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ABSTRACT

The study evaluates the dynamics of aquaporin (aquaporin-1, aquaporin-5, and epithelial sodium channel) content in the aero-
hematic barrier during the latent phase of rat intoxication with carbonyl chloride (phosgene), thermal decomposition prod-
ucts of fluoroplast containing perfluoroisobutylene, and nitrogen dioxide. Rat intoxication was modeled using average lethal
concentrations of these toxic substances. At 30 and 60 minutes post-exposure, pulmonary coefficient was measured and
histological and immunchistochemical studies were performed. Western blot analysis was used to determine the aquaporin-5
content in rat lung tissues exposed to the thermal decomposition products of fluoroplast. It was found that rat intoxication with
phosgene and thermal decomposition products of fluoroplast containing perfluoroisobutylene led to an increase in the rela-
tive content of aquaporin-5 and epithelial sodium channel-positive cells in lung tissues as early as 30 minutes post-exposure.
At 60 minutes post-exposure, there were signs of the interstitial phase of toxic pulmonary edema and an increase in the pul-
monary coefficient. Exposure to nitrogen dioxide resulted in an increase in the pulmonary coefficient and the relative content
of aquaporin-5-positive cells, as well as pronounced signs of the interstitial phase of edema 30 minutes post-exposure. West-
ern blot analysis using anti-aquaporin-5 antibodies revealed an increase in the staining intensity of complexes with molecular
weights of 25 and 50 kDa, suggesting the formation of aquaporin-5 tetramers and their likely translocation from the intracel-
lular compartment to the plasma membrane of alveolar cells. These findings indicate that aquaporin-5 plays an important role
in the pathogenesis of toxic pulmonary edema induced by the studied pneumotoxicants. Targeting these molecules may be
a promising approach for pathogenetic therapy of poisoning.
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AHHOTALMA

OueHuBaeTCA AMHAMUKa COLLEPIKaHWsA BOLHBIX KaHANOB a3poreMaTuyeckoro bapbepa (aKBanopuH 1, akBanopuH 5, anuTtenu-
anbHbI HAaTpUEBbIA KaHan) B CKPbITOM Nepuoje WHTOKCMKALMM KpbiC KapOoHUNXNOpWAOM, NpOoLyKTaMU TepMOAeCTPYKLMM
dToponnacta, cofepaliMmn nepdTopu30byTUNEH, U AMOKCMAOM a30Ta. MoaenmpoBany MHTOKCUKALMIO KpbiC KapboHMNX-
NOPUAOM, NPOLYKTaMU TepMOAEeCTpYKUuMM Toponnacta, Coaepalummu neppTopusobyTuneH, U AUOKCMAOM asoTa B cpej-
HWX NeTanbHbIX KOHUeHTpauuax. Yepes 30 u 60 MMH nocne BO3LEMCTBUS ONPELENiAfN NEroyHbI Ko3QQULMEHT, BbINOA-
HSMM TUCTONOTMYECKOE M UMMYHOTUCTOXMMUYECKOE UccnefoBaHus. [lpu npoBefeHUn BecTepH-610T-aHanu3a onpepensnm
CcoZepKaHWe aKBanopuHa 5 B TKAHSAX JIErKUX KPbIC, NOABEPrLUMXCSA BO3AEHCTBUIO NPOLYKTOB TEPMOAECTPYKUMM (pToponacTa.
YCTaHOBNEHO, YTO MHTOKCUKALMA KpbIC KapOOHMNXNOPUAOM U NPOAYKTaMU TEPMOAECTPYKUMM (ToponnacTa, Coaepallumm
nepgTopu300yTUNEH, CNOCOBCTBYET YBEMYEHUIO OTHOCUTENIBHOMO COLLEPIKAHUA aKBAMOPWH 5- U 3NUTENMaNbHBLIX HAaTpUEBbIX
KaHanoB MO3WTUBHBIX KIIETOK B TKaHSX Nerkux yxe dyepe3 30 MuH nocne Bo3sgeicTaus. Yepes 60 MUH nocnie BO3LenCTBUSA
HabnoAAKTCA NPU3HAKM MHTEPCTULMANBHONM (asbl TOKCUYECKOro OTEKA JIETKUX W YBEIMYEHWUE JIErOYHOT0 KO3 guumeHTa.
Yepe3 30 MMH nocne BO3AENCTBUSA AMOKCMAA a30Ta OMPefenseTcs YBeMYeHWe JIeroyHoro KoadduumeHTa, BbIpaXeHHble
NPU3HAKN MHTEPCTULMANBHOM (a3bl OTEKA W YBEJIMYEHWE OTHOCUTENLHOMO COLEePIKaHWUA aKBaMOpWUH 5-NO3UTUBHBLIX KIETOK.
Mpy npoBefieHUN BeCTPeH-610T-aHaM3a C UCNOJb30BaHUEM aHTU-aKBANOPUH 5-aHTUTEN ONpeaenseTcs yBeNnyeHue UHTEH-
CMBHOCTM OKpaLLMBAaHWA KOMMIEKCOB C MofleKynspHon Maccon 25 n 50 k[la, uto MoxeT cBupeTenbcTBoBaTh 06 obpasosa-
HUM TeTpaMmepa aKBamopuHa 5 W, BEPOATHO, ero TPAHCNOKALMM U3 BHYTPUKIETOYHOr0 KOMMApTMEHTa Ha Maa3MaTuyeckyto
MeMbpaHy anbBeosnouuToB. TakuM 06pa3oM, aKBanopuH 5 UrpaeT BaKHYIO PoJib B NaTOreHe3e TOKCMYECKOro OTEKa Nerkux,
BbI3BaHHOr0 BO3/EMCTBMEM WUCCNELYEMbIX MYNIbMOHOTOKCMKAHTOB. TapreTHoe BO3LENCTBME HA AaHHBIA KaHan MOXET ObiTb
NepCreKTUBHbIM NOAX00M B NPOBEJEHNUM NaTOreHETUYECKON Tepanuv OTPaBEHMIA.

KnioueBble cnoBa: akBanopuH 1; akBanopuH 5; AMOKCMA a30Ta; UMMYHOTUCTOXMMUS; MHTOKCUKALUMSA; KapboHMaXnopua;
nepdTOpU306yTUNEH; TOKCMYECKUIN OTEK NETKUX; INUTENINaNbHbIA HAaTPUEBIA KaHal.
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INTRODUCTION

Water channels in the aero-hematic barrier, including
aquaporin (AQP)-1, AQP-5, and the epithelial sodium channel
(ENaC), play a critical role in the physiological transport
of fluid across the aero-hematic barrier. However, their role
in the pathogenesis of toxic pulmonary edema induced by
classical pneumotoxicants has not been adequately described
in the available literature.

The spectrum of substances with pneumotoxic effects is
diverse, and classical pneumotoxicants include substances
that disrupt the respiratory system’s structure and function
upon inhalation. Based on their mechanism of action,
pneumotoxicants can be classified into acylating agents, such
as carbonyl chloride (COCl,) and perfluoroisobutylene (PFIB),
and substances that trigger protein coagulation and free
radical oxidation processes in the aero-hematic barrier, such
as nitrogen dioxide (NO,,. Acylating agent intoxication can
occur due to accidents at chemical hazard sites, combustion
of fluoroplast in fires, or the use of chemical weapons. NO, is
a component of propellant and explosive gases, and exposure
to it can occur in poorly ventilated shooting ranges and during
the detonation of munitions [1-4].

Intoxication ~ with  pneumotoxicants  leads
to the development of toxic pulmonary edema. The process
that occurs during the overt phase of intoxication has been
well studied, whereas there is little data on the pathogenic
cascades functioning during the latent phase of intoxication.

To date, pharmacological approaches to correct
toxic pulmonary edema are limited. This may be due
to an incomplete understanding of the primary mechanisms
involved in its development, particularly in cases of acylating
agent intoxication [1, 3, 5]. The movement of water from
systemic circulation into the lung tissue can occur both
paracellularly and transcellularly via water channels
of the aero-hematic barrier [6]. Transcellular transport through
endothelial cells is mediated by AQP-1 activation, whereas
transport through type | alveolar cells is mediated by AQP-5
[6, 7]. The transcellular movement of water from the alveolar
space into the interstitium (i.e., alveolar clearance) occurs via
the amiloride-sensitive ENaCs [8]. Water channels in the aero-
hematic barrier play a vital role in maintaining fluid balance
in the lungs but may also be involved in pathological water
shifts, such as in the development of toxic pulmonary edema
[5, 9]. Disruption of the aero-hematic barrier integrity due
to exposure to corrosive substances (e.g., caustic acids and
alkalis), inflammation, or the activation of free radical oxidation
reactions can impair these water channel functions [10, 11].

Available literature data on the role of aero-hematic
barrier water channels in toxic pulmonary edema
pathogenesis are contradictory. A study by B. Hasan et al. [12]
demonstrated that AQP-5 expression was significantly
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reduced at 12 and 24 h following toxic pulmonary edema
induction by lipopolysaccharide intoxication. Conversely,
a study by A. Ohinata et al. [10] found that murine lung
epithelial cell lines exposed to lipopolysaccharide led to an
increase in AQP-5 content on the plasma membrane within
0.5-2 h postexposure, along with increased osmotic water
permeability through the plasma membrane. Thus, the role
of aquaporin in the development of toxic pulmonary edema
remains unclear. Moreover, no experimental data were
found in the available literature on the role of aquaporin
and ENaC in toxic pulmonary edema caused by classical
pneumotoxicants, such as COCl,, PFIB, and NO,.

The STUDY AIMED to assess the dynamics of the water
channel (AQP-1, AQP-5, and ENaC) content in the aero-
hematic barrier of rats during the latent phase intoxication with
carbonyl chloride and the thermal degradation fluoroplastic
products containing PFIB and NO,.

MATERIALS AND METHODS

The study was performed on 54 male rats that were
divided into four groups of six animals each: control group
(CG), PFIB group, COCL, group, and NO, group. The animals
in the CG group breathed ambient air in an inhalation chamber
for 15 min. The PFIB group underwent static inhalation
intoxication with thermal degradation products of fluoroplast
containing PFIB at a concentration corresponding
to the median lethal concentration (HLC,,). The COCL, group
was exposed to static inhalation intoxication with chemically
synthesized COCl, at a concentration corresponding
to the median lethal concentration (LC,;). The NO, group was
subjected to static inhalation intoxication with chemically
synthesized NO, at a concentration corresponding to the LCq.
in all experiments, the exposure duration was 15 min. For
immunohistochemical analysis, a separate control group was
formed for each intoxication group (CG-1, CG-2, and CG-3).

The PFIB content in the gas-air mixture was determined
using gas-liquid chromatography with mass spectrometric
detection on an Agilent 7890B gas chromatograph with
an Agilent 240 ms mass-selective detector (Agilent, USA).
The concentrations of COCl, and NO, in the inhalation chamber
were measured using the PortaSens Il gas analyzer (ATI, USA).

The animals were euthanized 30 and 60 min after exposure
using a tiletamine + zolazepam solution at appropriate doses.
The lungs were then extracted, and the pulmonary coefficient
was determined. Histological analysis of the lung tissue
was performed to assess pathological changes. Serial lung
sections were obtained using a PFM Slide 2003 microtome
(PFM Medical GmbH, Germany), stained with hematoxylin and
eosin, and examined under a Leica DM2000 light microscope
(Leica Microsystems, Germany), and photodocumentation
was performed.
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For immunohistochemical analysis, 4-um-thick sections
of paraffin-embedded lung tissue samples were prepared
using a rotary microtome and mounted on poly-L-lysine-
treated slides. After high-temperature treatment (98 °C for
20 min in citrate buffer, pH 6), immunochistochemical staining
was performed using rabbit polyclonal anti-AQP; (1:400,
Affinity Biosciences LTD, China), anti-a;-ENaC (1:400, Atagenix
Laboratories, China), and anti-AQP, (1:400, Cloud-Clone
Corp., China) antibodies. Immunohistochemical staining was
performed using the UltraVision Quanto universal visualization
system (Thermo, USA) and an Autostainer A360 automatic
immunostainer (Thermo) according to the manufacturer’s
recommendations. The sandwich method was used for
immunocomplex detection with secondary peroxidase-
labeled antibodies against rabbit immunoglobulins, and
diaminobenzidine was used as the chromogen.

The relative content of the AQP5—antibody, AQP1—antibody,
and ENaC-antibody complexes in the immunohistochemical
preparations was quantified using the H-score histological
scoring method [13]. The percentage of positive cells was
assessed in a x100 objective field across at least 10 fields
of view.

Lung tissue sample preparation for western blot
analysis was performed according to standard protocols.
After polyacrylamide gel electrophoresis (PAGE), proteins
were transferred using a semidry transfer system onto
a polyvinylidene fluoride (PVDF) membrane (Trans-Blot Turbo
Midi PVDF, Bio-Rad, USA). The membrane was sequentially
incubated in IBind buffer (Thermo Fisher Scientific, USA)
with rabbit polyclonal anti-AQP5 antibodies (1:2000, Affinity
Biosciences LTD, China) and horseradish peroxidase-labeled
anti-rabbit secondary antibodies (1:10,000, Sigma, USA).
Protein bands were visualized using the Clarity Western ECL
chemiluminescence system (Bio-Rad) with the ChemiDoc MP
gel documentation system (Bio-Rad). The staining intensity
in the molecular weight region of 25-75 kDa was quantified.

Pulmonary Coefficient, relative units
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Experimental data are presented as the median, first,
and third quartiles (Me [Q,; @;]). The Kruskal-Wallis test
was used to compare two or more independent groups, and
the Newman—Keuls test was applied for multiple pairwise
comparisons. Differences were considered significant
at p <0.05.

The study was reviewed and approved by the Local
Independent Ethics Committee of the Kirov Military Medical
Academy (protocol No. 288, dated February 20, 2024).
All experiments complied with the regulatory guidelines on
laboratory animal research, including humane treatment
protocols.

RESULTS AND DISCUSSION

During the first hour postexposure to the studied
pneumotoxicants, no external signs of intoxication were
observed in the rats. Histological examination of the lung
tissue in rats exposed to acylating agents (PFIB and COCl,
groups) revealed the initial signs of the interstitial phase
of toxic pulmonary edema and an increase in the pulmonary
coefficient, but only at 60 min postexposure. Conversely,
in the NO, group, NO, intoxication led to a significant increase
in the pulmonary coefficient as early as 30 min postexposure,
accompanied by pronounced signs of interstitial edema
(Fig. 1).

Overall, the pulmonary coefficient dynamics correlated
with the histological changes in the lung tissue. At 30 min
postexposure, normal lung tissue histoarchitecture was
observed in rats exposed to COCl, and PFIB thermal
degradation products. However, at 60 min postexposure,
thickening of the interalveolar septa, erythrocyte stasis
in the blood vessels, and the presence of thin fibrin-like
strands in the alveolar lumen were detected. in contrast, at
30 min postexposure to NO,, the lung tissues of rats exhibited
thickened interalveolar septa infiltrated with erythrocytes and

c6
PFIB
cocl,
NO,

60

Time Postexposure, minutes

Fig. 1. Dynamics of the pulmonary coefficient in rats exposed to thermal decomposition products of fluoroplast at different times
Puc. 1. IuHamuka neroyHoro KoadduumeHTa KpbIC B pasnnyHble CPOKM Nocie BO3LEHCTBUA NPOLYKTOB TEPMOAECTPYKLUMM dToponnacTa
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PFIB Group, 30 min postexposure

COCL, Group, 30 min postexposure

NO, Group, 30 min postexposure
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PFIB Group, 60 min postexposure

CoCl, Group, 60 min postexposure

NO,, Group, 60 min postexposure

Fig. 2. Dynamics of pulmonary interstitial edema in rats from the perfluoroisobutylene, COCl,, and NO, groups exposed to thermal
decomposition products of fluoroplast at different times. Hematoxylin/eosin staining; magnification: x50 ocular

Puc. 2. [InHamMnka oTteka HTepcTULMA Nerkux Kpbic rpynn MOUB, COCL, n NO, B pasnnuHble CpoKM nocie BO3LEACTBUA NPOAYKTOB TEPMO-
JecTpykummn droponnacta. OKpacka reMaToKCUIMHOM U 303MHOM, YB. 06. x50

neutrophils, vascular congestion, and a moderate amount
of homogeneous fluid in the alveolar lumen (Fig. 2).
Immunohistochemical analysis demonstrated a significant
(p < 0.05) increase in AQP-5-positive cells at 30 and 60 minutes
postexposure to all studied toxicants compared with CG-1,
CG-2, and CG-3. The highest accumulation of AQP-5-positive
cells and extravascular fluid was observed in the lung
tissues of the PFIB-exposed rats at 60 minutes postexposure
to the PFIB thermal degradation products (Fig. 3 and 4).
Notably, at 30 min postexposure, no significant changes
in the pulmonary coefficient were detected in the rats exposed
to the acylating agents. This might be attributed to enhanced
alveolar clearance via ENaC, as a significant increase in ENaC
expression on alveolocytes was evident at 30 minutes
postexposure. Y. Berthiaume et al. [5] demonstrated in lung
injury models associated with alveolar fluid accumulation

DOl https://doiorg/10.17816/brmmab34392

that increased alveolar clearance occurs due to elevated
ENaC expression in alveolocytes.

Paracellular water movement from the interstitium
to the alveolar space does not occur because of the aero-
hematic barrier function [14]. Thus, in the absence of barrier
damage, water transport into the alveolar space can only
occur via AQP-5. However, a previous electron microscopy
study of the latent phase of toxic pulmonary edema
induced by PFIB exposure in rats revealed the widening
of the epithelium intercellular spaces, flattening of adjacent
cellular surfaces, exposure of the basal membrane because
of the detachment of cellular projections, and alveolocyte
dystrophic changes [15]. Therefore, the increase
in the pulmonary coefficient and accumulation of edematous
fluid in the alveoli, along with fibrin precipitation at 60 min
postexposure to acylating agents, were most likely
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30
2
=
= 2 C6-1
(&)
2 PFIB CG-2
= 15
8 06-2
& 10 cocl,
(=]
<
06-3
5
NO,
0

30 60
Time Postexposure, minutes

Fig. 3. Lung content of aquaporin-5-positive cells in rats from the perfluoroisobutylene, COCL,, and NO, groups exposed to thermal
decomposition products of fluoroplast at different times

Puc. 3. CopepxaHue AQP-5-no3uTuBHbIX KINETOK B nerkux kpbic rpynn NMOWB, COCL, u NO, B pa3nuyHble Cpokv nocne Bo3aencTaus npo-
AYKTOB TEPMOZECTPYKLMM dToponnacTa

PFIB Group, 30 min postexposure PFIB Group, 60 min postexposure
COCL, Group, 30 min postexposure COCL, Group, 60 min postexposure
NO, Group, 30 min postexposure NO, Group, 60 min postexposure

Fig. 4. Accumulation of aquaporin-5-associated immune complexes with peroxidase stained with diaminobenzidine in lung tissues of
rats from the perfluoroisobutylene, COCL,, and NO, groups exposed to thermal decomposition products of fluoroplast at different times.
Magnification: x100 ocular

Puc. 4. Hakonnenne AQP-5-accoummpoBaHHbIX UMMYHHBIX KOMMJIEKCOB C NEPOKCWAA30M, OKPALLEHHbIX AMaMUHODEH3MANMHOM, B TKaHAX
nerkux Kkpeic rpynn MOWB, COCL, n NO, B pa3nnyHble CPOKM Nocse BO3AENCTBUS NPOAYKTOB TEPMOAECTPYKLMM dToponnacTa, yB. 06. x100
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associated primarily with enhanced transcellular water
transport via AQP-5.

In animals exposed to NO,, the increase in the relative
content of AQP-5-positive cells was associated with
an increase in the pulmonary coefficient as early as 30 min
postexposure. Given that NO; exposure in lung tissue triggers
protein coagulation and induces inflammatory responses with
the activation of free radical oxidation [16], this exposure
likely mediates the disruption of the aero-hematic barrier
integrity. The increase in the pulmonary coefficient at 30 min
postexposure was likely due to both water penetration into
the alveolar space via AQP-5 and paracellular leakage
through the disrupted intercellular junctions.

No significant changes in the number of AQP-1-positive
cells in rat lung tissue were observed at 30 or 60 min
postexposure to the studied toxicants compared with that
in the CG-1, CG-2, and CG-3 groups (Fig. 5). This suggests
that in the case of intoxication with the studied pulmonary
toxicants, pathological fluid movement from the systemic
circulation, as evident in histological specimens as edema

30
25

20

AQP-5-Positive Cells, %

30
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and swelling of the interalveolar septa, was primarily driven
by paracellular transport or channel-independent pathways,
such as pinocytosis—exocytosis and endothelial fenestration.

In lung tissues collected at 60 min postexposure to COCl,
and PFIB, there was a significant (p < 0.05) increase in ENaC-
positive cells compared with that in the CG-1 and CG-2 groups.
However, in the NO, group, no increase in the ENaC density
was observed compared to that of the CG-3 group (Fig. 6).

As the most pronounced increase in AQP-5-positive cells
during 60 min postintoxication was observed in PFIB-exposed
rats, western blot analysis was performed as a separate
series of experiments to determine the relative content
of AQP-5 at 30 and 60 min postexposure to PFIB in animals
of this group.

In the control animals, western blot analysis revealed
intense staining at 25 and 50 kDa in the lung tissues
after exposure to the PFIB. At 30 min postexposure, rats
in the PFIB group exhibited a visually observable broadening
of the staining band at 25 and 50 kDa. However, by 60 min
postexposure, the staining intensity at 25 kDa decreased,

C6-1

PFIB CG-2
C6-2
cocl,
C6-3

NO,

60

Time Postexposure, minutes

Fig. 5. Lung content of aquaporin-1-positive cells in rats from the perfluoroisobutylene, COCl,, and NO, groups exposed to thermal
decomposition products of fluoroplast at different times

Puc. 5. CopepxaHue AQP-1-no3nTHBHbIX KIETOK B TKaHAX nerkux kpbic rpynn NOWB, COCL, u NO, B pa3nnyHble cpoku nocie BO3AeACTBUSA
NMPOLYKTOB TEPMOAECTPYKUMM dToponiacTa

30
o5
=5
3 2 C6-1
E PFIB CG-2
g b CG6-2
= 1 cocl,
i
06-3
5 NO,
0

30 60
Time Postexposure, minutes
Fig. 6. Lung content of ENaC-positive cells in rats from the perfluoroisobutylene, COCL,, and NO, groups exposed to thermal decomposition
products of fluoroplast at different times
Puc. 6. Conepxxarue ENaC-nosuTuBHBbIX KNnetok B nerkux Kpbic rpynn MOUB, COCL, u NO, B pa3nnuHble Cpoky nocne BO3AEACTBUS Mpo-
LYKTOB TEPMOZECTPYKLMM dToponnacTa
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PFIB

(30 min) (60 min)

Fig. 7. Western blot analysis of aquaporin-5 content in homogenized lung tissues of rats from the perfluoroisobutylene group obtained
30 and 60 minutes post-exposure to thermal decomposition products of fluoroplast
Puc. 7. BecTepH-6noT-aHanu3 conepxanusa AQP-5 B romMoreHaTax TkaHei nerkux Kpbic rpynnbl [OUB, nonyyerHbIx Yepe3 30 1 60 MuH

rnoc/ne BO3AeHCTBMA NPOAYKTOB TEPMOAECTPYKUMM dToponniacTa

whereas the intensity at 50 kDa remained unchanged
compared to the controls (Fig. 7).

The molecular weight of a single AQP-5 subunit is
approximately 28 kDa. Each AQP-5 subunit can function
independently; however, when it is assembled into
a tetramer, the complex becomes more stable [17, 18].
The results of the western blot analysis indicate that AQP-5
exists in a polymeric subunit form within the cells.

Dimeric forms of aquaporin are more resistant
to denaturation than the tetrameric forms. For example,
J.G. Sorbo et al. [19] demonstrated that the exposure
of AQP-4 to detergents (including those used in western blot
sample preparation) resulted in its conversion to the dimeric
form. Thus, it can be hypothesized that the AQP-5 dimers
detected in this study were the products of the incomplete
dissociation of tetramers during the denaturing sample
preparation for immunoblotting.

According to Alam et al. [20], intracellular AQP-5
translocates from the cytoplasm to the apical membrane
of type | alveolocytes in response to intracellular calcium
concentration changes. The role of AQP-5 translocation
from the subcellular compartment to the plasma membrane
in the pathogenesis of toxic pulmonary edema remains
unclear [10]. Our western blot analysis demonstrated
that intoxication in animals led to increased staining
intensity in the region corresponding to a molecular weight
of 50 kDa. AQP-5 subunits undergo aggregation in response
to exposure to PFIB, and the elevated dimer content
detected via immunoblotting indirectly indicates the in vivo
tetramer accumulation in response to toxic exposure.
Its transfer to the plasma membrane likely promotes
pathological fluid transport, which results in extravascular
water accumulation in the lungs and the manifestation
of toxic pulmonary edema.

A key limitation of this study is the methodology used
for the immunohistochemical analysis. Due to technical

DOl https://doiorg/10.17816/brmmab34392

constraints, we were only able to assess the overall content
of the aero-hematic barrier water channels and the number
of cells expressing these channels.

CONCLUSION

The progression of pathogenetic processes in lung tissue
in response to acylating agents and NO, exposure begins
during the latent phase of intoxication (30 min postexposure).
These changes are associated with an increase in the AQP-5
content, which appears to be due to the assembly
of protein dimers into tetramers, leading to enhanced water
permeability. Targeting AQP-5 may be a promising approach
for the correction of toxic pulmonary edema induced by
exposure to pneumotoxic agents.
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