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The main function of the components of the respiratory tract is gas exchange while
maintaining homeostasis in lung, given the pathogenic and non-pathogenic elements
ofthe environment contained in the inhaled air. Morphological changes of the components
of the respiratory part in lung of human and animals of adaptive nature under the
influence of various factors on the body today remain insufficiently studied. The aim of
the study was to investigate the morphological changes of the components of the
respiratory part of guinea pigs lung in the dynamics of experimental ovalbumin-induced
allergic inflammation. We used histological and electron microscopic methods to
study the lungs of 48 male guinea pigs in experimental ovalbumin-induced allergic
inflammation, simulated by subcutaneous sensitization and subsequent intranasal
inhalation with ovalbumin. Morphological changes of the components of the respiratory
tract of the lungs were determined in the early and late phases of allergic inflammatory
process at the optical and submicroscopic levels. The early phase (23rd and 30th days
of the experiment) was characterized by a predominance of alterative and destructive
changes, consisted in the desquamation of the alveolar epithelium with a violation of
the blood-gas barrier and hemomicrocirculatory bed. Type Il alveolar cells had lesions
of varying severity in the form of the absence of lamellar bodies or disturbances in the
formation of their contents, vacuolization of the cytoplasm, mitochondrial damage. In
the late phase of the development of the allergic inflammatory process (36th and 44th
days of the experiment) in the respiratory part of lung were dominated adaptive and
restorative changes. In addition, we observed dilation of the lung alveoli and thinning of
the interalveolar septa, which is a consequence of the cascade of reactions of the local
neuroendocrine and immune systems of lung as a result of allergen action. Thus,
experimental ovalbumin-induced allergic inflammatory process of the respiratory tract
is accompanied by structural and functional changes in the components of the
respiratory part in lung of guinea pigs in stages depending on the duration of the
experiment.

Key words: alveolar epithelium, surfactant, allergic inflammation, ovalbumin, guinea

pig.

Introduction

The components of the respiratory part of lung provide
gas exchange and are important for reducing the surface
tension at the air-liquid interface in the alveoli, as well as
for regulating the local immune response [3, 8, 13]. Type Il
alveolar cells synthesize, store and secrete surfactant,
including lipid and protein molecules (SP). Type Il alveolar
cells, in turn, have unique organelles for storing lipids and
hydrophobic proteins - lamellar bodies (LB), which at the
ultrastructural level correlate with the intracellular surfactant
pool [2]. LB are modified lysosomes surrounded by a
membrane and filled with densely packed membranes of

surfactant lipids and hydrophobic proteins. LB undergo
exocytosis and release surfactant components into the
aqueous hypophase between the alveolar cells and the
gaseous phase [20]. After exocytosis, phospholipids form
a double layer of phospholipids and glycoproteins, filled
the surface of alveolar cells at the air-liquid interface with
surface-active components [4]. SP-B and SP-C are
associated with LB. In contrast, SP-A and SP-D are secreted
by type Il alveolar cells in a LB-independent pathway [20].
SP-A and SP-D are also secreted by bronchiolar exocrine
cells in the distal airways - terminal bronchioles and
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respiratory bronchioles [14]. After reuptake by type Il alveolar
cells, inactive surfactant aggregates are either catabolized
or recycled by re-incorporation into the metabolic pathway
[19]. Asmall part of surfactant is phagocytosed and cleaved
by alveolar macrophages or eliminated through the
respiratory tract using mucociliary clearance.

Soluble SP bind and regulate a number of effector
immune cells in allergic airway inflammation. Both SP-A
and SP-D inhibit the activity of the allergic inflammatory
process, made them interesting molecules for the treatment
of bronchial asthma [10]. The anti-inflammatory properties
of alveolar macrophages are being actively studied
nowadays [8, 19]. However, most of the scientific works,
focused on the study of the components of the respiratory
part of lung in allergic inflammation are immunological
studies [2, 3, 4, 9]. The above indicates the need to clarify
this urgent problem from a morphological point of view in
the early and late phases of the experimental allergic
inflammatory process.

The aim of this work is to study the morphological
changes of the components of the respiratory part of guinea
pig lung in the dynamics of experimental ovalbumin-
induced allergic inflammation.

Materials and methods

Forty-eight sexually mature male guinea pigs (450 -
600 gram) were weighed and kept at vivarium of
Zaporizhzhya State Medical University, with free access to
OVA-free food and water. The experimental protocol was
followed the published guidelines (Strasbourg, 1986; Kiev,
2006).

The study protocol was approved by the institutional
review board of the Bioethics Committee of Zaporizhzhia
State Medical University (Protocol Ne 8 of 11 Juny 2019).

Induction of airway allergic inflammatory process was
performed by subcutaneous sensitization and airway
challenge through nasal inhalation with OVA (0,5 mg/mL
per animal) mixed with aluminum hydroxide (10 mg/mL in
saline per animal) on days 0, 7 and 14. From 21 to 28 days
animals were exposed for 15 min to an aerosol of OVA (10
mg/mL in saline) using a nebulizer (Little Doctor
International, Singapore, LD-211C) attached to a plastic
chamber [14]. Animals were assigned equally into six
experimental groups of 8 guinea pigs each. Group | - IV are
guinea pigs sensitized and challenged with ovalbumin
(OVA) (Sigma Aldrich, USA) with alum as an adjuvant
(AlumVax Hydroxide vaccine adjuvant, OZ Biosciences,
France), dropped out the experiment respectively on the
23rd, 30th, 36th and 44th days after its start. Group V: guinea
pigs sensitized and exposed to saline, served as control.
Group VI: intact animals (norm).

Lungs removed and fixed in 10 % neutral buffered
formalin. Formalin fixed, paraffin wax embedded lung
specimens were selected for histological preparation,
prepared as 5-uym-thick sections and stained with
hematoxylin and eosin. Histological study was carried out

on Carl Zeiss Primo Star microscope equipped with the
Axiocam digital microphoto attachment using the ZEISS
ZEN 2011 software, using the oil immersion technique
(x1000).

Electron microscopy was performed on glutaraldehyde-
fixed 1x1 mm specimens of lung tissue followed by
processing in a 1 % solution of osmium tetroxide.
Subsequently, the pieces were dehydrated in a series of
graded ethanol up to 100 % according to histological
standards, acetone with additional contrasting for two hours
in 2.5 % uranyl acetate at 700°C. Pouring into the block
was carried out by gradual impregnation of the material
with acetone oxide with Eponym (2:1, 1:1, 1:2) and poured
into pure Epon. The resin polymerization was carried out in
two stages at 36°C (12:00) and 56°C (24 hours). Ultra-thin
(55-65 nm) sections were obtained on a "PowerTome RMC
Boeckeler" ultratom and contrasted with Reynolds lead
citrate for 25 minutes at room temperature. Ultrathin
sections viewed on a PEM-100-01 electron microscope.

Results

In the control group of animals in the morphological view
of the respiratory part of lung, we showed that the walls of
the alveoli are lined by flattened type | alveolar cells, among
which type Il alveolar cells are localized. We also found single
alveolar macrophages and eosinophilic granulocytes in the
alveoli lumen. Septal cells, fibroblasts, plasma cells and
eosinophilic granulocytes occupied the pulmonary
interstitium in respiratory portion of lung (fig. 1a).

We have shown short microvilli and a small number of
LB at the apical pole of type Il alveolar cells in the control
group at the submicroscopic level. Alveolar macrophages
had an underdeveloped cytoplasmic membrane, formed
single cell processes. There were rare secondary
lysosomes in their cytoplasm. Type | alveolar cells had a
more expanded nucleus-containing part protruded into the
alveoli lumen and thin peripheral part of the cytoplasm.
There single pinocytic vesicles in the endotheliocytes of
blood capillaries in the peripheral part of their cytoplasm.

We have found local destruction and desquamation of
alveolar epithelium, interalveolar septa, exposure of the
basal membrane of the endothelium in blood capillaries
in the early manifestation of the allergic inflammatory
process on the 23rd day after the experiment in the
respiratory portion of guinea pigs lung. There were
abundant alveolar macrophages in the alveoli lumen with
signs of increased phagocytic activity. The count of
eosinophilic granulocytes was increased. In addition, we
observed some microcirculatory disorders, such as
plethora and stasis of blood capillaries and postcapillary
venules, numerous foci of erythrocyte diapedesis in the
alveoli lumen and in the pulmonary interstitium (fig. 1b).

On the 30th day after the start of the experiment
morphological changes in the respiratory part of lung
became less pronounced, although microcirculatory
disorders in the form of plethora and stasis of blood
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Fig. 1. Microscopic changes in the respiratory portion of the guinea pigs lung after sensitization and aeroallergization with ovalbumin on
days 23 (1b), 30 (1c) and 44 (1d) after the start of the experiment compared with the control group (1a). 1 - alveoli lumen; 2 - type | alveolar
cell; 3 - type Il alveolar cell; 4 - eosinophilic granulocyte; 5 - alveolar macrophage; 6 - plasma cell; 7 - blood capillary; 8 - lumen of the terminal
bronchiole; 9 - smooth myocyte in the wall of the terminal bronchiole; 10 - interalveolar pore. Stain: hematoxylin and eosin. x1000.

Fig. 2. Ultrastructural changes in the respiratory portion of the guinea pigs lung after sensitization and aeroallergization with ovalbumin on
days 23 (2a) and 30 (2b) after the start of the experiment. 2a: 1 - alveoli lumen; 2 - type | alveolar cell; 3 - blood capillary; 4 - type Il alveolar
cell; 5 - alveolar macrophage. 2b: 1 - type Il alveolar cell nucleus; 2 - alveoli lumen; 3 - lamellar body; 4 - mitochondria; 5 - cytoplasm
vacuolization; 6 - fragment of the cytoplasm of alveolar macrophage. Transmission electron microphotos. 2a) x6000. 2b) x6800.
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capillaries persisted (fig. 1c). In some places, the
intercellular septa were thickened due to edema. We
observed a trend towards renewal of the alveolar epithelium.

The morphological changes detected at the optical level
are confirmed by the results of electron microscopic
examination. Swelling and thickening of the peripheral
portion of cytoplasm of type | alveolar cells, stasis, plethora
and deformation of erythrocytes of blood capillaries were
demonstrated (fig. 2a). Type Il alveolar cells had lesions of
varying severity. Absence of LB or disturbances in the
formation of their content, cytoplasm vacuolization,
mitochondria damage. Less frequently we observed
destruction and necrosis of type Il alveolar cells. Abundant
lysosomes and heterophagosomes, residual bodies were
found in the cytoplasm of alveolar macrophages (fig. 2b).

In the late phases of the allergic inflammatory process
on the 36th and 44th days after the start of the experiment
in the respiratory portion of the guinea pigs lung, we have
shown thinning of the interalveolar septa and, at the same
time, alveoli expansion (fig. 1d), correlated with
emphysematous lesions. In local places, plethora and
stasis of blood capillaries were noticeable, although less
pronounced, compared with the early phases of the allergic
inflammatory process.

Discussion

Morphological analysis of the respiratory part of guinea
pigs lung made it possible to identify the phases of the
allergic inflammatory process. The early manifestations
(23rd and 30th days of the experiment) were characterized
by the predominance of destructive changes. We
demonstrated desquamation of the alveolar epithelium with
a violation of the air-blood barrier on the background of a
violation of hemomicrocirculatory bed in the early phases
of the allergic inflammatory process. Similar changes in
the lungs under the influence of various pathological factors
were found by other scientists [6, 7, 11]. The revealed
changes can be explained by the rapid degranulation of
mastocytes with the release of histamine and leukotrienes,
which, in addition to bronchospasm and mucus
hyperproduction, caused alterative-exudative changes in
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MOP®OJOINYHI OCOBNMBOCTI PECNIPATOPHOIO BIAAINY NEFEHb MOPCbKMUX CBUHOK B AMHAMILI
EKCNEPUMEHTAJIbHOIO ANEPIYHOIO 3AMNANBbHOIO NMPOLECY

IMonko C. C.

OcHosHa byHKUis KOMIMOHeHmIg pecripamopHoeo 8i0diny ne2eHb rnonszae 8 ea300bMiHi ma 3abe3neyeHHI0 2oMeocma3sy 8 J1e2eHsix,
8paxosyodU NamozeHHi ma HernamozeHHi efeMeHmu HasKoMuWHbL020 cepedosula, siKi Micmsimbcsl y noeimpi, w0 eduxacmbCs.
MopgbonoeidHi 3MiHU KOMIOHeHmig pecnipamopHo2o 8i0diny neeeHb NIFOUHU | meapuH adanmauiliHo2o xapakmepy npu Oii Ha opaaHiam
Pi3HOMaHIMHUX YUHHUKI8 Ha CbO200HIiWHIlU OeHb 3anuwarombscsi HedocmamHbo docnidxeHumu. Mema pobomu - docnidumu
mopghorioziyHi 3MiHU KOMITOHeHMI8 pecripamopHo20 8id0iny rneeeHb MOPCbKUX C8UHOK 8 OUHaMIyi eKkcriepuMeHmarnbHo20 08asb0yMiH-
iHOyKO8aHO20 arnepeiyHo20 3anasneHHsl. 3a 00rMOMO20K0 2iCmOosio2iYHO20 ma e/1eKmMpPOHHO-MIKPOCKOMIYHO20 Memodie 8uequsiu fie2eHi
48 camuie MOPCbKOI CBUHKU 8 yMOB8ax eKcriepuMeHmasnbHo20 osasibbyMiH-iHOykogaHO20 anepaiyHoeo 3anasneHHs, sike Modesntosanu
wnsaxom nidwkipHoi ceHcubinizayii ma HacmynHoOI iHmpaHa3asbHOI iHeanayii oeanbbymiHom. Ha ceimmoonmuyHoMy ma
CcyOMIKpPOCKOMIHHOMY PiHSIX 8U3Ha4Yaru Mopghosio2iyHi 3MiHU KOMIIOHeHMI8 pecripamopHo20 8iddiny 51e2eHb 8 paHHbOMY ma Mi3HbOMY
nepiodax anepaiyHo20 3ananbHo20 fnpouecy. PaHHi cmadii (23 ma 30 doba ekcriepumeHmy) xapakmepu3ysanuck rnepegaxaHHsIM
anbmepamueHuX i 0ecmpyKmueHUX 3MiH, Kompi nosnsieanu 8 deckeamauii KOMIpKO8020 erimerito 3 MoPyWeHHAM aepo2emMamuyHo20
bap'epy U scemomikpouyupkynauii. Anbeeonoyumu Il muny manu ywKoOXeHHsI pi3HO20 cmyrneHss mskkocmi y euansadi eidcymHocmi
nnacmuHYacmux mineuyb abo nopyweHHs1 y ¢hopMyeaHHi iXx emicmy, eaKyonizauii yumonnasmu, rnowKoOXeHHsT MimoxoHOpit. Y nisHi
cmadii po3sumky anepeiyHo2o 3ananbHo20 fpouyecy (36 i 44 doba ekcriepumeHmy) 8 pecriipamopHomy ei00irni 1eeeHb nepesaxkanu
adanmavyiliHo-8i0HO8HI 3MiHU. KpiM moe2o, mu criocmepieanu PO3WUPEHHST 1€2EHEBUX KOMIPOK ma B8UMOHYEHHST MiXKKOMIPKO8UX
rnepe2opodok, Wo € Hacnidkom Kkackaldy peakuil fokanbHOI HelipoeHOOKPUHHOI ma iMyHHOI cucmem fieeeHb 8 pe3yrnbmami Oii aHmuzeHy.
Takum YuHOM, eKkcriepumeHmarnbHul osanbbyMmiH-iHOyKoeaHul anepeiyHul 3ananbHull rpouec Ccyrnpo8oodxysascsi CMpyKmMypHO-
PyHKUiOHaNbHUMU 3MiHamMu KOMMOHEHMmI8 pecriipamopHo20 8iddiny re2eHb MOPCbKUX CBUHOK, SIKi 8IOPI3HSNIUCS y paHHIU ma ni3Hil
pasax 3ananbHO20 MPOoUecy 3arnexHo 8i0 mpusarocmi eKcriepuMeHmy.

KnroyoBi cnoBa: komipkosuli enimenit, cypghakmaHm, anepaiyHe 3ananeHHs, oganbbyMiH, MOpPCbKa C8UHKa.
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