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Abstract

Exhaled breath condensate (EBC) reflects the polyfunctionality of the lungs, the intensity and shifts of metabolic reactions.
The aim was to investigate the changes of some lipid and carbohydrate intermediate metabolites as well enzymes as
both in EBC and blood in acute exacerbation of chronic bronchitis (AECB) and chronic obstructive pulmonary disease
(AECOPD).

Methods: EBC was collected from in-patients with CB (n=12) and mild-moderate-severe COPD (COPD_,, — respectively)
(n=49). We detected both in EBC and blood: total lipids (TL), phospholipids (TPhL) and cholesterol (TCL) free cholesterol
(FCL) and etheric cholesterol (ECL), triglycerides (TG), free fatty acids (FFA), NH,, lactic acid (LA); activity of pyruvate
kinase (PK) and adenylate kinase (AK), pyruvic (PvA), succinic (ScA) and oxaloacetic acids (OaA) as well as EBC surface-
active properties (SAP).

Results. Exhaled TL (eTL) were increased in CB, COPD, , vs. the control and then were decreased in COPD, up to the
control value. eTG were increased in COPD, _ by 18% vs the control while eFFA were reduced in COPD,,, by 19% vs.
the control. eTPhL were significantly enhanced in all groups without difference between them. SAP was significantly
decreased in CB, COPD_, but more in COPD3 (by 50% vs. the control). NH, level was significantly elevated both in EBC
and blood vs. the control but without difference between the groups. ScA i |n COPD, , bothin EBC and blood exceeded the
control more than 5 times while AK activity in EBC and blood was significantly reduced (by 1,3 times) in mixed copD,,
group.

Conclusions: The changes of these metabolites and enzymes occurred more in EBC and less in blood plus did not correlate

with COPD severity (excluding SAP).
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Breath analysis is a non-invasive research pro-
cedure, which may provide specific information
about pulmonary status and plays an important
role in the diagnosis and management of lung dis-
eases that makes exhaled breath condensate (EBC)
attractive for clinicians. The exact site of origin of
substances measured in EBC is unknown. Exhaled
air in the form of droplets is converted to EBC [1-3]
that contains aerosolized particles from airways
lining fluid (ALF), including various non-volatile
and over 200 volatile water-soluble compounds
which can be measured from the cooled and con-
densed exhalant [4-6]. Molecules in EBC are due

to bronchial and/or alveolar aerosols and evapo-
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ration from the epithelial surface airways. There
are evidences [7-10] that changes in EBC content
reflect biochemical and inflammatory processes
in the respiratory tract pathology and help to gain
insight into the composition of extracellular lining
fluid and soluble exhaled gases [11-15]. Non-vola-
tile substances present in the condensate arrive in
respiratory droplets, whereas volatile solutes may
be delivered in both respiratory droplets and in the
gas phase of the exhaled air. The factors that de-
termine the number and size of aerosol particles
formed may include: ALF surface tension, distal
airway surfactant (SRF) function, the velocity and
humidity of inhaled air as well as airways anatomy
and their caliber.
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The studies [9] showed the presence a macro-
molecule in EBC, including proteins, oxidants, nu-
cleotides, ions and a large number of mediators:
adenosine, hydrogen peroxide, isoprostanes, pros-
taglandins (Pg), leukotriene and nitrogen oxides.
These macromolecules may present a biomar
kers of pathological process in COPD. The origin
of these molecules which are determined in the
EBC is different. It may be initially localized in the
oral cavity and pharynx, tracheobronchial system
and alveoli. Their proportional contribution to the
level of a compound measured in EBC has not been
sufficiently investigated. It is believed that main
nonvolatile components of this fluid are the meta-
bolic products of cells form the ALF.

We did not reveal the reports analyzing lipid
and carbohydrate metabolites as well as enzymes
changes both in EBC and blood in acute exacerba-
tion of chronic bronchitis (AECB) and chronic ob-
structive pulmonary disease (AECOPD).

The aim of this study was to reveal some pos-
sible markers of non-respiratory (metabolic) lung
dysfunction as well as to investigate the effect of
AECOPD severity (the degree of airways limitation
and exacerbation) on these metabolites and en-
zymes changes.

Material and methods

Clinical data of 15 healthy subjects and 12 pa-
tients with AECB as well as 49 AECOPD patients
with different degree of severity in detail are sum-
marized in Table 1. So, the purpose of CB exami-
nation (as the frequent prestage of COPD while
without registration of airways obstruction) was to
identify the effects of hypoxia in COPD on some
studied EBC parameters. All COPD patients had
three major symptoms of exacerbation (increased
dyspnea, sputum volume and its purulence ac-
cording to the Anthoninsen et al. criteria) within
previous 1 week as well as airways obstruction

with FEV <80% predicted and FEV, /FVC ratio <0.7,
which did not change marked over 3 months as
well as was no spirometric response to broncho-
dilator. Post-bronchodilation spirometry was per-
formed at the first day on hospital admission and
before start to treatment.

As shown in Table 1, the control group (with
normal pulmonary function) did not differ from CB
and COPD, patients in terms of mean age, BMI and
intensity of smoking. Compared with the control
and CB, COPD1 patients had only decreased ven-
tilation parameters, while COPD3 patients had a
significantly lower BMI and a parameters of spiro-
metry vs. COPD_, groups. A significant increase in
the number of exacerbations for the past year was
found also in COPD, as compared with COPD,. A
higher CRP level in COPDZ,3 (p<0.05 vs. the control,
CB and COPD,) was reflected the intensification of
low-grade systemic inflammation.

The ambulatory treatment usually included in-
haled or nebulized ipratropium bromide and salbu-
tamol as well as sometimes long active B_-agonists.
COPD, patients had never used systemic steroids
(sCS) and inhaled steroids (ICS). Only 34% and
46% of COPDZ,3 patients respectively had the past
history of intermittent ICS use in small or mode-
rate doses of (usually 200-400 pg/day in terms of
bydesonide), mostly with never prescribed sCS.

Inclusion criteria for study participants were the
following: clinician-made diagnosis for 212 months
of CB (no obstructive) as well as COPD (the prese-
nce of chronic progressive symptoms such as dys-
pnea, cough and wheeze) supported by spirometry
evidence of fixed airflow limitation recorded at any
time on maintenance therapy with bronchodila-
tors and at least 2 episodes of CB or COPD exacer-
bations in the past two years requiring treatment
with antibiotic. The participant excluded from the
study if they had: existing comorbidities that com-
plicated performing spirometry or that would its

Table 1. Baseline characteristics of patients on admission (XtSD)

Parameters Control CB COPD, COPD, COPD,
(n=15) (n=12) (n=24) (n=12) (n=13)
Mean age (years): 4416 389 48+8 50+5* 54+5% %% 4,
males (%) 67 60 67 83 86
Body mass index (kg/m?) 26.0+3.4 26.61+4.6 27.0%+4.2 29.8+4.3* 24.545.0 **. 8
Present smokers (%) 67 58 68 88 95%*
Smoking history (packs/years) 6,614,0 7.7+4.6 14.249.0%** 19.1+10.0%** 32.619.4%**.4
Mean duration of disease (years) - 613 8+4 13+6%** 13£9%**
Number of exacerbations in the last year - 2.0£0.9 2.5+1.0 2.8+1.0%* 3.44] ¥ *x*
post FVC (% pred.) 101+11 96+13 86+14%** SEE13*Hk K xk A5 4% ¥ Kk kD
post FEV, (% pred.) 88+16 76+12* 6615%** 45HE* *H AKX 3448%F*Hx% A
post FEV. /FVC 0.80+0.08 0.74+0.11 0.68+0.08* 0.46+0.07****** | 0.40+£0.10% ** ***
C-reactive protein (% of positive reaction) - 32 35 36 FO¥*FxEL
Home therapy:
inhaled sterorijgs, : :g 22 Zﬁ(l)z 1?]/013
inhaled long activgraaritsitcigolliise,rgic or B.-agonists B no 20/24 all all
* — p<0.05 vs the control; ** — p<0.05 vs CB; *** — p<0.05 vs COPD ; * — p<0.05 vs COPD,,
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confound; known other diseases (pneumonia; ac-
tive pulmonary malignancies; gastro-esophageal
reflux; hepatic, renal, vascular, neuromuscular and
cardiac pathology as well as alcoholism). Chest
radiography was carried out to all patients for ex-
cluding other diseases.

The control group was recruited from hospital
staff and included fifteen healthy volunteers of
comparable age, sex and smoking status with the
observed patients. They were free from chronic
respiratory symptoms, did not receive any regular
medication and had normal spirometry values. The
study was approved by the Belarusian State Medi-
cal University ethics committee and all patients
gave their written informed consent.

The design of the collection method was based
on the recommendations be ATS/ERS task force on
EBC. Nose clips were not used during EBC sampling
due to possible discomfort in COPD patients. EBC
was collected in the morning (between 800 and
900) on the first-second day on admission to the
clinic while the patient was breathing room air
at constant room temperature and before clini-
cal treatment, smoking as well as drinks or foods
intake during the one hour before collection of
EBC. After mouth rinsing (with distilled water and
sodium bicarbonate 4%) subjects in sitting pose
breathed tidally at a normal frequency for 15 minu-
tes through glass tube. If the patients felt saliva
in their mouth they were instructed to rinse their
mouth again or swallow accumulated saliva when
it was possible. Samples were excluded if gastric
air was expelled during collection as well as if the
positive result was detected by testing for salivary
amylase. So, it was excluded only a two patients
due to the presence of amylase in the condensate.

We use a specially designed glass tube [16] that
was placed in condensing chamber that contained
a double wall and was fell up by ice and cold wa-
ter. Ambient air has not contacted with contents
of condenser. So, glass tube was cooled by ice and
cold water in this chamber and condensation was
achieved at temperature ~40C. Approximately
5 ml of EBC was collected in a cold trap device. At
the end of the collection, the tube was removed
from the container and EBC was transferred to
5 ml sterile polypropylene tubes and immediately
frozen. Then EBC stored at —200C until assay. Mea-
surements were usually performed within 10 days
of collection.

The total lipids (TL) content both in blood se-
rum and EBC was detected according to P. Falch et
al. [17]. Blood lipid’s fractions were examined by
thin layer chromatography on silica gel («Lache-
ma», Czech). Separation of neutral lipids into the
fractions was also carried out by the method of
ascending thin layer chromatography on silica gel
(«Lachema»). The content of total phospholipids
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(TPhL) both in EBC and blood was determined ac-
cording to W. Morison [18]. The color reaction of
Lieberman-Burkhart was taken as the base for the
guantitative determination of total cholesterol
(TCL), free cholesterol (FCL) and etheric choles-
terol (ECL). FCL and ECL fractions were preliminary
isolated by thin-layer chromatography. Triglyceri-
des (TG) in the blood were determined by using
the «Lacheman» kits while the level of unesterified
fatty acids (FA) by the method of W. Duncobe [19].
According to the methods of S. Bestuzheva [20, 21]
we detected: the surface-active properties (SAP)
of EBC, the content of ammonia (NH3); intensity
of glycolysis by the levels of lactic acid (LA), activi-
ty of pyruvic acid (PvA) and pyruvate kinase (PK);
substrates of Krebs cycle — succinic acid (ScA) and
oxaloacetic acid (OaA) as well as the percentage
ratio of individual lipid’s fractions both in EBC and
serum. The blood sample collection was carried
out in the morning on the second day of hospitali-
zation. We chose this panel of lipid and carbohy-
drate metabolites as well as enzymes because we
supposed that it could help to reveal a possible
markers of metabolic lung dysfunction in AECOPD.

Statistical analysis. Levels of studied biochemi-
cal parameters in EBC and blood showed a normal
distribution. Data are presented as mean xSD. The
relationships between variables are expressed as
Spearman rank correlation coefficient (rs). To test
for statistical differences between mean values
t-test was used when appropriate. A p-value less
than 0.05 was considered significant.

Results

It was revealed increase of mean level of ex-
haled TL (eTL) in CB, COPD,, with subsequent
decrease in COPD3 about up to the control value
(Table 2). eTG was significantly elevated only in
COPD, , vs. the control. The level of exhaled free
FA (eFFA) was decreased (p<0.05 vs. the control)
in COPD,,, without difference between these
groups. eFCL concentration did not change in all
groups vs. the control. eTPhL level was increased
in CB and COPD, vs. the control and then was de-
creased up to the control in COPD,. So, we do not
reveal a significant correlation between different
EBC lipid’s fractions and COPD severity. There was
anincrease of eNH3 level in all groups as compared
with the control, but without difference between
these groups. We revealed that SAP level was sig-
nificantly decreased vs. the control in CB, in mixed
COPD,, group and more in COPD,.

As seen in Table 3, mean TL and ECL levels in
blood were significantly decreased only in COPD,
vs. the control and CB. There was increase of blood
NH3 level in all groups vs. the control, but with-
out difference between these groups. The analy-
sis showed that ePvA concentration was higher
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(by 2.5 times; p<0.05) vs. the control in the mixed
COPD group (9 patients with COPD_, and 3 — with
COPD,). PvA blood level did not dlffer significantly
from the control in the mixed COPD group (19 with
COPD_, and 5 with COPD,). LA blood level in the
mlxed COPD group (21 W|th COPD,, and 10 with
COPD,) was higher than in the control group
(3.06+0.76 mM/L vs. 1.75+0.36 mM/L respective-
ly; p<0.05). elLA concentration in the mixed COPD
group (9 with COPD_, and 3 with COPD,) was close
to the control vaIues OaA levels in COPD L2 Pa-
tients also did not differ from the control both in
EBC (n=12) and blood (n=22). eScA in patients with
COPD1,2 (n=12) significantly exceeded the con-
trol values (0.048+0.014 and 0.010+ 0.003 mM/L
respectively). ScA blood concentration in mixed
COPD group (21 patients with COPD_, and 5 — with
COPD,) was also higher as compared with the con-
trol (0 42+0.17 and 0.06+0.02 mM/L respectively;
p<0.05). eAK activity was significantly reduced
(by 1.3 times) in mixed COPD group (12 patients
with COPD, , and 4 with COPD,) vs. the control. We
detected a 5|m|Iar significant AK decrease (by 32%)
in the blood of 12 patients with COPD_,. PK activ-
ity in EBC and blood was not S|gn|f|cantly differed
from the values in the control. We noted a signifi-
cantincrease of ePgF2a level only in COPD, (p<0.05
vs. the control and CB).

Discussion

The results of our study suggest that changes of
above mentioned intermediated metabolites and
enzymesin EBCandblood bothin AECBand AECOPD
might reflect the extra/intra cellular metabolic ab-
normalities. Well known that lung use FA as bioen-

ergy substrate. It was detected the increase of eFFA
and eTG only in COPD, .. We did not reveal that
levels of eFFA and eFCL were correlated with COPD
severity. It can suppose that elevation of FFA pro-
vided the cells with additional energy in condition
of chronic hypoxia in AECOPD. One of the reasons
for lipids changes in EBC may be an intensification
of lipid peroxidation processes and decrease activ-
ity of lung tissue enzymes in COPD [22]. It should
be noted that FCL level was directly correlated be-
tween blood and EBC (p=0.73; p<0.05) but only in
the control and then this association was lost du-
ring COPD development.

Our study demonstrated a local overproduction
of some EBC lipids fractions (TL, TG, TPhL) during
AECOPD, except COPD, in which eTL was less than
in CBand COPD, ,. A decrease of eTL level in COPD,
was correlated wrth a significant SAP decrease. It
can be assumed that changes in the level of these
lipid’s components in EBC and blood was caused
by high energy expenditure (particularly due to in-
creasing the work of breathing) in advanced COPD
and with the fact that a significant part of the lipids
is used to compensate for the increased expendi-
ture of SRF. Our data support the fact that the lung
plays an important role in the regulation of lipid
metabolism. So, its disturbances in COPD resulting
in SAP decreases and pulmonary failure progres-
sion. The consequence of it was an increased ex-
cretion of structural elements with vapors of ex-
haled air.

It can be assumed that growing EBC levels of
TL, TG and TPhL was associated with elevated their
«dumping» from the alveoli and bronchioles sur-
face due to lung parenchyma destructive proces-

Table 2. Changes of EBC lipid metabolites and other parameters in the course of COPD development

(X£SD)
barameter T 16 FFA TPhL NH, sAP PgF,
(e/L) (%) (%) (mMp/L) (mmol/L) (%) (pg/mL)
Control (n=15) | 0.130.04 13.742.6 | 155435 | 36.5:4.0 0.1740.06 049:016 | 302143 | 226
CB (n=12) 0.3240.11* 141431 | 14840 | 39.7+4.2 029+0.00% | 0.85:030* | 19.8s57% | “HOHSS
coPD, (n=24) | 0.26+0.08* 145:3.2 | 12.0£2.6* | 384435 0.23+0.08* | 095:034* | 190+58*% | 47.5+12.0
COPD, (n=12) 0.27+0.10* 16.1+1.4* | 12.3t2.4* | 37.5#4.3 0.24+0.07* 1.18+0.29* | XIn=15 2 n=14
*,% 5%
COPD,(n=13) | 0.1640.06*****0 | 16.0430* | 126842% | 37.2:54 | 01840.06*****0 | 081:021% | 15.1¢46% | “0 0+l

* — p<0,05 vs. the control; ** — p<0.05 vs. CB; *** — p<0.05 vs COPD,; * — p<0.05 vs. COPD,,

Table 3. Changes of blood lipid metabolites and ammonia in the course of COPD development (XtSD)

DT TL TG FFA FCL ECL TPhL NH,
(/L) (mmol/L) (mEq/L) (/L) (/L) (/L) (mMp/L) (mmol/L)
Control (n=15) 5.0£1.12 1.331£0.41 0.18+0.06 5.0£0.31 0.59+0.11 1.47+0.26 3.0+0.68 1.18+0.38
CB (n=12) 5.20+1.48 1.56+0.55 0.22+0.07 5.31+0.52 0.66+0.20 1.6410.31 3.45+0.80 2.1740.70*
COPD, (n=24) 4.89+1.30 1.46+0.43 0.20+0.06 4.90+0.40 0.53+0.17 1.3740.35 3.06+0.51 2.0+0.81*
COPD, (n=12) 4.56+1.37 1.32+0.52 0.19+0.02 4.80+0.45 0.47+0.13 1.35+0.29 2.98+0.60 2.52+0.92*
COPD, (n=13) | 4.20£0.90"" 1.3240.59 0.22+0.07 4.69+0.48 0.48+0.11 | 1.2240.27*** |  2.93+0.41 2.3+0.95*

* — p<0.05 vs control; ** — p<0.05 vs. CB.
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ses in AECOPD. Probably, volatile substances from
the lower respiratory tract can be transported in
the form of aerosols into EBC and that airways are
more important source of exhale substrates than
alveoli in COPD [4, 5]. However, the mechanisms
and site of EBC particle formation are not clear un-
derstood jet.

Moderate disorders of lipid and phospholipid
spectrum in EBC might be the result of complex
action of unfavorable factors such as: chronic hy-
poxia, amplified inflammation and endogenous
intoxication, impaired absorption of phospholipid
hydrolysis products in intestine and a decrease of
their synthesis in the liver as well as intensification
of lipid peroxidation, peptidase and phospholipase
activity [23, 24]. The production of respiratory
droplets in COPD may variably depend on local tur-
bulence (audible as rales or rhonchi) which tends
to occur in the large airways and consequently less
predictable.

We detected the increase of ScA (both in EBC
and blood) and ePvA levels as well as blood LA
in AECOPD. It was indicated increasing anaerobic
processes of energy production in the condition
of chronic hypoxia against the background of ex-
cessive working the respiratory muscle. Addition-
ally, functioning the Krebs cycle becomes difficult
(due to small oxygen consumption for oxidative
processes) and followed a decrease of energy pro-
duction as well as activation of the anaerobic path-
ways (primarily glycolysis) in AECOPD.

The elevation of ePvA concentration could also
be explained by changing the permeability of the
alveolar membranes and by the worsen consump-
tion of PvA in Krebs cycle. A revealed change of
ScA and PvA in EBC may be considered as indica-
tors of existing adaptive metabolic lung disorders
in AECOPD. So, a significant increase of ScA level
(both in EBC and blood) was indicated the develop-
ment of body oxygen starvation. It could be associ-
ated with increasing ScA synthesis, activation a fu-
marate-reductase reactions or with decreasing ScA
utilization [25]. Additionally, a decrease AK activity
both in EBC and blood could indicate a decrease
of AMP and ADP phosphorylation. Thus, our data
indicated that the aerobic-anaerobic relationships
were disordered in AECOPD.

NH, as a volatile compound of EBC (mostly ap-
pearance due to catalytic degradation of urea in
the mouth and airways) which is delivered to
the condenser as gas [26, 27]. eNH, exceeded of
the control value in CB and all COPD groups, but
without the differences between them. Given
that COPD patients have a high incidence of acid
reflux [28, 29], this pathway for EBC acidification
needs to be kept in mind. A several factors could
be responsible for changing the eNH3 concentra-
tion. So, drying of the mouth secondary to action
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of some factors (such as hyperventilation, cate-
cholamine release and medication) reduces oral
NH, production while the presence of CO, in EBC
enhances trapping of NH3 in the condensate [30].
It was detected that EBC are acidified during
AECOPD that could suggest that it reflected ex-
cess acid production in the airways due to inten-
sification of inflammation [31-33]. In conditions of
acidosis (which is often in AECOPD), the amount
of non-ionized NH3 (passing to EBC through the
membranes) increases. We revealed that the ex-
piration of NH, in EBC increases significantly in CB
and COPDL2 while then eNH3 level was decreased
slightly in COPD3. Such eNH3 elevation was asso-
ciated with changing a metabolic process, which
consists in stimulating the removal of excessed
amounts of toxic ammonia from the lung paren-
chyma. A slight decrease of eNH, in COPD, was
probably associated with its higher consumption
for the neutralization of acid metabolites and for
normalization the SRF synthesis. The blood NH3
concentration was also significantly exceeded the
control values in CB and all COPD groups. This com-
bination of elevated both blood and eNH3 levels in
AECOPD was associated with impaired lung excre-
tory function and indicated an elevated catabolism
of proteins which was often correlated with BMI
decrease in COPD3 patients. The correlation anal-
ysis did not reveal the associations between NH,
level in blood and EBC. Our result contradicts the
data of some authors [34, 35] who showed a de-
crease of eNH, level in COPD. Different methodol-
ogy and different disease severity may explain this
difference. Father investigation including a larger
group of COPD patients with different illness se-
verity are needed to clarify these discrepancies.
Furthermore, because a considerable part of eNH,
arises from the mouth, this observation should be
taken into account when considering ammonia as
a biomarker of COPD.

The analysis showed that eSAP was decreased
as COPD progressed. It could be due to the follo-
wing numerous factors: bronchial obstruction and
followed local tissue hypoxia as well as disorders of
pulmonary microcirculation, permeability of capil-
lary wall, lipid supply of SRF biosynthesis and its
spent removing through the respiratory tract; the
action of the metabolic products of some microbes
and activation of peroxidation and small bronchi in-
traluminal release of bioactive substances [36, 37].
eSAP significant reduction in advanced COPD
against the background of not decreased eThL and
eTL level was not illogicality. Probably, a fractional
SRF composition was changed in AECOPD due to
increasing the concentration of phospholipid frac-
tions with low surface-active properties [38].

Oxidative stress is a major component of airway
inflammation in AECOPD. Therefore, lipid peroxi-
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dation appears to be the main mechanism for the
larger PgF, formation in COPD. So, we as the other
researchers [1, 9, 39] revealed a significantly high-
er concentration of ePgF,_in COPD,, suggesting a
higher level of oxidative stress and a greater lung
injury at this advanced stage. Probably, the high
concentration of EBC PgF, in COPD, allows to con-
sider that inactivation of some biologic active sub-
stances goes not only by enzymatic splitting, but
also by their secretion in the process of breathing.

There are some limitations in this study. So,
the relative small size of COPD groups, not age-
matched moderate-to-severe COPD groups with
the control as well as estimation of these metabo-
lites and enzymes in mixed groups (without their
stratification according to COPD severity) made
it difficult to compare EBC biologic parameters.
It was also possible that there were some errors
in the measurement of low these intermediated
metabolites and enzymes concentration in EBC be-
cause of using the non-concentrated samples with
very low values (that were near their detection
limits) as well as these samples had a high variabi-
lity of concentrations.

The lack of the correlation between the studied
metabolites as well as enzymes in EBC and lung
function tests could be due to different pathophys-
iological relevance of it and may be attributed to
confounding factors (such as smoking or ICS use).
So, there are also some evidences [40, 41] indicat-
ing that COPD patients treated with ICS may have
values of some biomarkers lower than those of
steroid native patients.

A number of questions remain to be answered,
including the reason for the variability of these
EBC intermediated metabolites and potential of
their determination in clinical routine. So, the

exact composition of airway surface fluids in the
respiratory tract is still debated. The air that we
exhale is saturated with water vapor and also con-
tains significant numbers of small droplets of salty
fluid. These droplets are believed to be generat-
ed by high velocity air flow, which creates shear
forces that overcome the adhesion of the fluid to
airflow surfaces, such events are much more likely
to occur in AECOPD with remodeled airways due to
chronic inflammation.

Not always unambiguous relationships of the
individual indicators studied in EBC and blood
made it difficult to interpret. Probably, to a certain
extent it was due to the fact that metabolites from
the functioning alveoli enter the EBC, but «non-
working» alveoli are not considered. The indepen-
dent role of the lungs in the metabolism of studied
parameters in AECOPD was confirmed by the fact
that changes in the content of these compounds in
the blood did not clearly correlate with their EBC
dynamics. Our data indicated a restructuring the
oxidation-reduction reactions in COPD develop-
ment aimed on providing the production of macro-
ergic substrates in condition of significant decline
in ventilator reserves, hypoxia and hypoxemia.

Conclusions

The changes of studied lipid and carbohydrate
metabolites as well as enzymes were occurred
more in EBC and less in blood in AECOPD and did
not correlate with its severity (excluding SAP). Our
«metabolic approach» to research these metabo-
lites and enzymes both in EBC and blood may help
to understand the internal changes of the lungs,
the little-known aspects of pulmonary excretory
function and pathophysiological mechanisms in
COPD.
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M3MEHEHUA YPOBHEN NUNUAHBIX U YTNEBOAHbLIX METABO/IUTOB B KOHAEHCATE BblAbIXAEMOIO BO3YXA U KPOBU
NMPU OBOCTPEHUUN XPOHUYECKOIO EPOHXUTA U XPOHUYECKOW OBCTPYKTUBHOM BONE3HU NETKUX

A.3. Makapesuy4

Pe3tome. KoHaeHcaT Bblabixaemoro Bo3ayxa (KBB) oTparkaeT nonnbyHKUMOHANbHOCTb NIETKUX, @ TaKKe MHTEHCUMBHOCTb W Hapy-
WeHNA MeTabosIMYeCKUX PeaKkLuii.

Lienb uccnepoBaHUA — U3yUnTb U3MEHEHUSA PAAA MPOMEKYTOUHbLIX MMNUAHBIX U YIeBOAHbIX MeTaboMUTOB, a TakKe GepMeHTOB
8 KBB 1 KpoBW y NaumeHToB ¢ 060CTpeHMEM XPOHUYecKoro bpoHxuTa (XB) 1 xpoHuueckoi obCTpyKTUBHOW 6one3Hun nerkux (XOB/).

Ma'repuan 1 meTtoapbl. KBB cobupanca y 12 3aopoBbix gobposonbues, 12 naumeHToB ¢ Xb U 49 — ¢ nNerkon-ymepeHHoln u 1a-
»enoi XOBJ1 (XOB/1, , , cooTBeTcTBEHHO). Mbl M3ydanu B KBB v kposu cogepskarue: obiwmx amnugos (ON) u doconnnuaos (0OPN),
c306o,a,Horo xoneCTepona (CeX) n 3¢Mp03 xonecrepona (3X), TpUrnuuepnaos (Tr), c306op,Hb|x HUPHbIX KncaoT (CHKK), ammuaka (NH,),
monoyHoi (MK), nuposuHorpagHoii (MBK), aHTapHo# (AK) un Lwiaseneso- yKcycHoW (LLLYK) KMCNoT, akTUBHOCTb NMpPyBaT-KMHa3bI (I'IK)
W ageHunaT-knHasbl (AK), a Tak»Ke NOBEPXHOCTHO-aKTUBHbIe cBocTBa KBB (MAC).

Pesynbrtatbl. YposeHb O/1 8 KBB 6bi1 nosbiweH npu Xb v XOB/1,, npu cpasHeHUM ¢ KOHTponem, a npu XOBJ1, cHuKanca [0 KOH-
TpoAnbHbIX Benn4nH. Tl 8 KBB cTaTUCTMYECKM 3HAYMMO I'IOBbILIJa}'IVICb npu XOBJ1, , Ha 18% no cpaBHeHwWio C KOHTponeM a CHKK cHu-
»anucb npu XOB/1 , . Ha 19% oTHocUTeNbHO KOHTpoAA. Coaepxanue OD/T n aMMVIaKa 8 KBB 6b1/10 NOBbILWEHO BO BCEX UCCIEAYEMBIX
rpynnax nau,meHTos ‘Bes CYLECTBEHHOW pasHULbl Mexay Humu. AK B KBB 1 KpoBM NpeBbicuia KOHTPObL NOYTK B 5 pas, Toraa Kak
aKkTMBHOCTb AK B KBB 1 KpoBuM Bbina cHUXKeHa B 1,3 pa3a no cpaBHEHWIO C KOHTPOJIEM.

BbiBoAbI. MI3MmeHeHMA BbleHa3BaHHbIX MeTabonnTos 1 GepmeHTOB Yallle BbiABAAAUCL B KBB 1 pexke B KPOBK U NPAMO He Koppe-
IMPOBanM co cTeneHbto TaxkecTn XOBJ (uckntouan amHamuky NAC).

KntoueBble cnoBa: KOHAEHCAT BblAbIXaeMOro BO34yxa, IMNUAbI, YINeBOAbl, MTOBEPXHOCTHO-aKTMBHbIe cBolCTBa, XOB/1.
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