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ABSTRACT

Introduction. Poisoning by pulmonotoxicants is an urgent problem of modern toxicology due to its frequency, severity of cases, and
insufficient understanding of underlying mechanisms, which hinders effective treatment. The aim of this study is to evaluate the
status of the rat antioxidant system during the modeling of acute pulmonotoxicants poisoning.

Material and Methods. Acute poisoning by pulmonotoxic substances, perfluoroisobutylene and nitrogen dioxide in toxodoses
of 1.67 mg/L-min and 5.6 mg/L-min, respectively, was in Modeled on nonlinear male rats in an inhalation chamber with a
volume of 0.2 m3 for 15 minutes. Blood and lungs samples were taken 3, 6, and 24 hours after exposure to assess the activity
of superoxide dismutase, catalase, and glutathione peroxidase, while plasma levels of malondialdehyde were also measured.
Results. In response to perfluoroisobutylene exposure, superoxide dismutase, catalase, and glutathione peroxidase activities in blood
after 3 h reached minimum values — 75.6 U/mL, 229.2 and 11.1 mM/(L-min) correspondingly, with subsequent partial recovery
of catalase and glutathione peroxidase activities, and compensatory increase of superoxide dismutase activity within 24 h. The lung
tissue response is manifested in a decreased activity of the engymes studied, within 24 h. Related to nitrogen dioxode exposure, the
superoxide dismutase and catalase peak activities in blood were recorded after 6h — 157.7 U/mL and 513.3mM/(L-min), respectively,
glutathione peroxidase’s peak activity — after 3 h — 19.5 mM/(L-min). The enzymes’ activity dynamics in lung is indicative of the
superoxide dismutase level increase up to 54,5 U/mL within 24 h, while changes of catalase and glutathione peroxidase activities are
characterized by minimum peak values after 6 h — 20.4 and 6.4 mMy/(L-min), respectively. There was a sustainable malondialdehyde
accumulation in blood plasma during the experiment, which exceeded the corresponding value in intact group of animals.
Conclusion. These findings suggest the significant effects of free-radical oxidation processes on the pulmonotoxic agents’ toxicity
mode.

Limitation. The experimental study was performed on white outbred male rats (n = 30, body weight 200-240g), kept in a standard
vivarium conditions, and randomly divided into groups with the exclusion of weakened and affected animals from the study.
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OueHka cOCTOsIHUSI (hepMeHTATMBHOTO 3BEHA
AHTUOKCMAQHTHOM CUCTEMbBI KPbIC NMPU MOAEAMPOBAHUU
OCTPOro OTpaBA€HUS BelleCTBaMKU MYAbMOHOTOKCUUYECKOTO
AENCTBUSA

DIBY «[ocyAapCTBEHHBIM HAayYHO-UCCAEAOBATEABCKMIT UCTILITATEABHBI MHCTUTYT BOEHHOM MEAMLIMHBIY MUHIMCTEPCTBA 060POHBI
Poccuiickoit Meaepaunn, 195043, CankT-Metepbypr, Poccuiickas Meaepatims

PE3IOME

Beedenue. Ompasnenus eeuwjecmeamu nyabMOHOMOKCUHECK020 OCUCMEUS SABAAIOMCA AKMYAAbHOU NPoOAeMOll CO8PEeMEeHHOI
MOKCUKOA02UU U3-3a YACMOMbL 6CMPEHACMOCIU, MANCECMU CAVHAe8 U HeOOCMAMO4H020 NOHUMAHUS MEXAHU3MO8 Oelicmeusl,
umo 3ampyonsem aghgpexmusHoe neverue.

Llenv pabomel 3aKa0uaemcs 6 oueHKe COCMOSHUSA AHMUOKCUOAHMHOU CUCMEMbl KPbIC NPU MOOCAUPOBAHUU OCMPO20 OMpas/e-
HUs geuyecmeamu nyAbMOHOMOKCUYECK020 0elicmeausl.

Mamepuaa u memoodwst. Modenaupoganue 0ocmpoeo OmpasieHus 8euecmeamu nya1bMOHOMOKCU1ECK020 delicmaus, nepihmopu3ooy-
muneHom U Ouokcudom azoma 6 mokcodosax 1,67 me/n » mun u 5,6 me/n * MUH COOMEEMCMBEHHO NPOBOOUNU HA HEAUHEIHBIX KPbl-
Cax-camuyax é UHeansuUoHHou kamepe 06sémom 0,2 m° ¢ meuenue 15 mun. Yepes 3, 6 u 24 u nocae 6030eticmeuss MOKCUKAHMAMU
ombupanu Kpoev u Aéekue 045 OUeHKU aKMUBHOCMU CYNEPOKCUOOUCMYmAa3bl, KAMAnasbl U 2AyMAamuoHnepoKcuoasbl, 6 niazme
onpedensinu ypogeHs MAA0H08020 Juanbiecuoa.

Pesyabmamot. B omeéem na ompasaenue nepgmopuzo0ymuieHoM aKmueHOCMb CYRepoKCcUOOUCMYmasvl, Kamaiassl U eaymad-
MUOHNEPOKCUOA3bL 8 KPOBU KPbic nocae 3 4 00Cmu2ana MUHUMAAbHbIX 3Havenuii — 75,6 U/ma, 229,2 u 11,1 mM/(n + mun)
coomeemcmeenHo. B nocaedyiowem Habaodaiu yacmuunoe 80CCMAHOBACHUE AKMUGHOCIU KAMAAA3bL U 2AYMAMUOHNEPOK -
cudasvl U KOMNEHCAMOPHOE NOGbIULeHUe AKMUBHOCMU Cynepokcuooucmymasol 6 meuenue 24 u. Peakuyus néeounoit mxanu
NPOAGASIEMCSL CHUNCCHUEM AKMUBHOCMU UccaedyemblX hepmenmos 6 meuenue cymok. Ha ¢one ompasaenus duokcudom azo-
ma NUKosbie 3HAYeHUs. AKMUBHOCIU CYNEPOKCUOOUCMYMA3bl U KAMaiassl 6 Kposu peeucmpuposanu uepez 6 u [157,7 U/ma
u 513,3 mM/(n - mun) coomeemcmeento], akmuerHocmu erymamuonnepokcuoasvl — uepesz 34 [19,5 mM/(a - mun)]. Aunamuxa
AKMUBHOCMU (PePMEHMO8 8 NESKUX CBUOCMEeAbCIBY e 0 NOBbIUCHUU YPOBHSL CYNEePOKCUOOUCMYmMa3bl 8 meueHue cymok 00 54,5 U/ma,
8 MO 8peMsl KaK U3MeHeHue aKMUGHOCMU Kamanasvl U 2AymamuoHnepoKcuoasbl XapaKmepuszyemcs MUHUMANbHbIMU RUKOBbIMU
3HayeHusmu yepe3 6 4 — 20,4 u 6,4 mM/ (1 - mun) coomeemcmeerto. B meuenue sxcnepumenma pecucmpuposan cmaduibHoe
HAaKonaeHue MaaoH08020 uanboecuda, npesobliaoulee 3HaueHue NoKaamens 6 UHMAaKmHoIl 2pynne JCUGOMHbIX.

Oepanuuenus uccaed08anus. JxcnepumeHmantbHoe uccaedo8anue 8blnoaHeHo Ha 6eavlx becnopodusix kpvicax-camyax (n = 30,
macca meaa 200—240 2), codeprucasuiuxcsi 6 CMAHOAPMHBIX YCAOBUAX BUBAPUS, PACNPEOeNEHHBIX HA 2PYNIbL MemodoM paHdo-
MUBAUUU C UCKAIOYEHUEM U3 UCCAe008AHUSL 0CAAONCHHBIX U OOAbHBIX HCUBOMHDIX.

Saxarouenue. Iloayuennvie pe3ysbmamol cUOCMENbCMEYIOM 0 3HAUUMOM GAUAHUU NPOUECCO8 C80000HOPAOUKANLHO20 OKUCAe-
HUSI HQ MeXAHU3M MOKCUHECK020 0elicmausi nyAbMOHOMOKCUHECKUX Gelecms.

Karouesvie croea: seujecmea nyabMoHOMOKCUYECK020 0eilicmaUsl; OKCUOAMUBHBLI CIpecc; CYnepoKcudoucmymasa,; Kamanasa,
21YMAMUOHNEPOKCUOA3a; MANOHOBbLI Ouanbieeud

Cobarodenue smuueckux cmanoapmos. Hccaedosanue 0000peHo 10KanbHuiM dmuseckum Komumemom lTocydapcmeenHoeo Ha-
VHHO-UCCALO08AMENBCKO0 UCNbIMAMENbHO20 UHCMUMYMA 80eHHOU Medutunbl Munucmepcmea oboponst Poccutickoit Dedepa-
yuu (FTHUHUH BM MO P®), npomokoa Ne 18 om 16.12.2023 2., nposedeno ¢ coomeemcmesuu ¢ Eeponeiickoil koneenyueti
0 3aujume NO360HOYHBIX HCUBOMHDBIX, UCHOAL3YEMbIX 0151 IKCNePUMEHMO8 UAU 8 UHbIX Hayuubix yeasx (ETS N 123), dupekmueoii
Esponeiickoeo coroza 2010/63 EC om 22.09.2010 e. 0 3aujume s#cu80mHbIX, UCHOAb3YIOUWUXCS 0451 HAYYHBIX Ueaell.
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Introduction

Poisoning by pulmonotoxicants is an urgent
medical and biological problem that arises primarily
in emergency situations at chemically hazardous
facilities, as well as in industrial and domestic fires
during combustion of residential components. The
significance of the problem is due to the high frequency
of occurrence and severity of clinical manifestations
of such poisonings, making them a subject of special
attention in modern clinical toxicology [1, 2].
Pulmonary toxic effects are characteristic of substances
capable of causing structural and functional damage
to the alveolar membranes of the lungs. Such agents
include phosgene, perfluoroisobutylene (PFIB),
chlorine, nitrogen and sulfur oxides, ammonia, and
others. Signs of poisoning are due to the pronounced
irritant, inflammatory, and cytotoxic effects of these
compounds. Exposure to low concentrations of
some of these substances typically results in upper
respiratory tract irritation, while inhalation of high
doses is associated with the development of life-
threatening toxic pulmonary edema (TPE) [3, 4].

PFIB, a pyrolysis product of polytetrafluoroethylene
(PTFE) formed as a result of fire accidents at
fluoropolymer industry facilities, is a highly toxic,
colorless gas that reacts with virtually all nucleophiles.
Due to its hydrophobicity, upon inhalation, PFIB
rapidly penetrates deep into the respiratory tract,
reaching the blood-air barrier. It is partially hydrolyzed
by mucous membrane fluid to hydrofluoric acid, which
causes localized pH changes and degradation of the
microenvironment (proteins, phospholipids, etc.),
resulting in the initiation of inflammatory processes [5].

Nitrogen dioxide is a gas that, when introduced
into the body, can directly activate free radical
oxidation reactions. When interacting with the fluid
phase covering the respiratory epithelium, as well
as with the membranes of epithelial cells, it initiates
the local formation of reactive oxygen species
(ROS). This leads to damage of cellular structures
and the development of an inflammatory response,
accompanied by bronchospasm and TLE [6].

Despite the differences in the mechanisms of
toxic action of PFIB and nitrogen dioxide, both
compounds initiate the formation of superoxide anion
radical (O, "), hydrogen peroxide (H20:), hydroxyl
radical (*OH) and other ROS. The accumulation
of these highly reactive products leads to oxidative
damage to cellular structures and, consequently, to
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the development of TLE [7]. The main components
of the enzymatic antioxidant defense system of the
lungs are superoxide dismutase (SOD), catalase
and glutathione peroxidase (GP). SOD is involved
in the dismutation reaction of superoxide anion
radicals into hydrogen peroxide and molecular
oxygen. In the presence of excess H,0,, it undergoes
alternating divalent oxidation and reduction in its
active site. Catalase, an enzymatic antioxidant, is
the first element in the intracellular defense against
ROS, preventing their accumulation in cells by
decomposing hydrogen peroxide to form water and
oxygen. Although catalase is the main destroyer of
hydrogen peroxide molecules, it is not capable of
processing large molecular peroxides, which include
lipid peroxides. GP is an enzyme that uses glutathione
as an electron donor and catalyzes the reduction of
peroxides, including hydrogen peroxide and organic
peroxides, to the corresponding alcohols, thereby
playing a key role in the antioxidant defense of the cell
[8]. Malondialdehyde (MDA) is formed as a result
of the breakdown of unsaturated fatty acid peroxides
and is the final stable product of lipid peroxidation.
It is used as a marker in determining the rate of
oxidative damage to lipids [9]. Despite extensive
pulmonotoxicant research, the pathogenesis of
intoxication with some compounds remains unclear,
complicating the development of effective treatment
strategies. While studies on the mechanisms of action
of individual pulmonotoxicants and their impact on
the body’s antioxidant system are available in the
literature, these data are fragmentary and are gradually
being expanded. Analysis of free radical oxidation
indicators during exposure to pulmonotoxicants
allows for a more complete characterization of one
of the key components of the complex pathological
process leading to the development of TLE[10].

The aim of this study is to evaluate the enzymatic
status of the rat antioxidant system during the
modeling of acute severe pulmonotoxicants poisoning.

Material and methods

The study was conducted on 30 albino outbred
male rats (8—12 weeks old) weighing 200—240 g
and obtained from the ‘Rappolovo Laboratory
Animal Nursery’ of the National Research Centre
‘Kurchatov  Institute’ (settlement Rappolovo,
Leningrad Region). The animals were kept under
standard vivarium conditions in accordance with
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the sanitary and epidemiological requirements
for the design, equipment, and maintenance of
experimental biological clinics', under controlled
environmental conditions (temperature 19—25 °C,
relative humidity 30—70%), with a 12-hour lighting
cycle. LBK-120 food pellets used as diet (Tosnensky
feed mill, Leningrad regiion)?. Animals were divided
into groups (at least 6 individuals) by stratified
randomization with stratification by body weight
(£10%). The experimental animals were divided into
the following groups:

* Group 1 — intact group (6 individuals), served as
a reference value for antioxidant enzyme activity.
Animalsin thisgroup were not exposed to inhalation
of pulmonotoxicants.

* Group 2 — experimental group (18 individuals).
Animals in the experimental group were exposed
to inhalation of pulmonotoxicants, followed by
euthanasia of 6 animals at 3, 6, and 24 hours,
with collection of biological material to determine
the dynamics of oxidative stress. Euthanasia
of animals performed in accordance with the
Recommendations of the Board of the Eurasian
Economic Commission®.

PFIB and nitrogen dioxide, which differ in the
mechanisms of toxic effects on lung tissue, were used
as model pulmonotoxicants. PFIB exerts its damaging
effect primarily through direct chemical damage to
the alveolar-capillary barrier, while nitrogen dioxide
exerts its damaging effect through a pronounced
prooxidant effect with the generation of reactive
oxygen species Both compounds are capable to cause
acute inhalation lung injury with the development
of toxic edema and impaired oxidative status, which
allows them to be used for comparative assessment of
antioxidant system responses.

Modelling of acute inhalation poisoning realized
by the static method in a sealed and chemically
resistant polymethyl methacrylate chamber with an
internal volume of 0.2 m?3, equipped with an internal
gas-air mixture recirculation system. The animal
exposure time was 15 minutes, which is necessary

I Resolution of the Chief State Sanitary Doctor of the
Russian Federation dated August 29, 2014, No. 51, ‘On Approval
of SP 2.2.1.3218—14 'Sanitary and Epidemiological Requirements
for the Design, Equipment, and Maintenance of Experimental
Biological Clinics (Vivariums)'.

2 GOST 34566—2019 Full-sized compound feed for
laboratory animals. Technical conditions.

3 Recommendations of the EEC Board dated November 14,
2023, No. 33 ‘On Guidelines for Working with Laboratory.’
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to reproduce acute inhalation exposure sufficient to
produce a pronounced pulmonary toxic effect without
a lethal outcome in the early stages of observation and
is consistent with the accepted approach for modeling
poisoning at a dose of 1 LCts,. The exposure toxic
dose was 1.67 mg/L - min and 5.6 mg/L - min for
PFIB and nitrogen dioxide, respectively.

Concentrations of PFIB and nitrogen dioxide in
the exposure chamber were determined using real-
time FTIR spectroscopy based on characteristic
absorption bands, ensuring the stability of the
specified toxicant concentrations throughout the
entire inhalation exposure period.

Animals were inhaled in clean, dry chambers
without bedding. Placed the animals after inhalation
in temporary chambers for 1.5—2 hours to allow
degassing and removal of residual toxicant from their
fur [11]. Biological samples (blood and lungs) were
collected at 3, 6, and 24 hours after poisoning. Animals
sacrificed by decapitation. Blood samles collected in
vacuum tubes containing lithium heparin for enzyme
analysis and potassium EDTA (MiniMed, Russia) for
assay of MDA in plasma after centrifugation (ELMI
CM-6M, Latvia; 5 min, 2500 rpm). Removed lungs
were rinsed with 0.01 M phosphate-buffered saline,
permeated with 9 parts of 0.01 M Tris- HCI buffer (pH
7.4) cooled to 1 =+ 3 °C, and homogenized at 15,000
rpm (Heldolph SilentCrusher M, Germany). The
supernatant, diluted 100-fold with distilled water, was
used to determine SOD, while lung tissue homogenate
from experimental animals was used to determine
catalase and GP [12].

Antioxidant protection status evaluated by changes
in SOD, catalase, and GP activity in the blood
and lung tissue of experimental animals exposed to
inhalation of model pulmonotoxicants.

Antioxidant protection status evaluated by changes
in SOD, catalase, and GP activity in the blood
and lung tissue of experimental animals exposed to
inhalation of model pulmonotoxicants. Autooxidation
of 0.015 % quercetin was performed in 0.02 M
phosphate-buffered saline (pH 7.2—7.4) with the
addition of 0.08 mM ethylenediaminetetraacetate
(EDTA) and 13.3 mM tetramethylethylenediamine.
Reaction was activated by adding 0.1 ml of a quercetin
solution in dimethyl sulfoxide to the incubation
medium, and recorded the absorbency at A=406 nm
immediately and after 20 min [13]. Activity of catalase
determined by the rate of decrease in the hydrogen
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peroxide concentration in the incubation medium
[14]. Hydrogen peroxide concentration was measured
using reaction with a 10% ammonium molybdate
solution to form a stable colored complex (A=410 nm).
GP activity determined by a standard method based
on the ability of reduced glutathione to form a colored
complex with Ellman’s reagent. Reaction in 0.143
M phosphate buffer with EDTA with the addition
of reduced nicotinamide adenine dinucleotide
(NADPH) and reduced glutathione. Incubated the
reaction mixture after adding Ellman’s reagent for
1 minute, then determined the absorbency at A = 405
nm [15]. Estimated the content of malondialdehyde
(MDA) using thiobarbituric acid at high temperature
in an acidic medium. Measured the absorbency at
A= 515nmand A =532 nm [16].

Determined enzyme activity by photometry using a
T8DCS UV/Vis spectrophotometer (Persee, China).

Statistical processing of the obtained data
performed using Microsoft Office Excel 2013 and
StatSoft Statistica 10.0.1011.0. Described the set of
central values as the median, 25th and 75th quartiles —
Me [Q,s; Q+s]. Tested the normality of the quantitative
value distribution using the Shapiro-Wilk test. The
significance of differences estimated by comparing data
for two independent samples in the Mann-Whitney
test. Differences considered significant at p < 0.05.

Results

The study demonstrated the effect of inhalation
exposure to pulmonotoxicants on the antioxidant
status of rats by assessing enzymatic activity in both
the blood and lung tissue during the first 24 hours after
poisoning. The results revealed a markedly variability
of trends in the activity of the antioxidant enzymatic
system components during the development of signs
of poisoning induced by inhalation exposure to PFIB
and nitrogen dioxide. Table presents data on changes
in the activity of SOD, catalase, and GP, as well as
MDA levels, in the blood and lung tissue of rats after
inhalation exposure to PFIB at a dose of 1 LClts,.

SOD activity in the blood reached its minimum
values 3 hours after exposure to the toxicant, while
in lung tissue, the level was statistically significantly
higher than in the intact group, amounting to
112.3 U/mL versus 32.1 U/mL (p < 0.05). Six hours
after PFIB poisoning, a significant increase in SOD
activity was recorded in the blood by 41.4% and
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in lung tissue by 149.2% compared to control values
(p < 0.05). After 24 hours, elevated SOD activity
kept both in the blood and lung, and significantly
higher than that of the intact group.

The most pronounced decrease in catalase activity
in the blood was observed 3 hours after inhalation
poisoning, while in lung tissue, minimal levels were
detected after 24 hours. GP activity in the blood after
3 hours was 11.1 mM/(L - min), which is 2.5 times
lower than that of the intact group. At the same time,
the activity of this enzyme in lung tissue at this point
reached its maximum value of 17.0 mM/(L - min),
which is 3.7 times higher than that of the intact group.
Elevated GP activity in the lungs persisted throughout
the observation period.

Along with changes in antioxidant status in animals
exposed to pulmonotoxicants, activation of lipid
peroxidation (LPO) processes was observed, reflected
in increased MDA concentrations in both the blood
and lung tissue homogenate. Six hours after exposure,
MDA levels statistically significantly increased by
155.9% and 61.1%, respectively, and by 24 hours, by
194.2% and 65.3%, respectively, compared to levels in
the intact group (p < 0.05).

A significant decrease in catalase activity, coupled
with an increase in LPO products, as well as different
trends in dynamics of other antioxidant enzymes
activities indicate stress on the body’s antioxidant
system and depletion of its adaptive potential. [17].

Table 2 presents changes in antioxidant enzyme
activities and MDA levels in the blood and lung tissue
following nitrogen dioxide poisoning at a dose of 1 LCts.

In cases of inhalation poisoning of nitrogen
dioxide, SOD activity significantly differed from that
of the intact group both in the blood and lung tissue
homogenate. SOD activity decreased in blood by
62.8% after 3 hours, followed by a 36.9% increase after
6 hours compared to that of the intact group. One day
(24 h) after poisoning, SOD activity was 26.2% lower
compared to that of the intact group.

Activity of SOD in the lung homogenate decreased
by 41.1% after 3 hours, then increased up to 69.5%
after 6 hours, and remained at the same level by
24 hours, indicating that the characteristic had
reached a plateau.

In the blood samples catalase activity increased
significantly up to 54.4% after 6 hours and 24 hours
later corresponded to the intact group levels. In lung
homogenate, a significant increase in catalase activity
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Change in the enzymatic component of the antioxidant system in the blood and lung tissue of rats following
inhalation poisoning with PFIB at a dose of 1 LCts, and nitrogen dioxide at a dose of 1 LCts), n = 6, Me [Q,s; Q5]
N3menenue epMeHTATUBHOrO 3B€HA AHTHOKCUAAHTHOM CUCTEMbI B KPOBH M JIETOYHOI TKAHU KPbIC HA (DOHE MHTAJIALMOHHOTO

orpasienusa [I®UB B no3ze 1 LCts) m nnokcuaom azora B g03e 1 LCtsy, n = 6, Me [Q,s; Q5]

AKTHBHOCTb KaTana3bl, AktuBHOCTH I'TI, Conepxanne MJIA,
I/Iccil:(e;lxmaﬂ Bpems perucrpanuu AKT"B*{?/CJ; oL, MM/(;1 + MHH) MM/(;1 + MHH) HM/r
Studied tissue Registration time SOD activity, U/mL Cg;}[a/s& :{clt;;il;y, ,E{/[X/ ?I(jt“[]:ltl}l,l,) Concentr:lt\i/i)/ltg of MDA,
Tlephpmopuszobymuaen / Perfluoroisobutene

Kposb HNHTtakTHas 115,2 [76,8; 121,9] | 332.,4[324,2; 337,9] 27,6 [23,5; 33,3] 1,7 [1,6; 1,9]
Blood rpyria

Intact group

34|h 75,6 [64,9; 82,2] 229,2 [224.1; 294,1]* 11,1 [9,5; 13,2]* 2,1[1,5;2,5]

6ul|h 162,9 [149,9; 166,7]* | 250,8 [236,0; 269,0]* 12,519,9; 14,7]* 4,414.0; 5.01*

2449 |h 157,1 [147,9; 171,6]* | 267,3 [179,3; 306,7]* | 16,2 [15,6; 16,4]*# 5,0 [4,1; 5,71*
JIérkoe MNurakTHas 32,1 130,1; 32,7] 38,6 [19,5; 66,0] 4,6 3,2; 7,3] 7,2 16,9; 7,4]
Lung rpyIima

Intact group

34|h 112,3 [109,3; 122,1]* 22,1 [21,5; 23,5] 17,0 [16,2; 17,5]* 8,217,6; 8.,9]

64|h 80,0 [73,7; 84,3]* 17,3 [9,1; 22,8] 13,7 [13,5; 14,6]* 11,6 [11,0; 12,5]*

244|h 74,1 [66,0; 80,1]* 11,1 [10,0; 13,5]* 10,2 [9,8; 12,6]* 11,9 [11,1; 12,1]*

Jluoxcud azoma / Nitrogen dioxide

Kposb HNHTtakTHas 15,2 [76,8; 121,9] 332,4 [324,2; 337,9] 27,6 [23,5; 33,3] 1,7 [1,6; 1,9]
Blood rpyrra

Intact group

34|h 42,9 [17,9; 58,3]* 356,0 [288,0; 404,0] 19,5 [15,4; 20,5] 2,512,4; 3,2]

6u4|h 157,7 [143,0; 158,71* | 513,3 [507,9; 539,9]* 15,1 [14,3; 15,7]* 5,514,9; 6,1*

244 |h 85,0 [63,8; 86,2]*# |342,2[320,4; 349,31# | 11,7 [10,7; 12,8]*# 4,513,8; 4,8]*#
JIérkoe WHrakTHas 2,1[30,1; 32,7] 38,6 [19,5; 66,0] 4,613,2;7,3] 7,2 6,9; 7,4]
Lung rpymnma

Intact group

34|h 18,9 [5,9; 21,8]* 57,6 [51,4; 83,1] 17,8 [15.,4; 18,8]* 8,5[7,5; 9,4]

6u4|h 54,4 [40,9; 63,3]* 20,4 [15,1; 23.,7] 6,415,1; 8,9]* 11,0 [10,4; 11,3]*

244 |h 54,5 [48,6; 67,0]* 113,0 [99,7; 142,9]* 16,4 [12,8; 18,1]* 11,0 [10,3; 11,5]*

Note. * — change value is statistically significant compared to the values of the intact group, at p < 0.05 (according to the Mann—
Whitney U-test); # — change value is statistically significant compared to the values of the "after 6 hours" group, at p < 0,05
(according to the Mann—Whitney U-test).
[Ipumeuanue. * — U3MeHEHUE 3HAYEHUS CTAaTUCTUUYECKM 3HAYMMO IO CPaBHEHUIO C MOKa3aTeassMU MHTAKTHOW T'PYIIbI
npu p < 0,05 (mo U-xputepuio MaHHa — YUTHM); # — U3MEHEHUE 3HAUEHUS CTAaTUCTUYECKU 3HAYMMO MO CPABHEHUIO C
IoKa3aTeJIsIMU IpyIbl yepe3 6 yacos mpu p < 0,05 (mo U-kpurtepuio MaHHa — YUTHNU).

was observed only after 24 hours, reaching 192.7%

compared to the intact group.

GP activity in blood early after nitrogen dioxide
inhalation exposure tended to decrease and was not
significantly different from the intact group values
after 3 hours. After 6 and 24 hours, GP levels became
significantly lower than control by 45.3% and 57.6%,

respectively.
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In lung tissue homogenate, glutathione peroxidase

activity was phasic and significantly different from the

3.9-fold.

intact group at all observation points. Three hours
after exposure, enzyme activity was increased up to

After 6 hours, parameter decreased by 2.7 fold
compared to the 3-hour level, but activity remained

significantly higher than in the intact group by 1.4
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fold. One day (24 hours) later, activity of GP increased
again and exceeded the intact group values by 3.6 fold.
Experimental data obtained during inhalation
poisoning of rats with nitrogen dioxide demonstrated
a significant increase in MDA levels at 6 and 24 hours
after exposure compared to the intact group. Blood
MDA levels were increased by 2.7—3.3 fold, while in
lung tissue homogenate, increase reached 1.5 fold.

Discussion

Considered pulmonotoxicants demonstrate
different mechanisms of toxic action, but both
induce oxidative stress, accompanied by activation
of lipid peroxidation processes and an imbalance in
the enzymatic component of the antioxidant system.
Considered pulmonotoxicants demonstrate different
mechanisms of toxic action, but both induce oxidative
stress, accompanied by activation of lipid peroxidation
processes and an imbalance in the enzymatic
component of the antioxidant system.

Changes in enzymatic activity in the blood under
the influence of both PFIB and nitrogen dioxide
were similar in the direction of their destructive
action but differed in the degree of severity and
dynamics. Meanwhile, changes in lung tissue were
multidirectional, indicating different localization and
intensity of the damaging effects of the toxicants.

The mechanism of action of PFIB is related to its
ability to acylate biomolecules and trigger a cascade of
reactions leading to the formation of ROS. As a result,
the pool of antioxidant enzymes is depleted and the
function of the body’s redox system, including the
glutathione system, is impaired.

Severe PFIB poisoning was characterized by a
sharp decrease in SOD activity in the animals’ blood
within the first 3 hours (to 65% of control values),
which may be due to overload of the superoxide
radical detoxification system. However, by 6 hours,
a compensatory increase in this enzyme activity was
observed (41% higher than control), indicating the
mobilization of the body’s defense mechanisms.
Moreover, in lung tissue, SOD activity after 3 hours
exceeded control values by more than 3 times,
indicating a pronounced local tissue response to
oxidative stress.

Catalase activity dynamics a during PFIB
poisoning showed marked tissue differences. A
progressive decrease in this enzyme activity was
observed in the blood (to 69% of control values after
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3 hours), while a significant decrease in lung tissue
was only observed after 24 hours (to 29% of baseline).
This difference may reflect different rates of enzymatic
reserve depletion of in the systemic circulation and
directly in the affected organ. Simultaneously, GP
activity in lung tissue increased 3.7-fold within 3 hours
of poisoning and remained elevated for 24 hours,
emphasizing the key role of the glutathione system in
protecting lung tissue from damage.

Nitrogen dioxide also induces oxidative stress, but
its action is associated with the formation of nitric
and nitrous acids in the respiratory tract, leading to a
decrease in pH and the progression of tissue hypoxia
associated with high ROS generation. This results in
activation of the enzymatic activity of the antioxidant
system both in the local (tissue) and systemic levels.
A 37% increase in SOD activity was observed in the
blood after 6 hours, but by 24 hours this parameter had
decreased by 26% relative to control values. In lung
tissue, SOD activity also peaked after 6 hours (a 70%
increase), but, unlike in the blood, remained elevated
24 hours after exposure to the toxicant. A sharp
increase of catalase activity in the lung homogenates
24 hours after poisoning (almost 3 times higher than
the control) may considered as sign of compensatory
response to the accumulation of peroxide compounds.

MDA levels, as a marker of lipid peroxidation,
increased significantly with both toxicants, reaching
a maximum after 6—24 hours. With PFIB poisoning,
MDA levels in the blood increased by 2.9 times, and
in lung tissue by 1.7 times by 24 hours. For nitrogen
dioxide, these values were 3.3- and 1.65-fold 6 hours
after exposure in blood and in lung homogenates,
respectively, then MDA levels subsequently reaching
a plateau and remaining stable by the 24" hour in the
lung homogenates. These changes indicate significant
oxidative damage of cell membranes and correlate
with data from other studies describing the role of
peroxidative processes in the pathogenesis of toxic
pulmonary edema [18].

Limitations of the study The experimental study was
performed on albino outbred male rats (body weight
200—-240 g), kept in a standard vivarium condition,
and randomly divided into groups with the exclusion
of weakened and affected animals from the study.

Conclusion

The study performed demonstrates that both
investigated pulmonotoxicants induce significant
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changes in the antioxidant system, although the
nature of these changes differs somewhat. PFIB leads
to significant inhibition of enzymatic activity both in
the systemic circulation and in lung tissue. Nitrogen
dioxide causes a rapid but short-term increase in
antioxidant enzyme activity in the blood, followed
by a decrease, while changes in lung tissue are more
persistent.

These findings highlight the importance
of considering the specific effects of various

https://doi.org/10.47470/0869-7922-2026-34-2-115-123
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pulmonotoxicants to develop therapeutic approaches
to poisoning treatment.

Differences in the nature and dynamics of
changes in the antioxidant system indicate the need
for a differentiated approach to correcting oxidative
stress depending on the nature of the toxic agent.
These results provide the basis for further research
aimed at developing effective pharmacological
treatments for disorders that arise during toxic lung
injury.
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