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ABSTRACT
ORCID ID We have analysed the results of the study of alterationsinindices
Marta Kovalska: P ; P P
https://orcid.org/0000-0002-6232-3951 of pro_—omdant (conJl._lgateq diene and malondlalc_:lehyde) and
antioxidant (superoxide dismutase, ceruloplasmin, catalase)
KoudpnikT inTepecis: AsTopn Aeknapy- systems in guinea pigs’ lungs in experimental allergic alveolitis

(0T WO Hemae KoH@AIKTY iHTepects. in the dynamics of EAA development under the conditions of

immobilization stress. The study included 62 female guinea
pigs weighing 180-220 g, divided into 4 groups: 1 - intact guinea pigs (n=20); 2 - guinea
pigs (n=14) with EAA under conditions of IS (1%t day); 3 - guinea pigs (n=14) with EAA under
conditions of IS (2" day); 4 — guinea pigs (n=14) with EAA under conditions of IS (34% day). The
results of the experimental study showed that a significant increase in conjugated diene level in
animal lungs was observed at all stages of EAA development under conditions of immobilization
stress as compared to a control group, indicating the activation of this marker. The same changes
occurred with MDA content, indicating excessive accumulation of this lipid peroxidation product in
lung tissue. Intensive synthesis of free radical compounds caused activation of some components
of the enzymatic system of antioxidant defence. In particular, a moderate decrease in superoxide
dismutase activity in lung tissue is observed in response to an increased level of LOPs at early
stages of EAA and immobilization stress development as compared to these indices in intact
animals. The same situation is observed with catalase and ceruloplasmin activity in the lungs of
guinea pigs with modelled AA and IS.

Keywords: experimental allergic alveolitis, immobilization stress, peroxide lipid oxidation, anti-
oxidant system

116



Mpaui HTLL MeanyHi Hayku Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua

2019, Tom 57, N2 2 ISSN 1563-3950 ISSN 1563-3950 2019, Vol. 57, 2
KOopoTKi NOBiAOMAEHHS Brief communication
YOK: 616.24-002-008.6-056.3-092: 8
(612.24.015.11+612.014.484)]-092.9 OPEN (¢) ACCESS

- v . DOI: 10.25040/ntsh2019.02.11
®YHKLiOHaNbHUI CTaH NPOOKCUAAHTHOI Ta /nts
For correspondence:

AQHTMOKCUAAQHTHOI CUCTEM Y JIereHsxX 3a YMOB 69, Pekarska St., Lviv, 79010

eKCcnepuMeHTaJIbHOro afibBeoniTy i cTpecy E-nourra: dr.kowalska.marta@gmail.com
Received: Now 25, 2019

MapTa KoBanbcbKa Accepted: Dec 17, 2019
Published online: June 26, 2019
JIbBIBCbKU HaLiOHaIbHU MEANYHWNI YHIBEPCUTET © Marta Kovalska, 2019
imeri fJaHwna Fannybkoro, JibBiB, YkpaiHa =
PE3OME ORCID ID
. . . Marta Kovalska:

lMpoaHanizyBaBWMn pe3ynbTaTh AOCAIAXKEHHSA 3MiH Y MOKA3HU- https://orcid.org/0000-0002-6232-3951
Kax MPOOKCUMAAHTHOI cMCTeEMU (Aif HOBUX KOH'toraT i MasioHOBO- biscl N icts of interect

. . Isclosures. NO conflicts or Interest,
rogianbgerigy) Ta aHTUMOKCMAAHTHUX (CynepoKkcuaancMmyTasu, financial or otherwise, are declared by the

uepynonnasMiHy Ta KaTanasn) B JIereHAX MOPCbKUX CBUHOK author
rMnpu eKcnepuMeHTasibHOMY anepriyHoMy asibBeonNiTi B AMHaMIL
pO3BUTKY Ta B YMOBax iMMobinizauiiHoro crpecy.

JocnigxeHHsA npoBoAnn Ha 62 caMKax MOPCbKMX cBMHKax Baroto 180-220r. MoaineHo Ha YoTupwu
rpynu: nepiua rpyrna — iHTaKTHi MOPCbKi CBUHKW (n=20); apyra rpyrna — MOpPCbKi CBUHKK (N=14),
3 eKCnepuMeHTa bHUM anepriyHMM anbBeoNiTOM B yMOBaxX iMMob6inizauinHoro crpecy (1-n AeHb);
TPETS rpyrna — MOPCbKi CBMHKKN (N=14), 3 eKCnepuMeHTanbHUM anepriyH1UM asibBEOsIiTOM B yMOBaX
iMmmobinizauinHoro crpecy (2-1 AeHb); YeTBepTa rpyrna — MOPCbKi CBMHKKN (N=14), 3 eKCnepuMeH-
TaNbHUM anepriyHMM anbBeoNliTOM B yMOBaXxX iMMobinizauiriHoro crtpecy (34-1 AeHb).

Pe3ynbTaty ekcnepuMMeHTanbHOro AOCNIAXKEHHA BUABWIIN, WO 3HAYHE NiABULLEHHSA PiBHA Ai€EHO-
BUX KOH'IOraT y JiereHsiX TBapuH CrocTepiranocsa Ha BCiX CTaAissX pO3BUTKY eKCrnepuMeHTaabHOro
anepriyHoro anbBeONiTy B yMOBax iMMob6ini3auiiHOro cTpecy NopiBHAHHO 3 KOHTPOJIbHO FPYnoto,
WO CBiAYMTbL NPO aKTMBAaLUilO LbOro Mapkepa. Taki X 3MiHM BigbyBanMCb 3 BMICTOM MasiOHOBOro-
Aianbaerigy, Wo CBiAYUTb NPO HaAMipHE HAKOMUUYEHHS LbOro NPOAYKTY NMNEPEKUCHOIrO OKUCIEHHS
ninigiB y nereHeBi TKaHWHi. IHTEHCUBHMIN CUMHTE3 BiSIbHO paaMKanbHUX CMONYK CMPUYUMHUB aK-
TUBALIO AesKNX KOMMOHEHTIB epMeHTaTMBHOI CUCTEMN aHTMOKCUMAAHTHOrO 3axuCTy. 30KpeMma,
CMNOCTEPIraeTbCs NMOMIpHE 3HUXEHHS aKTUBHOCTI CYyNepoKCUAAECMYTasn B JIEreHEeBiN TKaHWHI y
BiANOBiAb HAa NiABULLEHHS PIBHA aHTUOKCUAAHTHOI CUCTEMU Ha PaHHIX CTaAiaX eKkcnepuMeHTasb-
HOro anepriyHoro anbBEONTY Ta PO3BUTOK iMMO6INI3aUIMHOIO CTpecy MOPIBHAHO 3 NMOKAa3HUKaMU
IHTaKTHUX TBApWH. Taka X CUTyauisd CNoCTepiraETbCA 3 aKTUBHICTIO KaTasiasn Ta uepynonnasmiHy
B JIEreHsAX MOPCbKUX CBMHOK 3 MOAENOBAHHAM eKCNepuMeHTanbHOro anepriyHoro ajsbBeoNiTy Ta
iMMobiniszauiiHoro crpecy.

Knro4oBi csoBa: ekcnepuMeHTaslbHUA anepridyHWiA anbBeoniT, iMMobinizauiiHMin cTpec, nepe-
KMCHE OKMCHEHHS NiniaiB, aHTMOKCMAAHTHaA cucTeMa
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Introduction. Among urgent problems of
health care worldwide, a significant place is oc-
cupied by exogenous allergic alveolitis (EAA),
which attracts attention of internists and aller-
gists and is associated with a high incidence
of this pathology in the structure of allergic
diseases and an increase in severe complicat-
ed forms of this disease [1-4]. Currently, EAA
is regarded as the pathology, associated with
the risk of disability, manifested by chronic
respiratory insufficiency, pulmonary heart or
pneumosclerosis [5].

Besides, at present there are hardly any in-
dividuals, especially in ecologically unfriend-
ly industrial regions of Ukraine, who do not
experience any signs of allergic diseases.
Thus, taking into account such facts, etio-
pathogenic peculiarities of this nosological
form of the disease should be more thor-
oughly studied by both clinical pulmonolo-
gists and scientists.

The problem of combined pathology is also
very topical in contemporary medicine, the
basic features of which being difficulties with
diagnosis, especially at the initial stage of
the disease, comorbid clinical course and,
as a result, complicated treatment of such
patients. In particular, combination of stress
with other diseases is very common [3, 6-8].
In recent decades, many investigations have
shown association between the nervous sys-
tem and the lungs [7]. Functioning mecha-
nisms of both systems are characterized by
common pathogenic peculiarities acting in
synergism, since the lungs play one of the
leading roles in adaptation reactions of the
body to stressful influences of various ori-
gins [5]. This is caused by the fact that the
lungs are a target organ for «adaptation»
hormones, because they are responsible
for a large number of clearing (clearance)
processes [9-15]. Accordingly, they are an
optimal organ for the study of various ef-
fects, occurring due to stress and allergic
processes by hypersensitivity types. Thus,
the aim of the research was to study lipid
peroxidation processes and the condition of
antioxidant protection in guinea pigs’ lungs
in different periods of experimental allergic
alveolitis (EAA) formation under the condi-
tions of IS.
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MATERIALS AND METHODS

All experiments on laboratory animals were
conducted following the principles of bioeth-
ics according to the regulations of European
Convention for the protection of vertebrate
animals used for experimental and other
scientific purposes (Strasbourg, 1986), Eu-
ropean Union Directive 2010/63/EU, Law of
Ukraine N2 3447-IV «On protection of animals
from cruel treatment», general ethic princi-
ples of experiments on animals, approved by
the first national congress of Ukraine on bio-
ethics (2001).

The experiment was conducted on 62 female
guinea pigs weighing 0.18-0.20 kg. The ani-
mals were divided into 4 groups:

1 - intact guinea pigs (n=20);

2 - guinea pigs (n=14) with EAA under the
conditions of IS (1%t day from the start of
injecting antigen);

3 - guinea pigs (n=14) with EAA under the
conditions of IS (2" day from the start of
injecting antigen);

4 - guinea pigs (n=14) with EAA under the
conditions of IS (34t day from the start of
injecting antigen).

Experimental allergic alveolitis (EAA) was in-
duced by the method of 0.0. Orehov and Y.A.
Kyrylov [16]. Prior, the animals had been im-
munized with Freund’s complete adjuvant (0.2
ml intramuscularly into a hind leg). In 2 weeks,
0.2 ml of 1% BCG solution was introduced in-
travenously every 10" day. Experimental mod-
el of immobilization stress was induced by the
following principle - the animals were immo-
bilized on the back on an operation table, with
atraumatic fixing of the extremities. Duration
of immobilization lasted two hours. Immobili-
zation stress was imitated by P.D.Horizontov
method [17]. Later, the animals were decapi-
tated; the level of LOPs and activity of antiox-
idant system enzymes were detected in lung
homogenate on the 15, 2", 34t days after EAA
and stress activity. The content of conjugated
dienes was determined by the method of V.B.
Havrylov and M.I. Myshkorudina [18], malond-
ialdehyde (MDA) - by E.N. Korobeinikov meth-
od [19], superoxide dismutase activity - by
R.Fried method [20], catalase activity - by R.
Holmes [21], and ceruloplasmin - by V.H. Kolb
and V.S. Kamyshnikov method [22].
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All digital results were statistically processed 2" and 34" day of EAA under the conditions of
using arithmetical mean (M), margin of error immobilization stress by 250.74 % (P<0.05),
of arithmetical mean (m), and Student’s cri- 151.74 % (P<0.05) and 217.68 % (P<0.05),
terion «t». The calculations were performed respectively, in comparison with the control,
using means of statistical and graphic analysis indicating an intensive formation of free radi-

of electron tables Microsoft Excel (Microsoft cal compounds (table 1).
office programs). Statistically reliable were

the results with P<0.05. The changes similar to conjugated dienes oc-

curred with MDA. Thus, a gradual elevation
RESULTS AND DISCUSSION of MDA level in the lungs was recorded on
The results of our experimental investigations the 1st, 3 and 34™ days of EAA under the
showed that a significant increase in conjugat- conditions of stress development by 118.22

ed dienes in the lungs was observed on the 1%, % (P<0.05), 89.57 % (P<0.05) and 119.57

Table 1

Content of conjugated dienes in guinea pigs’ lungs
in EAA under the conditions of IS (Mitm)

Form of experiment | Duration of the experiment | Number of animals | Conjugated dienes in nmol/ml (g)
Intact guinea pigs Control 20 12.1£0.6
1 s
Ender e a B
34t day 14 S8 aaes

Note. P - statistical significance of indices difference in comparison with the results in control group.

Table 2
Content of MDA in guinea pigs’ lungs in EAA under the conditions of IS (M+m)
Form of experiment Duration of the experiment Number of animals MDA in nmol/ml (g)
Intact guinea pigs Control 20 20.8+0.8
45.39+0.4
st
1+ day 14 P<0.05
EAA under the conditions 2nd da 14 39.43+0.3
of stress Y P<0.05
45.67+0.3
th
34t day 14 P<0.05

Note. P - statistical significance of indices difference in comparison with the results in control group.

Table 3

Content of superoxide dismutase in guinea pigs’ lungs
in EAA under the conditions of IS (Mitm)

Form of experiment | Duration of the experiment | Number of animals | Superoxide dismutase in CU/ml (g)
Intact guinea pigs Control 20 128.1+3.2

1%t day 14 e
hnder e con | e aay 2 s

340 day 14 7043£0.5
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Table 4

Catalase activity in guinea pigs’ lungs in EAA under the conditions of IS (M+m)

Form of experiment | Duration of the experiment | Number of animals | Catalase activity in IU/ml (g)
Intact guinea pigs Control 20 47.7£2.5
s i
14
34 day 14 18,35%0:3

Note. P - statistical significance of indices difference in comparison with the results in control group.

% (P<0.05), respectively, in comparison with
intact animals, indicating excessive accumu-
lation of lipid peroxidation products (table 2).

Intensive formation of free radical compounds
caused compensatory activation of some com-
ponents of antioxidant defense system. Thus,
as a response to increased level of LOPs at
early stages of EAA development and immobi-
lization stress (1t day), a moderate reduction
of superoxide dismutase activity in the lungs
by 29.52 % (P<0.05) was observed. Further,
the activity of the enzyme gradually decreased
by 31.83 % (P<0.05) and 45.19 % (P<0.05),
respectively, in comparison with the control
indices (table 3).

Condition of pro-oxidant and antioxidant sys-
tems in the animals’ lungs in EAA under the
conditions of IS (in % of control)

Similar situation occurred with catalase activ-
ity in the lungs. Analysis of enzymatic activity
of this marker in animals’ lungs showed that
a decreased in catalase activity by 17.32 %
(P<0.05) was noticed in the dynamics of EAA
development and stress (on the 1t day). Fur-

ther (on the 2" and 34t days), a gradual de-
crease in its activity was observed by 54.93 %
(P<0.05) and 61.57 % (P<0.05), respectively,
in comparison with the data of intact animals
(table 4).

Intensive accumulation of LOPs caused depres-
sion of ceruloplasmin activity in the lungs. It
decreased by 17.97 % (P<0.05) on the 1t day
of EAA development and immobilization stress
in comparison with the group of intact animals.
Further, a reliable reduction of ceruloplasmin
activity was observed on the 2™ and 34" days
of the experiment by 37.32 % (P<0.05) and
48.54 % (P<0.05), respectively, in comparison
with the data of intact animals (table 5).

The obtained results indicate that a gradual
accumulation of LOPs occurs in EAA under the
conditions of immobilization stress, reaching
its peak on the 34™" day of the experiment.
In its turn, at the initial stages of EAA devel-
opment and stress, it caused a compensatory
reaction, characterized by the activity of all in-
vestigated enzymes with their further exhaus-
tion on the 2" and especially 34™" day of the
experiment.

Table 5

Ceruloplasmin activity in guinea pigs’ lungs in EAA under the conditions of IS(Mtm)

Form of experiment Duration of the experiment Number of animals ceruloplasmin in mg/I|
Intact guinea pigs Control 20 26.1+0.7

1%t day 14 b
cofgggjnnsdsg :lgreess 2" day 14 1%38%055

34 day 14 13,43%0-3

Note. P - statistical significance of indices difference in comparison with the results in control group.
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