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respiratory system. The pathogenesis of lung tissue damage is complex and
multifactorial, however, it has now been found that homocysteine has a toxic effect on
the vascular system and parenchyma of the organ. The purpose of the study is to
identify the features of microscopic changes in the structure of the lungs of young rats
under conditions of hyperhomocysteinemia. The experimental study was performed on
22 white non-linear young (1-2 months) male rats. During the experiment, the animals
were divided into two groups - control and experimental. Simulation of persistent
hyperhomocysteinemia was achieved by administering to rats of the experimental
group thiolactone homocysteine at a dose of 200 mg/kg body weight intragastrically for
60 days. Histological specimens were examined using an SEO SCAN light microscope
and photo-documented using a Vision CCD Camera with the system output images of
histological preparations. It was found that the introduction of thiolactone homocysteine
to young rats at a dose of 200 mg/kg led to the development of destructive changes in
blood vessels, bronchi, components of the respiratory department with signs of
atelectasis. Hemodynamic disorders and increased vascular permeability led to
perivascular, peribronchial, interstitial, intra-alveolar edema, histo-leukocyte infiltration.
The detected changes are reversible and have a compensatory nature.

Keywords: hyperhomocysteinemia, lungs, aerohematic barrier, macrophages,

neutrophils.

Introduction

Homocysteine (HC) is a non-proteinogenic amino acid
that is formed in the body under normal conditions during
methionine metabolism. A considerable amount of it is
involved in methionine resynthesis by transsulfuration [7].
Also, recycling of HC is carried out through remethylation
and desulfurization reactions. Vitamins B6, B9 and B12
have been found to be extremely important for its
metabolism, since they are involved in the synthesis of
coenzymes, without which the metabolism of this amino
acid is impossible [20]. According to most researchers,
the normal level of HC in the blood is 5-15 ymol/L [22].
However, due to impaired synthesis and recycling
processes, its level may increase, leading to the
development of a health-threatening condition of
hyperhomocysteinemia. To date, many causes for the
development of hyperhomocysteinemia have been proven.
These include: hereditary defects of enzymes
methylenetetrahydrofolate reductase, cystathionine-f3-
synthase, methionine synthase; taking certain medicines

(oral contraceptives, barbiturates, etc.), a diet high in
methionine, kidney disease, drinking lots of coffee,
smoking, alcoholism, a sedentary lifestyle [11, 13, 21].
Careful analysis of the sources of scientific literature has
established that hyperhomocysteinemia is an independent
risk factor for the development of coronary heart disease,
strokes, obliterating atherosclerosis of the lower extremities,
arterial and venous thrombosis, chronic heart failure [3, 4].
Numerous studies have also demonstrated its relationship
to Alzheimer's disease, autism, vascular dementia,
pregnancy miscarriage, non-alcoholic fatty liver disease,
osteoporosis, cancer [9, 16].

In recent years, studies have focused on the relationship
between blood plasma HC and the onset and progression
of lung disease. Patients with chronic obstructive pulmonary
disease record a state of hyperhomocysteinemia, which,
according to the researchers, is evidence of severe disease
[15]. Hypotheses regarding the role of HC in lung and
pleural cancer development are also available [5].
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HC has a direct toxic effect on the endothelial layer of
the vascular wall, so in the pathogenesis of lung lesions in
hyperhomocysteinemia attach great importance to the
vascular system of the organ. In particular, it has been
proved that HC causes a violation of the reactivity of the
pulmonary artery wall due to the development of oxidative
stress [18]. In addition, the HC is able to exert a direct
damaging effect on the lung parenchyma and extracellular
matrix [17].

Thus, studying the peculiarities of morphological
changes in the structure of the lungs is an extremely
important task, since the data obtained will contribute to a
better understanding of the key links in the pathogenesis
of hyperhomocysteinemia, to improve the diagnosis and
treatment of respiratory diseases.

The purpose of the study is to identify the features of
microscopic changes in the structure of the lungs of young
rats under conditions of hyperhomocysteinemia.

Materials and methods

The experiments were performed on 22 white nonlinear
young (1-2 months) male rats. During the experiment, the
animals were divided into two groups - control and
experimental. Simulation of persistent hyperhomocysteinemia
was achieved by administering rats of the thiolactone HC to
rats of test group at a dose of 200 mg/kg body weight
intragastrically for 60 days. Animals were immobilized by
decapitation under thiopental anesthesia. For microscopic
examination, pieces of lung were collected from pre-weighed
animals of all groups. The pieces were fixed in 10% formalin
solution, the duration of the exposure did not exceed 1-2 days.
The fixing solution used prevents the autolysis process and
stabilizes the cells and tissues for their further processing
and use in staining procedures. Next, the dehydration of the
pieces in alcohols of increasing concentration and poured
into paraffin blocks. The sections, 4-5 um thick, were stained
with hematoxylin and eosin and methylene blue [6].
Histological specimens were examined using an SEO SCAN
light microscope and photo-documented using a Vision CCD
Camera with the system of output of the image from
histological preparations.

Results

Histological studies of the lungs of young rats under
conditions of hyperhomocysteinemia caused by the
introduction of thiolactone HC at a dose of 200 mg/kg,
revealed impaired pulmonary hemodynamics, edema of
the structural components of the respiratory compartment,
vessel walls and bronchi.

Large, medium and especially small bronchial tubes
and bronchioles are characterized by swelling and
thickening of the wall, its deformation. Destruction of the
fibro-cartilage sheath and muscle plate resulted in a
reduction of the mucous folds. In the lumen of the bronchi
revealed serous mucous contents with desquamated
epitheliocytes. Adventitia infiltrated with leukocytes,
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Fig. 1. MICI‘OSCOpIC changes in the Iungs of young rats under
conditions of hyperhomocysteinemia. Large (1) and medium
diameter (2) bronchus, deformation of the wall (3), serous-mucous
contents in the lumen (4), respiratory department (5). Staining
with hematoxylin and eosin. x100

Fig. 2. Hlstologlcal changes in the lungs of young rats under
conditions of hyperhomocysteinemia. Large-diameter artery lumen
(1), edema, media (2) and adventitia (3) destruction. Staining with
hematoxylin and eosin. x100.
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Fig. 3. Microscopic changes in the lungs of young rats under
conditions of hyperhomocysteinemia. Small-diameter vein lumen
(1), marginal lymphocyte standing near endothelium (2), leukocyte
accumulation in adventitia (3), swelling and infiltration of respiratory
compartment (4). Staining with hematoxylin and eosin. x200.
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Fig. 4. Microscopic changes in the lungs of young rats under conditions
of hyperhomocysteinemia. Venula lumen with blood cells (1), histo-
leukocyte infiltration of the wall (2), destructively altered endothelial
cells (3), alveolar macrophages in the lumen of the alveoli (4), basement
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Fig. 5. Microscopic changes in the respiratory department of the
lungs of young rats under conditions of hyperhomocysteinemia.
Alveolar sacs (1), sites of atelectasis and histo-leukocyte infiltration
(2). Staining with hematoxylin and eosin. x100.

Fig. 6. Micr scopic changes inthe Iugs of young ats of the respiratory
department under conditions of hyperhomocysteinemia. Blood filled
capillaries (1), alveolar macrophages (2), erythrocytes in the lumen

of the alveoli (3). Semi-thin section. Methylene blue. x400.

macrophages (Fig. 1).

Reorganization of the vascular wall of large and medium
diameter manifested expansion gaps and blood flow,
edema and leukocyte infiltration, predominantly adventitia,
also revealed blood vessels with narrowed lumen (Fig. 2,
Fig. 3).

Microscopic changes in the vessels of the
microcirculatory bed on semi-thin sections were
characterized by heteromorphism. The venous blood flow
was determined, with stasis, erythrocyte coagulation,
platelet accumulation, neutrophils in the lumen, and
leukocyte marginal standing near the endothelium. In the
swollen endothelial cells, vacuoles were found, burning
the nuclei into the lumen of the vessel. The basement
membrane was also swollen, indistinct (Fig. 4).
Microvessels with thickened wall, cramped by a narrow
lumen were also detected. Dystonia of the vessel wall was
also manifested by thinness, uneven thickening, narrow or
collapsed lumen.

Manifestations of inflammatory character were
determined in the migration of leukocytes mainly of
lymphocytes into the intra alveolar septa with the formation
of foci of inflammation.

In the respiratory department of the lungs, the intra
alveolar septa were thickened due to the blood filling of the
hemocapillaries and edema due to the increased
permeability of the walls of the microvessels to the blood
plasma. Histo-leukocyte infiltration of the parenchyma of
the organ was also detected. The gaps of the alveoli
showed an increase in the number of alveolar
macrophages.

Among the unchanged histostructure of the lung tissue,
small areas of dys- and atelectasis were also identified,
with partially or completely absent luminal alveoli (Fig. 5).
In the peripheral, subpleural areas, an emphysematous
altered lung tissue was observed with sophisticated intra
alveolar septa and significantly enlarged gups of the alveoli.
The thinned sections of the aerohematic barrier were
destroyed or ruptured, which led to the formation of
elements and plasma in the lumen of the alveoli (Fig. 6).

Discussion

The data obtained from the experimental study confirm
the already existing results, conducted with the aim of
establishing the role of HC in lung injury. In particular, it was
found that hyperhomocysteinemia, which develops as a
result of cystathionine-B-synthase deficiency, leads to the
development of pulmonary artery thrombosis, characterized
by the presence of pulmonary tissue fibrosis and the
destruction of the aerohematic barrier. The changes are
accompanied by increased expression of collagen type |
and transforming growth factor-g1 [8].

Severe chronic hyperhomocysteinemia causes
activation of lipid peroxidation and inhibition of mechanisms
of antioxidant protection of the lungs. The result of these
changes is the development of oxidative stress, which
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causes damage to lung tissue, increased production of
macrophages and lymphocytes [2].

It has been established that in severe
hyperhomocysteinemia, HC accumulates in the
mitochondria of the lungs in rats, causing a direct toxic
effect on them. Under these conditions, the metabolism of
NO is impaired and its bioavailability is reduced, however,
the production of reactive oxygen species is enhanced
against the background of inhibition of the reserve-adaptive
potential of lung mitochondria and, as a consequence,
damage to the organ parenchyma [12].

To date, the role of hyperhomocysteinemia in the
development of endothelial dysfunction has been
confirmed. The latter is due to increased production of
reactive oxygen species and reduced synthesis of nitric
oxide. The decrease in the level of nitric oxide under
conditions of hyperhomocysteinemia can also be caused
by inhibition of the enzyme dimethylarginine
dimethylaminohydrolase. Hyperhomocysteinemia-induced
damage to mitochondrial DNA leads to dysfunction of these
organelles and exacerbates bioenergetic processes in
them, leading to the appearance of a closed circle and
increased signs of oxidative stress. In addition,
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OCOBIMBOCTI MIKPOCKOMIYHUX 3MIH CTPYKTYPU JIEFEHb MONOAUX LLYPIB 3A YMOB MNMEPFOMOLUCTEIHEMIT
Cam6opcnka I.A.

linepeomoyucmeinemiss € chakmopom pusuky po3sumky bacambOX 3axeoproeaHb, 8 MOMYy 4ucsi i namornoeii opaaHie duxanbHol
cucmemu. lNamozeHe3 ypaxKeHHsI MKaHUHU fieeeHb € cknadHum ma bazamoghakmopHUM, OOHaK Ha CbO200HIWHIl OeHb 8CMaHOB/1eHO,
wo eomMoyucmeiH YUHUMBb MOKCUYHUU 8rue Ha CyOUHHYy cucmeMy ma napeHximy opeaaHy. Memorw OocridxXeHHs € 8usi8reHHs
ocobnusocmell MIKPOCKOMIYHUX 3MiH CMPyKmMypu fieeeHb Mosnodux wypie 3a ymos 2inepeomouyucmeiHemii. EkcnepumeHmarbsHe
docnidxeHHs1 MposedeHo Ha 22 binux HemiHitUHUX Mornodux (1-2 micsui) wypax-camusx. Y xodi ekcriepumeHmy meapuH 6yno po3rnodineHo
Ha 2 epynu - KoHmpornbHy i docnidHy. ModentosaHHs cmaHy cmilKoi ginepeomoyucmeiHemii docs2anu wisxom e8edeHHs ulypam
docnidHoI epynu mionakmoHy 2omouyucmeiHy y 003i 200 ma/ke macu mina iHmpaz2acmpanbHo npomszom 60 OHig. [icmonoaidHi
npenapamu sus4yanu 3a 0oriomozoto ceimnogozo mikpockona SEO SCAN ma ¢pomodokymeHmysanu 3a 0ornomozoto sideokamepu
Vision CCD Camera 3 cucmemoto 8ugody 306paxeHHs 3 2icmonoaidHux npenapamis. bymno ecmaHoeneHo, wo esedeHHs mionakmoHy
2omouyucmeiHy monodum wypam 8 0o3i 200 me/ke npuseeno 00 po3sumKy OecmpyKmueHUX 3MiH CyOuH, 6pOoHXi8, KOMMIOHEeHMI8
pecniipamopHoz2o 8iddiny 3 o3Hakamu amesniekmasig. [emModOuHamidHi po3nadu i nocuneHHs cyOUHHOI MPOHUKHOCMI npu3senu 00
repusackyrnsipHo20, nepubpoHxianbHO20, IHMepPCcMUUYitiHO20, 8HyMPIWHbOATbBEOISIPHO20 HAabpsIKy, 2icmonelkoyumapHoi iHgibmpauii.
BusieneHi 3miHU 3860pomHi ma Maromb pUCMOCy8anbHO-KOMIeHCamopHUU xapakmep.

KnrouyoBi cnoBa: zinepeomoyucmeiHemisi, nezeHi, aepozemamuyHuli bap'ep, makpoghaau, Helimpoinu.

OCOBEHHOCTU MUKPOCKOMUYECKUX UBMEHEHUI CTPYKTYPbI JIEFKMX MOJNOAbIX KPbIC B YCNIOBUAX
MNEPFOMOLUUCTEMHEMUU

Camb6opckas U.A.

lunepeomoyucmeuHemus sensemcs akmopoM pucKka pa3eumus MHo2ux 3abonesaHull, 8 MoM yucne U namosioauu op2aHos
ObixamesibHoU cucmeMbl. [TamozaeHe3 nopaxeHusi mKaHU N1e2KuUX S811emcs CrI0XKHbIM U MHO20GhaKmOopHbIM, OOHaKO, Ha Ce200HAWHUU
OeHb ycmaHO8/IeHO, YMO 20MOUUCMEUH OKa3bi8aem MmOoKcuyeckoe go3delicmsue Ha cocyOucmyio cucmeMy U napeHxumy opeaaHa.
Llenbto uccrnedosgaHus sisriiemcsi 8bisierieHue 0cobeHHocmel MUKPOCKOMNUYECKUX USMEHEeHUU CmpyKmypbl f1e2KUX MO00bIX KpbIC 8
ycrosusix eunepeomMoyucmeuHemMuu. SKcrepuMmeHmarnbHoe uccredogaHue npogedeHo Ha 22 besnbix HenuHelUHbIX MonoobiX (1-2
mecsuya) Kpbicax-camyax. B xode akcriepumeHma xueomHbix pa3denunu Ha 08e 2pynrbl - KOHMPObHYO U onbimHyto. ModenuposaHue
cocmosHus ycmouyugol 2unepeomoyucmeuHemuu docmuaanu nymem eg8edeHusi KpbicaMm OfMbIMHOU 2pynbl muosiakmoHa
eomouyucmeuHa 8 dose 200 me/ke macchbl mena uHmpasacmparnbHO 8 meyeHuu 60 dHel. [ucmonoauyeckue npenapamsl Uudydanu ¢
rnomoubto ceemogoeo mukpockorna SEO SCAN u gpomodokymeHmuposanu ¢ nomowibro sudeokamepsi Vision CCD Camera ¢ cucmemol
8bI800a U30bpaxkeHUs1 C 2ucmoio2U4eCcKUX npenapamos. bbino ycmaHoeneHo, 4mo 8gedeHue muonaKkmoHa 2oMoyucmeuHa Mos100biM
Kpbicam 8 0o3e 200 me/ke npueeso K pa3sumuto 0eCmpyKMUSHbIX U3MEeHeHuUl cocy0os8, 6pOHX08, KOMITOHEHITO8 PecrupamopHO20
omdena ¢ npusHakamu amesiekma3sos. [emoOuHamudeckue paccmpolicmea u ycuneHue cocyducmol rnpoHuyaemocmu rnpusenu K
rnepusackynsapHoMy, nepubpoHxuanbHOMY, UHMepcmuyuaabHOMY, 8HympuanbeeosiipHOMYy OmeKy, aucmonelkoyumapHou
UHGunbmpauyuu. BbisigneHHble usMeHeHuUss obpamuMbl U UMeom fpucnocobumeribHO-KOMIEHCamopHbIl xapakmep.

KntoueBble cnoBa: aunepsomoyucmeuHeMus, iezkue, aspozemamuyeckuti bapbep, makpogazu, Helmpogurisl.
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