMEET MaJble rabapHuThl, HEOOIBIION

BEC U M3MepsieT MapaMeTphl JbIXaHUs U ra3000MeHa 4elo-
BEKa HEMOCPEICTBEHHO B MIPOLIECCE KaXKIOTO JIBIXaTeILHOTO
muia. OH COCTOMT U3 JBYX OJIOKOB —M3MEPHUTEIBHOTO U
uH(popMaroHHoro. M3MepuTenbHbIi 610K BKIIOYaeT MOYIIb
HPOOOIIOIrOTOBKH, CEHCOPHBIN MOYIIb, MO/YIIb PETUCTPALIMH
JAHHBIX U MOIYJb MEPelaun AaHHBIX B MHGOPMAI[HOHHBIH
OJIOK 110 KaHaJaM MPOBOAHON MM OSCHpPOBOIHON CBS3H.
WudopmannoHHslii GJI0K BKIIFOYAaET MOIY/Ib IIPHEMa JJaHHBIX
OT U3MEPHUTEIBHOTO OJIOKA U MOAYJIb 0OPabOTKH, aHAIN3a U
XpaHEHUsI 3apETUCTPUPOBAHHBIX JaHHBIX. [[pOBEICHHBIC SKC-
HEePUMEHTAJIbHBIC UCCIICIOBAHUS TI0KA3aJI1, YTO CO3/IaHHBIM
MOOMJIbHBIM aHAJTUTUYSCKUH KOMILUIEKC TO3BOJISIET U3MEPSITh
C BBICOKOM TOYHOCTHIO OOBEMHYIO CKOPOCTD BBIIOXA U TAPIIU-
QJIbHBIC TaBJICHUS O2 i CO2 B BBbI/ILIXaEMOM BO3JlyX€ Y€JI0BEKa,
a Tax ke napuuanbhble qasnenns O, u CO, B MeTabomm4eckoi
KaMepe ¢ )KMBOTHBIM. KOMITIeKC ObLT UCIIBITaH B HCCIICIOBAHUSIX
Ha JIFOIISIX U JJAOOPATOPHBIX KUBOTHBIX.
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3MiHM KJIITHHHOTO iH(PUILTPATY B CJIU30BIM 000 IOHIL
OpOHXiB Y XBOPHX HA XPOHiYHE 00CTPYKTHBHE
32aXBOPIOBAHHS JICTeHb 32J1€5KHO

BiJl piBHSI aHTUIIPOTEOJTITUHYHOIO 3AXUCTY

Bnepue susuanucs ceromun ma cuposamrosuti pieers anvga-1-anmumpuncury (AAT), excnpecismyyunie MUC-2,
MUC-3, MUC-4 6 cnuz08iti 00010HYi OPOHXIE XBOPUX HA XPOHIUHE 0OCMPYKMUGHe 3aX60pioeanHts iecets (XO3JI)
nio uac iHpexyitinoco ma Heinghexyitinoeo 3aecocmpenns. Bemanoeaneno, wo npu 3acocmpenni XO3JI na ¢oni
SHUICEHHS AHMUNPOMEONIMUYHO20 3aXUCMY 8 PI3HUX MUNAX enimenianoHux KAimuH ciu3060i 0060101yl
OpOHXI6 8100Y8AEMbCS PIZHO20 CMYNEHIO 8UPASHOCMI 3HUMCeHHA excnpecii anmueenie MUC2 ma MUCS3.
Busienena excnpecis anmueenie MUC2 ma MUC3 y éepemenonodionux kiimunax cmpomu (Qiopoonacmax)
npu 3azocmpenni XO3JI 0o360ns€ 3acsiouumu pakm enimenianbHo-me3eHximanbHoi mpaunchopmayii, a
came, 3MIHY AKOCMI MPAHCHOPMOBAHUX eNIMENiATbHUX KIIMUH, 6 368 A3KY I3 YUM GOHU NO-THUOMY, HIIC
36UYALIHT enimenianbHi KIIMUHY, peazyrons Ha MOLEKYIAPHI pakmopu, aKi 8i0iepaioms poib ) PO3GUMKY
3ananbHO20 npoyecy ma npozpecysanti Gioposy npu XO3JI.

BCTYII

B’s3kuii caM30BUH T'ellb, TOJOBHOIO CKJIAIOBOIO
YACTHUHOIO SKOTO € MYITUHU, TOKPUBAE OiTBIIICTh
erniTeiaTbHUX MTOBEPXOHB 1 CITYKUTh CEJIEKTHB-
HAM 3aXUCHHUM Oap’e€poM MiX IJIa3MaTHYHOIO
MeMOpaHo 1 oToueHHsM Kiitunu [7]. Jocmia-
KeHHs1 QyHKUii MYIUHIB MOXYTbh HOSICHUTH
JIesiKi KJIITHHHI MEXaHi3MH MpOrpecyBaHHS
3anaieHHs guxaabHuX nuraxis (L) [9]. 3mian
MPOAYKIii MYIIMHIB Ta TUCKPHUHIS € 3aTaTbHOI0
03HAKOI0 3aMalIbHOTO TPOIEeCy IMPU XPOHIU-
HUX OOCTPYKTHBHUX 3aXBOPIOBAHHSAX JIET€Hb
(XO3J1), mo 10riyHO OOIPYHTOBYE BaXKIUBICTH
JOCIIIJKEHHSI BIUTMBY MYIIMHIB Ha ITPOLIECH TIPO-
rpecyBaHHs 3ananbHoro npouecy B JII [1, 6].
Bimomo, 110 i mi€ro mpo3anarbHuX MHTOKIHIB
MOCHITIOETHCS SKCIIPECisi TeHa, IO KOJIyE MYIIUH,
a HedTpodinpHa enacrasza 1 karencuH G cTH-
MYJIOIOTh MpoJidepalito CEeKPeTOPHUX KIITHH
CJIIM30BHUX 327103, [0 PU3BOAUTH 10 PEMOYJIs-
uii A, B Tomy 4ucii 10 KIiTHHHO] Tinepruiasii

[12]. dyHKIIF0O OCHOBHOTO 1HTI0ITOPY HEUTPO-
¢inpHOI enacTa3m Ta IHIIUX TOUIKOJIKYHOUHX
nporea3 (TpUIICiHA, XIMOTpHUIICiHA, KAaTEIICHHA
G, nporeina3u-3, TpoMOiHy, KaJLUTiKpeiHy Ta
iHm.) BuUKOHYE anbda-l-anturpuncun (AAT),
KWW T'pa€ NPOBiAHY POJb B TaJIbMyBaHHI TKa-
HuHHOTO poTeonizy [11]. Jedinut AAT 3anu-
LIAETHCSI MaJIO A1arHOCTOBAHOIO MPOOIEMOIO,
3HAHHSI 0 IOT0 HASIBHOCTI € JIy’Ke BaXKIIMBUM JJIsI
XBOporo. BuBueHHs (hyHKIIOHAIbHOrO CTaHy
MYIMHIB Ha MOJIEKYJISIPHOMY PiBHI Ta (hakToOpiB,
SIK1 Ha HBOTO BIUIMBAIOTh, Ma€ BaJKJIMBE 3HAUCH-
Hs1 JIJISL TOJIaIbIINX JIOCIiKeHb, CIIPSIMOBaHUX
HAa [TOTNEePEIKEHHS IPOTrPECYBaHHS T JIIKYBaHHS
XO3JI.

MeTor0 Hamoro MociijKeHHs Oylo KOM-
MJIEKCHE BUBYEHHS IMYHOTICTOXIMIYHHX 3MIiH
KJIITHHHOTO 1H(GUIBTpaATy 3a BMICTOM MYIHHIB
MUC 2, 3, 4 y ciuzoBiit o6onontti (CO) 6poH-
xiB ipu XO3JI B 0ci0 3 pi3HUMHU CHPOBATKOBHM
piBaeM AAT i #10TO TEHOTHIIOM.
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3MiHM KTITHHHOTO iH(IIETpaTy B CITH30BIiT 000/IOHII OPOHXIB

METOIUKA.

O6cTexeno 30 mamieHTIiB, SK1 3HAXOIUIIKCS Ha
CTaIioOHapHOMY JIiIKyBaHHI Yy TyJIbMOHOJIOTIYHO-
MYy BiAAijeHHI 00JacHOT KIIIHIYHOT JIIKapHi M.
UYepnibii. Bik o0cTexeHnx KojuBaBcs Big 26
1o 77 pokiB (B cepeanboMy 53,7 + 2,1 poky). Y
JIOCII1JIPKEHHSI BKIIIOYAIHCS XBOPi, SIK1 3BEpHYIH-
Cs B CTaLliOHap B MEPioJl 3arOCTPEHHSI, AKIUM OyB
BucTtaBiaeHui miarno3 XO3JI (BucTaBiIsIBCS Ha
migcTaBi KpuTepiiB miarnoctukm “Key indicators
for considering a diagnosis of COPD” [2, 5]).
3 METOI0 BHU3HAYECHHS CTYIEHS Ta XapakTepy
3amajeHHss OpPOHXIB BCIM XBOPHM MPOBOAHIIN
¢pi6pooponxockomnito (OBC) 3a gomomoroio
¢di6pobOporxockoma Olimpus. Y 3B’53Ky i3 HE00-
X1THICTIO 30epekeH3 s I IMyHOT1CTOXIMITHUX
JTOCHIHKEeHb IITICHOCTI aHTUTEHIB Y CTPYKTYpax
OpOHXiB BUKOHYBAJIH MPUKUTTEBY Oiomncito CO
OpOHXIB 3a 3araJbHONPHIHATOI0 METOJUKOIO.
PiBenp Oiomcii — mmopu cerMeHTapHUX OpOH-
xiB. Ilig yac ¢piOpoOpOHXOCKOIIIT crIeTiaTbHUMHU
MTUTIISIME 320U PaIi MIMATOYO0K CTIHKHA OpOHXY i3
MaKpOCKOTIYHO-3MIHCHUX MIISHOK. BucikaBcs
[IMAaTOY0K TKAHWHU, [0 MICTUB JIUIIE CIU30BY
Ta MiJCIU30BYy O0OOJOHKH, HE TPABMYIOUH Xpsi-
moBi Kinb1s. CBixuil MaTepian ¢ikcyBaiu mpo-
TATOM 22 TOAVH B HEUTpabHOMY 3a0ydepeHomy
10% BomHOMY po3unHI (hopMmaliHy, MiCIsS 4OTOo
3MiMICHIOBAIN 3HEBOIHIOBAHHS Yy BUCX1IHIHN OaTa-
pei etaHony i 3anuBKy B napadin. 3 napadino-
BUX OJIOKiB HA CAHHOMY MiKPOTOMi BUTOTOBJISUIH
3pi3u TOBIIMHOO 5 MKM. [lapadinoBi 3pi3u MOH-
TyBaJlu Ha HEIMYHOTE€HHI NMPEIMETHI CKEeIbIIs
SuperFrost®Plus (Germany). BuBuanu ontuany
TYCTUHY (B YMOBHHX OJUHHIISX) CIIEIU(IIHOTO
3a0apBIICHHS] CTPYKTYp OpPOHXIB y XBOpHUX Ha
XO3JI npu 3acTocyBaHHI IMyHOTiCTOXIMIYHUX
MeTonuk Ha anturenu MUC-2, MUC-3, MUC-
4 3a 10IOMOTI0I0 IEPBUHHUX MOHOKJIOHAIbHUX
AT mo mmx MpOTEiHIB Ta CUCTEMHU Bizyarizallii
Dako EnVision+System, Peroxidase (AEC).
IaTeHcuBHICTh 3a0apBieHHs (ONTHYHA TYCTH-
Ha) omiHeHa 00’ €KTUBHO Ha HU(POBUX KOMIsIX
ONTHYHHUX 300pakeHb MIKpONIpenapariB 3a J0-
MIOMOT'010 METOY KOMII F0T€PHOI MiKPOACHCUTO-
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MeTpii y cepenoBuili rpadigHoi KOMIT FOTEPHOT
nporpamu GIMP, Bepcis 2,82 (mimensis GPL)
30HJ0BUM CITIOCOOOM y Tpaiallisix iHTEHCUBHOCTI
3a6apsieHus (Bix 0 mo 255) 3 nmorapudmivaum
nepepaxyHKoOM B YMOBHI OIMHHULI ONTUYHOI I'yC-
THHHU (YM.OJ.ONT.T'YCTHHH) 3 Tpajamicto Big «0»
(abcomoTHa Mpo30picTh) M0 «1» (abcomoTHA
HEeIPO30PICTh).

CuposarkoBuit piBeHb AAT BH3HaAUaIH 3a
JOMOMOTOI0 iIMyHO()EPMEHTHOTO aHalizy 3a
nonomoror maneni Immunokit Ha 6a3i iMy-
HosoTiuHOT nmaboparopii YHiBepcuTreTchKoi
KJiHiKKW npu JloOHEUbKOMY HalliOHAJILHOMY
MeIUIHOMY yHiBepcuTeTi iM. M. ['opskoro. ¥V
BCIX XBOPHX MPOBOJUIOCS TEHOTUITYBaHHS S- 1
Z-nedimuTHUX ajeiael - MeTOJIOM MOoJIiMepa3Hoi
JIAHIFOTOBOT peaKIlii 3 BUCYIIIEHUX 3pa3KiB KPOBi
B HamioHanbHOMY IHCTUTYTI TyOEpKYy/JIbO3y Ta
xBopoO nerensb (Bapmasa, [lonpima).

Craructuuna oOpoOKa pe3ynbTariB MpoOBO-
TATIACS 3 BUKOPUCTAHHSIM METOIB iHTeproBaHO1
CHUCTEMHU CTATUCTUYHOI 0OpOOKHU CTAaHAAPTHOTO
naketry Microsoft Excel must Biporignocti 95%
199%. [nst npoTsHDKHUX 3MIHHUX 00YMCITIOBAIIN
Cepe/IHI BeJIMYMHU, 1X CTAHJAPTHI BIIXUICHHS
1 moMuaku (M+£m).

OO6cTexeHi xBopi Oynu po3moxineHi Ha 2
rpynu: I rpyna - xBopi Ha XO3JI 11 cTanii 6e3
03HaK iH(EeKIiHHOro 3arocTpeHHs — 14 maiieH-
tiB Ta Il rpyma - 16 oci6, xBopi mHa XO3JI ta
o3HaKaMu iH(]ekIiiHoro 3arocTpeHHns | Tumy 3a
Amnronicenom Ta crazii III [5]. Cepen xBopux
I rpynu xinox 6ymno 6 (42,8%), Il rpynu — 7
(43,75%) ocib xxiHO4O1 cTaTi. 3a CTAaBICHHSIM J0
TIOTIOHOKYPIiHHS XBOpi | rpynu posnogimnsuiucs
Tak: 11 - akTHBHI KypIli B MUHYJIOMY, 3 - 3aJIHIIN-
JUCSl HUMH 1 A0Terep, cTax Kypinas —41,2+5,1
poku. Iumexc ,,mauka/pik” craHoBuB 29,5+2.4
poku. CepenHill MOKa3HUK O®B, y MManieHTiB
I rpynu cranoBuB 38,9+4,3% mo HamexHoOi
BesmmanHU. Jlo 11 rpynu yBifinumm 16 xBopux Ha
XO3J1, cepenniit Bik 65,4+4,3 poxu. Cepenns
TpUBANiCTh 3aXxBoproBaHHA — 18,3+£1,7 poxu.
AKTUBHUX KypuiB — 5 0ci0, B MUHynIomy - 15
oci0, iHIeKc ,,mavyka/pik” craHoBuB 48,3+3,8
poku. Cepenniii noxasauk O®B, y nauienTis I
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rpynu ckinanas 37,6+2,7% Bij HaJIe)KHUX.

Pesynbraru Ta ix obroBopenns. ['eHorumy-
BaHHs AAT mokasaio, 1o OUIBIIICTE 00CTEXE-
HUX TAI[i€HTIB BUABUJIUCA TOMO3UTOTHUMH TIO
M-annemnto (93,33%), y nBox nartienTiB Il rpynn
OyB BusiBIeHUU renotun PiIMZ (6,67%).

Cepen nanienTtiB | rpynu HOpManbHHH pi-
BeHb AAT (120 - 200 mr/nn) cnoctepiraBcs y
11 oci6 (78,57%), cymixkni 3HauerHss AAT (100
- 120 mr/mir) —y 2 oci6 (14,29%), y omHOTO XBO-
poro (7,14%) pisenb AAT OyB HU3BKHUM (MEHIIIE
100 mr/m). Bignosiauo nanienTis I rpymnu: 10
0ci0 (62,5%) manu HOpMaJIbHI TOKa3HUKH A AT
y cupoBarili KpoBi, 4 oci6 (25%) — cymixHi, 2
(12,5%) — HU3bKI.

Cepen nartieHTiB 3 HOpManbHUM piBHEM AAT
KITBKICTh KYPIIiB Ta HEKYPIIB PO3MOMiTUIACT
B MPOIEHTHOMY cmiBBigHOomeHHI 59,09% no
40,91%. Cepen XBOpUX 3 CYMI>KHUMHU 3HAYCH-
Hamu AAT tex npeBantoBanu kKypiii - 80,0% no
20,0%. Yci namieHTd 3 HU3bKUM piBHeM AAT
BusiBmincs Kypusimu (100%). Takum unHOM,
KYPIiHHS MOXKE PO3TIISIIATHCS K (aKTOp PUSHUKY,
SIKUH TajibMy€ T€HETUYHO HOPMAaJIbHY MPOAYK-
uiro AAT. Hamri nani 3icTaBieHHI 3 MIKHAPO/I-
Humu [3, 5, 11]. ¥V kypsamux oci6 3 aedinurom
AAT axTHBHICTh TPOTEONITUYHUX (EPMEHTIB
MOXe OyTH 3HaYHO BHIIE HOPMH, a 3HWKEHA

AHTINPOTEa3Ha AKTUBHICTh HE B 3MO31 3aXUCTUTH
JIETEHEBY TKaHWHY BiJl paHHBOI IECTPYKIIii.

[Ipn BUKOpUCTAaHHI IMYHOTICTOXIMIYHHUX
MeToaiB Ha anturenn MUC-2, MUC-3, MUC-4
y xBopux Ha XO3JI | rpynu oTpuMani HacTyIHI
pe3yiabTatu. [103UTHBHE IMYHOTICTOXIMIiUHE
3a0apBieHHs (ekcnpecis) Ha anturen MUC-2
CIIOCTEPIra€eThCsl B MOOJAMHOKHUX KITITHHAX, SIKi
3JIyIIeH] y mpocBiT OponXiB (puc.l), onTudna
T'yCTHHA TaKOTO 3a0apBieHHS Yy CepeaHbOMY
cranoBuTh 0,128+0,010 yM.0d.0NT.TYCTHHH.
TouHo Taki ) HUPPH OTPUMAaHi sl HOKPHUBHOTO
enitenito OpoHxiB (Taldil.).

Excnpecis antureny MUC-3 BiamivaeThbcs B
MMOKPUBHOMY eriTenii OpOHXiB 3 BUPA3HICTIO Bij
cepenHpoi 10 ciaabkoi i3 cepexHiMu udpamu
ontu4yHOi rycTuHHM 3abapBienuas 0,201+0,021
YM.OJI.ONT.TYCTUHU. MakcumainbHa eKCIpecis
antureny MUC-3 B mOKpUBHOMY eIiTeNii OpoH-
XiB TI0OKa3aHa Ha PUCYHKY 2.

Y KenuxomoaiOHUX KIITHHAaX eKCcIpecis
antureHy MUC-3 He BusiBiIcHA. Y CIM30BHUX
3amo3ax ekcmupecis MUC-3 BiacyTHS y O171b-
IIOCTI KJIITHH, @ B THX KIITHHAX, B AKUX BOHA
MPUCYTHS, 11 MOKHA OI[IHUTH K MOMIpHY.

VY crpomi Oponxie ekcrupecis MUC-3 Bus-
Ha4Ya€ThCS B BEPETEHOIMOAIOHUX KIITHHAX ITiJ
cyOermiTenianpHOO 0a3allbHOIO MEMOPaHOIO

Tadomuusa. OnTuYHAa rycTuHa (B YMOBHUX OAMHULSAX) cnienniyHOro 3a6apBiieHHs] CTPYKTYP OPOHXIB y XBOpPHUX Ha
XO3JI npu 3acrocyBanni imyHoricroximiunux meroauk nHa anturenn MUC-2, MUC-3, MUC-4 (X+s )

. . Biporignicts po30i>kHOCTEH
ImyHoricToximiuyna I rpyna xBopux | II rpyna xBopux . .
METOJTMKA/IIOKaTi3aIlis (n=14) (n=16) (P)y cepenrix TeHHeH,u X sa

metomom Mann-Whitney
MUC-2 / nokpuBHHH emiTemnii 0,128+0,010 He Busnauaerscs P He oOpaxoBaHO
MUC-2 / xenuxonomiOHi KIITHHA 0,247+0,016 0,196+0,015 P<0,05
MUC-2 / eniteniii CTM30BHX 347103 0,212+0,018 0,103+0,008 P<0,01
E/giguis; Kgﬁniziﬁﬁf BEPETE0,208+0,025 0,206+0,028 P>0,05
MUC-3 / mOKpUBHUH eTmiTemii 0,201+0,021 0,049+0,006 P<0,001
MUC-3 / kenuxonoai0H1 KIITHHH He Busnauaetscss He Bu3HagaeThes P He oOpaxoBaHO
MUC-3 / eniteniii CIM30BHX 3aJ103 0,192+0,009 0,065+0,007 P<0,001
MUC-3 / MUC-3-1103uTHBHI BepeTe- 0.286+0,024 0.289+0,028 P=0,05

HOTIOAIOHI KIITHHU CTPOMHU

MUC-4 / 6yab-siKi CTPYKTYpH

He Busnavaerbcst He BU3HauaeThCs

P He oOpaxoBaHo
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Puc.1. Excrpecist antureny MUC-2 B 1eCKBaMOBaHOMY €ITi-
Tenii 6ponxa y xBopux Ha XO3JI I rpynu. ImyHoricToXiMiuHmMiz
MEeTOJ, Bisyaisaris 3 niamiHooer3uaunHOM. 06.20%.0Ok.10*

(pmc.2) 3 BUpa3HICTIO BiJ MOMIpHOI 7O CHIBHO
BUPaXXEHOT 13 cepeaHiMu mudpamMu ONTHYHOL
ryctunu 3abapenenns 0,286+0,024 ym.ox.omnT.
T'YCTHHH.

lomo MUC-4, To ciig BiAMITUTH, IO B
HaIlUX JIOCIHIDKeHHSIX eKCIpecis MhOoTo aHTH-
reHy, sK MPaBUiIO, HE BU3HAUalacs B OIHIN
CTpyKTypi. Jluiie y IBOX NAILI€HTIB eKCIpecis
antureny MUC-4 Oyna BusiBieHa y TOKPUBHOMY
emitenii OpoHXiB, MpUYOMY BOHa Oyna JeaBe
MIOMITHOIO.

IMyHoOTiCTOXIMIUHE HOCTIKEHHS eKCIpecii
anturenis MUC-2, MUC-3, MUC-4 y xBopux
Ha XO3JI Il rpynu gano HaCTyIHI pe3y/ibTaTH.

Excnpecis antureny MUC-2 B MOKpUBHOMY
emiTenii MpakTHYHO He BU3HaudaeThes. OTKe,
MPOAYKIisS IHOTO O1JIKa B TOKPUBHOMY ermiTemnii
npu iHdekuiinomy 3aroctpeHHi XO3JI mopy-
mena. OKpiM TOro, 3a IHTEHCHUBHICTIO 3abap-
BJICHHSI CJIiJ{ KOHCTATyBaTH 3HMKEHHS eKCIpecii
antureny MUC-2 B KeJIMXOTIOIIOHUX KJIITHHAX
Ta emiTesii CIM3UCTUX 3a103), Y nudpax e
MOKa3aHO B TaOIHIIi.

VY noxpuBHOMY ermitenii Ta emitenii cin3u-
CTHUX 3aJ103 TAKOK 3HMKEHA EKCIIPECisi aHTUTCHY
MUC-3 (ta0ma.). Y xeauxomnoaiOHuX KIITHHAX
npu iHpexuiinomy 3aroctpenni XO3JI, Ttak
camo, SK 1 mpu HeiHpeKUiHHOMY, eKcrpecis
antureny MUC-3 He BuU3Hauanacs.
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Puc. 2. Excripecist anturenry MUC-3 B mokpuBHOMY ermiTenii
Oponxa Ta y BepereHonoAiOHux (hibpodiactonoaionmx)
KkiituHax crpomu O6porxa y xBopux Ha XO3JI I rpymnu. Imy-
HOTiCTOXIMIYHUIA METO/I, Bi3yaJTi3allisi 3 1iaMiHOOCH3UANHOM.
06.20*.0k.10*

Ha BinMiHy Bij BHIIIEBKa3aHHUX €IiTeiab-
HHUX KJITHH B BEPETEHOMOAIOHMX KIITHHAaX
CTpOMH OpOHXa 3HMWKEHHS eKCTpecii aHTUTCHIB
MUC-2 ta MUC-3 npu indexuiiinomy 3aro-
ctperHi XO3JI ne 3naiineno. OTxe, NPOAYKIis
BKa3aHUX MOJICKYJ y KIITHHAX, sIKi, BIpPOT1IHO,
migganucsa Tak 3BaHif emiTeniaibHO-ME3EHXI-
ManbHil Tpanchopmauii (EMT), ne 3minena
npu indexniinomy 3arocrpenni XO3J1 y mopis-
a1 3 XO3JI 6e3 iHQeKuiitHOro 3arocTpeHHs.
ﬁMOBipHO, 1€ J0JIaTKOBO MiJTBEPIKYE 3MiHY
SIKOCTI JaHUX TPaHC(HOPMOBAHHUX CHITETIaIbHUX
KJIITHH, B 3B’SI3KY 13 YMUM BOHHU MO-iHIIOMY, HIX
3BUYaliHI emiTenianbHi KIITHHHU, pearyroTh Ha
MOJICKYJISIpHI (paKTOPH, SIKi BiJliIrparTh POib Y
PO3BUTKY 3aIajibHOTO MPOIIEeCy Ta MPOrpecyBaH-
Hi Gidbposy mpu XO3JL.

Takum unHoM, nipu 3aroctpenni XO3JI crio-
CTEpPIraeThCsl EKCIpeECis CEKPEeTOPHUX MYIUHIB
- MUC2 ta MUC3, wo cnpusitoTb yTBOPEHHIO
rejxeBoro komMmnoHeHTy ciuzy. Cuares MUC2 i
MUC3 3menmryetbest B AL npu iHdexniiiHOMy
3aroctpeni XO3JI III B mopiBHsHHI 3 1X ekc-
npeciero npu HeiHdekninHomy 3aroctperi XO3J1
III B ycix cTpyKTypax, OKpiM BepeTeHONOAI0HNX
KIIITHH cTpoMu — ibpobiacTax. Xoya ocTaTouHa
pons myruHiB B /{1 HEe BimoMa, BOHHM MOXYTh
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(YHKIIOHYBaTH B SIKOCTi peLenTopiB abo perer-
TOPHHX JIiraHJiB Ta aKTUBYBaTH BHYTPIIIHBO-
KJIITHHHI CUTHalIbHI KacKaJW, 10 BIJIWBAIOTH
Ha (QyHKIIT emiTenianbHUX KIITHH, CIPUSIIOYH, B
Tomy umcit po3Butky EMT [4,10, 13].

BUCHOBKH

1. 'emorunyBanus AAT moxaszaino, mo OiJIb-
IIICTh OOCTEKEHUX IMAI[IEHTIB BUSBUIIMCS TOMO-
surotHumu 1o M-asiento (93,33%), y 1Box OyB
BUsiBIIcHUH reHotun PiMZ (6,67%).

2. VYci nmanieHtu 3 HU3bKUM piBHeM AAT
BHUSIBIIIMCS KYPIISIMH, 1110 JO3BOJISIE€ PO3TIISIATH
KypiHHS SK (paKTOp PU3UKY, SKHH TaTbMYE IIPO-
nykitiro AAT.

3. Ipu indekuiitnomy 3aroctperni XO3JI
aJICKBaTHUI aHTUIIPOTEOJITUYHUN 3aXUCT CIIO-
crepiraBcs y 62,5% oOcTexxeHux, MpH HEiH-
¢ekuilinomy 3aroctpenHi - y 78,57%. Ha ¢oni
3HIKEHOTO AHTHUIIPOTEONITUIHOTO 3aXHCTY
BifMidaeThCs OINBII BHpakeHa mpodidepartis
CEKPETOPHUX KITITHH CIIM30BUX 3aJ103, I1I0 TIPU3BOIUTh
1o pemonyssii JI111L

4. Ilpu indexkuifinomy 3aroctperni XO3JI B
PI3HUX THUIAX emiTeNiaJbHUX KIITHH CIU30BOI
000JIOHKH OPOHXIB 3HIKYETHCS EKCIIpeCist aH-
tureHiB MUC2 ta MUC3.

5. IMyHOricTOXiMi4uHE JTOCIIDKCHHS aHTHU-
reHiB MUC2 ta MUC3 y BepeTeHONIONIOHUX
KJIITHHAX CTPOMH JIO3BOJISIE 3aCBITUUTH (PaKT
Tak 3BaHOI emiTeliallbHO-ME3eHXiMalbHOT
TpaHcdopmalii B clIm30Bii 000J0HII OpOHXIB
npu 3aroctpenni XO3JI.

A.€. Jlopodpeer, 1. XopocToBcka-Boinnmio?,
C.B. Kopanienko®, B.C. XopyH:kas',
MN.B. Bacunenko!, U.C. JlaBuaenko’, P. CrpynsiBcku’

U3MEHEHMS KJIETOYHOI'O UHO®UJIBTPA-
TA B CJIM3UCTOM OBOJIOUKE BPOHXOB
BOJbHBIX XPOHUYECKUM OBCTPYKTHB-
HbIM 3ABOJIEBAHUEM JIETKUX B 3ABHCH-
MOCTH OT YPOBHSI AHTUITPOTEOJINTH-
YECKOM 3AIIUTHI

BriepBble M3yuasncs T€éHOTHI U CBIBOPOTOUHBIH ypOBEHB
anbda-1-anturpurcuna (AAT), sxcnipeccus mynuaoB MUC-2,
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MUC-3, MUC-4 B cau3uctoit 0060510uke OpOHXOB OOJIBHBIX
XPOHUUYECKHM 00CTPYKTUBHBIM 3a00seBanuem jierkux (XO3JT)
BO BpeMsi HH(EKIIMOHHOTO M HEeHMH(EKIIMOHHOT0 obocTpe-
HUs. YCTaHOBJCHO, uTo mpu oboctpenun XO3JI Ha doHe
CHHMIXXCHUA aHTI/IHpOTeOHI/ITI/IquKof/i 3alMThl B Pa3JIMYHBbIX
TUTAX SMUTEIHATBHBIX KJICTOK CIM3UCTOH 0007I0UKH OPOHXOB
IPOUCXOAUT pa3m«1'-m0f/'1 CTCIICHU BBIPAXKECHHOCTU CHHIKCHUEC
skcnpeccun antureHoB MUC2 u MUC3. BrisiBnena sxcnpec-
cust anturenoB MUC2 1 MUCS3 B BepeTeHONo100HbIX KIIeTKaxX
ctpomsl (pubpobdmactax) mpu odboctpernn XO3JI mo3Bossier
3aCBHETEIbCTBOBATH (DAKT SMHUTEIHAIBHO-ME3CHX UMAJIBHOM
TpaHc(opMaIyH, B CBI3U C YEM OHH O-IPYroMY, 4YeM 00bIu-
HBIC SIIUTCIIHAJIBHBIC KIICTKH, pearnpy}OT Ha MOJICKYJISIPHBIC
(bakTophl, UTPAIOIINE POJIb B Pa3BUTHH BOCMATUTEIHLHOTO
npoiiecca u nporpeccupoBanuu Gudposa mpu XO3J1.
KitroueBblie ciioBa: anbga-1-aHTUTPUIICHH, MYLIHHBI, CIIN3H-
cTast 000J104Ka OPOHXOB, BOCIIAJICHHE.

A.E. Dorofeyev!, J.Chorostowska-Wynimko?,
S.V. Kovalenko?, V.S. Khorunzhayal,
L.V. Vasylenko!, I.S. Davydenko3, R. Struniawski?

CHANGES OF THE CELLULAR INFILTRATE
IN THE MUCOUS TUNIC OF THE BRONCHI
IN PATIENTS WITH CHRONIC OBSTRUCTIVE
PULMONARY DISEASE IN DEPENDENCE ON
ANTIPROTOLITHIC PROTECTION

For the first time the genotype, serum levels of alpha-1-
antitrypsin (AAT), the expression of mucin has been carried
out of the mucous tunic of the bronchi in patients with chronic
obstructive pulmonary disease (COPD) during an infectious
and noninfectious exacerbation. It has been established that
during an exacerbation of COPD in patients with reduced
antiprotolithic protection in different types of epithelial cells
of the mucous tunic of the bronchi there occurs a decline of
the expression of antigens of MUC2 and MUC3 of a various
degree of a marked character. The expression of antigens
MUC2 and MUC3 detected in the fusiform cells of the stroma
(fibroblasts) during a COPD exacerbation enables to certify
a fact of an epithelial-mesenchymal transformation, as a
result of which they react differently than ordinary epithelial
cells to molecular factors which play a certain role in the
development of an inflammatory process and progression of
fibrosis in COPD.

Key words: alpha-1-antitrypsin, mucins, mucous tunic of the
bronchi, inflammation.
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Bausinue AHTHOPTOCTATHICCKOI'O ITOJIOKCHU A

Ha PEryJsinuio AbIXaHUs

N KOMIICHCATOPHLIC PCAaKIINN I[leﬂTeJILHOﬁ CUCTEMBbI

Tokasano, umo y HapKOMU3UPOBAHHBIX HCUBOMHBIX 8 AHMUOPMOCIAMUYECKOM NOTOHNCEHUU NPOUCXOOUN
VeeluieHue pe3UCmUBHO20 U SNACMUYECKO20 KOMINOHEHMA CONPOMUBIEHUs ObIXAHUIO, YMO C8UOemelbCl-
8yen 00 yeenuueHuu MexaHuueckoll Haepy3Ku Ha ObIXAMenbHylo cucmemy. B komnencayuu pecnupamopruix
ahexmos anmuopmocmasa yuacmeyom MexanopehiekmopHbie MeXaHusMbl, peaiu3yiouuecs uepes
agpepenmnyro cucmemy neKux u obecneyusaroujue OOPAMHYIO C643b MeHCOy U3MEHEeHUeM 00beMa 1ecKUX
U YEeHMPaIbHOU UHCAUPAMOPHOU AKMUBHOCMbI0. OCHOBHbIM PepileKMOPHbLM MEXAHUIMOM, BbI3bI8AUUM
KOMNEHCamopHoe ygenuieHue oouje2o UHCRUPAMOPHO20 YCUUs NPU nepexooe 8 AHMUOPMOCMAMUIecKoe
noJLoJICeHUe, AGISLeMEsi 0CAADIeHIe MOPMO3HOU aphepeHmHOT UMNYIbcayuy, ROCMYRAaruiell 8 OblIXamesb-
HbIUL YeHmp Om peyenmopos pacmsdiCeHus 1e2KUxX, 8C1e0CmBUe CHUNMCEHUS 1e20YHbIX 00beMOS.

Knrouegoie cnosa: pecynsiyus Obixanus, AHMUOPMOCMAamuieckoe noJlolCeHue, ConpomuGIeHUe ObIXaAHUIO,

agpgepenmuasn umnynvcayus

BBEJEHHE

CornacHo COBpEMEHHBIM IPEICTABICHUSIM, ad)-
(epeHTHas UMITYIbCcAalKs OT MEXaHOPELENITOPOB
JIETKMX UTPAaET UCKIIIOUUTEIHHO BaXKHYIO POJIb B
Peryisuuy AbIXaHus 1 GOPMUPOBAHUU KOMIICH-
CaTOPHBIX peaKIUi ABIXaTEIbHON CUCTEMBI [2].
Hapymenus GuoMexaHuKH IbIXaHUsl, CBSI3aHHBIC
C pa3HOOOpA3HBIMH BHIaMU MTATOJOT MU MITH ACH-
CTBHMH HKCTPEMAJbHBIX (AaKTOPOB CKa3bIBAIOTCS
Ha (U3HOJOTHYECKUX MEXaHU3MaxX, CocoOCT-
BYIOIIUX ONTHMM3ALMHU ABIXaHHUS.
MHOTOUYNCIEHHbIE NaHHBIE CBUJETENIBCT-
BYIOT, UTO NpPH MU3MEHEHHUH MOJOKEHUS Tela
B MPOCTPAHCTBE MO OTHOIIEHUIO K BEKTOPY
rpaBuUTaluu (IIPU NOCTYPaJIbHBIX BO3IEHCTBU-
aX) (QYHKIMOHAJBHbBIC CIBUTH 3aTParuBaioT B
MEPBYIO O4Yepeslb, CHCTEMY KPOBOOOpaIEHUS U
JIBIXaHUsI, KOTOPBIE ABIISIIOTCSA 3BEHBAMM €JUHON
ra3oTpaHCHOPTHOM CHUCTEMBI opraHusma [2, 5,
9, 10]. Tem He MeHee, 10 CUX TIOp HET OOMmIEH
KapTHUHBI pa3BUTHSI B3aNMO3aBUCUMBIX peaKIHH
JBIXaHUSl U KPOBOOOpALIEHHS Ha MOCTypalbHbIE
BO3JIEHCTBHSI, KOTOPasi MO3BOJIMIA OBl Hanboee
MOJHO HNPEICTABUTh MEXaHU3MBbl PETYIALUU
pecrnupaTopHON CUCTEMBI B yCIOBUAX U3MEHEH-
HOUM remonumHaMuku. [TockonbKy permoHapHoe
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nepepacipeneicHie KpoBH, BOSHUKAIOIIEE TPHU
MOCTYPaJbHBIX BO3JICHCTBUIX, U3MEHSIET KPO-
BEHAIOJIHEHUE JIETOYHBIX COCY/IOB M HapyIlIaeT
JIETOYHYIO0 FEMOJUHAMHUKY [5], TO COBEPIIEHHO
OUYEBUIHO, UTO MPOUCXOASIINE CABUTU KPOBOO-
OpaleHus B JIETKUX OyIdyT HEIMOCPEACTBEHHBIM
o0Opa3oM oTpakaTbcs Ha (PYHKIIMOHATBHOM
COCTOSHUM W PETYJSITOPHBIX MEXaHU3MaX Jbl-
xXaTenbHOM cuctemMbl. OgHAaKO B OOJBIIMHCTBE
paboT GyHKIHS CEPACIHO-COCYNUCTON M IIBI-
XaTeJIBbHOW CHUCTEMBI HCCIENYeTCsl pa3[elbHo,
a TIOJIyYeHHBIE PEe3YJIBTAaThl BIIOCIEICTBUU 000-
OIIAaOTCSI M PacCMATPUBAKOTCS KaK IEJIOCTHBIC
peakiuy OpraHu3Ma Ha BIMSHUE IPaBUTAI[MOH-
HoTO (pakTopa.

HccenenoBaHuio perymsiTOPHBIX MEXaHU3MOB
(GYHKIIMOHMPOBAHUS KapAUOPECIUPATOPHOM
CHCTEMBI TIPU €CTECTBEHHBIX IJI YEIOBEKA
(hU3MOIOTHYECKUX T03aX (CTOS, CHJS, JIexkKa)
MOCBSIIEHO 3HAYUTEIHLHOE KOJIMYECTBO PaboOT.
Mex 1y TeM, MEXaHU3MbI PETYJISINH JIbIXaHHS B
aHTHOpTOCTaTH4YecKoM mojokennu (AOII) (ma-
KJIOH TYJIOBHIIA TOJIOBOW BHU3 TIO OTHOIIIEHHIO K
TOPU30HTY) PACCMATPUBAIOTCS JIUIIb B €AMHUY-
HbIX paboTax. CiaeayeT OTMETHTh, UTO BIUSHHE
AHTUOPTOCTATHICCKOTO IMOJIOKCHUS Ha (PyHK-
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U0 KapIUOPECTUPATOPHOIN CUCTEMBI SIBJISICTCS
OJIHOM M3 aKTyaJIbHBIX MPOOJIEM IMOCIEeIHHUX
necstriietuid. Tak, HeHTpatbHas TUIIEPBOIEMUS,
BosHukatomas npu AOII takke HaOmromaeTcs
P HEKOTOPBIX BUIAX CEPIACUHO-JIICTOUHOM
MaTOJIOTUH, NIPH ACTMATHYCCKUX MPHUCTYyMaX, Y
OOJIBHBIX C XPOHUYECKUMU OOCTPYKTUBHBIMU
3a00JICBAHUSMH JIETKUX, B MOJOKEHUU TpeH-
neneHOypra. Kpome Toro, B IpakTHKe KOCMUYe-
ckoit MenuuHbl AOIT mpuMeHsieTcs B KauecTBe
(GYHKIIMOHABHOW TPOOKI, BOCIIPOU3BOMSIICH
3 pexThl nmepepacupeacaCHUs KPOBU U JKHJI-
KOCTHBIX CpeJl OpraHu3Ma B HeBecoMocTH [4, 15]
UccnenoBanus pyHKIIMM BHEITHETO JIbIXaHUS B
YCIOBUSIX aHTHOPTOCTATHYECKON TUITOKHHE3 U
00HAPYKUITU M3MEHEHUS CTPYKTYPHI IETOYHBIX
00BEMOB U EMKOCTEH, BA3KOCTHO-2JIACTHYECKOTO
COTIPOTHUBIICHUS JICTKHUX, MaTTepHA JBIXaHUSI
u razoobmena [1, 11, 12, 18]. DTo cBHUIE-
TEIBCTBYET 00 yXyIUICHUU (PYHKIIMOHAIBHOTO
COCTOSIHUSI pecnupaTtopHoil cucteMbl. OIHAKO
pOJIb HEMPOTEHHBIX KOMIIOHEHTOB JIeKAIIUX B
ocHOBE (OPMHPOBAHUS KOMIIEHCATOPHBIX pe-
aKIWi CUCTEMBI IBIXaHWS HA TPABUTAIMOHHBIC
BO3JICHCTBHS OKOHYATCIILHO HE BBLIICHEHA H
TpeOyeT NadbHeUIero yriayoIeHHOro U3y YeHHS.

Llenp HACTOSAIIETO KCCIAEIOBAHUS COCTOSIA B
n3ydeHuH posii ahPepeHTHON CUCTEMBI JIETKUX
B (GOPMHUPOBAHUN KOMIICHCATOPHBIX PEaKIIHi
IBIXaTeJIFHOW CUCTEMBl Ha aHTHOPTOCTATHYE-
CKYyIO Harpys3Ky.

METOIUKA

DKCIEePUMEHTBI C COOTIOICHUEM OMO3THYECKUX
npaBuJl ObLIM BBIMOJHEHB Ha 15 HapKOTH-
3upoBaHHBIX ypeTaHoMm (1000 mr/kr) kpsicax
nmuann Wistar, maccoii 280+20 1. AHTHOPTO-
CTaTUYECKOE M0JIOXKEHHUE CO3/1aBall HAaKJIOHOM
MOBOPOTHOTO cTosa Ha -30° K TOpu30HTAIBHON
IUIOCKOCTH. JmuTenbHOCTh Akcrio3unuu B AOTT
-30° cocraBnsana 30 munyt. IloctypanbHbie
PEaKIUy AbIXaTeIbHONH CUCTEMBI MCCIIEJOBAIH
o u nocie neaddepeHranuu Jerkux (Ounare-
pajbHas LiepBUKaIbHAsl BATOTOMUS).

B xoze skcrnepuMeHTa ¢ UCIOJIB30BAHUEM
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METOJla MHEBMOTaxorpa)uu perucTpupoBaIu
00BEMHO-BPEMEHHBIC TTapaMEeTPhl AbIXaHUS:
gactoty asixanus (YJ1), nprxarenbHbIil 00b-
em (H1O), BayTpurpynnoe pasienue (BI'MD),
paccYUTHIBAIN MHUHYTHBIH 00BbeM IBIXaHUS
(MOJH). [ns omeHKH pe3epBHBIX BO3MOXKHO-
CTE€M AbIXaTeIbHOMW CHCTEMBI MCIIOJIH30Baiu
OKKII03uOHHOEe naBinenue (P ). Peakuuto Ha
WHCTIUPATOPHYIO OKKJIIO3UIO OLIEHUBAIH 10 ITH-
KOBBIM 3HAYEHUSIM BHYTPUTPYIHOTO JaBICHUS
mpu KpaTkoBpeMmMeHHOM mepekpeitun (0,1 ¢)
JbIXaTeJbHBIX MyTeH B Havaje BIOXa.
I'paduueckyro peructpaiuio u MepBUIHBIH
aHallu3 SKCIIEPUMEHTAIbHBIX JaHHBIX TPOU3BO-
JIWTH C UCTION30BaHUEM allllapaTHO-TIPOrPaMM-
Horo komruiekca “Biograph” (I'YAII, Cankr-
[TeTepOypr), COBMEIIEHHOTO C MEPCOHAIBHBIM
komnbioTepom IBM PC. Ctatuctuueckas obpa-
0OTKa JIaHHBIX MPOU3BOAMIACH KOMITBIOTEPHBIMH
CpelICTBAMH C HUCIIOJB30BAHHEM IPOTPAMMBbI
Microsoft Excel, BEIYUCIAIN CPEIHIOI BEJIH-
YUHY W OIMHOKY CpeIaHeH perucTpupyemMbIx
nokazaresei. JIocTOBEpHOCTh pa3nuyuil ole-
HUBAJIM C TOMOLIBIO t-KpuTepus 10 CThIOACHTY.
Pasnuums cuntanu nocroBepusiMu npu p<0,05.

PE3VIIBTATBI U UX OBCYXKIEHHUE.

OKCHEPUMEHTHI, TPOBEICHHbBIE Ha BarajlbHO-UH-
TaKTHBIX JKUBOTHBIX, IOKa3aJIk, YTO U3MEHEHUE
MaTTepHa JbIXaHUs HAUMHAETCS cpasy Mociie mne-
pesona xxuotHoro B AOII-30°. Yepes 30 Munyt
[10CJIE IePEeBO/ia )KUBOTHOTO U3 TOPU30HTAJIEHOTO
B aHTHOPTOCTATUYECKOE TOJIOKEHHE Habmoaa-
JIOCh CHM)KEHHE MaKCHMAaJIbHOM CKOPOCTH WH-
criuparopHoro nmotoka Ha 28% (p<0,05), 10 na
18 % u MO/l Ha 14 % (p<0,05), COOTBETCTBEHHO.
OTMmeuaniach TeHICHIMS K CHIKeHHIO Y] Ha
6% 3a cuet yaumHeHus (as3bl BIOXa, OJHAKO 3TH
W3MEHEHHUS HE ABJSUINCH CTATUCTUYECKHU 3HAYH-
MbIMH (p>0,05). O1HOBpEMEHHO C yMEHBIIEHHEM
00bEMHO-BPEMEHHBIX NTapaMeTPOB JbIXaHUS
HaOmonancs pe3kuil poct nHcnuparopuoro BITJ]
B cpenHeM 10 216+17 % (puc. 1). B HekoTopbIx
9KCIIEpUMEHTaX HaOII04an0Ch HOYTH IATUKPAT-
HOE yBEIIMYEHHE 3TOTO MOKa3aTes.
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06paTI/ITI) BHUMAaHHUC HAa UBMCHCHUEC BCINYHNHBI

JIETOYHBIX 00BEMOB, BBI3BAHHOE KaK yBeIUYe-

HHUEM COIPOTHUBIICHUS JBIXaHHUIO, TAK U H3MeE-

HEeHHEeM OMOMEXaHMYECKHX YCIOBUH OCYIIECT-

BieHus Baoxa B AOIL. Cmemienne guadparMbl

B KpaHHAJILHOM HAlpPaBJICHUU CIOCOOCTBYET

YMEHBIICHHIO KOHEUHO-3KCITUPATOPHOTO 00beMa

JIETKUX, 8 YBEJIWYCHHE COMPOTUBIICHUS JIbIXa-

HUIO BBI3BIBACT CHUKEHHUE JIXaTeIbHOTO 00bh-

eMa M 3aMeIJIeHHe CKOPOCTH WHCIHPATOPHBIX

Vi Vo moTokoB. ClieICTBUEM TaKUX M3MEHEHUH SBIIS-
eTca ocialbJeHne aKkTUBALMK PEIENTOPOB pac-
R C P es TSDKEHUS JIETKUX. DTO CHUI)KAET MHTEHCUBHOCTD
adpepeHTHON UMITYIbCAIINH, TIOCTYIAOIICH OT

60 PELENTOPOB PACTSKESHHUS JIETKUX B JIbIXaTEIIbHBII
IIEHTP ¥ BBI3BIBAIOIIEH TOPMOXKEHHUE IIEHTPAITh-
HOW MHCIMPATOPHOU aKTUBHOCTHU. B pesynbrare

220 |

200

—
[=a]
=

—
[=a)
=

=
£
=

—
(=]
=

—
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=

%% OT TOPHAOHTATEHOTO TTOJIOKEHHA
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=)

Puc. 1. VI3MeHeHUsI OCHOBHBIX IMapaMETPOB JBIXaHUS depe3

30 MEHYT JGi{CTBHS aHTHOPTOCTA3A. YBEIUYUBACTCS IIPOJOJIKUTEILHOCTD HHCIINPA-
I[To ocu abcumce: R — pe3ucTuBHOE CONPOTUBIICHNE IBIXAHUIO; TOPHBIX pa3psig0B, BO3PACTACT DJICKTPpUYECCKaA
C — hrmacTU4eckoe COMPOTHBIICHUE IBIXaHHUIO; Vi — CKOPOCTh aKTUBHOCTH U CUJIA COKPAILEHUH JbIXaTelbHbIX

Broxa; VT — mpixarenbHbI 00beM; Pes —BHyTpurpyanoe

MBI, 4YTO IMO3BOJISICT COXPAaHUTh BCHTUIIALIUIO
nasienue. [1o ocu opauHAT - U3MEHEHUS B MPOIEHTaX IO

OTHOMIEHHIO K TOPH30HTAEHOMY MOJI0XKEHHIO. JICTKUX Ha aJ€KBATHOM ypOBHE, HC JONyCKasd
PE3KOTO CHIDKEHUS JbIXaTeIbHOr0 00beMa.

B AOII-30° nabaronancsi 3HAYUTEIbHBIN Hamuane moxo6Horo peiekropHoro me-

POCT PE3UCTHBHOIO M 3IACTHYECKOTO KOMIO- ~ XAHH3MA KOMIEHCAIUU PeaKIUH JbIXaTebHOM

HEHTA COLPOTHBIICHHS AbIXaHMIO: Ha 50% 1 90%  CHUCTEMbI HA AHTHOPTOCTATHYECKOE BO3ACHCTBHE
(p<0,05), COOTBETCTBEHHO, 110 CPAaBHEHHIO ¢  [TOATBEPKIACTCS JAHHBIMH, MOIYYCHHBIMHA B

FOPH30HTAIBHOM IIOIOKCHHEM. IKCTIEPUMEHTAX Ha BAaroTOMHPOBAHHBIX XKHU-
PocT mHCTIHPATOPHOTO BHYTPUTPYIHOTO BOTHBIX.

napiienns B AOLL, cBHIETENIHCTBYET O KOMIICHCA- [locne GunarepanbHOH NEPBUKATILHON Ba-

TOPHOM YCUJIEHUU COKPATUTEIbHON aKTUBHOCTH TOTOMHH, TIPOU3BEICHHON B TOPH30HTAIbHOM

JIbIXaTeJIbHON MYCKYJIaTyphl, HalpaBJI€HHOM, 110 nonoxeHuy (Tadi. 1) IPOMCXOANIO CHUKCHHE

BCEH BEpOSTHOCTH, HA MPEOAOICHUE H00ABOU- MO/, B ocuoBHOM 3a cuer ymenbmenus 4/,

HOTO COTIPOTHUBIICHUS ABIXaHUIO U 00€CTICUeHUS IpU 3TOM HAONIONAIOCh YBEIUYECHUE UHCTINPA-
aJIeKBATHOTO YPOBHS BEHTHJISILIUMU JETKUX B Toproro BI'I.

3TUX YCIOBUSIX. AHATN3UPYT MEXaHU3MBI KOM- IlepeBos BaroTOMHPOBaHHBIX KHBOTHBIX
nencaropaoro pocra BIJ] B AOIT Heo6X0anuMo B AHTHOPTOCTATHYECKOE MOJIOKEHUE BBI3BIBAJ

Tab6auna 1. Biusinue ﬁnnaTepanL}mp“l BaroToMuu Ha NaTTepH AbIXaHUA AHECTE3UPOBAHHBLIX KPBIC B TOPU30HTAJIBbHOM

T0JI0KeHHH.

| | 10, mn | Y, mun’! | MO/, ma mun’! | BI'Jl MM BOJ.CT.
HNuTakTHBIC 2,5+0,17 72+23 180+ 7,6 -4,1 £0,19
BaroromupoBaHHbIe 43+0,21% 30 £2,2% 129 £ 6,9* -5,2+£0,21%

J10 — npixatenbHbli 00beM, U/ — gactora aeixanus, MO/l — MuHyTHBIH 00beM nbixanusi, BI'Jl — BHyTpurpyn-
HOe JaBieHue; *- moctoBepHoe pasmuune (p<0,05).
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CXOJHYIO pPeaKkIluio, KaKk U y BarajibHO MHTAaKT-
HBIX JKMBOTHBIX: HAOJII0Ian0Ch YBEJIHNYCHUE
BI'J, camxenne JJO u MOJI. Ognako mocie
neaddepentanun gerkux npupoct BI'J[ B AOII
MPOUCXOAMI TONBKO Ha 65%, ToTAa Kak y WH-
TaKTHBIX )KUBOTHBIX - Ha 116% (puc. 2).
OnHoBpeMeHHO Habmopantock Oojee 3Ha-
YUTEIbHOE CHUKEHWE MUHYTHOW BEHTHJISILUU
W ApIXatenbHOro oovema. Tak, mocne Ouina-
tepanpHOoi Barotomuu B AOIL, JJO u MO/
cHmkancs B cpennem Ha 30% (p<0,05), Torma
KaK Yy )KMBOTHBIX C MHTaKTHBIMH OJIyIarOIIH-
MH HEpBaMHU, CHUKEHHE NMPOUCXOJUI0 Ha 14 u
18 % (p>0,05), cooTBeTCTBEHHO. JTH JaHHbBIE
CBUJICTEJILCTBYIOT 00 OClIaliIeHHN KOMIIEHCA-
TOPHOW peakIHWu IbIXaTeIbHOU CHCTEMBI Ha
AHTUOPTOCTATHYECKOE BO3IEHCTBHUE TOCIE
BaroTOMHUM: HEJOCTATOYHBINA KOMIIEHCATOPHBIN
MPUPOCT COKPATUTEILHONH aKTUBHOCTH JbIXa-
TEJIBHOM MYCKYJIaTypBhI SIBUJICS IPUUMHOI Oojee
3HAYUTEIHHOTO CHIIKECHUS BEHTUIISIIUH JIETKUX
B @aHTHOPTOCTATUYECKOM TTOJIOKESHHH.
NucnimpaTopHas OKKIIO3US Y WHTAaKTHBIX
KUBOTHBIX B TOPU30HTAJIBHOM IMOJOXEHUH
BBI3bIBAJIA pOCT uHcnuparopuoro BI/[ B nsats

N%
120 4
100
30
60 |
[ ] -anTarTHLIE
40 | . -BAr 0TOMHP 0B AHHbIE
20
MO,
0

ao
N ; \4—. H
-40 |

Puc. 2. M3meHeHust mapaMeTpoB AbIXaHUS B aHTHOPTOCTA-
THYECKOM TIOJIOKEHUH y MHTAKTHBIX M BarOTOMHPOBAHHBIX
JKMBOTHBIX.

ITo ocm abemmcee: BIJ] — BayTpurpyanoe masienue; JJO —
IbIXaTedbHbId 00beM, MO/l — MUHYTHBII 00bEM IBIXaHUSL.
Ilo ocu opauHAaT: U3MEHEHHE MapaMeTPOB B AaHTHOPTOCTATH-
YECKOM TMOJIOKEHUH -30° 10 OTHOIIEHHUIO K TOPU3OHTY.
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pa3 (536+£50%) mo cpaBHEHHUIO CO CBOOOHBIM
nbpixanueM, Torna kak B AOII - Tonbko B Tpu paza
(320+35%). Paznuna B mpupocrax cocrasisiia
200%, uTO yka3pIBaeT Ha pe3Koe ociabieHue
KOMIIEHCATOPHOM peaKlUuM AbIXaTeIbHOW CH-
CTEeMBl B @aHTHOPTOCTATHUECKOM MOJ0KECHUHU
(puc.3). [IpuunHO#l yrHETEHUS KOMIIEHCATOPHO-
ro OTBETA B ATUX YCIOBUSAX SABISETCS, 1O BCEH
BEPOATHOCTH, OcllabJeHHe BarajibHOW 00BEM-
HO-3aBHCHUMOM CBSI3H, KOTOpasi 00ecreunBaeTcs
pedaekcaMu ¢ MEXaHOPEIEITOPOB JIETKUX. DTO
MOATBEPIKIACTCS PE3yNIbTaTaMHt, OTyYeHHBIMH
Ha BaroTOMHUPOBAaHHBIX JKUBOTHBIX, Y KOTOPBIX
MOJHOCTBIO OTCYTCTBOBAJIH PA3JINYUS B PEaKIIH-
SIX Ha KOHEYHO-IKCITUPATOPHYIO OKKITIO3HUI0, KaK
B TOPU30HTAJIBHOM, TaK W B aHTHOPTOCTATHYe-
ckom monoxkenuu (puc. 3). Ilokasarens P, y
JAHHOU I'PYNIIbI )KUBOTHBIX B TOPH30HTAIBHOM,
U aHTHOPTOCTATUYECKOM IOJ0KEHUH COOTBET-
ctBoBan 300+20%. Y BarajabHO-MHTAKTHBIX
JKUBOTHBIX TaKoi xe npupoct P, (320+35%) B
OTBET Ha OKKIIFO3WI0 HAOIIOAJICS TOJIBKO B YCIIO-
Busx AOIIL. Ilo-BunmMoMy, B aHTHOPTOCTATH-
YECKOM TOJIOKEHUHU BarajlbHO OTIOCPEAOBaHHAS
00BEMHO-3aBHCHMAs CBSI3b B CUCTEME ABIXaHUS

%
600 4

550 4

HH

500
450 [ - MHTAaKTHBIE

- BaroTOMHp OB aHHbIE
400 L

350

HH

300 -

250

200

150 4

100

ropuzonT  AOII TOpH3OHT  AOII
300 300

Puc. 3. MakcumanbHOe BHYTPUTPYIHOE HHCIHPATOPHOE
JTaBJIEHHE B IIEPBOM OKKJIIO3MOHHOM BJIOXE y MHTAKTHBIX U
BaroTOMHPOBAHHBIX JKUBOTHBIX B TOPH30HTAILHOM M AQHTH-
oprocrarmdeckom nonoxernu (AOIT-30°).
[To ocu opAMHAT — THCIHPATOPHOE BHYTPUTPYAHOE IABICHUE
B % MO CPAaBHEHUIO C MHTAKTHBIM JBIXaHHEM.
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K.A. Jonnna

HACTOJIBLKO 0CJIa0eBaET, UTO Pa3BUBACTCS COCTO-
aaue, O1M3Koe K PyHKIMOHAIBbHON BarOTOMHH.

Takum 00pa3oM, pe3ynbTarbl SKCIIEPUMEH-
TOB JIOKa3BIBAIOT, 4TO addepeHTHas cucTeMa
JIETKUX, oOecmeuuBaromas oOopaTHyoo CBS3b
MEXAy U3MEHEeHHEeM 00beMa JIETKUX U LIEHTPaib-
HOW MHCIIUPATOPHON aKTUBHOCTBIO, IPUHUMAET
HENOCPEACTBEHHOE ydyacTHe B KOMIIEHCAIUU
pecnupaTopHbIX 3(pPEeKTOB aHTHOPTOCTA3a. YBe-
TUYeHUE MEXaHUYeCKOM HAarpy3KH Ha JIbIXaTelb-
HYIO CHCTEMY IPOUCXOIUT BCIEICTBHE pOCTa
3JIACTHYECKOTO M PE3UCTHUBHOTO CONPOTUBICHUS
neixanuio [11, 12] ocHOBHOM mpUYHHOI KOTOPO-
TO SIBJISIETCS TMOBBIIIEHNE KPOBEHAIOJIHEHNUS JIeT -
Kux [6, 8, 13, 16]. 3BecTHO, YTO MEPENOTHEHUE
JIETOYHBIX COCY/IOB KPOBBIO BBI3BIBAET CHIKEHUE
PacTSKUMOCTH CTEHOK JbIXaTeIbHBIX ITyTei
M CYy)XEHHE HX MPOCBETa, YTO CIIOCOOCTBYET
POCTY KakK 3JIaCTUYECKOIr0, TaK U PE3UCTUBHOTO
KOMIIOHEeHTa conpotuBnenus [3, 7, 17, 18]. VYBe-
JINYEHHUE COMPOTHUBJICHUS JBIXaHHUIO BHI3BIBACT
KOMTICHCATOPHBIA POCT BHYTPUTPYIHOTO JIaBIIe-
HUSI, KOTOPOE OTpakaeT 00Iee HHCITUPATOPHOE
ycunue. brarogapst ycuineHuIo COKpaTUTEIbHON
AKTUBHOCTHU MHCIHMPATOPHBIX MBIIII] CHUYKEHHE
JBIXaTeJIbHOTO 00beMa W BEHTHJISILUU JIETKUX
B AHTHOPTOCTATHYECKOM ITOJIOKEHUH SIBIISICTCS
HE3HAYUTEIbHBIM.

Kpome Toro, momy4deHHbIe JaHHBIE yKa3bIBa-
0T Ha TO, YTO BCJIEACTBUE 0CIabaeHUs 0OpaTHOM
BAarajbHOM CBSI3U MEXAY LEHTPAJIbHON UHCIIU-
pPaTOpPHOM aKTUBHOCTBIO M U3MEHEHHEM 00beMa
nerkux (peduekcel ['epunra-bpeiiepa) B aHTH-
OPTOCTATUYECKOM ITOJIOKEHHUH Pe3Ko ociabe-
BaIOT KOMIIEHCATOPHBIE BOBMOXHOCTH CHCTEMBI
BHEIIHETO JbIXaHus. B pe3ynprare ogmHaKoBas
10 BEJTMYMHE MEXaHNYeCcKasl Harpy3Ka BhI3bIBACT
MEHBIINI NPUPOCT UHCIUPATOPHOTO JAaBICHUS
B aHTHOPTOCTATUYECKOM IOJIOKEHUHU IO CPaB-
HEHHIO C TOPU30HTAIBHBIM.

Heo6xoammo oTMETHTB, UTO YBETUYEHHUE CO-
MPOTUBJIECHHUS JBIXaHUIO, KOTOPOE HaOII0HaeTCs
B AOII, HE TONBEKO YMEHBIIAET CKOPOCTh U 00bEeM
BJI0Xa, HO M aKTUBHUPYET PELENTOPHI PaCTsKEHUS
MeKpeOepHBIX MBIIII — MBIIICYHbIC BEPETEHA,
KOTOpBIE uepe3 (Py3nMOTOPHYIO CHCTEMY HH-
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HepBallUM YCHJIUBAIOT COKpAIlEHUE BOJOKOH
MexpeOepHbIX MbIII. [ peanusamuu 3TOro
KOMIIEHCATOPHOTO MEXaHu3Ma He Tpeldyercs
ycunenns LHIUA, oHa ocymiecTBisieTcst Ha 6ojee
HHU3KOM CErMEHTAapHOM M MEXCErMEeHTapHOM
ypoBHE (CITMHHOHN MO3T).
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