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IN EXPERIMENTAL BRONCHOPNEUMMONIA

e-mail: zsv1965 @gmail.com

The purpose of this study was to establish the effect of acute pulmonary inflammation of non-viral origin on the
expression of angiotensin-converting enzyme-2. Wistar rats (n=20) were introduced into the trachea of sterile nylon thread 2.5 cm
long and 0.2 mm thick to a depth of 2.5 cm. Endotracheal injection of nylon thread led to formation of acute bronchopneumonia,
which included the sequential development of: exudative and proliferative inflammation, peribronchial and alveolar abscesses,
their organization and diffuse fibrosis of the lung parenchyma. It was shown that the exudative phase of acute inflammation was
accompanied by inhibition of angiotensin-converting enzyme-2 expression in bronchial epitheliocytes, type II alveolocytes and
vascular endothelium. During the transition of inflammation to the stage of proliferation and fibrosis, the expression of the enzyme
was restored. The identified changes indicated the presence of regulatory factors that differ from the coronavirus action.

Key words: acute inflammation, fibrosis, endotracheal injection, immunohistochemistry

J.C. 3a6aiues, 0.0. Aaguk, C.O. Xynodaiii, B.1. lllenutbko, C.B. 3161ineB

EKCIIPECISA AHI'TOTEH3UH-IIEPETBOPIOIOYOI'O ®EPMEHTY -2
Y TKAHUHAX JIETEHb ITPY EKCIIEPUMEHTAJIBHIV BPOHXOITHEBMOHI

Mertoro nocuimkeHHs OyI0 BCTAHOBJIECHHS BIIMBY TOCTPOTO JIETCHEBOTO 3allaIeHHs HE BIpPYCHOTO T'eHe3y Ha eKCIIPEeCito
aHTioTeH3HH-TIepeTBOprorodoro depmenty-2. Illypam minii Bicrap (n=20) Oyno mpoBeneHe BBEICHHS y Tpaxelo CTEPUIIBHOL
KalpoOHOBOT HUTKU JOBXUHOIO 2,5 cM Ta ToBIuHOIO 0,2 MM Ha mubuHy 2,5 cM. EHnoTpaxeansHe BBeICHHS KalPOHOBOI HUTKH
HpU3BOAMIO 0 (OPMYBaHHS TOCTPOi OpOHXOIHEBMOHII, fKE BKJIIOYANO IOCIIIOBHUH PO3BHUTOK: EKCYJATUBHOTO i
npostidepaTHBHOTO 3anajieHHs, IepuOpPOHXiaJbHIX Ta aIbBEOAPHUX abcleciB, IX opraHizauito Ta qudy3Hui Gpidbpo3 napeHxiMu
nereHb. [loka3aHo, IO ekcygaTHBHA (pa3a TOCTPOro 3amajieHHS CyNpOBOIKYBajacs MPUIHIYEHHSAM EKCIpecii aHriOTEeH3UH-
HepeTBOpPIOIYOro (epMeHTy-2 y emirenionurax OpoHxiB, anbBeonouurax Il mopsaky Ta cyauHaomy enporenii. IIpu mepexoni
3anajeHHs y cTafio mpomidepanii Ta ¢GiOpo3yBaHHS eKcrpecis (epMEeHTY BiJHOBIIOBanacs. BusBieHi 3MiHM BKasyBaJd Ha
HasIBHICTB (haKTOPIB perysLil, sSIKi BiIpi3HAIOTHCS Big Aii KOpOHABipycCy.

Kuawuosi ciioBa: roctpe 3ananeHHs, Gpidpo3, eHmpoTpaxeanbHe BBEACHHS, IMyHOTICTOXIMIs

The work is a fragment of the research project “Study of cell-molecular mechanisms of pharmacological influence on
the reprogramming of the macrophages functional phenotype in wound regeneration on the background of hyperglycemia”, state
registration No. 0119U101219

Coronavirus disease 2019 (COVID-19) remains a serious threat to public health both today and in
the future [15]. Coronavirus damages almost all systems and organs, but the lungs are most affected.
Already at an early stage of the disease develops acute lung injury, which can lead to acute respiratory
distress syndrome (ARDS) [13]. The exudative stage progresses to proliferative stage and pulmonary
fibrosis [13].

After the first COVID epidemic in 2002, the functional receptor required for coronavirus to enter
host cells was identified, they found angiotensin-converting enzyme-2 (ACE2) [8, 9]. In addition to lung
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tissue, ACE2 is widely expressed in renal tubular cells, intestinal enterocytes, epithelium of the upper
respiratory tract, myocardium, smooth muscle cells, neuroepithelium of the nasal sinuses, blood
mononuclear cells and other cells, which causes numerous extrapulmonary symptoms of COVID-19 [4, 6].
Thus, on the one hand, ACE2 is a direct target for the invasion of SARS-CoV-2, and on the other hand, as
an important component of the tissue renin-angiotensin system, has a number of protective effects in acute
inflammation [8].

The purpose of the work was to study the expression of ACE2 in lung tissues in the dynamics of
experimental acute aspiration bronchopneumonia.

Materials and methods. Reproduction of acute aspiration bronchopneumonia was performed
according to the model [1]. To do this, Wistar rats (n=20) underwent surgery to insert a foreign body into
the trachea. Using a conductor (injection needle), a sterile nylon thread 2.5 cm long and 0.2 mm thick was
inserted 2.5 cm deep into the trachea. To do this, the animal was anesthetized with thiopental (50 mg/kg),
made a small (up to 1 cm) skin incision in the projection of the trachea over the sternum along the midline,
mobilized the trachea, pierced it with a conductor and injected nylon thread. The surgical wound was
sutured. The control group included 5 sham operated animals.

The work was guided by the norms and principles of EU Directive 2010/63 on animal protection,
the Declaration of Helsinki (2008) and the requirements of the Law of Ukraine “On Protection of Animals
from Cruelty” (591759-VI of 15.12.2009). On days 7, 14, 21, and 28, 5 animals were removed from the
experiment under thiopental anesthesia. Pieces of lung tissue from different areas were fixed in a 10 %
solution of neutral buffered formalin (pH 7.4) for 24-36 hours. Serial histological sections 2-3 um thick
were made from paraffin blocks on a rotary microtome HM 325 (Thermo Shandon, England), which were
then stained with hematoxylin and eosin. To determine the expression of ACE2 performed
immunohistochemical study (IHCS) [6] with monoclonal antibodies against ACE2 (anti-ACE2; clone
4GS5.1; Sigma-Aldrich MABNS59, replaces MAB5676), manufactured by EMD Millipore Corporation;
Temecula, CA US. Microscopic examination and photoarchiving were performed using light optical
microscopes “ZEISS” (Germany) with a data processing system “Axio Imager” A2” additionally equipped
with a digital camera “Olimpus C3030-ADU”, software “Olimpus DP-Soft”.

Results of the study and their discussion. After the operation, the animals developed shortness
of breath, single rales were heard. Rectal temperature ranged from 37.6 to 37.8°C, respiratory rate — 72—
102 per minute. On the 3-4th day, wet rales, frequent breathing (up to 120 per minute) and shallow,
temperature ranged from 37.2 to 38.4°C. At the end of the 1st week of observation, cyanosis appeared,
shallow breathing was irregular, with the active involvement of additional respiratory muscles, and severe
wheezing and crepitation were heard. At the 2nd—4th week of observation, these manifestations progressed,
breathing was hard, difficult, rales, crepitation were heard, and all animals had pronounced cyanosis.
Sectional examination showed that the lungs were swollen, cyanotic, had fibrin layers and intratissue
hemorrhage. After 3—4 weeks of follow-up to these manifestations were added fibrosis, carnification, the
lungs were compacted, decreased in size.

Pathomorphological examination of lung tissues on day 7 in micropreparations showed fullness of
blood vessels, including the microcirculatory tract, in terms of signs of microthrombosis, stasis, in some
places — venules ectasia. Compensatory reactive changes of alveolocytes were observed segmentally,
mainly due to a hyperplasia of type II epitheliocytes.
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Fig. 1. Micropreparations of rat lungs. IHCS with a monoclonal antibody to ACE2. A — control; B — experimental aspiration
pneumonia, 7th day. x100 A — positive expression on the apical surface of the bronchial epithelium, positive expression of mononuclear
cells in the interstitium and type II alveolocytes; B — reduced intensity of expression in the bronchial epithelium, single positive type
1I alveolocytes, positive expression in mononuclear cells of the interstitium.
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IHCS with the marker anti-ACE2 in the structures of the lungs in the control group showed a
positive expression of ACE2 (fig. 1A). Expressed expression was detected on the apical surface of the
bronchial epithelium in the form of diffuse staining of the solid border. In the lung parenchyma and
peribronchially positive expression was observed in part of type II alveolocytes, in part of monocytes, in
the endothelium of vessels of various calibers.

On the 7th day of the inflammatory process, there was a significant decrease in the intensity of
ACE2 expression in the bronchial epithelium, mainly with a weak positive reaction in single cells (fig. 1B).

It should be noted that the expression of ACE2 in type II alveolocytes disappeared, in some cells
the weak expression of ACE2 was preserved. Instead, the expression of ACE2 in mononuclear cells in the
interstitium increased significantly.

Pathological examination of lung tissue on day 14 revealed a violation of the organ
histoarchitectonics due to the formation of pneumo- and bronchogenic acute abscesses. In the alveoli there
was purulent exudate, reactive changes of alveolocytes of both I and II types in the form of hyperplasia.
Along with this, the growth of young connective tissue was noted in some areas.

IHCS with the marker anti-ACE2 on the 14th day of observation showed a weakening compared
with the control of ACE2 expression (fig. 2).
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Fig. 2. Micropreparations of rat lungs. IHCS with a monoclonal antibody to ACE2. Experimental aspiration pneumonia, 14th
day. General decrease in expression with its preservation in single macrophages and individual type II epitheliocytes. A x100; B x400

Moreover, this attenuation was characteristic not only for bronchial epithelial cells, but also for
interstitial macrophages, among which the expression was preserved in single large cells. Mostly weak
expression was preserved in type II alveolocytes.

On day 21, the general histoarchitectonics of the organ was disturbed due to the formed
pneumonogenic (bronchogenic) abscesses with initial signs of pneumonia organization. In the lung
parenchyma the phenomenon of dystelectasis in the form of atelectatically altered areas (with complete
overlap of alveolar lumens), interalveolar membranes swollen, infiltrated with lymphocytes, focal —
monocytes and neutrophils; activation of fibroblasts in the form of a delicate fibrillar network was observed
(fibrosis of the interalveolar septa). Signs of reactive changes of alveolocytes of types I and II, which
manifested by hyperplasia and initial cell proliferation. The formation of a delicate fibrillar matrix perifocal
to the abscess zones was noted peribronchially.

IHCS with the marker anti-ACE2 on the 21st day of observation, in general, showed a tendency to
restore the intensity of ACE2 expression compared to previous terms (fig. 3).

Almost throughout the apical surface of the bronchial epithelium gave a positive expression of
ACE2. In the interstitium, the number of positive monocytes was small; clusters of such cells were formed.
ACE2 positive expression was not detected in areas of newly formed fibrous tissue. It was found that during
this period the expressed expression was observed in the endothelium of vessels of different caliber. As in
previous terms, ACE2 positive expression was observed in single type II alveolocytes.

After 28 days, the general histoarchitectonics of the lung was disturbed due to signs of pneumonia,
mainly with parenchymal fibrosis, sclerosis and vascular hyalinosis. Uneven plethora of microcirculatory
vessels was noted. Lung parenchyma with the phenomena of dystelectasis with atelectatically altered areas,
with areas of complete overlap of alveolar lumens; interalveolar membranes are swollen, infiltrated with
Iymphocytes, a small number of neutrophilic leukocytes, but infiltration is less dense than after 14 and 21
days. In alveoli insignificant serous-purulent exudate, fibrin threads; emphysematically dilated alveoli are
smaller in area compared to previous periods. Zones of abscesses were practically not defined.

210



‘.‘ .‘:-J ‘..*.‘.” .
%( St

-

T4
r
£ ':‘E Q.a;f:s o A

Fig. 3. Micropreparations of rat lungs. IHCS with a monoclonal antibody to ACE2. Experimental aspiration pneumonia, 21st
day. Restoration of bronchial epithelium expression, accumulation of immunopositive monocytes, macrophages in areas of cellular
infiltrates outside the newly formed fibrous tissue; positive staining of vascular endothelium, single positive type II alveolocytes. A
x100; B x200

IHCS with the marker anti-ACE2 on the 28th day of observation showed a restoration of the
intensity of ACE2 expression in comparison with the control and previous terms of the study (fig. 4).
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Fig. 4. Micropreparations of rat lungs. IHCS with a monoclonal antibody to ACE2. Experimental aspiration pneumonia, 28th
day. Intense diffuse expression on the apical surface of the bronchial epithelium, a large number of large positive cells in the
interstitium, in the interalveolar septa, positive staining of vascular endothelium, positive type II alveolocytes. A x100; B x200

The bronchial epithelium throughout the apical surface had an intense expression in the form of an
almost continuous border. In the interstitium there were a large number of mononuclear and macrophage
cells with intense expression. The expressed expression in endotheliocytes of vessels of various caliber is
noted. The vast majority of type II alveolocytes were intensely expressed.

Clinical observations of animals have shown the gradual development of pulmonary symptoms
such as shortness of breath, progressive wheezing, crepitation, and cyanosis. Small species of rodents
(hamsters, mice), wild types of which are susceptible to SARS-CoV-2, also have respiratory symptoms,
including pneumonia, however, there is no hypoxemic respiratory failure, extrapulmonary dysfunction and
mortality [5]. Microscopic picture of the lungs in the experimental model showed the development of acute
bronchopulmonary inflammation during the first week, the formation of peribronchial and alveolar
abscesses in the second week with the onset of bronchopneumonia with the organization of abscesses in
the third week and the development of diffusional parenchyma fibrosis and vascular fibrosis with hyalinosis
in the fourth weeks.

Our studies have shown the presence of dystrophic changes in the alveolar epithelium, active
lymphoid infiltration and vascular disorders of the microcirculatory vessels of the interalveolar septa.
Therefore, we tend to believe that the model of experimental aspiration pneumonia with the introduction
of nylon thread reproduces the mild course of pneumonia in patients with COVID-19 [2]. On the other
hand, the experimental model used was quite effective in modeling pulmonary fibrosis.

The main source of immunospecific ACE2 staining in the animals’ lungs ended up the apical
surface of the bronchial epithelium, where it had the appearance of a solid border, type II alveolocytes,
single monocytes and vascular endothelium. Similar results were obtained in rats in other studies: type II
alveolocytes and endothelium were stained quite intensely in peripheral alveoli [2, 4]. In humans, ACE2
expression was highest in the regions of the sinus nasal cavity and pulmonary alveoli, sites of putative viral
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transmission [7, 10]. In the lung parenchyma, the ACE2 protein was detected on the apical surface of a
small number of type II alveolar epithelial cells. The apical distribution of ACE2 expression in the airway
epithelium has been confirmed in other studies, it is this feature of ACE2 expression that promotes the
penetration and reproduction of the virus [4, 6].

In our studies, the expression of ACE2 on days 7 and 14 was reduced and persisted in single cells
of the bronchial epithelium and type II alveolocytes. This was consistent with experimental data from an
animal model of acute pulmonary injury [5].

The expressed diffuse endothelium damage at COVID-19 is noted and in other works [3, 7], that
defines thrombogenicity of this disease. By the way, the model of aspiration pneumonia allows obtaining
a pronounced endothelial dysfunction with diffuse thrombosis. A certain role in this pathological process
may belong to ACE2 insufficiency and the low formation of angiotensin 1-7 with a predominance of
angiotensin II prothrombogenic effects [3].

In our studies, there was an increase in the expression of ACE2 in mononuclear cells in the
pulmonary interstitium on the 7th day, followed by a decrease. The presence of ACE2-immunopositive
staining of interstitial immune cells (T-lymphocytes, macrophages, neutrophils and even fibroblasts) has
been noted in other studies [4, 6, 10].

The inhibition of ACE2 expression is associated with the direct action of S-protein and the virus
itself [9, 12]. Our data directly showed that even in the absence of viral infection, the expression of ACE2
in the acute phase of inflammation is reduced, which is an additional factor in exacerbating inflammatory
damage. Interferon I may act as the most likely regulator of ACE2 expression, which mediates the innate
immune response against viral infection by directly inhibiting virus replication [12]. ACE2 gene expression
is stimulated by human interferon, both in vitro using airway epithelial cells and in vivo: SARS-CoV-2 can
inhibit the interferon regulation of ACE2 to enhance infection. Therefore, the decrease in ACE2 content in
COVID-19, in addition to the direct action of the virus, can occur due to the suppression of interferon and
reduced expression of ACE2 [14].

On the 21st-28th day, we determined the restoration of ACE2 expression compared to previous
dates. In our opinion, such results were explained, on the one hand, by the attenuation of acute
manifestations of inflammation with its transition to the stage of proliferation, and on the other — by the
progression of hypoxia. ACE2 mRNA and protein expression have been shown to be induced by hypoxia
in small human airway epithelial cells, and hypoxia-induced increase in ACE2 expression in type II
alveolocytes was observed in patients with long-term COVID-19 [11].

Thus, our study showed the relationship between acute bronchopulmonary inflammation during
the development of experimental aspiration pneumonia with the expression of ACE2. It was shown that
the exudative phase of acute inflammation was accompanied by inhibition of ACE2 expression. During the
transition of inflammation to the stage of proliferation and fibrosis, the expression of ACE2 was restored.

DKoo,

1. The introduction of a nylon thread into the trachea allowed to simulate acute bronchopneumonia
with the gradual development of exudative and proliferative inflammation; formation of peribronchial and
alveolar abscesses with their organization and development of diffuse parenchymal fibrosis and vascular
hyalinosis.

2. The exudative phase of acute inflammation was accompanied by inhibition of ACE2 expression
in bronchial epitheliocytes, type II alveolocytes, and vascular endothelium. During the transition of
inflammation to the stage of proliferation and fibrosis, the expression of ACE2 was restored.
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CORRECTION OF METABOLIC CHANGES OF TISSUES OF RATS ORAL CAVITY BY
COMPLEX OF PREPARATIONS UNDER CONDITIONS OF INTRAUTERINE HYPOXIA
AND CARIOGENIC DIET

e—mail: ivanov-dent@ukr.net

* The research is dedicated to t/he/stu/dy/ of the effect of the /cofnp/lex/ of prépéraﬁoﬁs on the dental status and the state of

the tissues of the oral cavity of rats under conditions of intrauterine hypoxia and cariogenic diet. The experiment was carried out
on 35 white rats of both sexes: 29 female and 6 male rats. It was revealed caries-prophylactic effect and a decrease in the
aggressiveness of the pathological process under the action of the complex in the conditions of intrauterine tissue hypoxia and
cariogenic diet. The complex showed an anti-inflammatory effect in the oral mucosa. The levels of metabolic markers of pyruvate
hypoxia in the liver and in the oral mucosa returned to normal state. The complex significantly improved the state of collagen and

glycosaminoglycans in the parodontal bone tissue.
Key words: hypoxia, caries-prophylactic effect, metabolic markers, plant polyphenols, rats.

B.C. IBanoB, O.B. [Ienbra, C.A. llluaiigep, T.0. lunayc, B.b. Ilnuayc, @.1. Hlenancbkuii

KOPEKIISI METABO/ITYHUX 3MIH TKAHUH POTOBOI1 IHOPOKHUHHU IIYPIB
KOMIIVIEKCOM IIPEITAPATIB B YMOBAX JIII BHYTPIIIHBOYTPOBHOI I'TTOKCII
TA KAPIECOI'EHHOT'O PAITIOHY

JlocnmikeHHST TIPUCBSYCHO BHMBUCHHIO BIUIMBY KOMIUIEKCY MpeNapariB Ha CTOMATOJOTIYHMI CTaTyc i CTaH TKaHUH
POTOBOT MOPOXKHUHH LIypiB B YMOBax il BHYTPIilIHEOYTPOOHOT TiMOKCIi Ta KapiecoreHHoro pauiony. Jlocmix nposeneHo na 35
Oimux mrypax obox crarei: 29 camok i 6 camuiB. bymo BusBIEHO Kapiec-podiTakTH4Hy Aif0 i 3HWKEHHS arpecHBHOCTI
MATOJIOTYHOTO NPOLECY MPHU BILUIMBY KOMIUIEKCY B YMOBaX Jii BHYTPIIIHbOYTPOOHOT TKAHMHHOT TiIOKCIT | KapieCOreHHOT0 palioHy.
Komruteke nposiBUB MpOTH3anaibHy Ai0 B CIM30Bil 000IOHI NOPOXKHUHH poTa. PiBHI MeTabomiuHUX MapKepiB rinokcii mipysary
B MNEYiHI i B CJIIM30BOI OOOJIOHKHM HMOPOXXHUHHU pOTa HOpMaiisyBanucs. KoMmiekc B KICTKOBOI TKaHWHHM HapoJOHTY 3HAYHO
MOJIMIIYBAB CTaH KOJIAreHy i I1iK03aMiHOIiKaHiB.

Kurouosi ciioBa: rinokcis, kapiec-npodigakTudHa [ist, MeTabosiuHi MapKepu, POCIHHHI HOJTi(ESHONH, Iy PH.

The work is a fragment of the research project “Influence of hypoxia on the processes of collagen formation and
mineralization on models of dental pathology and correction of the obtained disorders”, state registration No. 0118U006963.

Hypoxia is a state of oxygen starvation of the body as a whole and of individual organs and tissues,
caused by various factors. To assess the patterns of development of metabolic changes in different forms
of pathology, endogenous hypoxia is more important, which include tissue hypoxia. This type of hypoxia
occurs due to impaired oxygen extraction by tissues from the flowing blood and the inability of cells to
utilize oxygen [2].

The triggers for the development of tissue hypoxia are diverse and may be associated with various
factors. In three parts of the respiratory chain, respiration is associated with oxidative phosphorylation and
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