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Bronchial asthma is developed as an immune response to allergen challenges accompanied by inflam-
mation and fibrosis implicated in airway remodeling. To reveal the causative implication of Cu-containing
amine oxidases, semicarbazide-sensitive amine oxidase (SSAQ), diamine oxidase (DAQO), and lysyl oxidase
(LOX), in bronchial asthma development we used their irreversible inhibitor, semicarbazide, and ovalbumin-
induced pathology in guinea pigs. Semicarbazide was introduced to asthmatic animals via drink or inhala-
tion. At the 16" week after disease induction, the increase in the activity of pro-inflammatory SSAO and
DAO in plasma (1.6 and 2 times, respectively) was observed. The introduction of semicarbazide to asthmatic
animals via drink or inhalation significantly decreased activities of these enzymes compared to the untreated
asthmatic animals. A considerable increase in IL-13 content and LOX activity in the lung tissue of asthmatic
animals were observed that evidenced airway inflammation and pulmonary fibrosis development. The uptake
of semicarbazide by guinea pigs with bronchial asthma led to normalization of LOX activity. Histological
studies confirmed that semicarbazide attenuated morphopathological changes in the lungs of asthmatic ani-
mals. Thus, the data obtained indicate the direct participation of the studied enzymes in the progression of
pathological processes in atopic bronchial asthma as well as the potential use of semicarbazide as a drug in
complex anti-asthmatic therapy.

Keywords: atopic bronchial asthma, semicarbazide, semicarbazide-sensitive amine oxidase, histaminase/
diamine oxidase, lysyl oxidase, IL-13, nitric oxide.

sthma is a global health problem and, de-
A spite numerous studies and activities of the
Global Initiative for Asthma (GINA), whose
reports have been updated annually since 2002 [1],
there are many unclear points, the so-called “blank
spots” in understanding the mechanisms underlying
disease. Asthma, as systemic disease, results from
complex interactions between inflammatory cells,
their mediators, airway epithelium and smooth
muscle, and the nervous system. Inflammation is
the most pronounced and best studied symptom of
bronchial asthma (BA) that is associated with airway
hyper-responsiveness (AHR) and structural changes
in the lungs, such as mucous cell metaplasia, smooth
muscle thickening, and sub-epithelial fibrosis, i.e.
airway remodeling [2].
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According to recent data the development of
atopic BA, which is a type | hypersensitivity (type |
HS) reaction, proceeds in three stages: immuno-
logical (allergen sensitization, initial stage); patho-
biological (allergen provocation), and pathophysio-
logical (effector/late stage) as shown in Fig. 1. The
major features of type | HS reaction are: 1) a shift
in the differentiation of T-helpers towards the Th2
subpopulation capable of producing specific cy-
tokines such as IL-4, IL-5, IL-13; 2) IL-4-induced
IgE synthesis by B-lymphocytes at the initial stage;
3) IL-13-mediated regulation of AHR, mucus pro-
duction, and sub-epithelial fibrosis in vivo in the con-
text of allergic inflammation at the effector phase;
4) degranulation of the mast cells with the release of
preformed mediators and the initiation of the produc-
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Fig. 1. Schematic representation of the pathogenesis of atopic bronchial asthma (type I hypersensitivity reaction)

tion of other mediators (chemokines and chemotactic
factors) in the inflammatory cascade [3].

One of the pro-inflammatory mediators of im-
mune cells is the biogenic monoamine histamine, the
concentration of which in the body is regulated by
diamine oxidase/histaminase (EC 1.4.3.22, DAO), a
copper- and TOPA-quinone (TPQ)-dependent oxi-
doreductase, which deaminates histamine to form
ammonia and imidazole acetic acid. A positive
correlation has been found between the severity of
respiratory allergy and the level of DAO activity, so
this indicator in blood serum is used as a diagnostic
marker [4].

It should be noted that with an exacerbation of
allergic BA, there is an increase in the concentra-
tion of biogenic amines in the blood plasma. Ele-
vated levels of these compounds, in its turn, affect
the activity of lymphocytes [5]. Thus, a persistent
influx of neutrophils into the lung is characteristic
of acute lung inflammation. Semicarbazide-sensitive
amine oxidase (EC 1.4.3.21, SSAQ), which also con-

tains Cu?* and TPQ cofactor, oxidatively deaminates
aliphatic and aromatic primary amines to form the
corresponding aldehydes, hydrogen peroxide and
ammonia. In some mammalian tissues, especially
endothelium, this enzyme also functions as a vas-
cular adhesion protein 1 (VAP-1) promoting neutro-
phil migration during acute lung inflammation and
leading to AHR, and subsequent tissue damage [6].
These data suggest that SSAO/VAP-1 can be directly
implicated in the development of atopic asthma.
The extracellular matrix (ECM) is a key
modulator of inflammation and airway remodeling.
Increased ECM stiffness is associated with cross-
linking of interstitial collagen and fibronectin via
action of lysyl oxidase family enzymes (EC 1.4.3.14,
LOX, and EC 1.4.3.13, LOXL 1-4), other mem-
bers of Cu-AOs. In support of this, an increase in
LOXL2 expression in asthma has recently been
shown to promote airway remodeling [7]. Thus, the
mechanisms of biochemical processes underlying
the development of BA can be directly related to the
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functioning of AOs involved in the catabolism of bi-
ogenic amines (DAO, SSAO) and post-translational
modifications of ECM components (LOXs). To date,
some of these aspects remain unexplored.

Numerous studies also demonstrate that
endogenous and exogenous reactive oxygen and ni-
trogen species (ROS and RNS) play an important
role in airway inflammation and are determinants
of asthma severity. Elevated ROS levels can cause
deleterious pathophysiological disturbances in al-
lergic asthma [8]. According to the current hierar-
chical model of oxidative stress, depending on its
power, activation of either the transcription factor
Nrf2 or MAPK and NF-kB leads to the increased
production of inflammatory cytokines, chemokines
and adhesion molecules, including SSAO/VAP-1, or
causes a cytotoxic response that leads to apoptotic
or necrotic cell death. In inflammatory processes in
the airways, excessive production of ROS and RNS,
in turn, activates neutrophils, eosinophils, and mast
cells, which release histamine, prostanoids, and
cytokines, causing exacerbation of AHR. Among
inflammatory mediators, inducible nitric oxide syn-
thase (iNOS) has been shown to play a key role in
the production of nitric oxide (NO), which acts as
a powerful stimulus for allergic asthma. Previous
studies have demonstrated that NO activates pro-
inflammatory signaling and Th2 responses in atopic
asthma. In addition, down-regulation of iNOS ex-
pression in the airways has been shown to reduce
asthmatic responses in numerous models of asthma
[9, 10]. Therefore, we also assumed a sufficient con-
tribution of nitrosative and oxidative stress, in addi-
tion to the development of inflammation and fibrosis,
to the BA pathology.

Taking into account all of the above, Cu-AOs
should play a significant role in the development
of BA, since they catalyze the formation of three
dangerous products during the reaction of oxida-
tive deamination of biogenic amines: ROS, reactive
aldehydes (or reactive carbonyl species, RCS), and
ammonia, which is a precursor in the synthesis of
RNS [11]. Thus, the aim of this work was to prove
the correctness of our assumption about the partici-
pation of Cu-AQOs in the development of BA features
by using the ovalbumin(OVA)-induced model of BA
in guinea pigs and semicarbazide (SC), an irreversib-
le inhibitor of these enzymes [12].
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Materials and Methods

Materials. Ovalbumin chicken, sodium azide,
semicarbazide hydrochloride, pargiline hydrochlo-
ride, methylamine hydrochloride, 2-(4-Imidazolyl)
ethylamine dihydrochloride (histamine dihydro-
chloride), spermine hydrochloride, 1,5-diaminopen-
tan (cadaverine), 4,5-diaminofluorescein diacetate
(DAF-2DA), Bradford reagent, were obtained from
Sigma Chemical Co, USA. Guinea pig IL-4, IL-13,
and Nitric oxide synthase ELISA quantification kits
were purchased from CUSABIO Biotech Co, China.
All other reagents/chemicals were of the highest ana-
lytical grade available.

Animals. Healthy commercially available male
guinea pigs were maintained on a 12 h light/dark cy-
cle at an ambient temperature of 20-26°C, and fed
with commercial pelleted chow and supplemental
feed, such as hay, seed mix (sunflower seeds, oats,
wheat, peas), and fresh vegetables. Following an ac-
climation period, animals with body weight range of
300-350 g were used for experiments. All manipu-
lations with animals were performed in accordance
with the provisions of the “General Ethical Princi-
ples of Animal Experiments” adopted by the First
National Congress of Bioethics (Kyiv, 2001), the
Law of Ukraine “On the protection of animals from
cruelty” (from 21.02.2006), and international re-
quirements under the “European Convention for the
Protection of Vertebrate Animals Used for Experi-
mental and Other Scientific Purposes” (Strasbourg,
1986).

Animal grouping and induction of BA. A to-
tal of 24 outbred male guinea pigs were randomly
divided into 6 groups: | — intact animals (Control,
n =4); Il — animals sensitized and provoked with
0.1% OVA (Bronchial asthma, (BA), n = 4); 11l —
animals sensitized and provoked with 0.1% OVA,
which received a 0.05% solution of semicarbazide
(SC) from the 1st day of provocation daily (BA+SC1,
n =5); IV — animals sensitized and provoked with
0.1% OVA, which received 0.2% SC in aerosol from
the 1**day of provocation, 3 times a week for 5 min
(BA+SC2, n = 4); V — animals sensitized by OVA
without next provocation with the allergen (Sensi-
tized, n = 3); VI —animals provoked with 0.1% OVA
without prior sensitization (Provoked, n = 4).
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Animals were sensitized by two intraperitoneal
(ip) injections of 1.0 ml of sterile 0.9% NaCl con-
taining 0.1 mg of OVA as an allergen and 10 mg of
Al(OH), as saline adjuvant, with an interval between
injections of 5 days. Provocations were carried out
starting from the 23 day after the last sensitiza-
tion for 12 weeks by inhalation of an OVA aerosol.
For this purpose, guinea pigs were placed inside
the transparent plastic chamber (V=5 L) coupled to
compressor nebulizer. From the 1 to the 4" week
inclusive, 2 inhalations of OVA solutions were used
for 3 min with a 7-minute interval. Starting from
the 5 week, 3 inhalations were performed with an
increasing concentration of OVA solution (0.05%;
0.1% and 0.3%) in PBS. The exposure duration was
determined by the appearance of respiratory distress
signs (sneezing, coryza, and coughing, deep retrac-
tion of the thoracic wall).

Two types of SC treatment were used: taking
0.05% SC orally 5 times a week and 0.2% SC, 5 min
inhalation 3 times per week.

The sensitized guinea pigs (OVA/0.9%NaCl)
were challenged with aerosolized PBS following the
same schedule to exclude unspecific stimulation of
the airways by the aerosol droplets. There were no
animals, which failed to develop the clinical symp-
toms of BA. Under these conditions, none of the
animals developed anaphylactic shock with a fatal
outcome.

Animals were taken out of the experiment 18-
20 h after the last provocation (16 weeks): they were
ip injected with sodium thiopental (190 mg/kg of
animal weight), as well as the analgesic lidocaine in
the neck (8 mg/kg of animal weight) subcutaneous
injection (sc).

Sample collection. Blood was collected from
the ear veins in Eppendorf tubes containing hepa-
rin. Heparinized blood was centrifuged for 15 min at
1000 g for 30 min after collection to separate plasma
for further studies. The resulting plasma was imme-
diately used for IL-4 quantitation using an ELISA
kit. Then the plasma samples were divided into ali-
quots and stored at -20°C until the activity of SSAO
and DAO was determined (up to 24 h).

Bronchoalveolar lavage (BAL) fluid samples
were collected during late asthmatic reaction, 18-
20 h after the last challenge. The trachea was ex-
posed under anesthesia and cannulated. The lungs
were carefully washed 3 times with 0.9% NaCl
(1 ml/100 g guinea pig weight). Approximately 77%
of the BAL fluid was recovered. The resulting liquid

was centrifuged at 500 g for 15 min at 4°C. The pre-
cipitated BAL cells were resuspended in sterile 0.9%
NaCl. The total number of cells was determined us-
ing a Neubauer hemocytometer. NO generating cells
were assessed by flow cytometry. BAL fluid (BAL
cell-free supernatant) was used to determine DAO
activity.

The upper lobe of the right lung was removed
and placed on ice. All further steps were carried out
at 0-4°C. Frozen guinea pig lungs were used to pre-
pare samples for LOX activity as described previ-
ously [12].

For IL-13 estimation, a frozen lung portion was
homogenized with liquid nitrogen and extracted with
PBS followed by centrifugation at 5000 g for 5 min.

The lower lobe of the right lung was frozen in
liquid nitrogen to determine the content of free radi-
cals (FR).

The left lung was soaked in formalin solution,
processed to be embedded in paraffin, and used for
histological studies. It was necessary to analyze
both the proximal and distal parts of the lung, since
changes in the peripheral parts of the lung are in-
volved in the pathogenesis of asthma [13, 14].

IL-4 and IL-13 levels were measured in plasma
and lung samples, respectively, using a commercial
enzyme-linked immunosorbent assay kits (Cusabio
Biotech Co, China) following the protocols provided
by the manufacturer. Absorbance spectra were deter-
mined spectrophotometrically by microplate reader
pQuant (Biotek, USA) in the range of 380-600 nm
with the step 5 nm. The absorbance maximum was
set at 450 nm with the reference value at 570 nm.
IL-4 and IL-13 content was expressed as pg/ml of
plasma/lung samples. The lower detection limit was
defined as 0.78 pg/ml of 1L-4/13 level.

EPR spectrometry was used to determine FR
content as described earlier [10].

Determination of the content of inducible ni-
tric oxide synthase (iNOS) in animal lung tissue was
performed using an ELISA kit (Cusabio, China) ac-
cording to the manufacturer’s protocol. The inten-
sity of color was measured spectrophotometrically
at 450 nm in a microplate reader.

The level of NO generated by inflammatory
cells of guinea pig BAL was determined by flow cy-
tometry using diaminofluorescein diacetate (DAF-
2DA) (Sigma, USA). The final concentration of the
fluorescent probe in the samples was 10 uM. For
staining, a BAL cells suspension was used at a con-
centration of 5x10° cells/ml in sterile PBS. The sam-
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ples were incubated for 30 min at 37°C in the dark.
The percentage of NO-producing cells in suspension
was analyzed on a Beckman Coulter flow cytome-
ter (USA) equipped with argon laser A, = 488 nm,
determining the fluorescence intensity on the FL-1
channel, characterized by kem =525+ 10 nm; 10,000
events were accumulated for each measrement. Fluo-
rescence signal alterations were defined according to
fluorescence peak relative to the marker, which high-
lighted the autofluorescence peak indicative of un-
stained cells. The results were graphically presented
using the FCS Express V3 program (De Novo, USA).

Histological assays. Lung specimens fixed in
10% neutral buffered formalin and embedded in
paraffin were used to prepare 5-um-thick sections,
which were stained with hematoxylin-eosin (H&E)
[15]. The histological assessment was carried out on
a Nikon microscope (Japan) equipped with spot digi-
tal camera. Morphometry was performed by using
the IMAGE J 1.45S computer program (National
Institutes of Health, USA). The following parame-
ters were determined in the lungs: the width of the
entrance to the alveolus (a); alveolar depth (b); the
width of the alveolar passage (c) (Fig. 2). To assess
the change in the configuration of the respiratory
bronchioles, we calculated such index indicators as
the ratio of the width of the entrance to the alveolus
to its depth (a/b; Coef.1), as well as the ratio of the
width of the alveolar passage to the doubled depth of
the alveolus (c¢/2b; Coef.2) [16].

Biochemical (enzyme activities) assays in lung,
plasma, and BAL.

AOs activities. Determination of AOs activities
(SSAO, DAO, and LOX) was carried out by the fluo-
rometric method according to [12].

Fig. 2. Schematic representation of the respiratory
bronchioles of the guinea pig lung: a — the width of
the entrance to the alveolus; b — the depth of the al-
veolus, ¢ — width of the alveolar passage (according
to [16] with additions and changes)

30

Protein content estimation. The protein con-
centration was determined by the Bradford method
[17] with bovine serum albumin as a standard.

Data analysis. All data analysis was done using
Excel 2007 and Statistica 4.5. The correspondence of
the experimental data to the normal distribution was
checked by the Shapiro-Wilk test with a significance
level of 0.05. A parametric t-test was used to assess
the significance of the changes. The results of the
experiments were presented as the M+SEM of the
sample. Differences were considered significant at
P < 0.05.

Statistical processing of morphometric data was
performed using software STATISTICA 13 TIBCO
Software Inc. (SN AXA9051924220FAACD-N). The
results were presented by the minimum and maxi-
mum values of the indicators (min-max), median
(M) and interquartile interval (25%-75%). Statistical
hypotheses were tested using the Mann-Whitney test
(U test) at a = 0.05.

Results

For in vivo experiments, we used the well-
known guinea pig model of OVA-induced asthma,
which reproduces the characteristic features of al-
lergic asthma such as airway infiltration with in-
flammatory cells, early and late asthmatic reactions
(EAR, and LAR), AHR, to study the molecular
mechanisms, underlying the pathogenesis of asthma
[18, 19].

The development of BA in guinea pigs is fol-
lowed by modulation of the levels of IL-4 in plasma
and IL-13 in lungs. At week 16 after BA induction,
IL-4 concentrations in plasma samples from all
OVA-treated groups tended to increase compared to
the control group, as shown in Fig. 3. At the same
time, the concentration of IL-13 significantly in-
creased (P < 0.05) in the lung samples of all groups
of animals that were in contact with the allergen, es-
pecially in the BA group (an increase of almost two
times), compared with the control group (Fig. 3). It
is important to note that the levels of both indicators
did not undergo statistically significant changes in
both plasma and lung samples of animals that re-
ceived SC (Fig. 3).

SC uptake by asthmatic animals reduced ele-
vated free radical (FR) levels in the lungs. EPR
spectroscopy data also showed a significant increase
in the level of FR in the lung samples of all groups
of animals that were in contact with OVA, and the
highest degree (more than 2.5 times) of this indica-
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Fig. 3.The development of BA led to a change in the levels of IL-4 in plasma and IL-13 in lungs of experimental
animals (M £ SEM, n = 3-5). *P < 0.05 compared to Control

tor was observed in the BA group compared to the
control (P < 0.05). At the same time, SC uptake by
asthmatic animals, (BA+SC1 and BA+SC2 groups)
led to a significant decrease in FR levels compared
to BA (P < 0.05) (Fig. 4).

The development of BA in guinea pigs led to
an increase in nitrosative stress markers in lungs.
Estimation of the content of iNOS in lungs was
performed with a sandwich ELISA kit according
to the manufacturer's protocol. In all experimental
animal groups with OVA-induced BA (BA, BA+SC1,
BA+SC2), as well as in both groups of negative
control (Sensitization and Provocation) iNOS con-
tent rose almost 1.5-2 times compared to Control
(P <0.05) (Fig. 5, A).

The number of NO-generating BAL cells in
guinea pigs with a high level of DAF-2DA fluores-

cence increased by 2-2.5 times relative to the control
in all experimental groups (Fig. 5, B and C). Fig. 5,
C shows gated plots of FL1 fluorescence intensity
versus BAL cell granularity in experimental groups
of guinea pigs in a model of chronic OVA-induced
asthma. No statistically significant changes of this
parameter were detected in the groups of asthmatic
animals on the background of taking SC.

The morphopathological changes in lungs
of asthmatic animals were attenuated by SC. His-
topathological analysis and morphometric data
revealed thinning of the walls of the alveoli and
changes in the configuration of the respiratory bron-
chioles of guinea pigs with asthma compared to in-
tact animals (Fig. 6, A). These changes developed
in the peripheral areas of the lung against the back-
ground of peribronchial inflammatory infiltration,
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Fig. 4. SC caused a decrease in the level of FR in the lungs of asthmatic animals. The amount of FR was esti-
mated by EPR spectroscopy (M = SEM, n = 3-5). *P < 0.05 compared to Control; **P < (.05 compared to BA
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Fig. 6. The SC uptake by asthmatic animals led to an improvement in the morphofunctional state of the lungs.
A — Histology. Lungs were removed and processed for paraffin embedding, sectioned, and stained with H&E.
The representative photographs of transverse sections are shown (100X original magnification); B — morpho-
metric parameters of the respiratory bronchioles of the airways

where eosinophils and neutrophils predominated,
and were accompanied by obstruction of the bronchi
of medium and small caliber due to hyperplasia of
the bronchial epithelium, as well as pneumosclerosis
(excessive growth of connective tissue of the lungs).

Changes in the configuration of the respira-
tory bronchioles of the airways compared with
the control were detected by determining the cor-
responding parameters of this section of the lungs
by calculating Coef.1 and Coef.2 as described in
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the “Materials and Methods”. A significant increase
in Coef.1 (P < 0.05) as well as a slight increase in
Coef.2 in the BA group compared with the control
was shown (Fig. 6, B). In both groups of animals
receiving SC, there was a decrease in obstruction
of bronchial lumen against the background of peri-
bronchial inflammatory infiltration and sclerosis and
corresponding changes in Coef.1 and Coef.2 (Fig. 6,
B). In particular, in animals of the BA+SC1 group,
there was a significant decrease in Coef.1 in rela-
tion to the BA group (P < 0.05) (Fig. 6, B), while
in the animals of the BA+SC2 group, a significant
decrease in Coef.2 (P < 0.05) compared with BA
was observed (Fig. 6, B). Changes in the configu-
ration of the respiratory bronchioles in animals of
the BA+SC2 group were due, on the one hand, to an
increase in the width of the entrance to the alveolus,
and on the other hand, to a decrease in the width of
the alveolar passage, which led to significant changes
in the structural manifestations of the development
of obstructive pulmonary emphysema (Fig. 6, B).
Thus, the revealed morphofunctional changes in the
lungs against the background of SC administration
indicate a less pronounced development of pneumo-
sclerosis in both groups of experimental animals.
DAO/histaminase activity. As can be seen
from Fig. 6, DAO/histaminase activity in plasma in-
creased significantly by a factor of two, which cor-
responds to elevated histamine concentrations in the
body under this pathology. Enzyme activity did not
change in response to sensitization (Sensitization
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2.0 1
15
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1.0 1 *

Relative units
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| |
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Control BA BA+SC1

_05 Jd

BA+SC2

group), while OVA provocations (Provocation group)
also caused a significant increase in activity by 2.5
times. Importantly, enzyme activity decreased to
normal values when using the drug (BA+SC1 and
BA+SC2), which is an irreversible inhibitor of Cu-
AOs (Fig. 7).

A completely different character of the change
in the level of enzyme activity in the BAL fluid was
observed. In animals with developed BA, this indica-
tor was significantly reduced by 4 times. Conditions
of both sensitization without provocation and provo-
cation without sensitization also caused a decrease
in enzyme activity. SC uptake by the BA+SC1 and
BA+SC2 groups of animals revealed an additional
inhibitory effect on DAO activity (Fig. 7).

SSAO activity. In the blood plasma of asthmatic
animals (BA group), an increase in SSAO activity
by 1.5 times compared with the control was noted
(Fig. 8). In both negative control groups, no changes
in SSAQ activity relative to control were observed.
As expected, normalization of enzyme activity was
detected in the animals of both groups receiving the
corrective drug (BA+SC1 and BA+SC2) (Fig. 8).

LOX activity. A significant increase in LOX
activity of about 2-fold was also demonstrated in
asthmatic guinea pigs (Fig. 9). The introduction of
SC to both BA+SC1 and BA+SC2 groups led to a
significant decrease in the activity of this enzyme
compared to BA. There were no significant changes
in the enzyme activity in Sensitization and Provoca-
tion groups of guinea pigs (Fig. 9).

@Plasma @ BAL

Sensitization

Provocation

Fig. 7. DAO activity was differently regulated in plasma and BAL of guinea pigs in all studied groups of ani-
mals (M £ SEM, n = 3-5). *P < 0.05 — compared to Control; **P < (.05 — compared to BA
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Fig. 8. Increased SSAO activity in the plasma of asthmatic animals was down-regulated by SC to control
values (M = SEM, n = 3-5). *P < 0.05 — compared to Control; ¥**P < 0.05 — compared to BA
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Fig. 9. Increased LOX activity was suppressed by SC in the lungs of guinea pigs (M + SEM, n = 3-5). *P < 0.05 —

compared to Control; **P < 0.05 — compared to BA

Discussion

It has been broadly recognized that asthma
induced by exposure to inhaled allergens, such as
OVA, is characterized by Type I HS, which lead to
AHR and structural alterations in the airways. Th2-
generated cytokines, IL-4 and IL-13, are responsible
for airway inflammation in the initial and late (effec-
tor) stages, respectively, in asthma [20]. Because we
used the OVA-induced late-stage BA (16-week onset
of pathology) model, we observed a significant in-
crease in 1L-13 levels in the BA group, as expected.
In addition, atopic asthma is accompanied by the
development of signs of oxidative/nitrosative stress
[21, 22], which were actually found in this study,
namely, an increase in the level of FR, iNOS content
in the lungs and the number of NO-producing cells
in BAL of asthmatic animals. The data of histology

and morphometry again revealed the appearance of
signs of inflammation and fibrosis in the lung tis-
sue of animals with BA, which, together with the
above, indicates the development of acute respira-
tory hypersensitivity [23]. With an exacerbation in
the plasma and BAL of asthmatics, the concentra-
tion of biogenic amines, histamine, serotonin and
catecholamines (dopamine, adrenaline, and norepi-
nephrine) increases many times, which is accompa-
nied by a violation of adaptive processes and leads
to apoptosis and cellular dystrophy. Thus, these com-
pounds, as mediators of inflammatory cells, play an
important role in the course of BA, and the level of
their concentration correlates with the duration and
severity of the disease. In the studied pathology, the
balance between the synthesis and utilization of bio-
genic amines is disturbed, which is a consequence
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of the absence or dysregulated activity of the cor-
responding enzymes [24]. Despite all the research
results to date, the biochemical features of the me-
tabolism of biogenic amines, one of the common
causes of inflammatory processes, as well as the
enzymes of their catabolic transformation, are not
well understood.

In the model of the late stage of BA induced
by OVA, we revealed an increased level of DAO/
histaminase activity in the blood plasma of guinea
pigs, which most likely corresponds to an increase
in the concentration of histamine in this pathology.
A completely different pattern was observed for this
enzyme in the BAL fluid. The activity of the enzyme
was significantly reduced in animals with developed
asthma, although a multiple increase in the level of
histamine in the BAL is known in this pathologi-
cal condition. Such a mismatch between the level of
enzyme activity and its substrate concentration may
be due to the fact that histaminase is not directly ac-
tivated in response to endogenous histamine release.
It is also possible that the expression of the enzyme
in the epithelium of the respiratory tract of asthmatic
animals is impaired, which may be the main cause of
bronchospasm activity in asthma. This assumption is
supported by data from a research group that has ef-
fectively used herbal DAO in anti-asthmatic therapy.
Thus, a deficiency of this enzyme may be a key link
in the development of asthmatic symptoms (cough,
shortness of breath, wheezing, etc.) [25].

Under conditions of severe oxidative stress in
BA, activation of MAPK and NF-«B leads to the
increased production of inflammatory cytokines,
chemokines and adhesion molecules, including
SSAO/VAP-1 [6, 26]. In the plasma of asthmatic
animals, we also observed a significant increase in
SSAQ activity, which is consistent with published
data. The release of pro-inflammatory mediators
in BA causes dysfunction and apoptosis of lung
epithelial and endothelial cells, which acquire the
phenotypic properties of mesenchymal cells (myo-
fibroblasts and fibroblasts). Actively proliferating
fibroblasts secrete ECM components such as colla-
gen and elastane in excess. Subsequent intermolecu-
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lar cross-linking between these molecules media-
ted by LOX leads to the formation of fibrosis foci.
Thus, pulmonary fibrosis in BA is associated with
increased LOX activity [27, 28], which we observed
in the present study.

As expected, we found that SC, regardless of
the route of its administration (drinking/inhalation),
not only significantly reduced the levels of FR and
AOs activity, but also attenuated the signs of inflam-
mation and pneumosclerosis/fibrosis observed on
histological preparations [18]. At the same time, SC,
as an aldehyde trap and an inhibitor of Cu-AQOs, did
not affect the content of pro-inflammatory media-
tors, IL-4 and IL-13, and nitrosative stress markers.

Conclusion. Taken together, the results ob-
tained confirm the reliability of the development
of allergic BA in guinea pigs that correlate with
changes in the Cu-AOs activity profiles in the course
of pathology progression. It indicates the direct in-
volvement of Cu-AOs in pathophysiological pro-
cesses associated with airway hypersensitivity and
remodeling induced by the exposure to the inhaled
allergen OVA as well as the ability of SC to act as
a potential drug in complex anti-asthmatic therapy.
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ArtomiuHa OponxiaybHA acTMa, 1110
pO3BUBAETbCA SK IMYHHa BIATIOBIIh OpraHizMy
Ha JAiI0 ajepreHy, CyHpOBOAKYETHCS XPOHIYHUM
3amaneHHssM Ta ¢ibpo3oM JlereHeBoi TKaHWHU,
MIPOLIECOM BiJOMUM SIK PEMOJEINIIOBAHHS AMXajb-
HUX [woisixiB.  JUIs  MiATBEpIKEHHS  3allydeH-
HS Yy JaHUW maTtoJjoriunmii mporec pomuau Cu-
BMICHHX aMiHOOKCHJIa3, CeMiKapOa3uaqyTInuBol
aminookcugasu (SSAO), nuaminookcuaaszu (DAO)
ta mizunokcuaasu (LOX), Mmu BUKOpUCTaIH iX He-
o0opoTHUH iHTIOITOp cemikapOa3ua Ta MOJIENb
OBaTKOYyMiH-IHAYKOBaHOI ~ OpOHXiaJdbHOI  acT-
Mu y mypuakiB. [lo 3aBeprienHi 16 THXKHIB Ticis
IHIIIIOBaHHS ~ 3aXBOPIOBAHHS  CIOCTEPIiraiocs
JOCTOBIPHE M1 IBULIIEHH I aKTUBHOCTI IPO3anajbHUX
SSAO Tta DAO y ma3Mmi TBapuH i3 OpOHXiaJbHOIO
actMmoro (y 1,6 Ta 2 pa3u BiANOBIIHO) B IOPiBHSAHHI
3 KOHTposieM. BBemeHHs cemikapOasuiy acTMma-
THYHAM TBapyHaM i3 MHTBOM a00 iHTaJAMIIHHO
JIOCTOBIPHO 3HWKYBAJIO IIi MMOKa3HUKU TOPIBHIHO
3 TPYNOI0 TBApHH, L0 HE OTPUMYBAJIN JIIKYBaHHS.
Kpim Toro, croctepiraiock 3Ha4YHE TiJBUIICHHS
BMiCTy mpo3amnajibHoro nutokiny IL-13 ta piBHS
aktuBHOCTI LOX y jereHeBiii TKaHWHI acTMaTHd-
HUX TBapuH, [0 CBiAYMIIO PO PO3BUTOK 3amajicH-
HS JUXaJbHUX NUISXIB Ta JlereHeBoro ¢idposy.
BxuBanHs cemikap0asugy MypuaKaMH-acTMaTH-
KaMW TPHU3BOIUIIO 10 HOpMai3ailii akTHBHOCTI
LOX. I'icTonoriuni q0CiKeHHS M1 ATBEPAITH, IO
cemikapOa3ug TmocnabaoBaB  MOPQOIATOIOTIUHI
3MiHU B JICTEHEBi TKaHWHI ACTMAaTHUYHUX TBapHWH.
Takum 9YWHOM, OTPHMaHI JaHi CBig4aTh Tpo Oe3-
MOCEPEHIO YYacTb MOCHIKYBAaHHUX EH3UMIB Y
MporpecyBaHHI MATOJOTIYHUX MPOIECIB 32 YMOB
aTOMIYHOIW OpOHXiaTbHOI acTMH, a TaKOX IIPO
MOKJIMBICTh BHUKOPHCTAaHHS ceMikapOasumy sK

NOTEHIITHOTO JiKapchKOro 3acoly y KOMITJIEKCHIN
IPOTHACTMATUYHIH Tepartii.

KnmouoBi cmoBa: atoniuna OpoHxianbHa
actMa, cemikapOasuj,  cemikapOa3ua4yTiivBa
aMiHOOKCHJIa3a,  JMaMiHOOKCHJa3a/ricTaMmiHasa,
mizmnokcnaasa, I1L-13, okcumg a3ory.
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