MOP®»ONO0rIf / MORPHOLOGY

mitochondria, crystallolysis of intermyofibrillar mitochondria, the appearance of organelles with sharp swelling of
the matrix. Compared with the control group, significant changes were detected on the electron micrographs of
the occipital cortex of experimental animals: perivascular, perineuronal edema and edema of neuronal organelles,
especially mitochondria with partial destruction of cristae, as well as edema of the neuropil as a whole. Thickening
of vascular membranes due to edema was observed, and in the extracellular space concentrations of myelinated
axons and an important feature reactive consequences of the injury was myelin delamination, i.e. demyelination.
Thus, the ultrastructural changes in neurons and neuropil of the occipital cortex, thalamus, hypothalamus and
metathalamus detected after the action of the shock wave are characterized by reactive manifestations of damage:
in the form of myelin delamination, damage to organelle membranes, their transformation, especially mitochondria
with destruction of cristae and uneven illumination of the matrix, changes in the walls of hemocapillaries and
swelling of the neuropil as a whole.

Key words: retina, explosive wave, neurotrauma, visual analyzer, thalamus, hypothalamus, occipital cortex,
experiment.
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MORPHOMETRIC ASPECTS OF THE STUDY OF THE DIAPHRAGM IN THE CONDITIONS

OF POSTOPERATIVE HYPERTENSION IN THE PULMONARY ARTERY SYSTEM
I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
(Ternopil, Ukraine)
hnatjuk@tdmu.edu.ua

The diaphragm is considered the primary muscle responsible for breathing. This organ often undergoes structural
and functional changes during various pathological processes. Most researchers believe that blood flow disorders
in the large and small circulatory systems, as well as the portal system, also affect the morphological and functional
changes and dysfunction of the diaphragm. Today, there are controversial and unclear issues in the pathogenesis of
diaphragmatic dysfunction, among which its remodelling in conditions of post-resection arterial pulmonary hyper-
tension and pulmonary heart disease remains unexplored. Thus, a detailed and comprehensive study of the patterns
of diaphragmatic remodelling in various haemodynamic disorders is essential.

The costal part of the diaphragm of 62 white male rats was morphologically studied. The rats were divided into
three groups: 15 animals were controls, 35 rats with arterial post-resection pulmonary hypertension and compen-
sated pulmonary heart disease were included in the second group, and the third group consisted of 12 animals
with post-resection pulmonary hypertension and decompensated pulmonary heart. The rats were euthanised by
bloodletting under thiopental anaesthesia. Massometry and planimetry of the heart chambers were performed. On
histological sections of the diaphragm, the cross-sectional area of the muscle fibre, the area of its nuclei, the nucle-
ar-cytoplasmic index, the volume of muscle fibres, stroma, damaged muscle fibres, and stromal-myocyte ratios were
determined. The obtained digital data were statistically processed. It was established that right-sided pneumonec-
tomy led to post-resection pulmonary hypertension, development of pulmonary heart and its decompensation, and
pronounced remodelling of the diaphragm. The examined organ showed disorders of lymphatic circulation, hyper-
trophy, dystrophy, necrosis of muscle fibres, cellular infiltration, and stromal proliferation. The volume of damaged
muscle fibres in pulmonary hypertension with compensated pulmonary heart disease increased statistically signifi-
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cantly by 5.7 times, and in pulmonary heart decompensation, by 16.6 times. It was found that the most pronounced
quantitative morphological changes occurred in the diaphragm, in conjunction with post-resection pulmonary hyper-

tension and pulmonary heart decompensation.

Key words: diaphragm, morphometry, postresection hypertension in the pulmonary artery.

Connection of the publication with planned re-
search works.

The article is a fragment of the research work of the
I. Horbachevsky Ternopil National Medical University of
the Ministry of Health of Ukraine “Structural and func-
tional patterns of adaptation and compensation process-
es in organs and systems during surgical interventions on
the organs of the abdominal and thoracic cavities under
the influence of toxic endogenous and exogenous fac-
tors” (state registration number 0122U000031).

Introduction.

The diaphragm is a musculotendinous partition
separating the chest cavity from the abdominal cavity,
which most researchers consider the primary respira-
tory muscle, ensuring full ventilation of the lungs. Di-
aphragmatic dysfunction is frequently encountered in
clinical practice, manifesting as unexplained shortness
of breath, fatigue, drowsiness, decreased performance,
the development of lung atelectasis, respiratory failure,
and a deterioration in quality of life. Diaphragmatic dys-
function can occur in the context of various inflamma-
tory and metabolic disorders, following injuries, surgical
interventions, mechanical ventilation of the lungs, medi-
astinal tumours, myopathies, nephropathies, cardiomy-
opathies, diseases associated with hyperventilation of
the lungs, and increased intra-abdominal pressure [1, 2].
To this day, the structure and function of the diaphragm
continue to be studied by both clinicians and morphol-
ogists [2, 3].

Lung resection is often performed in surgical clinics
of medical institutions today for benign and malignant
tumours, metastases, injuries, cirrhosis, gangrene, tu-
berculosis, polycystic disease, sarcoidosis, echinococco-
sis of the lungs, damage to the main pulmonary vessels,
and pleural mesothelioma [3, 4].

It is known that resection of large volumes of the
lungs can lead to the development of post-resection hy-
pertension in the pulmonary artery system (pulmonary
hypertension), the development of pulmonary heart dis-
ease and complex general biological processes that arise
and develop in the organs and systems of the body as it
adapts to a new level of activity [4]. Several studies have
been devoted to the structural and functional changes in
the pulmonary parenchyma during its resection [4], but
the features of diaphragm structure remodelling during
these surgical interventions have not been sufficiently
covered. Resolving this issue is not only theoretically im-
portant but also clinically relevant.

The aim of the study.

To morphometrically determine the characteris-
tics of diaphragm remodelling in experimental animals
under conditions of post-resection hypertension in the
pulmonary artery system.

Object and research methods.

A complex of morphological methods was used to
study the diaphragm of 62 laboratory sexually mature
male rats, which were divided into three groups. The first
group consisted of 15 control animals, the second group
consisted of 35 rats with post-resection pulmonary hy-

pertension and compensated pulmonary heart, and the
third group consisted of 12 animals with post-resection
pulmonary hypertension and decompensated pulmo-
nary heart. The last one was characterised by cyanosis
of the visible mucous membranes, congestive phenom-
ena in the organs of the systemic circulation, hydrotho-
rax, hydropericardium, ascites, and peripheral oedema.
Postoperative hypertension in the pulmonary artery sys-
tem was modelled by performing right-sided pneumo-
nectomy in rats [4], which was performed under thio-
pental anaesthesia and in compliance with the rules of
asepsis and antisepsis. One month after the surgery, the
rats were euthanised by bloodletting under the specified
anaesthesia. To determine pulmonary hypertension and
the development of pulmonary heart disease, separate
weighing and planimetry of the endocardial surfaces of
its chambers were performed [4]. For morphological ex-
amination, pieces were cut from the costal part of the di-
aphragm and then fixed in a 10% solution of neutral for-
malin. The tissues under study were fixed for two days,
during which the fixing fluid was changed twice. The
samples were dehydrated by passing them through alco-
hols of increasing concentration (50%, 60%, 70%, 80%,
96% and absolute alcohol). The duration of dehydration
of the samples in each alcohol solution ranged from 12
to 24 hours. The tissue pieces were impregnated with
paraffin using the standard method at a temperature of
55-56°C and allowed to harden at room temperature.
Chloroform was used as a transitional medium between
absolute alcohol and paraffin. A series of 5-6 um thick
sections were prepared from paraffin tissue blocks using
an MS-2 microtome. After deparaffinization with xylene,
the microtome sections were stained with haematoxy-
lin-eosin, toluidine blue, and also using the Weigert, van
Gieson, Mallory, and Masson methods, and impregnated
with silver nitrate [5]. In stained histological specimens,
the cross-sectional area of diaphragm muscle fibres
(CSA), the nuclear area (NA), the nuclear-cytoplasmic
index (NCI), the volume of muscle fibres (VMF), the vol-
ume of stroma (VS), the stromal-myocytic ratio (SMR),
and the volume of damaged muscle fibres (VDMF) were
determined. The obtained numerical data were statisti-
cally processed using the STATISTICA software package
(StatSoft, Inc., USA, licence No. BXXR303F737429FA-8).
The significance of differences was assessed using Stu-
dent’s t-test. Differences were considered true when
the probability of the null hypothesis was less than 5%
(p<0.05) [6].

When conducting experiments and euthanasia on
animals, the International Code of Medical Ethics (Ven-
ice, 1983), the rules adopted by the European Conven-
tion for the Protection of Vertebrate Animals used for
Experimental and Scientific Purposes (Strasbourg, 1986),
the principles of the Helsinki Declaration adopted by the
General Assembly of the World Medical Association
(1964-2000), the “General Ethical Rules for Experiments
on Animals” approved by the First National Congress on
Bioethics (Kyiv, 2001), Directive 2010/63/EU of the Eu-
ropean Parliament and of the Council of 22 September
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2010 on the protection of animals used for scientific pur-
poses, and the Law of Ukraine “On the Protection of An-
imals from Cruel Treatment” No. 3477-IV of 21 February
2006 [7, 8].

Research results and their discussion.

It was established that right-sided pneumonectomy
led to hypertension in the pulmonary artery system,
which was confirmed by separate weighing and planim-
etry of the heart chambers. It was found that right-sid-
ed pneumonectomy was accompanied by an increase
in mass and enlargement of the heart chambers, with
dominant hypertrophy and dilatation of the right ventri-
cle, i.e., the development of pulmonary heart disease.
The quantitative morphological parameters of the dia-
phragm of experimental animals are shown in the table.

Table — Morphometric parameters of the diaphragm
of experimental animals (Mtm)

Parameter Group of animals
first second third

CSA, um? 373.06£2.61 | 475.05£3.51*** | 563.80+£3.90***
NA, pm? 19.04+0.12 | 31.35+0.21*** 23.11+0.16%**
NCI 0.052+0.001 0.066+0.001 0.041+0.001
VMF, % 81.1+0.54 83.6+0.6* 81.70+0.54**
VS, % 12.9+0.09 16.40£0.12*** | 18.30£0.12*%*
SMR 0.148+0.002 | 0.196+0.002*** | 0.224+0.003***
VDMF, % 2.18+0.01 12.54+0.09*** | 36.20+0.24***

Notes: * — p<0.05; ** — p<0.01; *** — p<0.001 in relation to the first
group.

An assessment of the morphometric parameters of
the diaphragm revealed that, under simulated patho-
logical conditions, all parameters changed. It was found
that the cross-sectional area of the diaphragm muscle
fibre in the control observations was (373.06+2.61) um?.
At the same time, in pulmonary artery hypertension with
compensated pulmonary heart (the second group of ani-
mals), it was (475.05+3.51) um?. A statistically significant
difference (p<0.001) was found between the morpho-
metric parameters, and the quantitative morphological
parameter studied in simulated pulmonary hyperten-
sion exceeded the corresponding control by 27.3%.

In conditions of combined post-resection pulmonary
hypertension and pulmonary heart decompensation,
the cross-sectional area of muscle fibres was found to
be increased by a high degree of statistically significant
difference (p<0.001) compared to the same control mor-
phometric parameter, by 51.1%.

It was found that the area of muscle fibre nu-
clei changed in a manner almost identical to that de-
scribed above. Thus, in the second group of observa-
tions, the specified morphometric parameter reached
(31.35#0.21) um? and exceeded the similar control
value by 64.6% with a high degree of statistical signifi-
cance (p<0.001). In the third group of observations, the
increase in muscle fibre nuclear area relative to the first
group was slightly lower, amounting to 21.3% (p<0.001).

Uneven morphometric changes in the cytoplasm
of diaphragm muscle fibres and their nuclei were ac-
companied by a disruption in the relationship between
them, which was adequately reflected in the nucle-
ar-cytoplasmic index. This morphometric parameter
reached (0.052+0.001) in the control observations and
(0.066%£0.001) in the second group (pulmonary hy-

pertension with compensated pulmonary heart). The
obtained and presented morphometric parameters
differed significantly from each other (p<0.001). The
nuclear-cytoplasmic index of diaphragm muscle fibres
in the second group of animals exceeded the similar
quantitative morphological parameter of the first group
by 26.9%. In pulmonary hypertension with decompen-
sation of the pulmonary heart, the nuclear-cytoplasmic
index of diaphragm muscle fibres was 21.1% (p<0.001)
lower than the same control quantitative morphological
parameter and 37.8% (p<0.001) lower than in the sec-
ond group of observations.

A quantitative morphological study of the muscu-
lar part of the diaphragm under simulated pathological
conditions revealed that post-resection pulmonary hy-
pertension and pulmonary heart disease led to an in-
crease in stromal structures and a decrease in muscle
mass, which was confirmed by determining the volumes
of muscle fibres and stromal structures. In post-resec-
tion pulmonary hypertension and compensated pulmo-
nary heart, the volume of stroma increased by 3.5%, and
muscle fibres decreased by 3.5% (p<0.05). In post-re-
section hypertension of the pulmonary artery system
with decompensated pulmonary heart, the decrease in
muscle fibre volume and increase in stroma were 5.4%
(p<0.001).

The increase in the volume of stromal structures in
the muscular part of the diaphragm in pulmonary hyper-
tension also indicated a statistically significant increase
(p<0.001) in stromal-myocyte ratios. In the control
group, this morphometric parameter was (0.148+0.002),
with post-resection pulmonary hypertension with com-
pensated pulmonary heart — (0.196+0.002), and in the
combination of pulmonary hypertension with decom-
pensated pulmonary heart disease — (0.224+0.003), i.e.
the established increase in stroma was 32.4% and 51.3%
(p<0.001), respectively.

Under simulated pathological conditions, the volume
of damaged muscle fibres in the diaphragm increased
significantly. It was found that in the control group of ob-
servations, this morphometric parameter was equal to
(2.18+0.01)%. In post-resection pulmonary hypertension
and compensated pulmonary heart disease, the studied
quantitative morphological parameter increased 5.7
times with a statistically significant difference (p<0.001).
It reached (12.54+0.09)%, and in the case of pulmonary
hypertension combined with decompensated pulmo-
nary heart disease, it increased 16.6 times (p<0.001).

Light optical examination of diaphragm specimens
one month after right-sided pneumonectomy revealed
pronounced disturbances in lymph and blood circula-
tion, characterised by stromal oedema, dilation and
hyperaemia of predominantly venous vessels, plasmor-
rhagia of their walls and paravascular spaces, and foci
of diapedetic haemorrhages. Destructive changes were
found in all components of the examined organ. Oe-
dema of muscle fibres was noted, and myofibrils were
deformed in places in a wave-like manner. Sarcoplasm
was unevenly stained, and foci of vacuolisation, homo-
genisation, and lysis were found in muscle fibres. There
were also foci of muscle fibre fragmentation and deep
sarcoplasm breakdown. Transverse striations in some
diaphragm muscle fibres were not visualised. In some
places, the location of the nuclei changed; in most cases,
they shifted to the centre of the muscle fibres. Necrot-
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ic muscle fibres were replaced by connective tissue, in
which small foci of adipose tissue and cellular infiltrates
were found, containing macrophages, lymphocytes, his-
tiocytes, and fibroblasts.

The established increase in the cross-sectional area
of muscle fibres in conditions of post-resection pulmo-
nary artery hypertension indicates their hypertrophy,
which is explained by the fact that healthy fibres per-
form the function of damaged ones, i.e. they hyper-
function and increase in size. The studies and analysis of
the data obtained have shown that an important mor-
phometric parameter is the nuclear-cytoplasmic index,
which reflects the relationship between the quantitative
morphological parameters of the nucleus and cytoplasm
of muscle fibres. The nucleus and cytoplasm of cells are
separated from each other, and at the same time, these
structures are closely integrated and form a common
structural and functional system. Therefore, the study of
nuclear-cytoplasmic relations is the most adequate anal-
ysis of the interrelations between the nucleus and cyto-
plasm of cells. Most researchers argue that nuclear-cy-
toplasmic relations are an informative and objective
criterion for the in vivo state of a cell, and pronounced
disproportionate changes in the spatial parameters of

DOI 10.29254/2077-4214-2025-3-178-377-384
YOK 611.12-08:612.6-092
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the studied cell substances (nucleus, cytoplasm) indicate
cell damage and disruption of the structural foundations
of cellular homeostasis [9, 10]. This morphometric pa-
rameter also allows for an objective assessment of the
cell’s metabolic rate and its structural and functional
state, and a marked decrease in this parameter indicates
the depletion of nuclear structures [9].

Conclusions.

Right-sided pneumonectomy in white rats leads to
pulmonary arterial hypertension, development of pul-
monary heart disease, its decompensation, diaphrag-
matic remodelling characterised by lymphatic and blood
circulation disorders, hypertrophy, dystrophy, necrobi-
osis of muscle fibres, changes in cellular structural ho-
meostasis, cellular infiltration and sclerosis. The degree
of diaphragmatic remodelling was most pronounced in
cases of post-resection pulmonary hypertension com-
bined with pulmonary heart decompensation.

Prospects for further research.

A comprehensive study of the patterns of diaphrag-
matic remodelling in pulmonary hypertension and pul-
monary heart disease will contribute to the improve-
ment of diagnosis, correction, and prevention of various
diaphragmatic injuries and dysfunctions.

MOP®OMETPU4HI ACNEKTU BUBYEHHA AIAGPATMU B YMOBAX
NICNAONEPALIMAHOI NNEPTEH3II B CUCTEMI JIETEHEBOT APTEPII

TepHONINbCbKMIT HALiOHANbHUA MeaAUYHUA YHiBepcuTeT imeHi |. fl. Top6aueBcbkoro MO3 YKkpaiHu
(m. TepHoNinb, YKpaiHa)
hnatjuk@tdmu.edu.ua

Jiappaemy eeaxarome 20/108HUM OUXAAbHUM M'A30M. BrasaHuli op2aH HepiOKO 303HAE CMPYKMYpPHO-
(PYHKUIOHAAbHUX 3MiH MpuU pi3HUX namosoeziyHux npoyecax. binbwicme 00cniOHUKie 88axcatomb, W0 MOPYUEHHS
KPOBOMAUHY y 8e/UKOMY, MAAOMY KO/aX Kposoobiey, nopmanbHili cucmemi mex e8nausarome Ha MopgonozivHi,
(PYHKUioHanbHI 3MiHU ma ducegyHKyito diagppaemu. Ha cb0200Hi 8 namoeeHesi OucgyHKYil diagppaemu icHyromeo
cynepeynusi HeACHi MUMAHHA, ceped AKUX HedoCniOHeHUM € peMoOento8aHHA i 8 ymosax nocmpe3seKkyiliHol
apmepianbHoi nezeHesoi 2inepmeHsii ma nezeHego2o cepuys. TAKUM YUHOM, 0emasbHe 8CEeCMOPOHHE 8UBHYEHHS
3aKoOHOMipHOCmel pemodentosaHHA diagpazmu npu PisHUX MOPYWEHHAX 2eMOOUHAMIKU € 8AHIUBUM.

MopgonoeziyHo susueHa pebposa yacmuHa diappasmu 62 b6inux wypie-camyie, ModineHUx Ha Mpu 2pynu:
15 meapuH 6ynu KoHmponeHUMU, 35 wypie 3 apmepianbHO Mocmpe3eKyiliHow nezeHesor 2inepmeHsiero i
KOMMeHCO8AHUM sie2eHesuUM cepuyem aagiliunu e Opyay apyny, mpemsa — 12 meapuH 3 nicaapesekyiliHoto nezeHegoro
einepmeH3siero i 0eKoMneHCco8aHUM sezeHesuM cepuem. EemaHazito wypie 30ilicHH8aAAU KPOBOMNYCKAHHAM 8
yMo8ax mioneHmMano08020 HAPKo3y. lposodunu macomempiro ma naaHimempito Kamep cepys. Ha eicmonoeiyHux
npenapamax Odiagppazmu euU3HAYAAU MAOWY MNOoMepeyHo20 nepepisy M'A308020 B0710KHA, naowy lozo sdep,
A0epHoO-yumonaasmamuyHuli iHOekc, obcse M'A308Ux B0/I0KOH, CMPOMU, MOUIKOOHCEHUX M'S308UX B0/I0KOH,
CMPOMaAbHO-MiOYUMapHi 8i0HoweHHA. O0epxaHi yugposi 0aHi 0bpobasau cmamucmu4yHo. BcmaHosesneHo,
W0 nMpasocmMopPOHHA MysbMOHEeKmMomisa rpu3soduna 00 nocmpeseKuiliHoi sezeHesoi einepmeHsii, po3sumky
nezeHe8020 cepys i lioeo dekomneHcauyii ma supaiceHo20 pemooentos8aHHA diagpazmu. B docnidncysaHomy opaaHi
crnocmepieanuca po3naou AiMmgo-Kposoobiey, 2inepmpoghis, ducmpocpis, HEKPO3U M'A308UX B0/I0KOH, KAIMUHHA
iHinempauis, po3pocmaHHA cmpomu. Obcsa2 NOWKOOHEHUX M'A308UX B0M0KOH Npu nezeHegili einepmeHsii 3
KOMMeHCOBAHUM fle2eHe8UM cepyem cmamucmu4Ho 00cmosipHo 3pic y 5,7 pasu, npu dekommneHcayii nezeHesozo
cepuda —y 16,6 pasu. 3'acosaHo, w0 HalisupaxceHiwi KinbKicHi mopghonoaiyHi 3miHu siomiyanuca y diagppazmi npu
MOeOHAHHI nocmpe3eKyiliHoi nezeHesoi einepmeHsii 3 0eKOMNeHCAayi€ero 1e2eHe8020 cepuys.

Knro4oei cnosa: diagppazma, mopgomempis, mocmpeseKuyiliHa 2inepmeHsis 8 nezeHesili apmepii.

38’A30K ny6niKauii 3 n1aHOBMMM HAayKOBO-AOCAig-
HUMU poboTamu.

Bepcutety imeHi |. A. Topbauescbkoro MO3 YKpaiHu
«CTpYKTypHO-YHKLiOHaNbHI 3aKOHOMIpHOCTI nepebiry

Ctatts € ¢dparmeHTOM HayKoBO-AOCNigHOI pobo-
TV TepHOMINbCbKOrO HaLiOHA/NIbHOTO MEeAUYHOro YHi-

a,ﬂ,aI'ITaLI,iVIHO-KOMI'IeHCBTOpHVIX I'IpOLI,eCiB B OpraHax Ta
CcncTtemax npu onepatuMBHUX BTPYYaHHAX Ha OpraHax
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YyepeBHOI Ta rPyAHOI NOPOXKHMH B YMOBAX Ajii TOKCUYHUX
EHJO0reHHWUX Ta eK30TeHHNX dakTopiB» (HOMep AeprKaBs-
Hoi peecTpauii 0122U000031).

Bcryn.

Jiadparma — m’A30BO-CYXOXKWMKOBa MNeperopos-
Ka MiXK rpyaHOI KNITKOK i MOPOXKHUHOK XKMBOTA, AKY
6iNblWicTb AOCNIAHWKIB BBaXKatOTb FOOBHUM AUXaslb-
HUM M’'A30M, LLO 3abe3neyye NMOBHOLHHY BEHTUAALIO
nereHb. B KniHiui Hepigko 3ycTpivaeTbca AMCOYHKLIA
adiadpparmu, AKka NpoABNAETbCA 6E3NPUUMHHOK 3a4MLL-
KOO, BTOMJIEHHAM, COH/IMBICTIO, 3HUXKEHHAM npaues-
[ATHOCTI, PO3BUTKOM aTe/ieKTasiB /JiereHb, AMXanbHO
HeAOCTaTHICTIO, NOripWaHHAM AKOCTI XUTTA. OUCOYHK-
uis giapparmm moxke BUHMKATM Ha GOHI pi3HMX 3anab-
HUX i meTaboniuHMX po3naais, Nicna TpaBm, XipypriyHmx
BTPYYaHb, NP MeXaHiUYHiIN BEHTUAALIT nereHb, NyXJAnHax
cepenocTiHHA, mionaTiax, HedponaTiax, Kapaiomionarti-
AX, XBOpobax, WO CynpOBOAXKYIOTbCA FinepBeHTUNALL-
€10 /lereHb, NiABULLEHHA BHYTPiLWHBbOAbAOMIHANIbHOMO
TUCKy [1, 2]. o CbOroAHIWHbLOrO AHA CTPYKTYPY i GYHK-
Lito Aiapparmn NpPoAOBXKYOTb BUBYATM SIK KAIHILUCTH,
Tak i mopdonoru [2, 3].

Pesekuia nereHb HepigKo BMKOHYETLCA CbOroAHiI y
XipypriyHMX KNiHiKax NikyBasbHUX 3aKkNagis npu Aobpo-
AKICHMX Ta 3M10AKICHMX MyX/IMHAX, MeTacTasax, TpaBmax,
LMpO3i, raHrpeHi, TybepKynbosi, nonikictosi, capkoigosi,
€XiHOKOKO3i NiereHb, YWKOAXKEHHI MaricTpanbHuX nere-
HEBUX CYAWNH, me3oTeniomi nnespwu [3, 4].

Bigomo, Wo pesekuina BeAUKUX 06’EMiB ereHb moxke
NpM3BOAUTM A0 PO3BUTKY MOCTPE3eKUiMHOI rinepTeH-
3ii B cucTemi nereHeBoi apTepii (nereHesoi rinepTeHsii),
PO3BUTKY SIereHeBOro cepLA Ta CKNaLHMX 3aranbHo-6io-
NOTiYHUX NPOLLECIB, AKI BUHUKAIOTb i PO3BMBAOTLCA NPU
LbOMY B OpraHax i cuctemax opraHiamy npw oro agan-
Tauji 4O HOBOro piBHA XUTTeAianbHOCTI [4]. CTpyKTyp-
HO-QYHKLiOHaNbHUM 3MiHaM fiereHeBOi NapeHXiMmu npu
ii peseKuji npuceayeHa HU3Ka pobit [4], npoTe ocoban-
BOCTi peMOZeNt0BaHHA CTPYKTYp Aiadparmu npu BKasa-
HUX ONepaTUBHUX BTPYYaHHAX BMUCBITNEHI HEAOCTaTHbO.
BupilleHHA [aHOrO0 MUTAHHA € He Ti/IbKM TeopeTU4HO
Ba)KAMBUM, ane W HabyBae aKTyaNbHOCTI y KAiHIYHIN
NpaKTUL,.

MeTta pgocnigeHHs.

MopdpomeTpuyHO BU3HAUMTKM 0COBAMBOCTI pemoge-
NIOBaHHA Ajadparmun y eKcnepumMeHTaNbHUX TBApWH B
YMOBax MOCTpe3eKLiiMHOI rinepTeHsii B cuctemi nereHe-
BOi apTepii.

O6’eKT i meTOoaU AOCNIAKEHHA.

Komnnekcom mopdonoriyHMx mMeToaiB A0oCNiaKeHO
AOiadparmy 62 nabopaTopHUX CTaTeBO3PIANX Binnx Wwy-
piB-camuiB, AKi 6ynn posgineHi Ha Tpu rpynu. Mepwa
rpyna HapaxosyBana 15 KOHTPOAbHUX TBAapWH, Apyra —
35 wypiB 3 apTepianbHO NOCTPE3EKLUiMHO IereHeBO
rinepTeHsield i KOMMNEHCOBAHMM JIEFEHEBUM CEPLEM,
TpeTta — 12 TBapWH 3 nicnapes3eKuiiHO NereHeBoto Ti-
nepTeH3i€l0 i AeKOMMNEHCOBAaHMM JIereHeBMM CepLEM.
OCTaHHE XapaKTepu3yBasioCA CUHIOWHICTIO BUAMMMX
CNN30BMX O0DOJIOHOK, 3aCTIMHUMKM ABMLLAMMW B OpraHax
BE/IMKOTO Kona KpoBOODLiry, rigpoTopaKkcom, rigpone-
pUKapAoMm, acumMTom, nepudepiiHnmm Habpsakamu. MMic-
niaonepauinHy rinepTeHsito y cucTemi nereHeBoi apTepii
MOZeNtoBaANn 34iMCHEHHAM Y LUYPiB NPaBOCTOPOHHbLOI
Ny bMOHEKTOMIT [4], AKy BUKOHYBa/IM B YyMOBaX TiOMeH-
Ta/JI0BOrO HApKO3y Ta 3 AOTPUMAHHAM NPaBUA aCENTUKM
Ta aHTUCENTUKKU. Yepe3 micAub Micns BKasaHoOro one-

pPaTUBHOrO BTPYYaHHA 3ZilACHIOBaAM eBTaHasito LLypiB
KPOBOMYCKaHHAM B YMOBaX BKa3aHOro Hapko3y. Mpu Bu-
3HaYeHHi IereHeBOi rinepTeHsii Ta PO3BUTKY NEreHeBoro
cepus, NPOBOAMIN OKPeMe 3BaXKyBaHHA Ta MnaHime-
TPito eHAO0KapaianbHMUX NOBEPXOHb Moro kamep [4]. Ons
MOPONOTiYHOrO AOCAIAKEHHS BMpPi3ann LIMATOYKM 3
pebpoBoi YacTUHM Aiadparmm 3 noganbluoto dikcauieto
Xy 10% po34unHi HelTpanbHoro dopmaniHy. Jocnigxy-
BaHi TKAHWHW diKCyBaIM YNPOAOBK ABOX Aib, NpoTArom
AKNX diKcytoya piamHa 3miHoBanacA ABidi. 3HEBOAHEHHSA
npenapaTiB 34iMCHIOBANN LWAAXOM NPOBEAEHHSA iX Yepes
CNUPTU HapocTatoyoi KoHueHTpauii (50%, 60%, 70%,
80%, 96% i abcontoTHUI cnUpT). TPUBANICTb 3HEBOAHEH-
HA NpenapaTiB y KOXXHOMY PO34YMHi CNMPTY KOIMBANOCA
BiA 12 fo 24 roguH. MpocoyyBaHHA LWUMATOUKIB TKAHWUHMU
napadiHomMm NpoBOAMAN 3a 3ara/ibHONPUNHATOK METO-
AMKO Npu Temnepatypi 55-56°C i gaBanu 3aTBepaHy-
TW NpU KiMHaTHIN TemnepaTypi. Y AKOCTi nepexigHoro
cepenoBuLLa Bif abcontoTHOro cnupTy Ao napadiHy Bu-
KopucToByBann xnopodopm. 3 napadiHoBux 6/0KiB
TKaHMHWU Ha MmikpoTomi MC-2 roTyBanu cepii 3pi3iB TOB-
LWMHO 5-6 MKM. MiKpOTOMHI 3pi3u nicna genapadiHisa-
uii Kecunonom 3abapsatoBanM reMaTOKCUAIH-€03UHOM,
TONYiAMHOBMM CMHIM, @ TaKOX 32 MeTogoMu BelirepTa,
BaH-l30H, Mannopi, MaccoHa, npoBoanan imnperHadi-
€10 a30THOKMCAUM cpibsiom [5]. Ha 3abapeneHux ricto-
NOTIYHMX NpenapaTax BU3HAYaAM NJoLy MonepevyHoro
nepepisy m’ssoBoro BosokHa (MM) giadparmu, naowy
noro agep (MA), AgepHO-UMTONNA3ZMATUYHUIA iHAEKC
(AUI), obcar m’asoBux BonokoH (BOM). obecar ctpomu
(BOC), cTpomanbHO-miouMTapHi BigHoweHHs (CMB),
06CAr NOLKOAMKEHUX M'A30BUX BOMOKOH. OpaepKaHi
uModpoBi AaHi 06pobaAAN CTATUCTUYHO 3 BMKOPMUCTAH-
HAM nporpamHoro nakety STATISTICA («StatSoft, Inc.»,
CLUA, niuensia Ne BXXR303F737429FA-8). BiporiaHicTb
BiAMIHHOCTEl OLiHIOBaNM 3 BUKOPUCTAHHAM KpUTEPItO
CTblogeHTa. BigMmiHHOCTI BBaXKaam iCTUHHMM Npu Bipo-
rifAHOCTi HyNbOBOI rinoTesn meHwe 5% (p<0,05) [6].

Mpy npoBefeHHi eKcnepMMeHTy Ta eBTaHasii TBa-
pUH goTpumyBannca MiXKHapOAHOTO KOZEeKCcy Meanud-
HOi eTuKn (BeHeuis, 1983), npaBua, NpUMHATMX EBpO-
NercbKO KOHBEHLIEK i3 3axMCTy XpebeTHUX TBapWH,
AKMX BUKOPWUCTOBYBANM AJ1A €KCMEPUMEHTY i HayKOBUX
3aBaaHb (Ctpacbypr, 1986 p.), npuHUMAIB [enbCiHCbKOT
AeKnapauii, npuinHaToi feHepanbHoto acambieeto Beec-
BiTHbOI MeAMyYHOI acouiauii (1964-2000 pp.), «3aranb-
HUX €TUYHUX MPaBU/I EKCMEPUMEHTIB Hag, TBAPUHAMU Y,
3atBepaKeHux | HauioHanbHUM KoHrpecom 3 6ioeTuku
(Knis, 2001), Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on
the protection of animals used for scientific purposes Ta
3aKOHY YKpaiHu «[lpo 3axmucT TBapuH Bifg, *KOPCTOKOro
nosogkeHHs» Ne 3477-1V Big 21.02.2006 p. [7, 8].

Pe3ynbTatu AocniaKeHHA Ta ix 06roBopeHHs.

BcTaHOBNEHO, WO NPAaBOCTOPOHHA MY/IbMOHEKTOMIA
npu3BoAmMaa A0 rinepTeHsii y cuctemi nereHeBoi apTe-
pii, WO NigTBEpANKYBaNOCA OKPEMMM 3BaXKyBaHHAM Ta
naaHimeTpieto Kamep cepud. 3'AcoBaHoO, WO npaBobiy-
Ha My IbMOHEKTOMIfi CYnpoBOAKYyBanaca 36iNbweHHAM
Macu Ta PO3LIMPEHHAM KaMep cepus 3 AOMIHYHYOLO Ti-
nepTpodieto Ta AMNaTaLi€d NPaBOro LWAYHOYKa, TO6TO
PO3BUTKOM NlereHeBoro cepuA. OTpMmaHi KiibKiCHi mop-
$OoNoriyHi NOKasHMKKN Aiadparmy ekcnepumeHTaIbHUX
TBApPWH HaBeaeHi y Tabauui.
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OuiHKOIO HaBeaeHUX MOPOOMETPUYHUMX Mapame-
TpiB giadparmu BCTAaHOBNEHO, WO B YMOBAX 3MOAE/bO-
BaHOI MAaToNOrii BOHW BCi 3MiHIOBanucA. BcTaHOBNEHO,
Lo MJioLLa MOoMepeyYyHoro nepepisy m'A30BOro BOJIOKHA
Aiadparmm y KOHTPONbHUX CNOCTEPENKEHHAX OOPIBHIO-
Bana (373,0612,61) MKM?, npwu rinepTeHsii y sereHesin
apTepii 3 KOMMNEHCOBaHMM NereHeBMM cepuem (gpyra
rpyna tBapuH) — (475,05£3,51) Mkm2. Mix HaBegeHMMMU
MOPHOMETPUYHMMU MapaMeTpPaMmmn BUABMEHA BUpaKe-
Ha CTaTUCTMYHO BiporigHa pisHuuA (p<0,001) i gocni-
OKYBaHUM KifbKiICHUA MOPQONOriYHUA NOKA3HUK Mpu
3MOZeNbOBaHiN fiereHeBili rinepTeHsii nepesuLLyBaB
QHaNOTiYHNI KOHTPONbHUI Ha 27,3%.

Tabnuua — MopdomeTpuyHi napamertpu giapparmm
eKcnepumMmeHTaNbHUX TBapuH (Mim)

lpyna TBapmH
MoKasHuUK
nepwa apyra TpeTa
MM, mkm? | 373,06+2,61 | 475,05+3,51*** | 563,80+3,90***
MA, MKm? 19,04+0,12 | 31,35+0,21*** 23,1140,16%**
Al 0,052+0,001| 0,066+0,001 0,041+0,001
BOM, % 81,1+0,54 83,6+0,6* 81,70+0,54**
BOC, % 12,9+0,09 | 16,40+0,12*** | 18,30+0,12*+*
CMB 0,148+0,002 | 0,196+0,002*** | 0,224+0,003***
onmm, % 2,18+0,01 | 12,5440,09*** | 36,20+0,24***

Npumitku: * — p<0,05; ** — p<0,01; *** — p<0,001 BigHOCHO NepLioi
rpynu.

B ymoBax NoeaHaHHA NOCTPE3eKLiHOI 1ereHeBoi ri-
nepTeHsii Ta AeKoMMeHcau,ii nereHeBOro cepusa naowa
rnonepeyYyHoro nepepisy m’a3080ro BONOKHa BUABMAACA
36iNbLUEHO0 3 BUCOKMM CTyMeHeM CTaTUCTUYHO Biporia-
HOI pi3HKMLi (p<0,001) NOPIBHAHO 3 TAKMM ¥Ke KOHTPO/Ib-
HUM MOpbOMETPUYHMM NapameTpom Ha 51,1%.

3’AcOBaHO, WO MalKe aHaNoriyHO HaBeaeHOMY
BMLLE 3MiHIOBanacsa njowa agep mM’A30BOr0 BOMOKHA.
TaK, y Apyrii rpyni cnocteperkeHb BKaszaHW mopdo-
MeTpUYHUIA napametp gdocaras (31,35+0,21) mkm? i 3
BMCOKMM CTyMeHem CTaTUCTUYHO [AOCTOBIPHOI Pi3HWUU
(p<0,001) nepesuLLyBaB aHaNOr4YHy KOHTPO/IbHY Be-
NNYMHY Ha 64,6%.Y TpeTiii rpyni cnoctepexeHb BCTa-
HoB/leHe 36isbleHHA NAOL AAep M'A30BOr0 BOJIOKHA
BIAHOCHO MepLOi rpynu BUABMNOCA AELO MEHLIUM i
popisHoBano 21,3% (p<0,001).

HeogHakoBi MOpPPOMETPUYHI 3MiHM UMTONA3MKU
M’A30BUX BOJIOKOH Aiadparmu Ta ixHiX Agep cynposo-
OKYBasoCA MNOPYLWEHHAM BigHOWEHb MiXK HUMM, LLO
afleKBaTHO BigobpaKaB AAEPHO-LUTONAA3MATUYHUIA
iHaeKkc. [aHuii MopdOMETPUYHUI MapamMeTp Y KOH-
TPONbHMX CrnocTepexeHHAx gocsaras (0,052+0,001), y
Apyrii rpyni (nereHesa rinepTeHsia 3 KOMMNEHCOBAHUM
nereHesum cepuem) — (0,066+0,001). OTpumaHi Ta Ha-
BeAeHi MOpdOMETPUYHI NAapaMeTpPU 3 CTAaTUCTUYHO Bipo-
rigHoto pisHuueto (p<0,001) BigpisHanuca mix coboto.
ALEePHO-LMTONNA3MATUYHUIN iHAEKC M'A30BUX BOJIOKOH
Apiadparmu y gpyrin rpyni TBapuH nepesuLLyBaB aHa-
JIOTIYHWUI KiNbKiCHUA MOPPONOTiYHMIA NOKA3HUK NepLUoi
rpynu Ha 26,9%. Mpwu nereHesil rinepTeHsii 3 AeKkom-
NeHcaLielo NereHeBoro cepua AaepHo-LuuTonaasmaTmy-
HUI iHAEKC M A30BMX BOJIOKOH Aiadparmu BUABMBCA Ha
21,1% (p<0,001) MeHLIMM MOPIBHAHO 3 TaKUM ¥Ke KOH-
TPOSIBHUM KiNbKICHUM MOPGHONOTIYHUM MOKA3HUKOM i
3HUKEeHUM Ha 37,8% (p<0,001) BiaAHOCHO ApYroi rpynu
cnoctepekeHb.

KinbKicHum mopdonorivHMm BMBYEHHAM M’A30BOI
YacTUHKU giadparmm B yMmoBax 3MOAe1bOBAHOI NaToso-
rii 3’AcoBaHO, LLLO NOCTpe3eKLiliHa fiereHeBa rinepTeHsia
Ta NereHeBe cepue MNpPU3BOAUAN A0 3POCTAHHA CTPO-
MasIbHUX CTPYKTYP Ta 3MEeHLIeHHA M'A30BOI Macw, Lo
NiATBEPAKYBANOCA BU3HAYEHHAM 06CAriB M'A30BMX BO-
JIOKOH Ta CTPOMaNbHUX CTPYKTYP. Mpu nicnapesekuiHin
nereHeBil rinepTeHsii Ta KOMNEHCOBAHOMY IereHEBOMY
cepui obcar ctpomu 36inbwmnBea Ha 3,5%, a m'A30BUX
BOJIOKOH 3MEHLUMBCA TaKoX Ha 3,5% (p<0,05), B ymoBax
NoCTpe3eKLiNHOI rinepTeHsii y cuctemi nereHeBoi apTe-
pii 3 AeKOMNEeHCcaLiel0 IereHeBoro cepusA 3MeHLIeHHA
06cAry m’a30BMX BOIOKOH Ta 306i/1bLIEHHA CTPOMM CKAa-
fano 5,4% (p<0,001).

3pocTaHHA 0b6cAry CTPOMasbHUX CTPYKTYp Yy Mm’A-
30Bill YacTUHi agiadparmm npu nereHesilt rinepTeHsii
TAKOX BKA3yBa/io CTAaTUCTUYHO BipOriAHE 3POCTaHHA
(p<0,001) cTpOoManbHO-MiOLMTaPHUX BigHOWEHb. Y KOH-
TPO/IbHIN rpyni BKa3aHM MOPPOMETPUYHUIA NapameTp
pocaras (0,148+0,002), npu nocTpesekLUiiHiin nereHe-
Bill rinepTeHsii 3 KOMNEHCOBAaHUM JIereHeBUM CepLem
—(0,196+0,002), np1 nNoeAHaHHI NereHeBoi rinepTeHsii
3 AeKomneHcalieto nereHesoro cepus — (0,224+0,003),
TO6TO BCTaHOB/ieHe 36iNblUeHHS CTpOMM BigNOBiAHO
cknagano 32,4% i 51,3% (p<0,001).

Y 3MoAenboBaHMX NaTo/ONYHMX YMOBAX BUPAXKEHO
3pocTaB 06cAr NOLWKOAKEHUX M'A30BUX BOMIOKOH Aiad-
parmu. BuABNeHO, WO Y KOHTPOJIbHIN rpyni cnoctepe-
KEHb BKa3aHW MOpPOMETPUYHMIA NapameTp Aopis-
HioBaB (2,18+0,01)%. Mpu nocTpeseKLiliHili nereHesin
rinepTeHsii Ta KOMMNEHCOBAHUM JIeEreHEBUM CepLem [0-
CNiAXYBaHWUM KinbKicCHUIA MOPGONOFIYHNI NOKA3HUK BU-
parkeHo CTaTUCTMYHO BiporigHoto pisHMueto (p<0,001)
3picy 5,7 pasu i gocaras (12,54+0,09)%, npu NOEAHAHHI
NlereHeBoi rinepTeHsii 3 4eKOMMNEHCOBAHNUM NereHeBmnm
cepuem —y 16,6 pasu (p<0,001).

CiT100NTMYHE BMBYEHHA MiKponpenapaTie Aiad-
parmu yepes micsLb nicaa npaBobivHOT NyIbMOHEKTOMIT
BMABWU/IO BUPANKEHi nopyLlleHHA Nimdo- Ta KpoBoobiry,
LLLO XapaKTepm3yBanocs HabpAKOM CTPOMMU, PO3LLUMPEH-
HAM Ta MOBHOKPOB'SM MepeBaXHO BEHO3HUX CYAMH,
naasmoparieto iX CTiIHOK Ta napaBasasbHMX NPOCTOPIB,
ocepefKaMu fianeae3HUX KpOBOBUAMBIB. [ecTpyKTus-
Hi 3MiHM BUABNANUCA B YCiX KOMMNOHEHTaxX A0CAiAXYBa-
HOro opraHa. BigmiuaBcs HabpAK M'A30BMX BOJIOKOH,
Mmiodibpunm micuamm xsunenogibHo aedopmysanmcs.
CapKonsiiaama HepiBHOMIpHO cnpuitmana 3abapsrieHHs,
y M’A30BUX BOJIOKHaX 3yCTpiYasncA BOTHMLLA BaKyoni-
3auii, romoreHisauii Ta nisucy. Biamiyanmca Takox oce-
peaku dparmeHTaLii M’A30BUX BONOKOH Ta FMBOKOro
po3nagy capkonnasmu. [lonepeyHa NOCMYroBaHicTb Y
Oeaknx m’A30BUX BOMIOKHAX giadpparmu He Bisyanisysa-
naca. Micuamu 3miHtOBanacs fokanisauia agep, y 6inb-
LLOCTi BUNAZKIB BOHM 3MilLLlyBanucA A0 LEHTPY M A30BUX
BOJIOKOH. HeKpoTn30oBaHi M’130Bi BO/IOKHa 3amilllyBanu-
CA CMOJIYYHOI TKAHWHOMO, Y AKIN BUSABAANINCA HEBENUKI
0CepesKN KMPOBOi TKAHUHU Ta KNITUHHI iHPiINbTpaTH, y
AKUX 3yCcTpivyannca makpodaru, nimpoumnTtu, rictioumtu,
¢dibpobnactu.

BctaHoBNeHe 36inblueHHA noLWi nonepevyHoro ne-
pepisy M’S30BMX BOJIOKOH B YMOBax MOCTpe3eKLUilnHol
rinepTeHsii nereHeBOi apTepii CBigYNTL NPO iX rinepTpo-
dito, AKa MOACHIOETbCA TUM, WO MOBHOLLHHI BOJIOKHA
BMKOHYIOTb QYHKLLIO MOLWKOAMKEHMX, TOOTO MPU LbOMY
BOHM rinepdyHKLIOHYOTb Ta 36i/1bLIYHOTbCA B pO3Mipax.
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MpoBeseHUMM AOCAIAKEHHAMMW Ta aHani3oM OTpUMa-
HUX OaHWX 3'ACOBAHO, LLO Ba*KJMBUM iHPOPMALIMHUM
MOPOOMETPUYHMM  MAPaMeTPoOM BUABUAWUCA Aaep-
HO-UMTONNa3MaTUYHUI iHAEKC, Wo Biaobpakas BigHO-
WEHHA MiXK KiflbKiCHUM MOpPGONOriYHUM MapameTpom
A4pa Ta uMTONIa3MM M’A30BOro BOJIOKHA. Aapo i uuto-
nnasma KAiTUH BigmesKoBaHi Mixk cobolo i B TOM e Yac
OaHi CTPYKTYpW TiCHO iHTerpoBaHi Ta GopMytTb CrifIbHY
CTPYKTYPHO-YHKLIOHaNbHY cuctemy. OTXKe, BUBYEHHSA
AAEPHO-LMTONIA3MATUYHNX BigHOWEHb € HanbinbLy
a[eKBaTHMM aHafli3oM B33aEMO3B’A3KIB MiXK A4pPOM i
LMTONAA3MOK KAiTUH. BinbwicTe AocnigHuKiB cteep-
OXKYIOTb, WO AAEPHO-LMTONIa3MaTUYHI BiHOLWEHHA €
iHpOPMaTMBHUM Ta 06’ EKTUBHUM KPUTEPIEM MPUKUTTE-
BOrO CTaHy KNITWUHU, @ BUPAXKEHi AUCNPONOPLiNHI 3MiHN
NPOCTOPOBMX MNapameTpiB AOCAIAKYBAHUX KAITUHHUX
cybcTaHuin (sapa, uMTonaasmMm) ceigyaTb NpPoO MOLLKO-
OMKEHHA KAITUHM Ta NOPYLEHHSA CTPYKTYPHUX OCHOB K-
TMHHOro romeoctasy [9, 10]. AaHuii mopdOMETPUYHUIA
napameTp A03BO/AE TAaKOXK 06’EKTUBHO OLLHUTK pPiBEHb

meTaboniamy KAiTUHK, i CTPYKTYPHO-PYHKLIOHAIbHWIA
CTaH, a MOro BMpaXKeHe 3MeHLUEeHHA BKa3ye Ha BUCHa-
YKEHHS a4epHUX cTPYKTYp [9].

BucHOBKM.

MpaBobiyHa NyN1bMOHEKTOMIA Y BiNKX WypiB NpMU3BO-
OWUTb [0 NereHeBoi apTepiafbHOI rinepTeHsii, po3BUTKY
NlereHeBOro cepudA, MOro AeKomneHcauji, pemogento-
BaHHA Aiadparmu, AKe XapaKTepu3yeTbCA NOPYLIEHHSA-
MKn nimdo- i KpoBoobiry, rineptpodieto, guctpoodieto,
HeKpobio3om M'A30BMX BOIOKOH, 3MiHAMWU KAITUHHOIO
CTPYKTYPHOrO roMeocCTasy, KNiTUHHOLO iHiNbTpaLiEeto Ta
cKneposyBaHHAM. CTyniHb pemoaentoBaHHA Aiadparmu
OOMiHYBaB MpW MOEAHAHHI NOCTPe3eKLilMHOT iereHeBoi
rinepTeHsii 3 4eKoMneHcaLielo IereHeBoro cepus.

MepcnekTMBM NOAANbLUNX AOCNIAMKEHD.

BcebiuHe gocnigKeHHs 3aKOHOMIpHOCTel pemoge-
NOBaHHA giadparmu npu nereHesin rinepTeHsii Ta ne-
reHeBOMy CepLi CnpUATUME BAOCKOHANEHHIO AiarHoc-
TUKM, KOPEKLLT Ta NPodinakTUKKM Pi3HUX NOLIKOAKEHD Ta
AVCOYHKUIT aiapparmu.
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MOP®OMETPUYHI ACMEKTU BUBYEHHA AIAGPAIMU B YMOBAX MNICAAOMNEPALINHOI MNNEPTEH3II B CU-
CTEMI NIETEHEBOI APTEPIT

MHaTiok M. C., TaTtapuyk /1. B., Creup H. 4.

Pestome. TinepTeH3ia B siereHeBin apTepii BUHWMKAE NpW pPisHUX XxBOopobax cepus, NereHb, NereHeBuX CYAuH,
aedopmauiax rpyaHoi KNiTkM, Npu3BoamUTb 40 PO3BUTKY NIETEHEBOro cepus, Moro gekomneHcauii. [laHa natonorisa
MOXKe YCKNaaHoBaTuca aAncoyHkuieto giapparmu. FinepteHsina y nereHesiit apTepii pO3BMBAETLCA TAKOXK NPU pe3ek-
Lii 3HaYHUX 0bCAriB NereHb.

MeTa pgocnigKeHHa — MOpdOMETPUUYHO BU3HAUYUTM OCOBAMBOCTI peMoLeNtoBaHHA giadparmu y ekcnepumeH-
Ta/IbHUX TBAPWH B YMOBaxX NOCTPe3eKLiMHOI rinepTeHsii B cuctemi nereHeBoi apTepii.

MopdonoriyHummn metogamm AocniaxkeHo pebposy YacTUHY Aiadparmy 62 6inux Wwypis-camuiB, NogineHUx Ha
TpW rpynu: nepwa rpyna — 15 KOHTPOAbHUX TBApWH, Apyra — 35 LWypiB 3 apTepia/ibHOO NOCTPE3eKLiMHOW NereHe-
BOIO FiNepTeH3i€to | KOMNEHCOBAHMM SlereHeBMM cepLem, TpeTa — 12 TBapuH 3 nicnapesekLuiiHo nereHeBoto rinep-
TEH3I€l0 | JeKOMMNEHCOBAaHMM NereHeBMM cepuem. NocTpeseKLiliHy rinepTeHsito y IereHeBilt apTepii mogentoBanu
BMKOHAHHAM Y LLYypPiB NPAaBOCTOPOHHbLOI Ny/IbMOHEKTOMII. Hepe3s micAub Nicia BKAa3aHOro onepaTtMBHOMO BTPYYaHHA
34iiCHIOBaIv €BTaHA3it0 LLypiB KPOBOMYCKAHHAM B YMOBaX BKa3aHOro Hapko3ay. 3 pebpoBoi YacTuHu giadparmu Bu-
rOTOB/IA/IM FICTONOTIYHI MPenapaTy, Ha AKMX BU3HAYa M NAOLLY NonepevyHoro nepepisy M’A30B0oro BoNoKHa Aiadpar-
MM, 0Ly MOro agep, AAEPHO-LUTONAA3MATUYHUI iHAEKC, 06CAT M A30BUX BONOKOH, CTPOMM, MOLIKOAMKEHUX MA-
30BWX BOJIOKOH, CTPOMa/IbHO-MioLMTapHi BigHoweHHs. Lindbposi gaHi 06pobasanm ctaTuCTUYHO.

BcTaHOBNEHO, WO NPABOCTOPOHHA MY/IbMOHEKTOMIA NPU3BOAMAA A0 rinepTeHsii y nereHeBin apTepii, po3BUTKY
NereHeBOro cepuA, MOro AeKoMneHcallii, BUpaxeHoro pemoaentoBaHHa giadparmu. MopdonoriyHm amiHu giadppar-
MW NPU AOCNIAKYBaAHIM NaToONOrIT XapaKTepusyBaanca nopyLleHHsmmu nimeo- i KpoBoobiry, rineptpodieto, ancTpo-
dieto, HeEKPOHIO30M M'A30BUX BOSIOKOH, 3MiHAMK KNITUHHOTO CTPYKTYPHOIO roMeocTasy, KAiTUHHOW iHbiNbTpaLieto
Ta ckneposyBaHHAM. CTyniHb pemoaentoBaHHA diadparmu OMiHYBaB NPW NOEAHAHHI NOCTPE3EKLiAHOI ereHeBol
rinepTeHsii 3 AeKOMMNeHCaLLi€l0 NereHeBoro cepuA.

Kntouosi cnosa: giapparma, mopdomeTpin, NOCTpe3eKLiHa rinepTeHsia B NereHesilt apTepii.
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MOP®ONOrIA / MORPHOLOGY

MORPHOMETRIC ASPECTS OF THE STUDY OF THE DIAPHRAGM IN THE CONDITIONS OF POSTOPERATIVE
HYPERTENSION IN THE PULMONARY ARTERY SYSTEM

Hnatyuk M. S., Tatarchuk L. V., Stets N. Ya.

Abstract. Pulmonary artery hypertension occurs in various diseases of the heart, lungs, pulmonary vessels, chest
deformities, leads to the development of pulmonary heart, its decompensation. This pathology can be complicated
by diaphragm dysfunction. Pulmonary artery hypertension also develops during resection of significant volumes of
the lungs.

The aim of the research —morphometrically study the features of diaphragm remodeling in experimental animals
under conditions at postresection hypertension in the pulmonary artery system.

Morphological methods were used to examine the costal part of the diaphragm of 62 white male rats, divided
into three groups: the first group —_15 control animals, second — 35 rats with arterial post-resection pulmonary
hypertension and compensated pulmonary heart, third —12 animals with post-resection pulmonary hypertension
and decompensated pulmonary heart. Postresection hypertension in the pulmonary artery was modeled by
performing right-sided pulmonectomy in rats. A month after the specified surgical intervention, the rats were
euthanized by bleeding under the specified anesthesia. Histological preparations were prepared from the costal
part of the diaphragm, on which the cross-sectional area of the muscle fiber of the diaphragm, the area of its nuclei,
the nuclear-cytoplasmic index, and the volume of muscle fibers were determined. stroma, damaged muscle fibers,
stromal-myocyte relationships. Digital data were processed statistically.

It was established that right-sided pulmonectomy led to pulmonary artery hypertension, development of cor
pulmonale, its decompensation, and pronounced remodeling of the diaphragm. Morphological changes in the
diaphragm in the studied pathology were characterized by impaired lymph and blood circulation, hypertrophy,
dystrophy, necrobiosis of muscle fibers, changes in cellular structural homeostasis, cellular infiltration, and sclerosis.
The degree of diaphragm remodeling dominated in the combination of postresection pulmonary hypertension with
decompensation of the pulmonary cor pulmonale.

Key words: diaphragm, morphometry, postresection hypertension in the pulmonary artery.
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Korman Sh.-A. S., Lukyantseva H. V.
ULTRASTRUCTURAL PROFILE OF SKELETAL MUSCLE ADAPTATION TO PHYSICAL LOAD

UNDER CONDITIONS OF TRAINING
National University of Physical Education and Sport of Ukraine (Kyiv, Ukraine)
lukjantseva@gmail.com

Physical exercise induces a multilevel adaptation of skeletal muscle tissue, involving both functional and ultra-
structural components. The mitochondrial apparatus, microcirculatory network, and blood—tissue (histohistological)
barrier play a central role in these adaptive processes. Investigating the differences in response between trained and
untrained organisms allows for identification of the morphological reserve mechanisms that determine skeletal mus-
cle resistance to hypoxic stress. A comparative analysis at the subcellular level helps to elucidate both compensatory
and destructive shifts.

384 ISSN 2077-4214. Bicuuk npo6nem 6ionorii i meguuunn — 2025 — Bun. 3 (178) / Bulletin of problems in biology and medicine — 2025 — Issue 3 (178)
https://www.pdmu.edu.ua/ 1a https://vpbim.com.ua/



