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Introduction of nanotechnologies to the modern industry gave rise to new challenges.
The issue of development and implementation of recommendations regarding the
prevention of potential negative impact of lead nanoparticles on population health is of
particular importance. The locally manufactured drug Thiocetam which possesses
nootropic, antiischemic, antioxidative and membrane stabilizing properties has drawn
our attention. The research aimed at studying the protective effect of Thiocetam in
Wistar rats with simulated subchronic toxic effect of lead compounds of various sizes
(by morphological changes in the heart and vessels). The experiments were conducted
on Wistar rats (mean body weight of 160-180 g). Colloidal solutions of lead sulphide
obtained by chemical synthesis with the use of sodium polyphosphate stabilizer, (PbS)
with the mean size of 26-34 nm (1-PbS) and 50-80 nm (2-PbS), and lead nitrate
Pb(NO,), (3-Pb) in the ionic form were used in simulating the toxic effect, while normal
saline solution was administered to the control group. The studied substances were
injected (intraperitoneally daily 5 times a week) in a dose of 0.94 mg/kg (in lead
equivalent). The toxic effects were evaluated after 60 injections (three months) and one
month after the discontinuation of exposure with and without Thiocetam. The drug
Thiocetam in the dose of 250 mg/kg had been administered to rats intragastrically on
an empty stomach daily for one month. Histological slides of the rats' myocardium and
aortal wall were studied and morphometric analysis and statistical processing performed.
In the postexposure recovery period period a lower degree of interstitial swelling and
myocardial blood vessel filling was observed, which was considered to be a regression
of damage. After the administration of Thiocetam a pronounced transverse striation of
cardiomyocytes, the density of collagen fibers around cardiomyocytes and microvessels
were revealed, which indicated the protective effect of pharmacological correction.
However, leukocyte infiltration was also found in the myocardial or aortic microvessels
in the experimental groups. Aortic morphometric data revealed no differences between
the PbS NPs groups and Pb(NO,), , although the aortic wall morphology was quite
preserved. The use of Thiocetam prevented dystrophic changes in the atrial epicardium
and the aortic adventitia, which indicate cytoprotective and connective tissue effects. In
the postexposure period without pharmacological correction a tendency to spontaneous
recovery of morphological changes of the heart and aortic walls under the influence of
PbS NPs and lead nitrate was observed. However, morphometric parameters
demonstrate the absence of complete recovery be it with or without Thiocetam.
Keywords: lead, nanoparticles, morphological changes, aorta, myocardium, prevention
of toxicities, Thiocetam.

Introduction

The introduction of nanotechnology into modern properties of products. In particular, synthesized
production has opened wide prospects for technological  nanocrystals of lead compounds, the so-called "quantum
development and significantly improves the consumer  dots” 4-10 nm in size, have been successfully used in the
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manufacturing of semiconductors, solar cells, biosensors,
polymer composites, paints, electronic systems, including
LEDs, and flat light emitting panels [8, 12, 19, 23, 29]. Today,
the production and use of metal nanoparticles has become
commercially available, which enables their penetration
into the production areas and the environment and raises
a number of questions about the potential risks of
nanomaterials for human health [9, 11, 13, 27].

It is known that toxic effects of lead on human body are
characterized by the presence of cardiovasotoxic,
neurotoxic, hepatotoxic and nephrotoxic effects [3, 7, 20,
25, 26, 28]. In the current state of nanotechnology
development researchers are faced with a new problem -
the study of the effect of lead in the form of nanoparticles on
the body, i.e. how the size of lead particles affects the body
and is there any proportionality between their size and toxic
effect [4, 15].

Of particular importance is the development and
implementation of recommendations on preventing the
potential negative impact of lead nanoparticles on
population health. To date, a large number of
pharmacological agents have been proposed for the
purpose of clearing heavy metals from the body, reducing
the manifestations of their toxic effects and increasing the
general biological resistance of the body. The search for
new drugs to prevent the development of intoxication is
currently in progress [24].

For instance, the neuroprotective effect of Thiotriazoline,
Mildronate and Magnesium B6 in mercury toxication was
found [21, 22]; it was shown that under subchronic mercury
exposure and combined pharmacological protection with
Unithiol and Quercitin, myocardial structures restored due
to the positive effect on the hemomicrocirculatory bed [10].

Experimental studies have shown high hepatoprotective
efficacy of the drug Thiocetam in toxication with lead sulfide
NPs: normalization of AST and ALT enzymes activity in blood
serum was observed, as well as reduction of dystrophic
changes in hepatocytes, normalization of blood filling of
hemomicrocirculatory bed and structure of hepatic plates
[2].

Our attention was also drawn to the locally
manufactured drug Thiocetam which has nootropic, anti-
ischemic, antioxidative and membrane-stabilizing
properties.

The research aimed at studying the protective effect of
Thiocetam in Wistar rats with simulated subchronic toxic
effect of lead compounds of various sizes (by morphological
changes in the heart and vessels).

Materials and methods

The experiments were conducted on Wistar rats (mean
weight of 160-180 g). Animals were kept in the vivarium on
a standardized diet with free access to drinking tap water.
In simulating intoxication colloidal solutions of lead sulfide
(PbS in sodium polyphosphate) with an average size of
26-34 nm (1-PbS) and 50-80 nm (2-PbS), and lead nitrate

Pb(NO,), (3-Pb) in ionic form which is well soluble in water
were used. The control group was injected with normal
saline.

The studied substances were injected (intraperitoneally
daily 5 times a week) (modelling of a working week) in a
dose of 0.94 mg/kg (in lead equivalent). The toxic effects
were evaluated after 60 injections (3 months) and one
month after the discontinuation of exposure (postexposure
recovery period - PEP).

Thus, 10 groups of animals were included into the study:
1 - control; 2 - (1-PbS); 3 - (2-PbS); 4 - (3-Pb); 5 - (1-PbS +
Thiocetam); 6 - (2-PbS + Thiocetam); 7 - (3-Pb + Thiocetam);
8 - (1-PbS + PEP); 9 - (2-PbS + PEP); 10 - (3-Pb + PEP).

The drug Thiocetam had been administered to rats in
the postexposure period (after 60 injections of the studied
compounds of lead) daily on an empty stomach
intragastrically at a dose of 250 mg/kg for 1 month.
Thioacetam (manufactured by PJSC "Galichpharm" Lviv,
Ukraine) is a fixed combination of Thiotriazoline (0.05 g in
dry weight) and Piracetam (0.2 g).

The animals were withdrawn from the experiments by
decapitation under mild ether anesthesia and their internal
organs were harvested. All manipulations with animals
were performed in accordance with the provisions of the
"European Convention for the Protection of Vertebrate
Animals, Used for Experimental and Other Scientific
Purposes" (Strasbourg, 1985) and approved by the
Bioethics Committee of the NAS of Ukraine.

The heart with aorta were fixed in 10% neutral formalin,
dehydrated in isopropanol and embedded in paraffin (Leica
Surgipath Paraplast Regular). Paraffin sections were made
on a Thermo Microm HM 360 microtome. The sections
were deparaffinized and stained with H&E following the
picro-Mallory technique. The slides were studied using
Olympus BX51 microscope. Morphometric analysis was
performed using software Carl Zeiss (AxioVision SE64
Rel.4.9.1), magnification x200, x400.

Aorta wall thickness (mkm), adventitia of aorta thickness
(mkm), comparative amount of collagen fibers in tunica
adventitia (%), number of elastic membranes in tunica
media (conventional units) were examined. The statistical
study was performed in Origin Lab version 8.0 using the
non-parametric Kruskal-Wallis test, because normal
distribution of data was not proven. Data are presented as
medians with smaller and larger quartiles (M [Q1-Q3]). The
difference was considered statistically significant at p<0.05.

The studies were performed within the framework of
research of State Institution "Kundiiev Institute of
Occupational Health of the National Academy of Medical
Sciences of Ukraine": "Comparative toxicity of micro- and
nanoparticles of lead in experiments in vitro and in vivo (to
the problem of improving the principles and methods of
toxicological and hygienic studies of heavy metals)" (State
registry number 0110U000299), "Investigation of the toxic
effects of heavy metal nanoparticles, search and
substantiation of preventive measures" (State registry
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number 0116U000497) and Department of Histology and
Embryology of Bogomolets National Medical University
"Changes in internal organs and regulatory systems under
conditions of experimental damage and historical aspects
of the development of histology, cytology and embryology
in Ukraine" (State registry number 0116U000121).

Results

Histological signs of toxic effect of lead on the heart
have been studied. The increase in the interstitial space
between the fibers of cardiomyocytes and their dystrophic
changes in the atria were morphologically confirmed (in
the ventricles there was only stasis of blood vessels) in the
groups with PbS1 and PbS2. In the Pb3 group no dystrophic
changes of the myocardium were detected, but in the atrial
epicardium a focal accumulation of mast cells was found,
which may indicate their infiltration/migration, and initiation
of a proinflammatory response. In slides stained by the
picro-Mallory technique for the detection of collagen fibers,
a lower density of collagen around the arterioles and
venules of the myocardium was found, which was
considered to be a manifestation of the toxic effect of lead,
and inhibition of the connective tissue elements
morphogenesis. This was further indicated by the reduction
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in the number of cell nuclei in the wall of some myocardial
vessels. In the aorta it was reflected by the decreased
density of collagen fibers of the adventitia after 1-PbS and
2-PbS administration, impairment of the media (dissection,
swelling, reduction of cell nuclei between the elastic
membranes) (Fig. 1 A, B, C).

After Thiocetam administration cytological
manifestations of the protective effect of pharmacological
correction were revealed, such as a more pronounced
transverse striation of cardiomyocytes, the density of
collagen fibers around cardiomyocytes and microvessels.
In group 1-PbS+Thiocetam local dystrophic changes of
muscle fibers (loss of nuclei, acidophilia, loss of transverse
striation, intercalated disks), focal accumulation of
leukocytes in the ventricular epicardium were found.

Signs of stromal reorganization and increased
fibroblast density were observed in the damage area. No
differences in the morphofunctional changes of the
myocardium in groups of different lead sizes (groups 2, 3,
5 and 6) were found. Infiltration of neutrophils, eosinophils,
lymphocytes and macrophages around the aorta was also
found in aorta of 1-PbS+Thiocetam and 2-PbS+Thiocetam
groups. No pronounced structural disturbances were
observed in the 3-PbS+Thiocetam, but by all morphometric
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Fig. 1. Results of the aorta wall morphometry (M [Q1-Q3]). Note: A - aorta wall thickness; B - t. adv. thickness; C - relative amount of
t. adv. in the aorta; D - number of elastic membranes in t. media; * - significant difference to control (p<0.05); # - significant difference to

PEP period without Thiocetam (p<0.05).
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indicators the wall thickness was less than the control
values. The structural organization of the adventitia did not
differ significantly in the comparison groups.

In the PEP period there was a lower degree of interstitial
swelling and moderate blood filling of the myocardial
vessels, with the accumulation of leukocytes in single
ventricular capillaries detected in the 1-PbS+PEP group.
Histological changes of the aortic wall were also reflected in
the reduction of its thickness, however, no morphological
signs of the media impairment, and the density of elastic
membranes were observed. According to the results of
morphometric evaluation no statistically significant
difference between groups of subchronic experiment (groups
2, 3,4) and PEP period (groups 8, 9, 10) was found, this was
also the case with comparator Thiocetam groups.

The results of the studies indicate that administration
of Thiocetam had a partial protective effect, but this was not
reflected in the morphometric parameters.

Discussion

The task of this experimental study was to investigate
the cardio- and vasotoxic effects of lead compounds and
the possibility of their correction by Thiocetam. As described
above, inhaled administration of the lead sulfide NPs to
the body of experimental animals caused inflammatory
changes in the lungs, which were accompanied by the
development of oxidative stress and decreased activity of
antioxidant enzymes. Moreover, the toxicity of PbS NPs was
closely related to their size [14]. Prolonged intraperitoneal
administration of lead sulfide NPs revealed their
hepatotoxic effect with impaired protein metabolism [1, 16,
18]. In vivo experiments have shown high neurotoxicity of
lead sulfide NPs and demonstrated the pathogenetic role
of calcium homeostasis disorders; also found was
significant reproductive toxicity of lead compounds in
nanoforms [5, 6]. To date, there are only few works on the
toxic effect of lead NPs on the cardiovascular system and
there is virtually no data on their long-term effects.

The results of our own studies lead to the conclusion
that PbS NPs have cardiotoxic effects and negatively affect
myocardial microcirculation. Morphological signs of
cytotoxic action in the myocardium include decreased
density of the cardiomyocytes cytoplasm, loss of transverse
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OLIIHKA NMPOTEKTOPHOI Ali MPEMAPATY "TIOLLETAM" 3A MOP®OJIOMNYHMMU 3MIHAMU B CEPLII TA CYOUHAX NMPU
BBEOEHHI HAHOYACTUHOK CBUHLIO PIBHUX PO3MIPIB (EKCMEPUMEHTAINBHE OOCNIOXEHHSA)
Ty6ap 1.B., CokypeHko J1.M., Caeocbko C.l., AnuxmiHna O.J1., Sleopoeckkul O.f1., Yalikoecbkuli FO.b.

BriposadxxeHHsi HaHOMexHoogzili 8 cydyacHe 8upobHUUMEBO rnpu3eenio 00 Hosux 8uKukie. Ocobnueo 8axnueum € numMaHHsi po3pobKu
ma ernposadxeHHs1 8 NpakmuKy pekomeHOauili w000 rnornepedxeHHs MOX/IUB020 He2amueHO20 8r/uey HaHOYaCmoK CEUHUK Ha
300poe’ss HaceneHHs. Hawy ysazy npusepHys eimyusHsHUl chapmakonoziyHul npenapam "Tiouemam", kompul Mae HOOMPOIHI,
npomuiwemiyHi, aHmuokcudaHmHi ma membpaHocmabinisyrodi enacmusocmi. Memoto docnidxeHHs 6yrno 8USYEHHS MPOMEKMOPHOT
Oii hapmakonozidyHozo rpenapamy "Tiouemam" npu ModentosaHHi y wlypie niHii Bicmap cy6xpoHiYHOi iHmoKcukauii criorykamu C8UHUO
pi3HO20 po3mipy (3a mopghornozidyHUMU 3MiHamu 8 cepyi ma cyduHax). Excnepumermu nposedeHo Ha wypax niHii Wistar (cepedHs
gaza 160-180 2). [Mpu modentosaHHi iHMOKcuKauii 6ynu sukopucmaHi KomoiOHi po34uHu cyrnbghily ceuHyto, ompumaHi Memodom
XiMiYHO20 cuHMe3y, 3 sukopucmaHHsIM cmabinizamopa nonigphocghamy Hampito, (PbS) 3 cepedHim posmipom 26-34 Hm (1-PbS) i 50-
80 HM (2-PbS), ma e ioHHili gpopmi - Himpam ceuryro Pb(NO,), (Pb3). KoHmporibHiti epyni éeodusu gpisionoaiyHuli podHuH. Locnioxysari
peyosuHU 8800UU 8HYMPIWHBEO0YEPEBUHHO W00eHHO 5 pasie Ha muxdeHb y 003i 0,94 ma/ke (y nepepaxyHKy Ha c8UHeub). TOKCUYHI
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egekmu ouiHtosanu nicrsi 60 esedeHb (3 micsuj) ma depe3 1 micaub nicns npunuHeHHs ekcrio3uuii. lpenapam "Tiouemam" egodunu
wypam y riocmekcrno3uyitiHomy rnepiodi u,00eHHO Hamuwe 8HympilWHbOWIYyHKO80 y 003i 250 me/ke npomseom 1 micsays. Bueyanu
eicmornoeidHi 3pi3u MiokapOa wypie ma cmiHKu aopmu 3 HaCmyrnHUM MOpPghOMEMPUYHUM aHali3oM ma cmamucmu4Hor o0bpobkoto. Y
rnocmekcrnosuyitiHomy 8iOHoenr8ansHoMy nepiodi 8iOMiYeHO MeHwWuUl cmyriHb iHmepcmuyiiiHoeo HabpsiKy i KDOBOHarNO8HEHHS CyOuUH
Mmiokapda, Wo OUiHEeHO sIK peepec yuwKoOxeHHs. [licns esedeHHs "Tiouemamy" 8uUsi8NIEHO 8UpPaxeHy ronepedyHy nocmya08aHicme
Kapdiomioyumis, WinbHiCmMb KOra2zeHo8UX B80JIOKOH HasKoro Kapdiomioyumie i MikpocyOuH, WO 8Ka3yeaslo Ha 3axucHul erniue
ghapmakokopekuii. Arie y mikpocyduHax miokapOa abo aopmu 8 ekcriepuMeHmaribHUX epyrnax 8CmaHo8/1eHo iHbinbmpadujito netikoyumis,
MaKoX He 8USIBNIEHO Pi3HUUi 3a MopgomempuyHuMu daHumu aopmu Mix epynamu PbS NPs i Pb(NO,),, xo4a mopgbonozis cmiHku
aopmu b6yna documb 36epexeHot. 3acmocysaHHs1 "Tiouemamy" 3anobieano ducmpoghbiyHum 3miHam y enikapdi nepedcepdb ma
adseHmuy,tiHiti 060/10HUi aopmu, Wo c8id4YumMb PO YUMOonpPomeKkmopHy 0ito i 8rue wj000 CrosyYHoi mKaHUHU. Y nocmeKcrno3uyitiHoMy
rnepiodi 6e3 ghapmakonoeiyHoOI Kopekuyii susserneHo meHOeHUto 00 CrIoHMaHHO20 8IOHO8MEHHSI MOPhOIO_IYHUX 3MiH CMIHOK cepusi ma
aopmu nid ennueom PbS NPs i Himpamy ceuHuyto. OOHaK nosHouUiHHO20 8iOHO8MEeHHS Hi Mpu 3acmocysaHHi "Tiouemamy", Hi 6€3 Hb020,
He 8i0bysaembcsi, PO WO c8id4amb MOPGOMEMPUYHI MOKa3HUKU.

KnrouoBi cnoBa: ceuHeub, HaHOYaCMUHKU, MOpP@osoaidHi 3MiHU, aopma, Miokapd, npoginakmuka iHmokcukauii, "Tiouemam".

OLIEHKA MPOTEKTOPHOIO AEUCTBUA NPEMAPATA "TUOLIETAM" MO MOP®OJTIOMMYECKUM U3MEHEHUAM B CEPALIE U
COCyaAX NP BBEOQEHMU HAHOYACTUL CBUHLA PA3NTMYHBLIX PASMEPOB (3KCMEPUMEHTAINNIbHOE UCCNEOOBAHUE)
Ty6ap U.B., CokypeHko J1.M., Caeocbko C.U., AnbixmuHa E.Jl., Sleopoeckuli A.ll., Yalikoeckul FO.b.

BHedpeHue HaHOMeXxHOoo02ull 8 co8peMeHHoe Npou3soo0Ccme0 NMpueesio K Ho8bIM 8bi308aM. OCOBEHHO BaXHbIM SI8/ISIEMCSI 80MPOC
pa3pabomku u eHeOpeHuUs 8 MpakmuKy pekomeHdayul ro rnpedyrnpexo0eHuU 803MOXHO20 He2amueHOo20 8/IUSHUS HaHOYacmuL, CeUHUa
Ha 30oposbe HacerneHus. Hawe sHumMaHue npusnek omedyecmeeHHbIl ghapmakonoaudeckul npenapam "Tuouemam”, komopsbil umeem
HOOMPOIHbIE, MpomueoUWeMUYecKUe, aHmuokcudaHmHble u MembpaHocmabunu3upyrowue ceoticmea. Llernbio uccredosaHusi 6bi10
u3yyeHue nMpomeKkmopHo2o Oelicmeusi thapmakosioaudeckozo npenapama "Tuouemam” rpu modenuposaHUU y KpbIC nuHUU Bucmap
CcybXpoHUYEeCKOU UHMOKCUKayuu coeOUHeHUsIMU C8UHUa pa3Ho20 pasmepa (Mo Mopghorio2udecKuM U3MeHeHUsIM 8 cepoue u cocydax).
SkcrnepumeHmsl posedeHbl Ha Kpbicax nuHuu Wistar (cpedHul eec 160-180 e2). lNpu modenuposaHuu uHmMokcukauyuu 6biau
ucrnosib308aHbl KOMIOUOHbIE pacmeopbl cynbghuda CeUHYa, MoryYyeHHbie MemoOoM XUMUYECKO20 cuHmes3a C UCMob308aHUeM
cmabunudamopa ronugocghama Hampusi, (PbS) co cpedHum pasmepom 26-34 Hm (1-PbS) u 50-80 Hm (2-PbS), u 8 uoHHol ¢hopme -
Humpam ceuruya Pb(NO,), (Pb3). KoHmponeHol epynnie eeodusnu ghusuosioaudeckuli pacmeop. Hccredyemble eeujecmea e800usiu
8HYMpPUBPOWUHHO exedHesHo 5 pa3 e Hedero 8 do3se 0,94 me/ke (8 nepecyeme Ha ceuHey). Tokcuyeckue aghghekmbl oueHusanu
rnocnie 60 ssedeHull (3 mecsaya) u yepe3d 1 mecsy rocne npekpaweHus akcrnosuyuu. lpenapam "Tuoyemam” egodunu Kpbicam 8
MOCM3KCNO3UYUOHHOM repuode exeOHe8HO Hamouwjak eHympuxery0o4yHo 8 0o3e 250 ma/k2 8 medeHue 1 mecsya. M3yyanu
eaucmornoeaudyecKue cpesbl Muokapda KpbIC U CMEeHKU aopmbl C 110ciedyouumM MopghoMemMpUYECKUM aHanu3oM U cmamucmuyeckol
obpabomkoul. B nocmakcro3uyuoHHOM 80CCMaHO8UMENIbHOM r1epuode ommMeyeHbl MeHbWasi cmerneHb UHmepcmuyuanbHo20 omeka
U KposeHariofiHeHuss cocydoe Muokapda, 4mo OUeHeHO Kak peapecc rnospexoeHus. [locne eeedeHusi "Tuouyemama" 8bisierieHO
8bIPAXEHHYH MOMNEPEYHYI UCHePYEHHOCMb KapOuoMUOUuUmos, niiomHOCMb KOJ1/1a2eHOB8bIX 80JIOKOH 80Kpye KapOuoMuouumos u
MuKpococydo8, Ymo yka3bleaso Ha 3auumHoe erusHue ghapmakokoppekyuu. Ho e mukpococydax muokapda unu aopmsbl 8
3KCrepuMeHmarbHbIX epynnax ycmaHos8eHO UHbUIbmMpayuro 1elikoyumos, makxe He 8bisi8/1eHO pa3HUUbI 10 MopghoMempuHecKUMU
0OaHHbIM aopmbl Mexdy epynnamu PbS NPs u Pb(NO,),, xoms Mopgbosiozusi cmeHKu aopmisi 6biiia ocmamoyHo coxpaHHou. [MpumereHue
"Tuouemama" npedomepauwjano ducmpogpuyeckue uameHeHus1 8 anukapde npedcepdull u adeeHmuyuasnbHoU 060/104Ke aopmabl, YmMo
ceudemerniscmayem O LuUMornpomeKmopHoM Oelicmeuu U 8usiHUU Ha coeduUHUMesbHY mKaHb. B nocmakcno3uyuoHHoM nepuode
6e3 hapmakonoau4eckoll KOppeKUyuU 8bisigrieHa meHOeHUUs1 K CIOHMaHHOMY 80CCMaHOo8/IEHUI0 MOPhOI02UYEeCKUX USMEHEeHUU CmMeHOK
cepdua u aopmsbi nod enusHuem PbS NPs u Humpama ceuHuya. OOHaKo rno/IHOUeHHO20 80CCMAaHOB/IEHUST HU MPU MPUMeHeHUU
"Tuouemama”, HuU 6e3 Hezo, He npoucxodum, o Yem ceudemesibcmMayrom MopghoMempuyecKue nokasamenu.

KnroueBble cnoBa: cguHel, HaHoYacmuubl, Mopghorioauyeckue U3MeHeHus, aopma, Muokapd, rnpogunakmuka UHMOKCUKayuu,
"Tuouemam".
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morphologic component in the pathogenesis of pulmonary

thromboembolism in cancer patients
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ARTICLE INFO Oncological patients are at high risk of developing thromboembolic complications, which
Received: 19 August, 2019 is a manifestation of a complex set of symptoms - cancer. At the same time, the analysis
Accepted: 29 September, 2019 of the literature shows that the question of the involvement of structural changes of the

vascular wall in the pathogenesis of possible primary thrombus formation in cancer
patients remains open. The aim of the study - to study the structural features of remodeling
of the deep vein of the lower extremity as a morphological link of pathogenesis of pulmonary
embolism in cancer patients. Retrospective analysis of 54 protocols of autopsy of deaths
from cardiopulmonary shock caused by pulmonary embolism in 2014-2018 was
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CORRESPONDWG AUTHOR performed. In parallel, all patients were determined the number of free-circulating
e-mail: bodnarpj@tdmu.edu.ua endothelial cells in the citrate blood by Hladovez J. method, in modification of Sivak
Bodnar P.Ya. V.V. (2007). Statistical processing of digital data was performed using the software

"Excel" and "STATISTICA" 6.0. In retrospective analysis of autopsy protocols, the
highest proportion of pulmonary embolism was report in patients with cancer of the
uterus and colon. Morphological changes of the deep vein of the lower extremities in
cancer patients were manifested by endothelium desquamation and circular and
focal muscular-fibrous hyperplasia of the intima, which caused disturbances of laminar
flow of blood; muscular-fibrous atrophy with neovascularization of the middle membrane
and sclerosis of vasa vasorum vessels of adventitia. The process of remodeling was
also manifest by the inflammatory transformation of the vascular wall, the formation of
obstructing and floating blood clots with their subsequent organization, vascularization
and recanalization. The cause of intimal thickening, atrophy, and sclerosis with
midbrain neovascularization is most likely a hypoxic mechanism of activation of
transforming connective tissue growth factors that stimulate collagenogenesis and
neoangiogenesis. Desquamation of endothelial cells can also be considered as a
significant contributor to thrombus formation. Endothelial cells have a protective
function aimed at eliminating damage to the vascular wall by thrombus formation and
the development of fibrous intima hyperplasia. In addition, tumor cells are themselves
capable of producing excess platelet growth factor, which causes intima proliferation.
So, a component of pathomorphogenesis of pulmonary artery thromboembolism in
cancer patients is a complex structural reconstruction of the wall of the deep vein of
the lower extremity, which causes the development of its thrombosis. Deep vein
remodeling in cancer patients is characterized by endothelial cell desquamation,
intima and middle-membrane thickening and sclerosis in combination with vasa
vasorum fibrous degeneration and perforant vein thrombosis. In response to hemodynamic
disorders, compensatory remodeling develops: the combination of leiomyocyte atrophy
with their hypertrophy and neovascularization of the middle membrane.

Keywords: deep thigh vein, cancer, pulmonary embolism.

Introduction
Oncological diseases are one of the causes of lower studies, pulmonary embolism, as a complication of
extremity vein thrombosis [8]. According to statistical thrombosis of the lower extremities and pelvis, is recorded
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in 35-40 people per 100 thousand population and is one of
the leading causes of death in 15% of patients and in 43%
of patients - a background for other fatal complications [6,
8, 10]. Among these patients, a significant percentage have
patients with cancer, who are detected in 50% of cancer
patients, which determines the course of the disease,
requires dynamic monitoring and timely appointment of
both pharmacological and mechanical means of preventing
thrombus formation [7, 8, 13]. The high number of
thromboembolic complications necessitates optimization
of anticoagulant therapy and diagnostic methods [15, 16].
In most cancer patients, pulmonary embolism occurs
through deep vein thrombosis of the lower extremities, or
pelvis [4, 5, 11]. Among its most probable causes are:
prolonged immobilization of patients, which causes
impaired blood flow from the lower extremities,
hypercoagulation caused by the procoagulative activity of
tumor cells and the release of inflammatory cytokines and
clotting factors; chemotherapy, hormone therapy, surgery
and use of central venous catheter [1, 2, 5, 12]. At the same
time, its morphogenesis at the specified pathology is not
sufficiently elucidated. The analysis of the literature
regarding remodeling of the deep vein of the lower
extremities shows that there are no studies of the structural
changes of the vascular wall in the pathogenesis of
pulmonary artery thromboembolism in oncological
patients, and the elucidation of its morphogenesis is of
paramount importance in phlebology as a morphological
basis of understanding.

The aim of this work is to find out structural features of
remodeling of the deep vein of the lower extremity, as a
morphological link of pathogenesis of pulmonary embolism
in cancer patients.

Materials and methods

A retrospective analysis of 54 protocols of autopsy of
deaths from cardiopulmonary shock caused by pulmonary
embolism in 2014-2018 was conducted in the Ternopil
Regional Clinical Oncology Center. In addition to necropsy
data, morphological study of deep vein biopsies obtained
from different topographic areas of the lower extremity was
performed in 12 operations for acute ascending
thrombophlebitis in cancer patients.

For the preparation of micropreparations standard
protocols of sealing and dehydration of previously fixed in
10% solution of neutral formalin tissues were used,
followed by pouring into paraffin and preparation of sections
[3]. Deparaffin sections were stained with hematoxylin and
eosin, Malory trichrome, resorcinol-fuchsine according to
Weigert, alcian blue, and PAS reaction.

Submicroscopic examination was performed on biopsy
material only. The biopsies of the veins were pre-fixed in a
2.5% solution of glutaraldehyde with an active reaction of
medium pH 7.2-7.4 prepared on Millonig phosphate buffer.
Postfixation was carried out with a 1% solution of osmium
tetroxide on Millonig buffer for 60 minutes, after which the

material was dehydrated in alcohols and acetone and
poured into epoxy resins according to conventional methods
[3]. Ultra-thin sections made on a UMTP-7 ultramicrotome
were stained with a 1% aqueous solution of uranyl acetate,
counterstained with lead citrate according to the Reynolds
method, and studied in a PEM-125K electron microscope.
Semi-thin sections were stained with methylene blue [3].

In all patients, the number of free-circulating endothelial
cells in the citrate blood was determined according to the
method of Hladovez J., in modification by Sivak V.V. [14].

In the work with histological preparations and semi-
thin sections used microscopes SEOSCAN, Lumam R-8,
MBI-15. Images from microscopes were displayed on a
computer monitor using a VISION Color CCD Camera and
Inter VideoWinDVR program.

Statistical processing of digital data was carried out
using the software "Excel" ("Microsoft", USA) and
"STATISTICA" 6.0 ("Statsof", USA).

Results

In retrospective analysis of autopsy protocols, the
highest proportion of pulmonary artery thromboembolism
was reported in women (61.1% of observations versus
38.9% in men). The mean age of deceased women was
61.93+1.51 years and 62.44+2.61 for men. It is noteworthy
that in all 54 deaths pulmonary embolism complicated 5-6
days postoperatively. It was most frequently observed in
patients with malignant epithelial neoplasms of the uterus
(22.2%), large intestine: 13.0% - rectal, 7.4% - colon, 5.6%
- rectosigmoid and urinary bladder (9.3%). Patients with
gastric cancer (7.4%), ovaries (7.4%), prostate (5.6%),
thyroid (1.8%), and pancreas (1.8%) were slightly less likely.
It is worth noting that a high percentage (18.5%) of
thromboembolism is also reported in patients with
bronchial cancer and lung cancer. This can be explained
by the presence of chronic right ventricular heart failure
with varicose veins of the lower extremities. In all these
cases (n=54), autopsy revealed signs of phlebotrombosis
of the deep veins of the lower leg and thigh with impaired
blood flow caused by occlusion of blood clots of various
manifestations of structural organization. Of these, in five
cases, pathomorphologically, they corresponded to fresh
red blood clots that closely connected with the intimate
filaments of fibrin, and in five cases the red blood clots were
freely placed in the lumen of the vein (floating blood clots). In
these cases, all layers of the vein are swollen, with the
branching of all its structures and diffuse neutrophilic
infiltration (Fig. 1). The thrombotic masses were dominated
by platelets, erythrocytes, fibrin filaments and leukocytes.
We interpret the presence of neutrophils as the cause of
possible lysis of the thrombus, as well as thromboembolic
complications. Red blood clots were also detected in the
lumen of the perforated veins (Fig. 2).

In the remaining 44 cases, occlusion of the lumen of the
vein with organized blood clots with signs of fibrosis,
recanalization and revascularization was registered.
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Fig. 1. Edema and diffuse neutrophilic infiltration of the vein wall

(a), red blood clot (b). Histological section of deep vein of thigh.
Staining with hematoxylin and eosin. x100.

- e e AT g
Fig. 3. Fibrosis (a), recanalization (b), revascularization (c), and
secondary thrombosis (d). Histological section of deep vein of

thigh. Weigert stain. x100.

The lumens of the newly formed canals are enlarged
with the near wall layer of fibrin, which can be interpreted as
a morphological manifestation of secondary thrombosis
(Fig. 3). The lumps of newly formed blood clots have slit-like
outlines and chaotic placement. The wall of the deep vein of
the hip is sclerosed. Inner elastic membrane wavy, thickened,
soldered to the structural components of the thrombus. The
thickness of the inner layer of such veins was 14.93+1.82
um, the average 65.74+14.31 ym and the outer 25.82+8.43
um, which indicates the thickening of all its layers.

The endothelial cells had elongated outlines with a large
hyperchromic nucleus. Their desquamation was registered
histologically (Fig. 4).

Quantitative analysis of free-circulating blood endothelial
cells revealed that in acute thrombosis their level was
9.42+0.51 x10%/1, and in cases of organized thrombus -
6.53+0.20 x10%1 (p<0.001). Microscopically desquamated
endothelial cells are polymorphic. Cells with pyknosis and
rexis of the nucleus, as well as with karyolysis, cytoplasm

g S

Fig. 2. Red blood clot (a) in the lumen of the perforated vein.
Histological section of thigh soft tissue. Staining with hematoxylin
and eosin. x100.

Fig. 4. Desquamation of the endothelial cell (a) and pyknosis of its
nucleus (b). Semi-thin section of deep vein of thigh. Methylene
blue stain. x200.

edema and partial fragmentation were identified.

Electron microscopy revealed that the elongated
endothelial cells were adjacent to a wide, swollen, area of
collagen fiber accumulation. In the swollen, enlightened
cytoplasm, there are numerous organelles that are
destructively altered. The tubules of the granular endoplasmic
reticulum are expanded and deformed, with the formation of
irregular cavities. Damage to the mitochondria is
accompanied by significant matrix enlightenment and
destruction of the cristae. Primary and secondary lysosomes
are presented and are freely located both in the cytoplasm
and near the Golgi complex. The nuclei are star-shaped,
with irregular outlines, due to the deep torsion of the
karyolemma. In the center of the nucleoplasm there is an
electron-transparent karyoplasm. Wide areas of condensed
osmiophilic karyoplasm located below the karyoplasm
(Fig. 5).

We recorded fibrotic remodeling of the intima in all cases
of observation, both in the prethrombotic and
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Fig. 5. Submicroscopic organization of the intima of the deep vein
of a patient with colon cancer. Destructively altered endothelial
cell (a), sclerosis (b). x9000.

postthrombotic segment of the investigated vein, which
indicates the diffuse manifestation of the pathological
process. Preferably, the thickening of the fibrous intima
was circular or local in nature and combined with a
thickening at the border of the middle layer and
subendothelial space, in which noted a large number of
activated fibroblasts with elongated hyperchromic nuclei
that produce excessive amount of extracellular matrix, as
evidenced by the increased positive response to the
presence of non-sulfated and sulfated glycosaminoglycans
when stained with alcian blue and PAS reaction.

Medium layer remodeling in pre- and post-thrombotic
vein segments was manifested by severe sclerosis with
leiomyocyte atrophy, in combination with their secondary
hypertrophy. A characteristic feature of the middle layer is
the presence of a neovascularization process (Fig. 6). The
lumps of the arterioles are full-blooded, the endothelium
with an enlarged, hyperchromic nucleus.
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Fig. 7. Dilatation of lumen and wall sclerosis of vasa vasorum (a).
Histological section of deep vein. Staining with hematoxylin and

eosin. x120.

Fia. 6. Intramu-ralcpillaies inthe middfe Iay.ér‘of the deep vein of
the thigh (a). Semi-thin section. Methylene blue stain. x200.

Changes in the outer layer of the venous wall were
manifested by severe sclerosis. Particular attention is paid
in all cases the presence of dilatation lumen vasa vasorum,
plethora and walls sclerosis (Fig. 7).

Discussion

Pulmonary embolism, as a complication of thrombosis
of the lower extremities and pelvis, is recorded in 35-40
people per 100 thousand population and is one of the main
causes of death in 15% of patients and in 43% of patients
- a background for other fatal complications [6, 8, 10]. The
analysis of the literature regarding remodeling of the deep
vein of the lower extremities shows that there are no studies
of the structural changes of the vascular wall in the
pathogenesis of pulmonary embolism in oncological
patients.

We have found that the degree of endothelial cell
desquamation in the process of postthrombophlebitic
syndrome depended on the process prescription.
Damaged endotheliocytes underwent conjugation,
exposed intima, circulated with blood flow, which can be
considered the structural basis of thrombus formation.
According to Okhotnikova O.M. et al. [9], it is the endothelial
cells that have a protective function aimed at eliminating
damage to the vascular wall by thrombus formation and
the development of fibrous hyperplasia of the intima, and
Rozanov |.D. et al. [11] state that tumor cells are themselves
capable of producing excess platelet-derived growth factor
in excess, which causes intima proliferation.

We do not exclude that the structural changes of the
deep vein wall outside the thrombus segment have a
significant role in the development of postthrombophlebitic
syndrome. This is evidenced by the remodeling of all layers
of the vascular wall in the pre- and post-thrombotic
segments of the vein: internal, middle and external.

The morphological changes of the proximal and distal
segments with respect to deep vein thrombosis in patients
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with cancer are manifested by circular and focal muscular-
fibrous intima hyperplasia with neovascularization of the
middle layer. Morphogenetically, it can be assumed that
the process of vein remodeling begins with
thrombophlebitis with the subsequent development of
thrombus organization and recanalization and
vascularization.

The absence of dystrophic-inflammatory processes in
the inner and middle layers of the peritrombotic segments
of the vein allows us to consider intima thickening and
neovascularization as independent processes. Basically,
their fibrotic degeneration have probably a hypoxic
mechanism, which is confirmed by sclerosis vasa
vasorum, and neovascularization should be considered a
compensatory process.
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CTPYKTYPHI OCOBNMBOCTI PEMOLEJOBAHHA MNBOKOT BEHU HUXXHBOT KIHLIBKU, IK MOP®ONOMNYHOI NTAHKU
MATOrEHE3Y TPOMBOEMBOIi NEFEHEBOI APTEPI XBOPUX HA PAK

BodHap I.51.

OHkornoeiyHi xe8opi Hanexamb 00 2pynu 8UCOKO20 PU3UKY po38UMKY mpomboembosiyHUX ycKnadHeHb, W0 € rposieOM CKIadHO20
CUMMMOMOKOMIIIIEKCY - pakosoi xeopobu. BodHowyac, aHaniz nimepamypu cgid4umb, W0 numaxHs ydacmi cmpyKmypHUX 3MiH CyOUHHOT
CMIHKU 8 nMamo2eHe3i MOX/IU8020 nep8uUHHO20 MpPoMOOYMEBOPEHHS y X8OPUX Ha paK 3anuwaemscsi 8iokpumum. Mema 0ocnidxeHHs
- 3'acyeamu cmpykmypHi ocobnueocmi pemoderirogaHHs 2ruUb0KOI 8€HU HUXHBOI KiHUi8KU SIK MOPhOo2iyHOl flaHKu namozeHe3y
mpomboembornii neeeHegoi apmepii y xeopux Ha pak. [lposedeHo pempocrnekmugHull aHani3 3a 2014-2018 pp. 54 npomokonis
po3muHy nomepnux ei0 kapdionynbMOHanIbHO20 WOKY, 3yMoerneHo20 mpomboemborieto nezeHesoi apmepii. OKpiM aHanidy HeKporncit
rnpogedeHo mopghonioeiyHe AocnidxeHHs1 bionciti enuboKoi 8eHU, ompuMaHux 3 pisHUX moroepaghidHux OifIIHOK HUXHBOI KiHUieKU rpu
12 onepavuisix 3 npusody 20cmpo2o 8ucxiOHo20 mpomboghriebimy y xeopux Ha pak. [lapanenbHo yciM nayieHmam gudHaqanu KifbKicmb
8INTbHOUUPKYITIOIOYUX 8 YumpamHili Kposi eHdomenioyumig 3a Memooukoto Hladovez J., y modupikauii Cieak B.B. (2007). CmamucmuyHe
onpaurosaHHs yugposux 0aHux 30ilicHosanu 3a 00roMo20ot0 rnpoepamHo20 3abesnedyeHHs "Excel” ma "STATISTICA" 6.0. lNpu
pempocrnekmugHOMYy aHarli3i npomoKosie poO3MuUHy 8CmaHo8/1eHo, Wo Halbinbwa Yacmka mpomboembornii nezeHesoi apmepii byna
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3apeecmposaHa y X8opux Ha pak mamku ma 0600080i Kuwku. MopgornozidHi 3miHu 2rnuboKoi 8eHU HUXHIX KIHUIBOK y X80pUX Ha pak
nposiensanucs deckeamauicro eHOomernito 3 UUPKYISIPHOK ma 802HUWEB00 M'S3080-hibpO3HO0 einepnnasieto iHmuMU, w0 8UKITUKao
ropyweHHs1 naMiHapHOCmi MoKy Kposei;, M'a3080-¢ghibpo3Ho ampodbieto 3 HeosacKynsipusaujeto cepedHboi 0O60I0HKU i CKI1epo3oM
cyOuH vasa vasorum adseHmuuii. [Tpoyec pemodesntosaHHs MPOSBIABCA MaKoX 3arnallbHoK mpaHcghopmauieto CyOUHHOI CmiHKU,
ymeopeHHsIM 0bmypytodux i ¢oriomyrodux mpombie i3 nodanbWoro ix opaaHizauicto, eackynsapusauicto ma pexkaHanizauieto. lNpu4uHoro
rnomosuweHHs1 iHmumu, ampodgbii ma ckrepo3y 3 HeoeacKyrnspusauieto cepedHboi 06010HKU, HaliMOo8ipHiwe, € 2iMOKCUYHUL MexaHi3m
akmueauii mpaHcghopMyro4ux ¢hakmopie pocmy Criofy4YHOI mKaHUHU, SIKUU CMUMYJ/IE KOflaeeHo- ma HeoaHeioeeHes. [eckeamauiio
eHOomerioyumie mex MOXHa egaxamu CymmesuM ¢hakmopom CripusiHHS mpomboymeopeHHto. Came eHOomernioyumam Hanexums
3axucHa ¢byHKUisi, CcripsiMogaHa Ha YCYyHEeHHS MOWKOOXEHHS CyOUHHOI CMIHKU Wiisxom mpomboymeopeHHsI ma po3sumokK hibpo3sHoi
eineprnasii inmumu. OKpiM yb020, MyXUHHI KIiMuHU cami no cobi 30amHi npodykysamu 6 Hadnuwky mpomboyumapHul ghakmop
pocmy, wo crpuduHse nposnigpepauito iHmumu. Takum HYUHOM, CK1adogot f1aHKoK rnamomopghozeHe3dy mpomboembornii neeeHegoi
apmepii'y xeopux Ha pak € ckriaGHa cmpykmypHa nepebydosa cmiHKu 2r1uboKoi 8eHU HUXHBOI KiHUIBKU, WO Cripusie po3sumky mpom6oasy.
PemoderntosaHHs1 2rubOKOI 8eHU y X80pUX Ha paK xapakmepu3yembcsi 0eckgamauicto eHoomenioyumis, NoOmMo8UWEHHSIM | CKIIepo3oM
iHmumu ma cepedHboi 060IOHKU y MOEOHaHHI i3 hibpo3Ho OeeeHepauicto vasa vasorum ma mpombo3om rnepgopaHmHuUx eeH. Y
8i0rnoegidb Ha 2eMOOUHaMIYHIi MOPYUEHHS] PO38UBAEMbCS KOMIEHCamopHe pemoOentoeaHHs: noedHaHHs ampoii netiomioyumis 3 ix
einepmpodpieto i Heosackynspu3auis cepedHboi 0OOOHKU.

KnroyoBi cnoBa: 2ruboka 8eHa cmeeaHa, pak, mpomboemborisi neceHe8oi apmepii.

CTPYKTYPHbIE OCOEEHHOCTW PEMOAENUPOBAHUA MYBEOKOW BEHbI HWXKHEW KOHEYHOCTMU, KAK
MOP®OTOMMYECKOIr0 3BEHA MATOMEHE3A TPOMBEO3MBONUU NNIEFOYHOWN APTEPUU BOSbHbLIX PAKOM

BodHap I.51.

Onkonozaudeckue 60osbHbIe OMHOCAMCS K 2pyrine 8bICOKO20 pucka pa3sumusi mpomMboambornudecKux oC/IoXHeHUU, Komopble Sesomcs
rposierieHUEeM CII0XKHO20 CUMIMOMOKOMII/IEKCa - pakosol 6one3Hu. Bmecme ¢ mem, aHanus numepamypbi caudemernibcmayem, 4mo
80rPOC yYacmusi CmMpPyKmMypHbIX U3MEHeHUl cocyOucmoUl CMeHKU 8 rnamozeHe3e 803MOXHO20 MepeuyHoeo mpomboobpasosaHus y
601bHbIX pakoM ocmaemcsi omkpbimbIM. Llernib uccriedosaHust - 8bISICHUMb CMPYKMYpHbie 0CObeHHOCMU pemodenuposaHusi erybokol
8EHbl HUWXHeU KOHeYHOCMU, KaKk MOopgho/io2u4ecKo20 38eHa namozeHesa mpomboamboriuu ne2oyHol apmepuu y 60sbHbBIX PaKoM.
lMposedeH pempocriekmugHbIlU aHanu3s 3a nepuod ¢ 2014-2018 ee. 54 npomMoKono8 8CKpbIMUSI yMepuwiux om KapouoryibMOHaIbHO20
woka, obycrosneHHo2o mpomboambonuel neeoyHou apmepuu. Kpome aHanusa Hekporiculi npoeedeHo Mopghosioeudeckoe
uccriedogaHue buorncul arnyb0oKol 8eHbl, MOMy4YeHHbIX C pPa3HbIX MonoepaghuyecKux y4acmkos HUxXHel KoHedHocmu fpu 12 onepayusix
o mogody ocmpo2o socxodsweao mpombognebuma y 6ombHbIX pakom. [NapannensHo ecem nayueHmam onpeodesnsnu Konu4ecmso
C80600HO UUPKYnuUpyruwux 8 yumpamHol kposu sHOomenuoyumos rno memooduke Hladovez J., 8 modugpukayuu Cusak B.B. (2007).
Cmamucmudeckyro o6pabomky yugposbix 0aHHbIX OCYWecmssnu ¢ MoMoWwbto npoepammHoeo obecrieyerusi "Excel” u "STATISTICA"
6.0. lpu pempocrnekmueHOM aHasu3e rpPOMOKO/I08 8CKPbIMUS ycmaHo8neHo, Yymo Haubosnbwas donsd mpomboambonuu ne2oYyHol
apmepuu 3apeaucmpupogaHa y 60rbHbIX pakoM Mamku u 060004YHoU KuwKu. Mopghornoaudeckue udmMeHeHUs 211yb0KoU 8eHbl HUXHUX
KoHeyHocmel y 60MbHbIX pakoM Mposiensanuck 0eckeamayuel 3HOomenusi ¢ UUPKYAsapHOU U o4yaeoeol MbieYHO-¢hubpo3Hol
eunepnna3uel UHMUMbI, YMO 8bI3bI8AI0 HapyweHuUe 1aMuHapHOCMU mokKa Kposu; Mblue4YHO-gpubpo3Hol ampocpuel ¢
Heoesackynspu3ayuel cpedHel 0b0/104KU U CKIIepo3omM cocydos vasa vasorum adeeHmuuyuu. lpoyecc pemodenuposaHusi Mpossnsncs
makxe socnanumernibHol mpaHcghopmayueli cocyoucmol cmeHKu, obpa3ogaHueM o0bmypayuoHHbIX U riomupyouux mpombos c
rnocnedyrowell ux opzaHu3ayuel, sackynsapulayuel u pekaHanu3ayued. [NpuyuHol ymonuwieHusi uHmumbl, ampoghuu U ckrieposa ¢
HeoeacKynspu3ayuel cpedHel 0b0M0YKU, CKOpee 8ce20, S8IAeMmCcs 2UMOKCUYeCcKUl MexaHU3M akmusauyuu mpaHceopMupyrouwux
ghakmopoe pocma coeduHUMenbHOU mKaHU, KomopbIl cmuMyupyem Kofa2eHo- U HeoaHauozeHes. [eckeamauyuro 3HOomenuoyumos
moxxe MOXHO cyumamp CyulecmeeHHbIM ¢hakmopom codelicmeusi mpomboobpasosaHuto. VimeHHO aHOomenuoyumam npuHadnexum
3awumHas hyHKUUS, HarnpasreHHass Ha ycmpaHeHue rnospexoeHusi cocyducmol cmeHKU nymem mpomboobpa3ogaHusi u passumue
¢ubposHoli eunepnna3uu uHmMumbl. Kpome amoeo, ornyxonesbie Kiemku camu rno cebe crnocobHbl npodyyuposams 8 u3bbimke
mpomboyumapHbil ¢hakmop pocma, Ymo 8bi3bieaem nposugepayuro UHMumMbl. Takum obpa3omM, cocmagHbIM 38€HOM
rnamomopghoeeHe3a mpomboamboruu rieeoyHol apmepuu y 605bHbIX PaKOM SI8IIEMCS C/IOXHasi CmpyKmypHasi nepecmpolika CmeHKU
2r1y60Kol 8eHbl HUXHeU KOHEeYHOCMU, YmOo 8bi3bieaem pa3sumue mpombo3a. PemodenuposaHue 2yb0Kol 8eHbl y 6071bHbIX pakom
Xxapakmepu3yemcsi deckeamauyueli 3HOOMeIUOUUMOo8, ymosnueHUeM U CKI1epo30M UHMUMbI U cpedHel 0b0/Io4KU 8 coyemaHuu C
¢ubposHol dezeHepauyueli vasa vasorum u mpombo3om riepgpopaHmMHbIX 8eH. B omeem Ha eemoluHamuyeckue HapyuweHus
passusaemcs KoMrneHcamopHoe pemoldeniupogaHue: coyemaHue ampocuu elioMuoyumos ¢ ux esunepmpocpuel u
Heoeackynsipu3ayuel cpedHeli 060/104KU.

KnioueBble cnoBa: enybokasi geHa 6edpa, paK, mpomboambornus ne2o4Hol apmepuu.
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Burn disease is a complex of pathological changes that occur in the body due to the
action of a thermal agent and are life-threatening. The problem of skin burns still
remains relevant today. Insufficiently studied features of pathogenesis and methods of
treatment of thermal trauma are the cause of considerable interest of scientists in this
problem. The aim is to study the features of microscopic changes in the skin of rats
during the month after grade II-11l burn on the background of the introduction of the first
7 days of 0.9% NaCL solution. The studies were performed on 360 laboratory white
male rats weighing 155-160 g. During the experiment, the animals were divided into 4
groups: 1st, 2nd groups - rats without thermal trauma infused with 0.9% NaCl solution
and HAES-LX-5% at a dose of 10 ml/kg. In the 3rd, 4th groups, rats were infused with
0.9% NaCl solution and HAES-LX-5% at a dose of 10 ml/kg after skin burns. Burning
skin damage was caused by applying to the lateral surfaces of the trunk of rats for 10
seconds four copper plates, heated in water at a constant temperature of 100°C.
Histological preparations were prepared by standard procedure and examined using
an OLYMPUS BH-2 light microscope. Conducted microscopic studies of the skin of
animals after thermal trauma under the conditions of application of 0.9% NaCl solution
found that in the early stages of the experiment (1, 3, 7 days) compensatory and
adaptive changes of its structural components are combined with signs of destructive
disorders. In the later periods of thermal trauma (14, 21 and 30 days), the destructive
changes of the structural components of the skin in the lesion area deepen, and the
process becomes irreversible.

Keywords: skin burns, histological changes, necrosis, 0.9% NaCL solution.

Introduction

Despite the significant advances in modern medicine
and the improvement of methods of diagnosis and
treatment, the problem of skin burns is still relevant today.
Scientists have linked this fact to an increase in the frequency
of burns in the home, at work, and in connection with military
regional conflicts [13, 20, 21, 23]. In addition, the question
remains regarding the features of the pathogenesis of burn
disease and its treatment [3, 6, 12]. Special attention of
scientists to thermal skin damage is also explained by the
fact that it leads to considerable complications and mortality
[9-11, 18, 22].

In recent years, the methods of treatment of thermal
trauma have been significantly improved, but in most cases
and today assistance to patients with severe burns consists
in the direct treatment of local skin lesions, despite the
well-known fact that the pathogenesis of the acute period

of burn disease lies in systemic disorders [3, 4, 6, 12, 15-
17, 19]. Therefore, the problem of thermal trauma is
multifaceted, requires a comprehensive solution and a
more detailed study of the features of its course.

Materials and methods

The studies were performed on 360 laboratory white
male rats weighing 155-160 g. During the experiment, the
animals were divided into 4 groups: 1st, 2nd groups - rats
without thermal trauma infused with 0.9% NaCl solution
and HAES-LX-5% at a dose of 10 ml/kg. In the 3rd, 4th
groups, rats were infused with 0.9% NaCl solution and
HAES-LX-5% at a dose of 10 ml/kg after skin burns. Burning
skin damage was caused by applying to the pre-depilated
lateral surfaces of the trunk of rats for 10 seconds four
copper plates (two plates on each side, each with a surface

© 2019 National Pirogov Memorial Medical University, Vinnytsya
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area of 13.86 cm?), which were pre-heated for 6 minutes in
water at a constant temperature of 100°C. [1, 7]. The total
area of skin lesion in rats was 21-23%. All solutions were
introduced into the inferior vena cava after catheterization
under aseptic conditions through a femoral vein at a dose
of 10 ml/kg body weight of the animal. Shaving of the lateral
surfaces of rats' trunk, catheterization of veins, staging of
skin burns, and decapitation of animals were performed
under intravenous propofol anesthesia (calculated at
60 mg/kg body weight). For further in-depth study, we
selected skin changes at 1, 3, and 7, 14 21, and 30 days
from the start of the experiment. For histological examination,
skin fragments were fixed in 10% neutral formalin solution,
washed in running water, dehydrated in a battery of alcoholic
solutions of increasing concentration, and enclosed in a
steamer [8]. Sections 4-6 ym thick were made on a rotary
microtome, placed on slides, stained with eosin
hematoxylin after standard wiring, and poured into Canadian
balm. Histological specimens were examined in an
OLYMPUS BH-2 light microscope using x10 and x40 lenses
and x10 eyepieces.

Results

In rats which, after thermal burns of the skin, a 0.9%
solution of NaCl at a dose of 10 ml per kg was injected, after
1 day the structural signs of the condition of the burn wound
indicate burn 1IB degree. In the affected area of the skin
revealed coagulation necrosis of the epidermis and dermis,
and in the hypodermis, there were signs of edema.

In the epidermis, the layered organization of keratinocytes
is impaired, necrobiotic changes are present, cell
boundaries are not visualized. The intercellular spaces
between the epidermocytes are enlarged. The basement
membrane is loosened, the collagen fibers in it are
destructed, there are areas of detachment of the epidermis

R
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Fig. 1. Histological changes in the skin of the rats 1 day after burn,
which was administered 0.9% NaCl solution: 1 - coagulation necrotizing
epidermis and papillary layer of the dermis, 2 - mesh layer of the

dermis, 3 - destructively altered skin appendages, 4 - enlarged
lymphatic capillary. Staining with hematoxylin and eosin. x200.

from the dermis, which leads to disruption of its barrier
function.

In this period of experiment, there is swelling of the papilla
and mesh layers of the dermis and their infiltration by
leukocytes. The papillary layer of the dermis in the burn area
is smoothed, without well-defined papillae. The
luminescence of the vessels of the hemomicrocirculatory
bed within the burn wound of the skin is considerably
enlarged, full-blooded, containing blood clots. There was
pronounced interstitial swelling and hemorrhage around
the hemocapillaries. The lymphatic capillary glands were
enlarged, containing lymph and blood cells. Collagen fibers
around the lymphatic capillaries are homogenized. Also
revealed disorders of blood circulation, in the form of stasis,
marginal standing and diapedesis of leukocytes through
the walls of the blood vessels of the circulatory
microcirculatory bed, as well as plasmorrhagia. The
epitheliocytes of the hair follicles and sebaceous glands in
the burn zone are necrobiotically and dystrophically altered
(Figs. 1, 2).

In rats which, after thermal burns of the skin, 0.9% NaCl
solution was injected after 1 day also showed dystrophic
changes in skin areas located on the border with the burn
zone. In the spinous layer of the epidermis, the interepithelial
spaces are enlarged. The lymphocyte count is increased in
all layers of the epidermis.

In the dermis of the marginal area of the wound there is
no differentiation into papillary and mesh layers. Collagen fibers
with signs of edema, blood vessels full-blooded (Fig. 3).

Histologically, for 3 days of the experiment in the group of
animals with burns and the introduction of 0.9% NaCl
solution in the central and peripheral areas of the wound,
destructive changes associated with tissue necrosis
increase. The keratinocytes of all layers of the epidermis
are damaged, in many cells pyknosis and karyorrhexis of

ST TN, N e R R .
Fig. 2. Microscopic changes in the skin of the rat, 1 day after burn,
which was administered 0.9% NaCl solution: 1 - necrotized
epidermis, 2 - hemostasis in the capillary, 3 - coagulated collagen
fibers of the dermis. Semi-thin section. Methylene blue staining.
x400.
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F g. 3. Microscopic changes |n the skln of the rat 1day after burn,
which was administered 0.9% NaCl solution: 1 - swollen collagen
fibers, 2 - fibrocytes, 3 - hemostasis in the enlarged capillary.
Semi-thin section. Methylene blue staining. x400.

the nuclei are present (Fig. 4).

Fibroblasts, numerous rod-like neutrophils, eosinophils,
macrophages, lymphocytes, and a considerable number of
tissue basophils with phenomena of degranulation are
present around and in the center of the damage zone among
fibrous connective tissue structures. Most cells of the hair
follicles and sebaceous glands are dystrophically altered.
The blood vessels of the blood and lymphatic vessels are
enlarged, sometimes with a stasis of shaped elements in
their lumen.

Perifocal formation of the epidermal wedge is observed,
in which most of the cells are in a state of dystrophy or
destroyed. In numerous places, it is detached from
connective tissue, and there are hemorrhages underneath
(Fig. 5).

Microscopically for the 7th day of the experiment under
the conditions of introduction of 0.9% NaCl solution, the burn
area is covered by a scab, formed from the destroyed
epidermocytes, fibrin, and blood cells. In many areas, the
crust goes far beyond the damage and covers a somewhat
thickened layer of the epithelium. In such places, the
epidermis is deformed, sometimes in the form of an
amorphous mass, densely infiltrated by cellular detritus,
neutrophils, and macrophages.

In the papillary layer of the dermis, lesions of the collagen
fibers are homogenized, eosinophilic, leukocyte infiltrated,
among which rod-core neutrophils prevailed. Epithelial cells
composed sheath of hair follicles are in a state of necrosis.
All these altered structures form a rough solid crust that is
closely soldered to the underlying mesh layer of the dermis.
A demarcation shaft (Fig. 6) is located between the bark and
the preserved part of the dermis. The luminescence of blood
vessels contained blood clots, hemorrhages were found
around the vessels.

At the periphery of the burn wound, the epidermis is

Fig. 4. Mlcroscoplc changes in the skin of the rat, 3 days after
burn, which was administered 0.9% NaCl solution: 1 - necrotized
keratinocytes of the epidermis, 2 - damaged and blood-filled
capillaries, 3 - fragmented collagen fibers. Semi-thin section.
Methylene blue staining. x400.

hypertrophied, with the formation of single new capillaries
due to the proliferation of endothelial cells in their walls. The
gaps of most hemocapillaries are enlarged with dystrophic
and necrobiotic altered endothelial cells. Hemorrhage,

Fig. 5. Hlstologlcal changes of the marglnal area of the wound at
3 day after burn, with the introduction of 0.9% NaCl solution: 1 -
epidermal wedge, 2 - hemorrhage in the papilla of the dermis, 3 -
mesh layer of the dermis, 4 - enlarged lymphatic capillaries. Staining
with hematoxylin and eosin. x100.
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Fig. 6. Histological changes of the central area of the wound for 7
days after burn, with the introduction of 0.9% NaCl solution: 1 -
scab, 2 - demarcation shaft, 3 - damaged and infiltrated leukocytes
of the fiber of the mesh layer of the dermis. Staining with hematoxylin
and eosin. x200.

leukocyte infiltration and pronounced interstitial edema are
found around the vessels.

Microscopically, for 14 days after thermal trauma under
the conditions of introduction of 0.9% NaCl solution in the

i Vi2ee Ny « () g
Fig. 8. Histological changes in the area of damage at 21 days after
burn, with the introduction of 0.9% NaCl solution: 1 - scab, 2 -
epithelial regenerate, 3 - dermis, 4 - skin appendages. Staining
with hematoxylin and eosin. x200.
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Fig. 7. Histological changes of the lesion site at 14 days after burn,
with the introduction of 0.9% NaCl solution: 1 - scab, 2 - thickening
of the epidermis, with the participation of 3 - hair roots, 4 - epithelial
regenerate, 5 - dermal collagen fibers. Staining with hematoxylin
and eosin. x200.

wound area, a dense scab with a clearly limited area of
necrosis was observed. Under the scab revealed areas of
suppuration and a thin layer of epidermal regenerate, in
which there is no layered differentiation of keratinocytes. The
bottom of the wound is filled with a dense connective tissue
that contains parallel directed bundles of collagen fibers
between which are isolated single fibroblasts. The number
of blood capillaries was lower than in the previous study
period.

In the peripheral areas of the wound present expressed
marginal epithelialization, epithelial heel in the form of a
wedge grows under the scab. In the marginal areas, the
wounds in the epidermis were differentiated between the
basal, spinous, granular and stratum corneum layers. In
the dermis of the skin, the papillary and mesh layers are
poorly differentiated, the papillae are smoothed (Fig. 7).

On the 21st day after thermal trauma, the animals of this
experimental group had a scab exfoliation. The
epithelialization of the wound is more pronounced than in
the previous study, but incomplete. In the center of the burn
wound, areas of the epithelial layer were identified as a
wedge, in which no differentiation into layers was evident
(Fig. 8).

The formed connective tissue of the dermis lacks hair
follicles and sebaceous glands. Leukocyte infiltration and
slight interstitial edema are present around the vessels. In
the newly formed connective tissue at the bottom of the
wound, collagen fibrils have a parallel direction to the skin
surface, and the blood capillaries are located along the
fibers, indicating the maturation of the newly formed
granulation tissue in the deep layers of the wound. The lumen
of the lymphatic vessels is widened (Fig. 9).

In rats, which after the burn of the skin for 7 days was
injected with 0.9% NaCl solution, for 30 days of the study the
wound is covered with a layer of epidermis. The papillary
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Fig. 9. Microscopic changes of rat skin dermis for 21 days after
burn, with 0.9% NaCl solution administration: 1 - collagen fibrils, 2
- leukocyte infiltration, 3 - lymphatic capillary. Semi-thin section.
Methylene blue. x200.
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Fig. 11. Mlcroscoplc changes of the dermis of rat skin for 30 days
after burn, with the introduction of 0.9% NaCl solution: 1 - leukocyte
infiltration, 2 - fibroblasts. Semi-thin section. Methylene blue stain.
x200.

dermis is smoothed, the papillae are not expressed. The
formed connective tissue of the dermis lacks hair follicles
and sebaceous glands, few fibroblasts and vessels
(Fig. 10).

In single fields of view revealed foci of leukocyte infiltration.
As a rule, such foci were located around the vessels of the
circulatory microcirculatory bed (Fig. 11).

Discussion

Experiment data on the effect of 0.9% NaCl solution on
the features of microscopic changes of organs and tissues
in different terms of burn disease are associated with the
results of our histological examination. In particular, it was
found that the introduction of it to rats during the first 7 days
after thermal injury of the skin did not prevent the development
of dystrophic and destructive changes in the spleen. On the

= “e

Fig. 10. Histological organization of the skin healing area of the rat
for 30 days after burn, with the introduction of 0.9% NaCl solution:
1 - epidermis, 2 - dermis, 3 - capillary, 4 - lymphocytes. Staining
with hematoxylin and eosin. x400.

1st day after burn revealed dystrophic processes in
lymphocytes and macrophages, plethora of sinusoidal
vessels of the spleen, swelling and infiltration of perivascular
connective tissue. After 3 days, the process was deepened
by the destruction of the periarterial zones, germination
centers, and marginal areas of the white pulp [2].

In the adrenal cortex in the early periods after skin burns
(1, 3, 7 days) with the introduction of 0.9% NaCl solution
revealed a combination of processes of destruction and
compensatory changes, while at 14, 21 and 30 days further
development and deepening lesions of all structural
components of the organ cause the development of
irreversible changes [5].

Histological examination of the structure of the lungs at
day 14 after skin burn under the conditions of the first 7 days
of 0.9% NaCl solution revealed disorders of microcirculation
in the respiratory department, thickening of the interalveolar
septa due to infiltration by their lymphocytes and
macrophages. After 30 days, there were signs of
pneumosclerosis, destruction, and no compensation for
pathological changes, indicating their irreversibility [14].

Available data on the effect of infusion of 0.9% NaCl
solution under conditions of thermal injury on the
transformation of the intercellular substance of the internal
organs. It is established that on 1, 3, 7 and 14 days after skin
burns, there is a development of cell alteration and intercellular
edema. Under these conditions significant changes undergo
the vessels of the microcirculatory bed, which are manifested
in the form of progressive thinning of endothelial cells, their
microclasmatosis and even necrosis [4].

Conclusions

1. Conducted microscopic studies of the skin of animals
after thermal trauma under the conditions of application of
0.9% NaCl solution found that in the early stages of the
experiment (1, 3, 7 days) compensatory and adaptive
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changes of its structural components are combined with
signs of destructive disorders. In the epidermis of the
affected area of the skin there is destruction of the
epitheliocytes of all its layers. Vascular disorders in the
dermis are combined with changes in fibroblasts,
homogenization and swelling of the components of the
intercellular substance.

2. In the late stages of the experiment (14, 21 and 30
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FICTONOIYHA KAPTUHA B LUKIPI LLYPIB MPOTAMOM MICALUA NICNA ONIKY li-lll CTYNEHA HA ®OHI BBEAEHHA NEPLWINX 7

0IB 0,9% PO34YMHY NACL
MipoHoe €.B.

Onikosa xeopoba - ue HebesneyHul Orisi KUmmsi KOMIIEKC MamosioeiyHUX 3MiH, WO 8UHUKaE 8 opaaHiami 8Haciook Oii mepmidyHO20
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azeHmy. [Mpobnema orikie wkipu AOCi 3anuwaemsbcsi akmyarbHOK 8 Haw Yac. HedocmamHbOo eugyeHi ocobnugocmi namozeHe3dy ma
mMemoou IiKyeaHHS mMepMiYHOi mpaemu € MPUYUHOK 3Ha4yHOI 3auikasneHocmi Haykosuie daHot npobnemor. Memoro pobomu €
8us4YeHHs1 ocobriugocmell MIKPOCKOMIYHUX 3MiH 8 WKIpi wypie npomsicom micays nicns oniky lI-1ll cmyneHsi Ha ¢ooHi 88edeHHs1 nepuiux
7 0i6 0,9% pos4uHy NaCL. [JocnidxeHHsi nposedeHi Ha 360 nabopamopHux binux wypax-camysix macoto 155-160 2. B xo0i ekcriepumeHmy
meapuH 6yno po3nodineHo Ha 4 epynu: 1, 2 epynu - wypu 6e3 mepmiyHoi mpasmu, kompum riposodunu iHgyasito 0,9% posduHy NaCl ma
HAES-LX-5% y 003i 10 mn/ke. Y 3 ma 4 epynax wypam nposodunu iHgys3ito 0,9% posduHy NaCl ma HAES-LX-5% y do3i 10 mn/ke nicns
oniky wkipu. Onikoge rMOWKOOXeHHSI WKIipU SUKIUKaNU WsaxoM rpuknadaHHs 00 b6i4HUX nosepxoHb myryba wypie Ha 10 cekyHO
4omupbox MIOHUX MIacmuHoK, Haepimux y eo0di 3 nmocmitiHoro memnepamyporo 100°C. NicmonoaiyHi npenapamu eomysanu 3a
cmaHOapmHoo mMemodukor ma docnidxysanu 3a dornomMozot ceimnoeozo mikpockona OLYMPUS BH-2. [NposedeHi MiKpOCcKonivyHi
docnidxeHHs1 WKipu meapuH ricsisi mepMidHoi mpaemu 3a ymoe 3acmocysaHHsi 0,9% posduHy NaCl ecmaHosuru, Wo 8 paHHi mepMiHu
ekcriepumeHmy (1, 3, 7 006u) KoMrneHcamopHO-NpUCMOCy8arbHi 3MIHU 1I CMPYyKMypHUX KOMIOHEHMI8 MoedHytombCs 3 03HaKamu
decmpyKkmueHUX ropyweHb. Y ni3Hi nepiodu mepmiyHoi mpasemu (14, 21 ma 30 0obu) 8idbyeaembcs noenubneHHs 0ecmpyKmueHUX
3MiH CMPYKMYypHUX KOMIOHEeHMI8 WKipu y OinsHUi ypaxXeHHs, a npouec Habysae He380pOMHO20 xapakmepy.

KnrouoBi cnoBa: oniku wekipu, egicmonoeidHi 3amiHu, Hekposd, 0,9% posquH NaCL.

FTMCTONOIMMYECKASA KAPTUHA B KOXKE KPbIC B TEYEHUE MECSALA NMOCIE OXOTrA liI-lll CTENEHU HA ®OHE BBEOEHUA
NMEPBbIX 7 AHEN 0,9% PACTBOPA NACL

Muponoe E.B.

Oxoz08as1 6071€3Hb - MO ornacHbIl 07151 KU3HU KOMIIIEKC MamosioaudecKux UdMeHeHul, 803HUKaWUX 8 opaaHu3Me 8 pesyribmame
delicmeusi mepmuyeckoeo azeHma. [pobnema 00208 KoXu 00 cux rMop ocmaemcsi akmyarnbHolU 6 Hawe spems. HedocmamoyHo
u3y4eHHble 0COBeHHOCMU MamozeHe3a U Memoobl /1Ie4eHUsI MePMUYECKOU mpasMbl S18/ISI0MCS NMPUYUHOU 3Ha4UMernbHo20 UHmepeca
y4eHbix K OaHHoU npobneme. Llenbio pabombl siersemcs udydeHue ocobeHHocmel MUKPOCKOMUYECKUX U3MEHEHUU 8 KOXe KpbIC 8
meyeHue mecsiya rocne oxoea ll-1ll cmeneHu Ha oHe ssedeHus nepebix 7 OHel 0,9% pacmeopa NaCL. VccnedosaHus nposedeHsi
Ha 360 nabopamopHbix besnbix Kpbicax-camyax maccol 155-160 2. B xode akcriepumeHma XueomHbie bbinu pacripedesieHbl Ha 4
epynnbi: 1 u 2 epynnsl - KpbICkl 663 MepMu4Yeckol mpasmbl, KOmopbiM nposodusnu uHgpysuro 0,9% pacmeopa NaCl u HAES-LX-5% s
do3ze 10 mn/ke. B 3 u 4 epynnax nocne oxoea Koxu Kpbicam rposoduru uHgy3suro 0,9% pacmeopa NaCl u HAES-LX-5% e dose 10 mrn/
ke. Oxo2080€e nospexx0eHue KoXu 8bl3gasnu nymem fpusrioxeHusi K 60Ko8bIM Mo8epxXHOCMAM myrosuuia Kpbic Ha 10 cekyHd yembipex
MeOHbIX MIacmuHOK, Hagpembix 8 8o0e ¢ nocmosiHHol memnepamypol 100°C. [ucmonoeuyeckue npenapambsl 20mMoO8UU 10
cmaHOapmHol memoduke u uccredosarnu ¢ MOMowbio ceemogozo Mukpockorna OLYMPUS BH-2. NpogedeHHble MUKPOCKONuUYecKue
uccnedosaHuUs KOXU XXUBOMHBIX 110c/ie mepMuYyeckol mpaembl 8 ycrosusix npumeHeHusi 0,9% pacmeopa NaCl ycma+osunu, 4ymo &
paHHuUe cpoku akcriepumeHma (1, 3, 7 cymok) KoMneHcamopHO-NpUCnocobumersbHble USMEHEHUST ee CMPYyKMYypPHbIX KOMIOHEHMO8
coyemaromcs ¢ npusHakamu 0ecmpyKmueHbIX HapyweHul. B no3dHue nepuods mepmuyeckol mpasmel (14, 21 u 30 cymok) npoucxodum
yanybrneHue 0ecmpyKmuHbIX U3MEHeHUU cmpyKmypHbIX KOMIIOHEHMO8 KOXU 68 obriacmu riopaxeHus, a npouecc rnpuobpemaem
Heobpamumbil xapakmep.

KnroueBble cnoBa: 0xo02u KOXuU, aucmoroaudeckue uameHeHusi, Hekpos, 0,9% pacmeop NaCL.
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Despite the large number of publications, the model of experimental diabetes after the
introduction of streptozotocin remains a subject of lively scientific debate. The purpose
of this study was to develop a pathophysiological model of indirect revascularization in
rats with microangiopathy of limbs caused by experimental streptozotocin diabetes.
Experimental studies were carried out in a chronic experiment on 100 sexually mature
Wistar rats weighing 180-250 g. The streptozotocin diabetes model used. After culling
animals from increased resistance to pancreatotropic toxicity by the criterion of the
absence of hyperglycemia, three experimental groups were formed: Group I (control) -
rats with streptozotocin-induced angiopathy without treatment (n=10); Il group - rats with
streptozotocin-induced angiopathy treated with pentoxifylline (100 mg/kg IP for 10 days)
for therapeutic purposes (n=25); Ill group - rats with streptozotocin-induced angiopathy,
which together with the treatment were injected with platelet-rich plasma (in the right hind
limb, once, with a volume of 0.2 mi, linearly, retrogradely, from two points) and pentoxifylline
(100 mg/kg IP for 10 days) (n=25). The duration of the experiment was 110 days. We
studied the level of glycemia, the state of microcirculation, and the degree of
pathomorphological changes in the various study groups. Statistical processing was
performed by non-parametric methods using software Statistica 10.0. The developed
pathophysiological model of indirect revascularization with the introduction of pentoxifylline
and plasma enriched with platelets in diabetic angiopathy is adequate to the needs of
clinical physiology. It has been shown that the isolated administration of pentoxifylline is
inferior to combined therapy by revascularizing activity. The results of the work may be
an experimental justification for the feasibility of clinical application of the combination
of pentoxifylline and platelets rich plasma in the treatment of diabetic angiopathy, as well
as its use in prophylactic purposes in patients with diabetes mellitus.

Keywords: diabetes mellitus, diabetic angiopathy, pentoxifylline, platelets rich plasma,
streptozotocin, experimental model.

Introduction

According to WHO definition, diabetes mellitus (DM) is
called a non-communicable epidemic of the XXI century. In
economically developed countries, 4-6% of people suffer
from diabetes [20, 23]. In Ukraine, the incidence of diabetes,
as in other countries in the world, is increasing every year.
In Ukraine, 1270929 cases of diabetes were registered in
2017, but the real spread of the disease is even higher -
according to experts, almost 50% of cases of diabetes
have not been diagnosed [9].

Insulin-dependent diabetes is a serious condition that
usually occurs in children and young people. Disease is
the same often affects both men and women. The cause of

insulin-dependent diabetes is autoimmune damage to the
insulin-producing pancreatic B-cells. The incidence of the
disease varies widely [18], the highest incidence rates are
reported in Finland and Sardinia (more than 20 cases per
100,000 population per year) and the lowest in Asia (less
than 3 cases per 100,000 population per year). Insulin-
independent diabetes often occurs in adulthood. Risk
factors are overweight, abuse of refined carbohydrates. It
is this clinical form that is most common [20].

DM is one of the priority global problems for humanity
today. According to experts, there are more than 200 million
patients with diabetes in the world, with half of them not

24

© 2019 National Pirogov Memorial Medical University, Vinnytsya



Vastyanov R.S., Chekhlova O.V.

being diagnosed on time and manifesting complications,
among which diabetic angiopathy is of great importance
[17,23].

The pathogenesis of diabetic angiopathy [19] remains
the most pressing and complex problem in diabetology.
The use of experimental models of diabetes is necessary
both for the study of the pathophysiology of this disease
and for the study of the anti-diabetic properties of new
compounds [21], as well as the effect of transplantation of
endocrine islets to diabetic animals, since it opens the
possibility of studying clinical parameters before and after
transplantation or treatment [1, 3, 4, 8, 10-12, 22].

Today, there are a large number of experimental models
that allow to reproduce certain links of the pathogenesis of
diabetes. These methods include, but are not limited to,
DM models that are spontaneous or genetically derived,
chemically induced, diet-induced, surgically, and more
recently transgenic or knockout [3, 4, 8].

For over 50 years, the only model of experimental
diabetes has been diabetes caused by the removal of the
pancreas. However, pancreatectomy requires a high level
of surgical skill and adequate technical equipment. The
operation results in traumatization of the animals and a
high mortality rate. The high risk of infection requires
postoperative antibiotic treatment [11]. In order to prevent
absorption disorders in the intestine, it is necessary to
replace the excretory functions of the gland. Regarding
genetic modeling tools [7], the cost of one genetically
modified rat today exceeds 15000 UAH, which makes it
practically impossible to use them in the current state of
science funding in Ukraine.

Due to the length of time and considerable resources
required for most of these methods, chemically induced
experimental DM remains the fastest and most
economically viable option. After first reporting its ability to
cause diabetes in 1963 [8], researchers have begun to
widely use streptozotocin on animal models to study both
the pathology of diabetes and the possible complications
associated with the disease. Streptozotocin has the added
benefit of being able to select specific traits of interest,
since streptozotocin can induce diabetes in most rodent
strains. This may be important for the study of islet
transplantation, as specific immune responses or lack
thereof may be critical for experimental design [8, 15, 16].

For our experiments related to the study of the effects of
different strategies of indirect revascularization in diabetic
angiopathy, we decided to use the model with the
introduction of streptozotocin.

Despite the large number of publications on this topic
(over 18,000 titles for streptozotocin on PubMed as of 01/
01/2019), the model of experimental diabetes after the
introduction of streptozotocin remains a subject of lively
scientific debate. Critics of the method indicate that
streptozotocin-induced diabetes does not fully reflect the
pathogenesis of the disease in humans. In addition, this
model gives a highly variable glycemic profile [3, 8, 15].

There is no standard protocol for the drug, dose or
administration of streptozotocin. Most of the literature to
date contains very little detail of induction of diabetes in
cases where target points are associated with its
complications. This complicates the design process, does
not allow you to correctly estimate the optimal sample sizes
for experiments and set realistic graphics.

The purpose of this study was to develop a
pathophysiological model of indirect revascularization in
rats with microangiopathy of extremities on the background
of experimental streptozotocin diabetes.

Materials and methods

Experimental studies were conducted under the
conditions of a chronic experiment on 100 adult rats of the
Wistar line weighing 180-250 g.

Following the administration of streptozotocin, animals
with increased resistance to pancreatotropic toxicity were
excluded from the experiment by the criterion for the
absence of hyperglycemia, after which 2 animals were
withdrawn for 6 weeks for morphological studies. At week
7, another 10 animals were withdrawn from the experiment
to evaluate the effectiveness of the experimental model. Of
the remaining animals (n=60), three experimental groups
were formed.

Group | (control). Rats with streptozotocin-induced
angiopathy without treatment (n=10).

Group Il. Rats with streptozotocin-induced angiopathy
treated with pentoxifylline for therapeutic purposes (100
mg/kg IP per day for 10 days) (n=25).

Group lll. Rats with streptozotocin-induced angiopathy,
which were co-administered with platelet-enriched plasma
(in the right hind limb, one time, 0.2 ml in volume, linear,
retrograde, two-point) and pentoxifylline (100 mg/kg IP per
day for 10 days) (n=25).

4 weeks after the start of experimental therapy, 5 animals
were removed from the experiment. The total duration of
the experiment was 110 days.

Animal preparation, all interventions, anesthetics and
withdrawal from the experiment were carried out in full
compliance with the requirements of the Guidelines of the
State Pharmacological Center of the Ministry of Health of
Ukraine (Kyiv, 2001), as well as the GLP rules provided by
the European Commission for the supervision of laboratory
and other studies, in accordance with Code of Scientist of
Ukraine. Animal euthanasia was carried out in accordance
with the provisions regulated by Annex 8 of the "Rules for
the humane treatment of laboratory animals", "Sanitary
rules for equipment, equipment and maintenance of
experimental biological clinics (vivarium)" No. 1045-73.

Laboratory rats were kept in individual boxes with 12
hours of light and dark, humidity of 60%, constant
temperature of 22+10C, with free access to water and food.

The experimental DM was reproduced in rats with
intraperitoneal administration of streptozotocin (60 mg/kg;
"Alfa Aesar", USA, [J61601, Lot: F30X011]), which was

Vol. 25, Ne4, Page 24-29

25



Pathophysiological model of indirect revascularization in rats with microangiopathy of limbs caused by...

dissolved in sodium citrate buffer (pH=4.5).

The body weight of rats was determined in grams on
special mechanical laboratory scales VL-120 (Tomsk,
Russia), the error of the method was 100 mg.

Urine analysis was performed using Citolab 3GK
diagnostic test strips, Pharmasco (Ukraine). Glucose and
urine acetone were determined in mmol/l, and urine protein
in g/l.

For the subsequent experiments, only those rats with
blood glucose concentrations exceeding 12 mmol/l were
selected. The simulation efficiency of the experimental DM
was 92-95% (an average of only 1 rat out of 20 blood
glucose concentrations at 2 days after streptozotocin
administration was less than 10 mmol/l).

Blood glucose content was determined using the
glucosidase method [5].

Quantitative determination of glucose in the blood and
urine, as well as acetone and urine protein in the first week
after injection of the drug was determined on the 1st, 3rd
and 7th day, and then 1 time per week before the formation
of experimental diabetic angiopathy (8 week).

The rats were observed for 8 weeks without treatment
(this time interval was sufficient to form experimental
diabetic angiopathy), after which treatment was started.
Drugs for the treatment of rats with experimental diabetic
angiopathy were administered starting at 53 days of the
experiment.

The formation of experimental diabetic angiopathy was
confirmed by morphological examination of the soft tissues
of the hind paws of rats (to this end, 2 animals from each
group were disposed of each week).

Platelet-enriched plasma was prepared according to
the standard procedure [13], after preparation immediately
injected into the right hind limb of rats of the third group
with a volume of 0.2 ml linearly retrograde from two points.

Statistical processing was performed by non-
parametric methods using Statistica 10.0 software (Dell
StatSoft Inc., USA).

Results

The average weight of animals involved in the study
was 190.0+0.6 g at ¢ =2.9%. When analyzing the distribution
of blood glucose content in animals after the administration
of streptozotocin, it was found that at an amplitude of 9.9-
17.0 mmol/l, this average was 14.23+0.21 mmol/l. Further
analysis showed that the simulation efficiency of the
experimental DM was 92%, which is acceptable for the
subacute experiment [3].

Monitoring of the glycemic profile over 8 weeks showed
a fairly stable glucose content with a tendency to increase
(Fig. 1). This indicates a high risk of endothelial damage
and the likelihood of developing specific complications for
diabetes. On the other hand, these values indicate a low
risk of hyperosmolar syndrome in experimental animals.
Against the background of the experimental DM, the animals
were lethargic, apathetic, with polydipsia and polyuria.
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Fig. 1. The content of glucose in the blood of experimental animalé
within the first 8 weeks.

Table 1. State of microcirculation of distal segments of lower
extremities of experimental animals, assigned to different groups
(M+m).

Indicator I group Il group Il group
Per'vascﬂ&r::'”ﬁ'trate* 7.932+0.812 | 5.938+0.613* | 3.624£0.312"
The number of | 5 74410211 | 4.635£0.223* | 4.828+0.214*
microvessels, mm
The diameter ofthe | 7 756, 703 | 1153£0.94* | 11.62:061*
vessels, pm
Specific volume of
vessels of the 3.22410.222 | 3.941£0.312* | 4.446£0.324**
microcirculatory
bed,%

*

Notes: * - differences with the control group are statistically
significant, p<0.05; ** - differences with the control group are
statistically significant, p<0.01.

The rapid analysis of glucose content in urine, as well
as acetone and urine protein, showed rapid development
of signs of diabetic nephropathy. By the end of the first
week, urine protein excretion exceeded 25 mg per day,
averaging 25,74+0,42 mg/day, and by the end of 2 months
the observation had increased to 27,93+0,33 mg/day. In
terms of glucose content, in all experimental animals it
exceeded 2%, which corresponds to the average level
(11,14+0,31 Mmol/l).

Quite high levels of proteinuria and glucosuria indicate
impaired renal functional reserve resulting from dystrophy
and partial necrosis of the distal tubule epithelium,
mesangial cell proliferation, and moderate thickening of
the vascular glomerular capillary membrane.

In 56.3% of cases, acetonuria, indicating the presence
of ketoacidosis, was discovered by the qualitative method.
However, the general condition of the animals suffered little,
and the overall behavioral changes characteristic of the
experimental DM predominated.

Diabetic angiopathy is characterized mainly by lesions
of microcirculatory vessels, as evidenced by the results of
our morphological studies of skin vessels. Thus, improving
microcirculation can slow the development of diabetic
angiopathy and, accordingly, improve the repair capacity of
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damaged tissues.

Thus, the severity of perivascular infiltrate was the
lowest (3.624£0.312 pym) in group lll. This was 2.2 times
less than that of rats with streptozotocin-induced diabetes
(p<0.01) and 39% less than rats with streptozotocin-
induced diabetes (p<0.05).

The counts of the number of microvessels, their
diameter and the specific volume of microcirculatory
vessels were comparable in groups of rats with
streptozotocin-induced diabetes treated with pentoxifylline
and platelet-enriched plasma (Table 1).

Discussion

Thus, the experimental model created adequately
reflects the features of diabetes of moderate severity in the
stage of decompensation, which allows us to consider
further conclusions regarding the course of diabetic
angiopathy sufficiently substantiated.

As shown by our studies, rats of group | underwent
significant changes in all layers of the skin, which were
partially offset by the use of experimental therapy aimed at
indirect revascularization of ischemic tissues.

The results showed that in the condition of reproduction
of diabetes, after 6 weeks, a typical picture of diabetic
angiopathy develops in rats. In addition to dystrophic
changes in the skin, the animals had phenomena of
diabetic peripheral polyneuropathy, which was manifested
by weakness of the extremities and diminished reflex
response to tingling irritation [11]. There were also signs of
temperature hyperalgesia.

We consider it worth mentioning that the positive effects
of indirect revascularization can be explained by the
influence and pathogenesis of diabetic angiopathy, such
as inflammation (increase in fibrinogen, C-reactive and
protein amyloid-1, cytokines) [1, 12], oxidative stress
(increasing the content of reactive oxidants and
simultaneously reducing the functional activity of the
enzymatic and non-enzymatic units of the antioxidant
system), the reduction of the activity of NO synthase and
the activity of nitrergic mechanisms [7], disorders of the
hemocoagulation [10-12], vascular dysfunction of the
microcirculatory bed [3, 16].

The important question is what is the mechanism of
realization of the protective effect of pentoxifylline and its
combination with platelet-enriched plasma under model
conditions? According to the literature [16], the following
effects are indicative of pentoxifylline: inhibition of
phosphodiesterase activity and cAMP accumulation in
myocytes of the smooth muscle layer of blood vessels,
blood cells, as well as in other tissues and organs;
inhibition of erythrocyte and platelet aggregation; increasing
the flexibility of erythrocytes and, accordingly, their ability to
pass through capillaries; reduction of increased plasma
fibrinogen concentration and increased fibrinolysis. In
addition, pentoxifylline has a weak myotropic vasodilator
effect, which leads to a decrease in overall peripheral

vascular resistance. Pentoxifylline also has a positive
inotropic effect, improves microcirculation and reduces the
oxygen debt of peripheral tissues [4, 6, 16]. In addition,
pentoxifylline has a potent anticytokine effect that allows a
number of researchers to view this drug as a component
of pathogenetic therapy for systemic inflammatory
responses [6, 16, 17].

The immunomodulatory properties of pentoxifylline are
mediated as a direct inhibition of the production of tumor
necrosis factor (TNF-a) and a number of other cytokines
(interleukins-1, -2, -6 and y-interferon) [16], as well as by
influencing chemotaxis and migration, leukemia adhesion
of endothelial leukocytes, reduction of degranulation and
excretion of superoxides in neutrophils, reduction of
leukocyte sensitivity to interleukin and TNF-a inhibition of T
and B lymphocyte activity, as well as NK cells [9, 16-18, 20,
23].

It should be noted that the endotheliumprotective effect
of pentoxifylline is also partly explained by the decrease in
the activity of TNF-a. In addition, pentoxifylline also protects
endothelial cells from the harmful effects of neutrophil
leukocytes by eliminating the effect of platelet activation
factor on granulocytes [1, 16].

Pentoxifylline has various effects on the blood. Various
in vitro and in vivo models have demonstrated its ability to
suppress thrombus formation processes. Reduction of
platelet aggregation under the influence of the drug can be
associated with both direct inhibition of phosphodiesterase
of the platelet membrane, which catalyzes the conversion
of cAMP to AMP [16], and to stimulate the secretion of
prostacyclin [1, 16].

Pentoxifylline and its metabolites affect blood clotting
and fibrinolysis: stimulate the secretion of tissue
plasminogen activator (tPA) and reduce the concentration
in the blood of its inhibitors, slow the secretion of the Von
Willebrand factor, increase the levels of plasmin and
antithrombin-3 [6, 16]. However, despite the very wide range
of effects, the effect on microcirculation in the application of
pentoxifylline is due primarily to the effect on blood rheology
and the precapillary element of the vascular system [16].

Instead, platelet-rich plasma has a slightly wider range
of effects. Platelets contain granules that can secrete into
the environment a significant number of biologically active
compounds, both with procoagulative activity and those
that affect cell proliferation and modulate inflammation
processes. Even 30 years ago, platelets were considered
mainly in terms of their participation in the coagulation
system, but it is now known that platelets contain growth
factors and a large number of cytokines that can affect
inflammation, angiogenesis, cell migration and cell
proliferation [2, 9, 14].

Platelet-rich plasma is a powerful natural source of
signaling molecules. Upon activation of platelets contained
in platelet-enriched plasma, a significant amount of
biologically active raw material capable of modifying the
pericellular microenvironment is secreted. Some of the
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growth factors secreted by platelet-enriched plasma have
a direct effect on cell proliferation processes. The most
important growth factors are vascular endothelial growth
factor, fibroblast growth factor, platelet growth factor itself,
epidermal GF, hepatocyte growth factor, insulin-like growth
factors type 1 and 2 (IGF-1, IGF-2). In addition, platelets
secrete matrix metalloproteinases 2 and 9, interleukin-8
[2].

In fact, platelet-enriched plasma is a plasma fraction of
autoblood with platelet concentrations above baseline
(before centrifugation) [2, 17]. Thus, platelet-rich plasma
contains not only a high platelet count but also a complete
set of blood coagulation factors, as well as chemokines,
cytokines and other plasma proteins [14]. Thus, the
introduction of platelet-rich plasma not only stimulates cell
proliferation, promoting repair and regeneration of
damaged tissues, but also influences angiogenesis,
enhancing the formation of new vessels and promoting
the preservation of the existing vascular network. All this
has a positive effect on microcirculation.

The introduction into the damaged tissues of platelet-
enriched plasma allows to cause the aggregation of
inflammatory cells through the release of chemotactic,
angiogenic and mitogenic growth factors. Increasing
macrophage migration plays a significant role. During the
proliferative phase of healing, macrophages accumulate in
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MATO®I3IONOMNYHA MOAENb HENPAMOI PEBACKYNAPUIALIT Y LLYPIB 3 MIKPOAHIIOMATIEIO KIHLIBOK HA ThI
EKCMEPUMEHTAJIbHOIO CTPENTO30LIMHOBOI'O AIABETY

BacmbsiHoe P.C., Yexnoea O.B.

Hesesaxarouu Ha eenuky Kinbkicmb rybnikayit, Modenb eKcriepuMeHmarnbHo20 UyKpogoeo Oiabemy nicrisi 68e0eHHsI Cmpernmo30UuHYy
3anuwaemscs npedMemom xeasoi Haykoeoi duckycii. Memoto 0aHo2o QocnidxeHHs1 byna po3pobka namogbisionoaidyHoi modersi
HenpsiMoi pesacKynsapu3auil y wypie 3 MikpoaHaionamiecro KiHUYi6OK Ha mili eKkcriepuMeHmarsnbHO20 Cmpernmo3oyuHogoeo Oiabemy.
EkcriepumeHmarnbHi 0ocnioxeHHss 6ynu rnpoesedeHi 3a yMo8 XpoHi4HO20 ekcriepumeHmy Ha 100 cmameego3spinux wypax niHii Bicmap
macoro 180-250 2. Bukopucmanu cmpenmo3oyuHosy moders diabemy. licriss subpakyeaHHs meapuH i3 nid8uUUeHO pe3ucmeHmHICmio
00 naHKpeamompomnHoOi MoKcu4Hoi Oii 3a Kpumepiem gidcymHocmi 2inepanikemii, cgpopmosaHo mpu exkcrepumeHmarnbsHi epynu: |
epyna (koHmporb). LLlypu i3 cmpenmo3omoyuH-iHdyKkogaHor aHeionamieto 6e3 nikysaHHs (n=10); Il epyna - wypu 3i cmpenmo30mouyuH-
iHOyKOogaHoOI0 aHeiornamieto, SKUM 3 iKysanbHO Memoto 8800usnu neHmokcucginid (100 me/ke e/o4epe8UHHO w00eHHo rpomsieom 10
OHig) (n=25); Il epyna - wypu 3i cmpenmo30moyuH-iHOyKO8aHO aHeionamieto, SKUM 3 J1iKy8arbHOK MEMO CyMiCHO 8800uriu 36a2ayeHy
mpomboyumamu rnasmy (e npasy 3adHHo KiHyieKy o0Hopa3080, 06'emom 0,2 M1, fiHIUHO pempoepadHo 3 080X MOYOK) ma NeHMOoKcUIrniH
(100 me/ke s/o4epesuHHO wodeHHo npomsizom 10 OHig) (n=25). 3azanbHa mpuesanicme ekcriepumeHmy cknana 110 OHis. [Jocnioxysanu
pigeHb anikemil, cmaH MIKpOUUPKYAyii ma cmyniHb mamomopghoriogiyHuUX 3MiH y pisHUX epynax docnidxeHHsi. Cmamucmu4dHy o6pobky
rpoeodusiu HernapamempuyHUMU Mmemodamu 3a 00rIOMO_20K0 NpoepamHo20 3abesneveHHs Statistica 10.0. Po3pobneHa namogisdionoeiyHa
modernb HernpsMoi pesackynsapu3sauii 3 egsedeHHsIM neHmokcuiniHy ma nna3mu, 36azadeHoi mpombouyumamu rpu diabemuyHil
aHeionamii e aekeamHoro nompebam KniHidHoT ¢hisionoeaii. loka3aHo, wo i3o1b08aHe 88e0eHHS1 MEHMOKCUITIHY 3a pesacKyisipu3syyor
akmueHicmio nocmynaemscsi KomMbiHosaHo8aHil meparnii. Pe3ynbmamu pobomu Moxymb 6ymu ekcriepumeHmarbHUM 0brpyHmyeaHHsIM
doyinbHocmi KiiHiYHO20 3acmocyeaHHs1 KoMbiHauii neHmokcuginiHy ma nnasmu 3bazayeHoi mpomboyumamu rpu fikyeaHHi diabemuyHor
aHeionamii, a makox ix 3acmocysaHHs1 3 MPoginaKmMu4yHOO MemOK y X80PUX Ha Uykposuli diabem.

KntouvoBi cnoBa: yykposuti diabem, diabemuyHa aHeionamisi, MeHMoKcuiniH, nnasma 36azayeHa mpomboyumamu, cmpermo30UuH,
eKkcriepumeHmarsnbHa MoOerb.

MATO®U3NONOrMYECKAS MOAENb HENPAMOW PEBACKYNAPU3ALIUW Y KPbIC C MUKPOAHIMOMATUEN KOHEYHOCTEN
HA ®OHE 3KCNEPUMEHTAJIbHOIO CTPENTO30LMHOBOIO OUABETA

BacmbsiHoe P.C., Yexnoea E.B.

Hecmompsi Ha b6onbwoe konudecmeo nybnukayul, MoOesnb 3KcrepuMeHmarsabHO20 caxapHoz2o duabema rocre esedeHus
cmpenmo3oyuHa ocmaemcsi npedMemoM O0XUereHHOU Hay4Hol duckyccuu. Lenbio daHHo20 uccriedosaHusi bbina paspabomka
namocpuduonoeuyeckol modesnu HernpsiMolU pesacKynapu3ayuu y KpbIC C MUKpoaHauornamuel KoHeYyHocmel Ha ¢hoHe
aKcrnepuMeHmarnbHO20 cmpenmo3oyuHogo2o duabema. GkcriepumeHmarnbHbie uccredosaHusi bbinu npoeedeHbl 8 ycro8UsIX
XpOHUYecKoz2o akcriepumeHma Ha 100 moso8o3perbix Kpbicax nuHuU Bucmap maccod 180-250 2. Ucrnonb3oeaHa cmpenmo3oyuHosast
modersnb Quabema. [locrie 8bI6pPako8KU XUBOMHbLIX C M0BbLILEHHOU Pe3UCMEeHMHOCMbIO K NaHKpeamompornHOMY MOKCUYECKOMY
delicmeuto 10 Kpumepuro omcymcmeusi eunepariukemMuu, cghopmuposaHbl 3 aKcriepumeHmarbHble epynnbi: | epynna (KoHmMporns),
KpbICbl CO CmMpenmo30moyuH-uHOyyuposaHHol aHauonamuel 6e3 nedeHusi cocmasunu Il epynny (n=10); KpbiCbl CO CMPenmo30MmMoyUH-
uHOyyuposaHHoOU aHauonamuel, KomopbiM ¢ feyebHol yernbro 8sodunu neHmokcugunnuHd (100 me/ke e/6prowuHHO 8 meyeHue 10
OHel) (n=25) cocmasunu Il epynny. Kpbicbl co cmpenmo3omoyuH-uHOyyuposaHHoU aHauonamuel, KOmopbiM € f1e4ebHoU uerbio
cosmecmHo 88o0usnu obozaweHHyo mpomboyumamu nnasmy (8 rnpasyr 3a0HK0 KOHeYHocmb 00HOKpamHo 0,2 M1, fTUHEeUHo,
pempoepadHo, u3 dsyx moyek) u neHmokcucgpunnuH (100 me/ke e/6prowuHHO 8 medeHue 10 dHell) (n=25). dnumensHocmb IKcrnepuMeHma
cocmasuna 110 0Hel. Miccnedosarnu yposeHb 2riuKkeMuu, COCMOsIHUE MUKPOUUPKYISAUUU U cmereHb NamoMopghoioauyeckux UsMeHeHul
8 pasnuyHbIX epynnax uccriedosaHus. Cmamucmu4deckyto o6pabomky npoeodusiu HernapamempuyeckumMu memodamu € MOMOWbIO
npozpammHozo obecrieqyeHus Statistica 10.0. PazpabomaHHass namocghu3uonoaudyeckass Mooesb HernpsMolU pesacKynspusayuu c
8gedeHUeM neHmMokcughusniuHa u rnaasmbl, oboeaweHHol mpomboyumamu rnpu duabemuyeckol aHauonamuu sisrisemcsi adekeamHou
rnompebHocmsam ¢husduonoauu. [NokazaHo, Ymo u3onuposaHHoe egedeHue NeHMOKCUGUIIIUHA M0 pesacKynsapu3upyrowel akmusHocmu
ycmynaem kombuHupogaHogaHHOU mepanuu. Pesynbmambl pabomsl mMo2ym 6bimb 3KcriepuMmeHmarsbHbiM 060CHO8aHUEM
yenecoobpasHoCmuU KIUHUYECKO20 MPUMEeHEeHUs1 KOMbuHayuu neHmokcugunnuHa u nna3mbi, obozaweHHol mpomboyumamu npu
neyeHuu duabemuyeckol aHeuonamuu, a makxe UX MPUMEHeHUs1 ¢ npogunakmuyeckol uesbko y 60mbHbIX caxapHbiM Auabemom.
KnioueBble cnoBa: caxapHbili Ouabem, duabemuyeckasi aHauonamusi, neHmMoKcugunuH, nnasma obozaweHHas mpomboyumamu,
CMpernmo30yuH, 3KcrnepuMeHmarbHasi MOOeslb.
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One of the leading causes of arterial hypertension (AH) is mitochondrial dysfunction
(MD) - moreover, disorders in regulation of blood pressure occur on the background of
progressive energy deficiency. At the same time, the cardioprotective effect of H,S has
been proven. In particular, the inhibition of mitochondrial pore opening by hydrogen
sulfide plays an important role, and H,S should affect the structural component of MD,
namely, the ultrastructure of mitochondria. However, at present, the question of structural
changes in the mitochondrial apparatus in patients with hypertension is extremely
insufficiently studied. For the study of MD in healthy people and patients with pathology,
almost the only objects (in the absence of surgical intervention) are blood cells, in
particular leukocytes. Based on the above, the aim of the study was to investigate the
effect of a hydrogen sulfide donor on the ultrastructure of the mitochondrial apparatus
of leukocytes in patients with arterial hypertension. The effect of a hydrogen sulfide
donor on some ultrastructural characteristics of the leukocyte mitochondrial apparatus
in patients with hypertension was studied. The examination involved patients (men)
with arterial hypertension aged 30-60 years, who were divided into 2 age groups: 30-40
and 40-60 years. Control groups (healthy men without signs of hypertension) were
randomized by age. An electron microscopic and morphometric assessment of the
structure of mitochondria revealed that under hypertension it undergoes significant
changes that depend on the age of the patients. It has been established that the
addition of a hydrogen sulfide donor (Full Spectrum Garlic phytopreparation (Swanson
Health Products, USA) at a dose of 400 mg per day) to the traditional therapy of
hypertension leads to positive changes in the mitochondrial ultrastructure of the studied
cells aimed at increasing the energy capacity of the mitochondrial apparatus - the
quantity reduction of structurally damaged mitochondria, and with an increase in the
duration of treatment - the increase their total number in people of the younger age
group (by 57.5%), and in the older age group - by 53.7%. Thus, the indicated effect of
H,S significantly depends both on the age of the patients (young people respond more
intensively) and on the duration of the hydrogen sulfide donor using (long-term use is
accompanied by a more pronounced positive dynamics of changes).

Keywords: arterial hypertension, hydrogen sulfide, mitochondrial ultrastructure,
leukocytes.

Introduction

In the scientific literature of recent years, much attention
has been paid to low molecular weight signaling
molecules, which are generally referred to as NO and CO,,.
Much later, it was found that H,S also belongs to them [2, 6,
28]. Currently, it is believed that the main biological effects
of H,S include the regulation of vascular tone, contractile
activity of the myocardium, participation in long-term
synaptic potentiation, pro- and anti-inflammatory reactions,

regulation of insulin secretion, etc. [3, 4, 29]. Hydrogen
sulfide has also been shown to have antioxidant and anti-
apoptotic properties [26].

The cardiovascular system is an important object of
H,S action. Like NO and CO, it relaxes the smooth muscles
of the blood vessels, decreases blood pressure and heart
rate [21, 22, 23]. There is a direct correlation between the
severity of the disease and the level of hydrogen sulfide in
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the blood: the more severe hypertension is, the greater is
the deficit of hydrogen sulfide [2].

It is now considered established - one of the leading
causes of cardiovascular pathology is mitochondrial
dysfunction (MD) - especially since the violation of normal
regulation of blood pressure occurs against the background
of progressive energy deficit [10, 17]. In recent years,
cardioprotective effect of H,S, in particular in the case of
arterial hypertension (AH), has been proven, and inhibition
of mitochondrial pore opening by hydrogen sulfide plays
an important role in the mechanism of the protective effect
[9, 24, 25]. In addition, the development of MD leads to
damage to the membranes of organelles, a decrease in
ATP synthesis, which is accompanied by a decrease in
contractile activity and functional reserves of the heart and,
as a consequence, a decrease in its pumping function.
Based on the available data on the cardioprotective effect
of hydrogen sulfide associated to some extent with its effect
on mitochondria, namely Ca2+-induced mitochondrial pore
opening [24, 25], it can be assumed that H,S should affect
the structural component of MD, and namely, the
ultrastructure of mitochondria. However, at present, the
question of structural changes of the mitochondrial
apparatus in patients with hypertension has not been
sufficiently studied.

For the study of MD in healthy people and patients with
pathology, virtually the only objects (in the absence of
surgery) are blood cells, in particular leukocytes. They are
involved in many processes in the body, both related and
not directly related to hypertension: in the regeneration of
tissues, the development of inflammatory and immune
responses, the provision of primary homeostasis.
Leukocytes contain enough mitochondria to study the
structure and function of these organelles in the
development of pathological conditions of different genesis,
including hypertension [11, 12].

Based on the above, the aim of the study was to study
the effect of hydrogen sulfide donor on the ultrastructure of
the mitochondrial leukocyte apparatus in patients with
hypertension.

Materials and methods

Investigation of the ultrastructure of the mitochondrial
apparatus of leukocytes was performed in patients (men)
with newly diagnosed hypertension aged 30-60 years, which
were divided into 2 age groups: 1) 30-40 years (mean age
was 33.9+1.1 years); 2) 40-60 years (mean age - 50.6+1.7
years). The average blood pressure in persons in group 1
was 140/90 mm Hg and in patients of group 2 - 160/100
mm Hg. Control groups (C1 and C2 were healthy men
without signs of hypertension) were randomized by age.

The examination of each patient was conducted in 4
stages: before the study; after receiving the course of
treatment of the underlying disease; after a 2-week course
of specific treatment; after a month of specific treatment.
The latter consisted of the exogenous (per os) addition of

hydrogen sulfide donor to the therapy of 400 mg/day, which
was contained in a herbal drug Full Spectrum Garlic (garlic
in capsules) (Swanson Health Products, USA). The course
of administration of the phytopreparation was 30 days,
during which the patients were examined twice - after 2
weeks (relatively short course of treatment) and at the end
of treatment (conditionally long course of treatment).

Blood plasma enriched with leukocytes was obtained
by centrifugation of whole blood at room temperature for
15 minutes at 120 g on a laboratory T-30 centrifuge
(Ukraine). The plasma was gently separated from the
precipitated cells and centrifuged at 2000 g for 20 minutes
using a Vortecs Combispin FVL-2400N mini-centrifuge
(Latvia) [5].

Samples for electron microscopic examination were
prepared according to conventional methods for blood cells
with double fixation of glutaraldehyde and OsO,, dehydration
in alcohols of increasing concentration and pouring into
Epon-Araldite (reagents of firm Fluka, Switzerland) [8].
Ultrathin sections 40-60 nm thick were counterstained with
solutions of uranyl acetate and lead citrate (Sigma
reagents, USA) and examined in a PEM-124c electron
microscope (Ukraine).

Morphometric calculations were performed using the
Image Tool (USA) computer program in 130-150 fields for
each group of subjects.

The statistical processing of the obtained data was
performed using the programs "Microsoft Ecxel" and
"OriginPro" using the Student's t test, due to the coherence
of the samples of the surveyed. Because, due to the
considerable mass of digital material, according to the
Shapiro-Wilk criterion, the data obtained were within the
normal distribution law, the data are presented as mean +
error of mean (Mxm) [14]. The differences between the
averages were considered statistically significant at p<0.05.

Results

We found significant differences in the structural
organization of leukocytes in individuals with hypertension
in different age groups, examined before the start of the
standard treatment process.

In the analysis of some structural features of the
mitochondrial apparatus of leukocytes in patients with
hypertension, it was found that they have a significant
number of mitochondria was structurally altered (especially
in the older age group), but their total number was not
significantly changed relative to the control values (Table 1).

It should be noted that in addition to the swelling and
vacuolation of organelles, which is a nonspecific response to
most negative endo- or exogenous effects on cells, there
was a marked activation of mitochondrial autophagy (Fig. 1).

In hypertension, mitochondrial swelling led to an
increase in their average diameter (see Table 1). However,
in patients of age group 1 such increase was 27.8%, in
patients of group 2 it was 44.3%.

Conducting traditional 2-week therapy was more effective
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Table 1. Characteristics of the ultrastructure of the mitochondrial apparatus of leukocytes in persons with hypertension.

Groups of surveyed

Number of mitochondria,

Number of structurally

The average diameter of

un./10 pm? damaged mitochondria,% mitochondria, ym
Control (the average age 30.40+2.80 years) 11.30+0.50 2.400+£0.090 0.54040.070
Control (the average age 54.20+1.90 years) 9.50040.60 3.6004£0.070 0.610+0.040
Patients with hypertension aged 33.90+1.10 years
Before treatment 12.20+0.80 26.20+2.40** 0.690+0.050*
After 2 weeks of standard treatment 12.70£0.90 19.404£3.90*0 0.630+0.060*
After a 2-week course of specific treatment 13.10+0.60* 18.60+2.60**o# 0.580+0.0300
After a month of specific treatment 17.80+0.70*o# 12.80+4.20*"o# 0.470+0.0400#
Patients with hypertension aged 50.60+1.70 years
Before treatment 10.3040.70 32.60+4.80** 0.880+0.060*
After 2 weeks of standard treatment 11.20+0.80 28.80+5.30** 0.790+0.050*
After a 2-week course of specific treatment 11.90£0.60 22.30+3.70"0 0.770+0.060*
After a month of specific treatment 14.60+0.50%0# 20.20+£1.60**o# 0.700+0.0300#

Notes: * - p<0.05 relative to the control group; ** - p<0.01 relative to the control group; o - p<0.05 relative to the group before treatment;

# - p<0.05 relative to the standard treatment group.

for younger patients. Its most important results include the
fact that the number of structurally damaged mitochondria
in leukocytes is reduced by 35.1%. These changes affect
only 1 group of people with hypertension (see Table 1). It
can be assumed that the absence of a pronounced
response of the studied indicators to the traditional treatment
is associated with both the duration of the disease and the
short period of treatment (due to the absence in the persons
of previous therapy with hypertension).

As aresult of 2-week specific treatment, positive changes
were observed in the mitochondrial apparatus of leukocytes
(see Table 1). In both groups of subjects with hypertension,
the number of structurally altered mitochondria decreased
significantly, not only with respect to the condition before
treatment, but also with respect to the determined number
of such mitochondria after standard treatment (by 40.9% in
the first and by 29.1% in the second group). Such changes

Fig. 1. Autophagy of mitochondria in the leukocyte of a patient with
hypertension. aMX - autophagy. Scale - 1 micron.

g e T & e

should be seen as an opportunity to increase the capacity of
energy metabolism. With regard to other leukocyte
morphometric parameters, the addition of hydrogen sulfide
donor to standard treatment increased (in group 1) or showed
a tendency (in group 2) to approach the studied indicators to
levels that are characteristic of healthy individuals of the
appropriate age (see Table 1).

The most optimal, in view of the obtained results, was
the treatment of patients with hypertension with a monthly
course of specific treatment. Long-term addition to the
traditional therapy of Full Spectrum Garlic herbal medicine
improved all our investigated indicators of ultrastructure of
leukocyte mitochondria in both groups of persons (see Table
1). Only with such a regimen was observed a significant
increase in the total number of mitochondria (see Table 1):
in persons of the younger age group - by 57.5%, and in the
older age group - by 53.7%.

A further decrease in the number of structurally damaged
mitochondria was also detected (see Table 1). In group 1
patients, the reduction was 2-fold relative to treatment status
and 51.6% relative to traditional treatment; in group 2 patients,
by 61.4% relative to the condition before treatment, and by
39.6% relative to traditional treatment. In younger patients,
the changes were more pronounced, probably due to the
greater adaptive capacity associated with age, the number
of altered mitochondria (including in the state of autophagy)
was significantly reduced, which, with the increase in their
total, had to significantly optimize energy metabolism.

Discussion

As noted above, in recent decades, energy deficiency at
the cellular level has been considered as the main cause
of the primary increase in blood pressure. A source of
impaired energy metabolism of tissues is considered to
be a decrease in the energy-forming function of
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mitochondria due to disruption of the structure of the
mitochondrial apparatus [20]. At the same time, it has been
shown experimentally and clinically in 2000 that
hypertension decreases the level of H,S in blood plasma,
and the introduction of an exogenous hydrogen sulfide
donor can cause a significant therapeutic effect [7, 27].
There is little data available today about the effect of H,S on
the total number of mitochondria in cells. However, H,S is
thought to exert different effects on the number, function
and dynamics of mitochondria depending on the dose used
[18]. Probably the concentration we use is effective for
increasing the number of organelles.

One of the damaging factors for the myocardium and
blood vessels is the increase in the amount of reactive
oxygen species, which provokes the development of
oxidative stress. At the same time, tissue respiration and
ATP synthesis by mitochondria are impaired, which leads
to a deterioration of cardiac contractile function due to
negative structural changes in the mitochondria, which
cause their functional energy failure. That is why the
antioxidant properties of hydrogen sulfide improve the
condition of ischemic myocardium and prevent its further
damage [2]. The data obtained by us regarding the increase
in the total number of mitochondria and the decrease in
the percentage of structurally damaged organelles can be
considered as evidence of such changes of the
mitochondrial apparatus in leukocytes, which should
contribute to the optimization of energy metabolism.

Positive changes in the morphometric characteristics
of mitochondria include the decrease in the average
diameter of organelles. This difference is important given
that the increase in mitochondrial diameter within 25-30%
is considered to be an adaptive response aimed at
enhancing the energy capacity of organelles caused by the
activation of the ATP-dependent K+ channel. More growth
in the diameter of mitochondria indicates the possibility of
their necrotic death and is often irreversible [16, 23]. The
exact mechanism of action of H,S on KATP-channels
remains unclear, but it is suggested that hydrogen sulfide
exerts its influence through the K+ conductivity feature, and
specific KATP-channel inhibitors completely inhibit H,S
effects on it [1]. We are inclined to take this view, since it is
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BMNIUB CIPKOBOAHIO HA YNILTPACTPYKTYPY MITOXOHAPIANIbHOIO AMAPATA NIEMKOLIMTIB Y MALIEHTIB 3

APTEPIANBbHOIO MNMNEPTEHSIEIO
Kpae4yk O.M., Po3osa K.B.

OdHiero 3 MpoeidHUX MPUYUH PO38UMKY apmepianbHoi einepmen3sii (Al) € mimoxoHOpianbHa AucghyHkyis (ML) - mum 6inbwe, wo
ropyWweHHs1 HopMarbHOI pea2ynsauii apmepianbHO20 MUCKy 8i0bysaembCcsi Ha mii po2pecysaHHs1 eHepeemu4Ho20 degpiyuumy. BoOHo4ac,
OosedeHo kapdionpomekmopHy dito H,S. 3okpema, eaxiiusy posib gidizpae 2anbMysaHHs CipKO8OOHeM 6iOKpUBaHHST MimoxoHApiabHOI
nopu, i H,S nosuHeH ennusamu Ha cmpyKkmypHy cknadosy M/, a came - Ha yribmpacmpykmypy MimoxoHApid. [pome, Ha menepiwHit
yac numaxHs rpo cmpyKmypHi 3MiHU MimoxoHOpianbHo20 anapama y nauieHmis 3 Al” docnioxeHi ekpali HeAocmamHbo. []nsi eUgHeHHs
ML y 30oposux nodel i naujieHmig 3 namornoaieto npakmu4yHo eOUHUMU ob'ekmamu (rpu 8idCymHOCMI ornepamugHo20 8MmMpyYaHHsI) €
KMimuHuU Kposi, 30kpema, netikoyumu. Buxodsyu i3 3asHad4eHo2o, memoto AocnidxeHHs1 byro eueyeHHs erugy OOHOpa CipKOBOOHK Ha
ynbmpacmpykmypy MimoxoHOpiasibHO20 anapama felkoyumie y nauieHmie 3 apmepianbHoto 2inepmeHsieto. [posedeHo 8U8YEHHS
8rsiugy OoHopa CipKOBOOHIO Ha OesiKi yrbmpacmpyKmypHi XapakmepucmuKku MimoxoHOpianbHO20 anapama feukoyumis y nayieHmis
3 Al. B obcmesxxeHHi nputiManu y4acmb naujieHmu (4oroesiku) 3 apmepianbHoto ginepmeHsieto sikom 30-60 pokis, kompi 6ynu po3rnodineHi
Ha 2 sikoei epynu: 30-40 ma 40-60 pokie. KoHmpornbHi epynu (30oposi Horosiku 6e3 o3Hak Al’) 6ynu paHOomi3oeaHi 3a 8ikoMm. EnekmpoHHo-
MIKpOCKOMiYHa ma MopghoMempuyHa OUiHKa cmpyKmypu mMimoxoHOpil susieunu, wo npu Al” 80Ha 3a3Ha€ 3Ha4HUX 3MiH, Kompi 3anexamb
8i0 8iKy nauieHmie. BcmaHoeneHo, wjo do0asaHHA 0o mpaduuitiHoi mepanii AI” doHopa cipkogoOHro (cpimonpenapam Full Spectrum
Garlic (Swanson Health Products, CLLUA) e do3i 400 me Ha doby) rnpu3godumb A0 NO3UMUBHUX 3MIH ylibmpacmpyKkmypu MimoxoHopil
docnidxKysaHUX KimuH, CrpsMO8aHUX Ha 3pOCMaHHs eHepeemuyHol Momy»xHOCmi MimoxoHOpianbHO20 anapama - 3MeHWYyembCs
KifbKicmb CMPYKMypPHO MOWKOOXEHUX MImOoXoHOpil, a npu 36inbweHHi mpusanocmi rikyeaHHs - IX 3a2anbHoi Kinbkocmi 8 ocib
mosodwioi eikogoi epynu (Ha 57,5%), a @ cmapwid sikoeiti epyni - Ha 53,7%. Omie, ekasaHul egpekm H,S cymmeeo 3anexums 5K 6id
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8iKy nauieHmig (iHmeHcusHiwe peaz2ytomb Mo00i ocobu), mak i 8i0 mpusanocmi sukopucmaHHss doHamopa CipKko8oOHIO (mpusarsne
3acmocysaHHs cynpo8odXyembcsi binbW 8UPaXXeHOK MO3UMUBHO OUHaMIKOK 3MiH).
KnrouoBi cnoBa: apmepianbHa 2inepmeHsisi, cipkogodeHb, yrbmpacmpykmypa MimoxoHOpil, netkoyumu.

BNMIMAHUE CEPOBOAOPO[A HA YNIbTPACTPYKTYPY MUTOXOHOPUAINBHOIO AMNMAPATA IENKOLIMTOB Y NALUMEHTOB C
APTEPUAIbHOW TMNEPTEH3VEN

Kpasuyyk A.H., Po3oea E.B.

OdHoU u3 sedywjux nNpuyuH passumus apmepuanbHol aunepmeHsuu (Al) sensemcsi mumoxoHOpuanbsHas oucyHkyus (ML) - mem
boriee, YUMo HapyweHuUe HopMarbHOU peaynsayuu apmepuanbHo20 0asieHust poucxodum Ha GhoHe nNPoepeccupo8aHusi S3HEP2emuUYecKo20
Oegpuyuma. B mo xe epems, dokasaHo kapduorpomekmopHoe delicmeue H,S. B yacmHocmu, eaxHyro posib ugpaem mopMOXeHuUe
€epo80d0pOAOM OIMKPbIBAHUSI MUMOXOHOPUanbHOU nopsl, u H,S domkeH enusmb Ha cmpykmypHyro cocmaensouyo ML, a umeHHo -
Ha ynbmpacmpykmypy mumoxoHOputi. OOHaKo, 8 Hacmosuee 8pemMs 80rpPOChbl O CMPYKMYPHbIX U3MEHEeHUSX MUMOXOHOpUansHO20
annapama y nayueHmos ¢ Al” uccnedosaHbl KpaliHe HedocmamoyHo. [ns usydeHusi M y 30oposbix nodell u nayueHmos ¢ namorsoauel
rpakmu4yecku eOUHCMEeHHbIMU 0b6bekmamu (Npu omcymcmeuu ornepamueHo20 8MewameribCmea) A6MAMmcs KIemKu Kposu, 6
yacmHocmu, neukoyumsl. Micxo0s u3 yka3aHHO20, uenbto uccriefogaHusi bbino udydeHue enusiHusi QoHopa cepogodopoda Ha
yrnbmpacmpyKmypy MUmoxoHOpuasbHO20 annapama J1etiKkoyumos y nayueHmos ¢ apmepuarsHot 2unepmeH3suel. [IpogedeHo usyyeHue
enusiHUsi doHopa ceposodopoda Ha HEKOMOpPhbIe yribmpacmpyKmypHbIe XapakmepucmuKu MUmMoxoHOpuaibHO20 annapama ielkoyumos
y nayueHmos ¢ Al. B obcriedosaHuu npuHUMarnu ydacmue nayueHmsl (My>X4uHbl) ¢ apmepuarnsHol aurnepmeH3uel 8 so3pacme 30-60
niem, komopable bbinu pa3deneHbl Ha 2 gospacmHble epynnbl: 30-40 u 40-60 nem. KoHmporbHble epynmbl (300poebie Myx4YuHbl 6e3
npusHakos Al) bbinu paHOoMU3Upo8aHs! Mo 8ospacmy. SreKmMpPOHHO-MUKPOCKONUYEecKas U MopgoMempuyeckasi oueHKa CmpyKmypb!
MUmoxoHOpul ebisisunu, Ymo npu Al oHa npemeprnesaem 3HadyumerbHble USMEHeHUSs, KOmopble 3a8ucsim om go3pacma nayueHmos.
YcmaHosneHo, ymo dobaesneHue k mpaduyuoHHol meparnuu Al doHopa ceposodopoda (chumonpenapam Full Spectrum Garlic (Swanson
Health Products, CLLIA) 8 dose 400 me 8 cymKu) mpugodum K o3umueHbIM U3MEHEHUSIM yibmpacmpyKmypbl MUMOXoHApuUl uccriedyembix
KIemok, HanpaseHHbIX Ha yeenuyeHue 3Hepaemuyeckoli MOUHOCMU MUMOXOHOpUansHO20 arnnapama - yMeHbUuaemces: Konu4ecmeso
CMPYKMYypPHO M08pexXOeHHbIX MUMOXOHOPUU, a npu ysenudyeHUU npodosmKumenbHOCmMuU fie4eHust - ux obuwje2o Konuyecmsa y nuy,
mradwel eospacmHol epynnbl (Ha 57,5%), a € cmapwel eospacmHol gpynne - Ha 53,7%. Takum o6pasom, ykasaHHbIl agpgpexm H,S
Cyuw,ecmeeHHo 3agucum Kak om go3pacma rnayueHmos (UHmeHcusHee peazupyrom mMosodbie modu), mak u om npodormkumenbHocmu
ucrionb3oeaHusi doHopa cepogodopolda (OrnumesnbHoe NpPUMeHeHuUe cornpogoxdaemcsi 6osiee 8blpaxxeHHOU MomoXXumesbHoU OUHaMUKoU
usmMeHeHudl).

KntoueBble cnoBa: apmepuarnsHas 2unepmeH3usi, cepogodopol, yrbmpacmpykmypa MumoxoHOpul, neikoyumei.
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To date, the diagnosis and treatment of extrahepatic cholestasis (EHC) at various
stages of development remains one of the most pressing problems of modern biliary
surgery. The purpose of the study is to determine the structural changes of the liver in
patients with EHC of non-tumoral genesis according to shear wave elastometry and
ultrasound in comparison with biochemical indicators of endotoxemia, inflammation
and markers of fibrosis. Preoperatively, 121 patients with EHC of non-tumoral genesis
were examined: standard general clinical studies, ultrasound examination of the liver
and its shear wave elastometry were performed. Depending on the presence of jaundice
and symptoms of hepatocyte damage, all the patients were divided into 4 groups. Serum
content of medium molecular weight peptides, free hydroxyproline and
glycosaminoglycans was determined. Statistical processing of the obtained data was
performed using SPSS 16.0. In patients with EHC of non-tumoral genesis according to
shear wave elastography, the stiffness of the liver varied depending on the increase in
the intensity of jaundice. It was found that the serum bilirubin level in such patients was
significantly different depending on the available jaundice and symptoms of hepatocyte
damage both in comparison with the control group and between the study groups. In
EHCs, structural changes in the liver depend on abnormalities in the biochemical
composition of serum, which are significantly altered by prolonged extrahepatic
cholestasis and manifested by severe liver failure. Thus, an increase in endotoxemia
(p<0.001) was found in patients with EHC of non-tumoral genesis without jaundice and
evidence of cholestasis development; indicators of liver stiffness depend on the level of
bilirubinemia (r = 0.84), and in patients with hepatocyte damage also on the duration of
cholestasis (r = 0.68). Bilirubin levels cannot be an indicator of long-term EHC.
Keywords: extrahepatic cholestasis of non-tumor genesis, elastometry, markers of
endogenous intoxication, damage to hepatocytes.

Introduction

The term "cholestasis" of Greek origin literally means

and structure of the bile ducts, depending on the level of the

"fixed bile" (xoAn - "bile" + otdoig - "stasis"). Cholestasis is
one of the main processes that occur in the liver in the
development of diseases of different etiology. Cholestasis
syndrome is a clinical-laboratory syndrome characterized
by an increase in bilirubin and bile excreted substances in
the blood as a result of impaired synthesis or outflow. Actually,
the term "cholestasis" in its modern sense was introduced
by Popper and Schaffer only in 1970 to designate not only
the mechanical causes of impaired bile flow, but also in
connection with impaired secretion of its individual
components, primarily impaired hepatocyte function
(intrahepatic cholestasis) [1]. From the point of view of the
development of the disease in accordance with the structure

block, hepatocellular, tubular and duct cholestasis are
distinguished. When viewed in a larger format, isolated
hepatic and extrahepatic cholestasis (EHC) are classified.
EHC have been known since ancient times, whereas
intrahepatic cholestasis has caught the attention of
physicians only in the mid-twentieth century. Until the 1960s,
bile passages at all levels were associated solely with
mechanical obstruction of the duct system, which arose as
a complication of gallstone disease.

In the next 15 years, an increase in the worldwide
incidence of pathology of the biliary system is projected (by
30-50%), which is caused by hereditary factors, changes in
the nature of nutrition and a sedentary lifestyle. It should be
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noted that over the past 10 years, there has been a steady
trend of increasing incidence of cholelithiasis, which is
accompanied by the development of extrahepatic cholestasis
[2,3,4,5,10].

Functional EHC is most often caused by Oddi sphincter
dysfunction. Obstructive EHC, or mechanical jaundice, is a
persistent violation of the excretion of bile from the bile ducts
and gallbladder into the lumen of the duodenum, which can
be caused by obstruction of the bile ducts by gallstones,
helminths or mechanical compression of the bile ducts from
the outside by tumor (pancreatic head, large duodenal
papilla, common bile duct, enlarged gallbladder),
inflammatory swelling of the mucous membrane of the biliary
passages (non-purulent, sclerosing or purulent cholangitis),
bile duct stricture and other factors. Violation of the outflow of
bile leads to its stagnation, increasing the pressure in the
bile capillaries, their overstretching, increasing the
permeability of the walls and their rupture, which promotes
the flow of bile directly into the blood. The appearance of bile
in the blood leads to the development of cholemic syndrome,
and with complete obstruction of the bile ducts and the
cessation of bile flow to the intestine (clinically, this is
manifested in the acholic stool).

At detection of a syndrome of a cholestasis at the patient,
for doctor it is necessary to make qualitative differential
diagnostics with precise determination of degree and place
of formation of the block and it is unacceptable to establish
the diagnosis without excluding the possible causes of
cholestasis. Diagnostic errors that occur in 12-38% of cases
of cholestasis [3] lead to loss of precious time, occurrence
of liver failure or other serious complications (gastrointestinal
bleeding, purulent cholangitis, liver abscesses, sepsis) that
in 14-27% of observations lead to death [1, 3, 8, 9, 10].

To date, prevention and treatment of EHC at various
stages of development remains one of the most pressing
problems of biliary surgery. There is evidence [11, 12, 13]
that EHC affect the elasticity of the liver, but to date, the
possibilities of using elastography to assess the functional
and morphological status of the liver in EHC of non-
tumorigenesis have not been sufficiently studied. Recently,
several ultrasound and radiological methods have been
developed to quantify liver elasticity. One of the most accurate
and common among them is the method of shear wave
elastography (SWE).

The basis of the method of shear wave elastography is
the property of the ultrasonic beam to generate transverse
mechanical shear waves in the direction of its propagation.
The speed of their passage through the fabric depends on
its stiffness or visco-elastic properties. The digital expression
of liver stiffness is determined in kilopascals (kPa) from a
specific control volume of the liver parenchyma [11-13].
However, the effect of EHC on liver elasticity in comparison
with non-invasive serum markers of endotoxemia,
inflammation, and fibrosis has not been studied.

Purpose of the study: to determine structural changes
of the liver according to shear wave elastometry and

ultrasound in comparison with biochemical indicators of
endotoxemia, inflammation, markers of fibrosis in patients
with non-hepatic cholestasis of non-tumoral genesis.

Materials and methods

The data of the examination of 121 patients with EHC of
non-tumoral genesis who were undergoing treatment at the
department of digestive surgery of the State Institution
"Institute of Gastroenterology of the National Academy of
Medical Sciences of Ukraine" for the period from 2013 to
2019 were analyzed.

Extrahepatic cholestasis in 22 patients (18.18%) patients
was caused by chronic calculous cholecystitis with the
phenomena of Oddi sphincter, in 28 patients (23.14%) -
choledocholithiasis after cholecystectomy, in 18 patients
(14.87%) - stenotic papillitis after cholecystectomy, in 16
patients (13.22%) by residual choledocholithiasis, in 12
(9.91%) by choledocholithiasis with chronic calculous
cholecystitis and stenosis papillitis, in 6 (4.95%) by
choledocholithiasis with stenosis of the terminal
choledochitis, in 3 (2.47%) fixed concrement of terminal
choledochus and chronic calculous cholecystitis, in 2
(1.65%) - choledocholithiasis with chronic calculous
cholecystitis, complicated by cholecystoduodenal fistula,
in 5 patients (4.13%) Mirizzi syndrome and in 9 patients
(7.43%) exacerbation of pancreatitis on the background of
choledocholithiasis with chronic calculous cholecystitis.

The duration of EHC with jaundice was determined
according to the E. V. Smirnov classification (1974). Acute
cholestasis (up to 10 days) was observed in 35.5% of
patients (n=43), prolonged cholestasis (from 10 to 30 days,
which after a severe attack took a stable character and
lasted up to 4 weeks) was observed in 44.62% of patients
(n=54), and chronic (more than 30 days) - in 19.83% (in 24
patients).

To solve the tasks, depending on the type of EHC of
non-tumoral genesis of patients was divided into 4 groups:
EHC type 1 - without jaundice and without damage to
hepatocytes (n=50); type 2 EHC - no jaundice with
hepatocyte damage (n=38); type 3 EHC - with jaundice
without damage to hepatocytes (n=17); type 4 EHC with
jaundice and hepatocyte damage (n=16).

The study excluded patients who had concomitant
diseases such as viral and autoimmune hepatitis, Carroll's
disease, Wilson-Konovalov's disease, Gilbert's syndrome,
and oncological genesis of jaundice. The mean age of the
examined patients was 58.23+1.69 years. The youngest
patient was 27 years old, the oldest was 83. The largest
number of patients were patients aged 40 to 69 years, ie
most patients were of working age. Most patients were
women (87 (71.9%)).

All patients with simultaneous shear-wave elastometry
(SWE) on a Soneus P7 apparatus (Kharkiv, Ukraine-
Switzerland) with a sensor with a frequency of 2-5 MHz at a
depth of not more than 70 mm from the capsule were
performed ultrasound. 7 successful measurements (Z up
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to 10%, deviation up to 1) were evaluated, followed by
determination of the median, which characterized the
stiffness of the liver tissue in kilopascals (kPa). Stratification
of reliable results was performed depending on the ratio of
IQR/median - less than 30%.

The concentration of total bilirubin in the serum was
determined according to the instructions to the kits of
EliTech (France). The activity of alanine-aminotransferase
(ALT), aspartate-aminotransferase (AST), alkaline
phosphatase (ALP), y-glutamyltransferase (GGT) serum
was determined by ultraviolet kinetics (ALT/GPT, AST - AST/
GOT), recommended by the International Federation of
Clinical Chemistry (IFCC) according to the instructions of
the EliTech kits (France). The presence of endogenous
intoxication (El) was determined by the content of medium
molecular weight peptides (MMP) according to V.V.
Nikolaychuk. The MMP fraction consists of aromatic amino
acids, which are part of proteins, collagen fibers, aromatic
amino acids, among which tyrosine and tryptophan occupy
a significant place, and therefore the increase in the content
of MMP in serum is a marker of activation of catabolic
processes in the body. Fibrosis processes were evaluated
by the content of hydroxyproline free (HPf) and
glycosaminoglycans (GAG). In serum, the content of GAG
was determined according to Rimington, HPf - by Osadchuk,
the activation of the inflammatory process in patients was
evidenced by a change in the level of alpha-1-acid
glycoprotein, the content of which was determined by
Weimer [16]. Assessment of biochemical parameters was
given according to their content in blood of relatively healthy
20 persons (control group).

In order to optimize the mathematical processing, all
the input data was entered into a database built using
Microsoft Excel spreadsheets. Statistical processing of the
obtained data was performed using SPSS 16.0. For
statistical analysis of the data used: M - mean value, m -
error in determining the mean, comparison of mean values
of the variables was performed using parametric method
(Student's t-test) for the normal distribution of these
features, expressed in the interval scale. The
correspondence of the type of distribution of signs of the
law of normal distribution was checked using the Shapito-
Wilk method. In other cases, a nonparametric method (the
Mana-Whitney U test) was used. The difference in mean
values was considered significant at p<0.05. To determine
the relationship between the data, a correlation analysis
was performed with the calculation of the Spearman
correlation coefficient (r) [19].

Results

According to shear wave elastography in patients with
EHC of non-tumoral genesis, the stiffness of the liver varied
depending on the increase in the intensity of jaundice and
was in patients of group | - 6,021+0,223 kPa, Il - 6,383+0,171
kPa, Il - 7,812+0,321 kPa, in IV - 8,022+0,364 kPa (p<0.001),
respectively.

It was found that liver stiffness indices for SWE in patients
with EHC differed significantly between the study groups
and depended on the level of bilirubinemia (r=0.84) (Fig. 1).
The indicators of liver stiffness according to the SWE and
the diameter of the choledoch according to the ultrasound
are shown in Table 1.

It was found that the liver stiffness indices correlated
well with the established choledoch diameter parameters
during ultrasound (r = 0.69): | group - 7.582+0.121 mm; Il -
8.112+0.191 mm; lll - 9.312+0.242 mm; IV - 13.06+0.72 mm
(see Table 1 and Figure 2).

Serum bilirubin levels were found to be significantly
different in patients with EHC of non-tumorigenic genesis
depending on the available jaundice and hepatocyte damage
rates, both compared to controls and between the study
groups (Fig. 3). Thus, in group Il the bilirubin level was 1.5
times higher (34.71+3.23 pmol/l), in Il - 6.7 times (159.0£12.7
pmol/l), in IV - 13 times (313.8+28.1 ymol/l). 1) relative to
patients of group | (p<0.05).

The activity of serum enzymes confirmed cytolytic
processes in the liver. Hyperalanine aminotransferasemia
and hyperaspartate aminotransferasemia were observed
in patients in all groups compared to controls, but changes
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Fig. 1. Dependence of SWE level (kPa) on total serum bilirubin
content in patients with non-tumorigenic EHC.
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Fig. 2. Dependence of SWE level (kPa) on mean choledoch diameter
(mm) in patients with EHC of non-tumorigenic genesis.
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Table 1. Indicators in patients with different types of extrahepatic cholestasis.

Indicator I group (n=50) Il group (n=38) Il group (n=17) IV group (n=16)
SWE, kPa 6.021+0.223 6.383+0.171 7.812+0.321 " ### 8.022+0.364 ™ ###
The diameter of the common bile duct, mm 7.582+0.121 8.112+0.191* 9.312+0.242 *** #H# 13.06+0.7 2 **#HH#°°
Notes: * - p<0.01, *** - p<0.001 - reliability of differences between indicators of patients of groups Il, lll, IV and | group; ## - p<0.01, ###

- p<0.001 - reliability of differences between indicators of patients of Ill and IV groups and Il group; °°° - p<0.001 - the reliability of the

differences between the indicators of patients Ill and IV group.

in the Il and IV groups were more pronounced and probably
significant (p<0.001) (Fig. 4).
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Fig. 3. Total bilirubin level in serum of patients with non-tumor
genesis of EHC. A - p<0.001 - significance of the difference
between the indicators of patients I, II, lll, IV groups and indicators
of the control group; ** - p<0.01, *** - p<0.001 - significance of
differences between patients of groups Il IIl, 1V and |; ### - p<0.001
- significance of difference between indicators of patients of Il
and IV groups and group Il; °°° - p<0.001 - significance of the
difference between indicators of patients of Ill and IV groups.

350 AAAFEF
300 i
250
200
-
~
: 150 AAATRE
105 AAAES
50 . == ==
. i NN N
Control | group ligroup  Nigroup IV group
HALT EAST

Fig. 4. The activity of liver enzymes in the serum of patients with
EHC non-tumoral genesis. ** - p<0.001 - significance of the
difference between the indicators of patients |, Il, IIl, IV groups and
indicators of the control group; ** - p<0.01, *** - p<0.001 -
significance of the difference between the indicators of patients
of Il, I, IV groups and group I; - p<0.01, -p<0.001 - significance
of the difference between indicators of patients of Ill and IV groups
and group II; °°° - p<0.001 - significance of difference between
indicators of patients of lll and IV groups.

The determined values of alanine transaminase in serum
by groups: 38.22+3.45 U/L in group |; 136.0+£27.8 U/L in group
II; 39.824+5.11 in group Il and 287.0+44.6 U/L in group IV
(p<0.001). Serum blood alanine transaminase activity was
36.93+4.14 U/L in group I; 84.13+15.50 U/L in group lI;
40.411+6.80 in group lll, and 242.0+49.7 U/L in group IV
(p<0.001). Such indicators testify to disturbance of permeability
of membranes of hepatocytes and their destruction.

Serum cholestasis markers, in contrast to cytolysis
indices, had more pronounced pathological changes in
patients with non-tumorigenic EHC, both in comparison
with the control group and in patients with group IV: their
activity increased - alkaline phosphatase to 284.0+34.6 U/L
in group I; 262.0+32.8 U/L in group IlI; 310.0£59.1 U/L in
group Il and 630.0+81.2 U/L in group |V, respectively,
compared with patients in group | (p<0.001) and y-
glutamyltransferase up to 247.0+34.6 U/L in group I;
345.0+£37.6 U/L - in group Il; 260.0+41.4 U/L in group llI; to
610.0+69.9 U/L in group IV, respectively, compared with
patients in group | (p<0.001) (Fig. 5).

Patients with EHC of non-tumorigenic genesis had activity
of inflammatory processes according to the content of
alpha-1-acid glycoprotein in blood serum, which was
increased 1.9 times to 0.451+0.041 g/I, (p<0.001) in
patients of group I; 2.6 times to 0.632+0.053 g/l - group lI;
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Fig. 5. The activity of liver enzymes in the serum of patients with
EHC non-tumoral genesis. ** - p<0.001 - significance of the
difference between the indicators of patients |, I, Ill, IV groups and
indicators of the control group; *** - p<0.001 - significance of
differences between patients of groups II, lll, IVand l; - p<0.001
-significance of difference between indicators of patients of IlI
and IV groups and group II; °° - p<0.01, °°° - p<0.001 - significance
of the difference between indicators of patients of lll and IV groups.
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Fig. 6. The content of alpha-1-acid glycoprotein in the serum of
patients with EHC non-tumorigenesis. * - p<0.001 - significance
of the difference between the indicators of patients I, II, I, IV
groups and indicators of the control group; ** - p<0.01, *** - p<0.001
- significance of the difference between the indicators of patients
of Il, 1, IV groups and group I; #- p<0.05, ### - p<0.001 - significance
of the difference between the indicators of patients of Il and IV
groups and group II.
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Fig. 7. The level of the average molecular peptides of serum of
patients with EHC of non-tumoral genesis. A - p<0.001 - significance
of the difference between the indicators of patients |, Il Ill, IV groups
and indicators of the control group; ** - p<0.01, *** - p<0.001 -
significance of the difference between the indicators of patients of
I1, 11I, 1V groups and group |; # - p<0.05 - significance of difference
between indicators of patients of Il and IV groups and group Il

3.3 times to 0.801+0.053 g/l - group IlI; 3.8 times to
0.902+0.053 g/l - group IV (p<0.001), respectively, more
pronounced pathological changes were characteristic of
patients of lll and IV groups compared with patients of group
I and control indicators, these changes were accompanied
by an increase of ESR in patients of group Il to 26.70+4.80
mm/g and group IV up to 31.20+£3.60 mm/g (p<0.05), as
well as an increase in leukocyte levels, which reflected the
general inflammatory response of the body (Fig. 6).

The analysis of the data obtained showed a gradual
increase in the content of medium-molecular peptides in
the serum of patients, depending on the intensity of EHC.
The presence of endotoxemia was present in patients of
all groups: significant changes were observed in patients

of group Il, which showed an increase in the concentration
of medium-molecular peptides in the serum in 1.3 times
to 902.0£56.4 g/l (p<0.01) relative to patients of group |
(Fig. 7).

It should be emphasized that in patients of group I, in
which the patency disorders were associated with long-
term phenomena of EHC without jaundice and lesions of
hepatocytes - endogenous intoxication syndrome was
formed already at the initial stage of EHC development,
and with the increase in bilirubinemia, the content of
medium molecular peptides, accordingly, in groups Ill and
IV almost: 1.5 to 1050£76 g/l (p<0.001) and 1.7 times to
1139478 g/l (p<0.01), respectively, relative to patients of
group |; 2.4 and 2.6 times relative to the control group
(p<0.001) (see Fig. 7).

There was a gradual decrease in the serum
hydroxyproline free content of patients in all groups
compared to the control group (Fig. 8). It is impossible to
exclude the fact that with the progression of non-neoplastic
EHC, there is an imbalance between the synthesis and
disintegration of collagen in these patients, which indicates
a decrease in the process of collagen degradation, which
was more pronounced in patients of group IV, where its
content decreased in 2-times to 5,232+0,631 umol/Il
(p<0.01) relative to group | (10.72+1.90 ymol/l) and in 1.8
times relative to group 11 (9.633+1.201 umol/l, p<0.01) (see
Fig. 8).

Increase in GAG concentration in serum was observed
in patients of all groups. In group II, this indicator increased
1.4 times to 6.430+0.671 mmol/l (p<0.05); in group Il - 1.6
times to 7.133+0.711 mmol/l (p<0.05); in group IV - 1.8
times to 8.140+0.482 mmol/l (p<0.001), respectively, in
comparison with patients of group I, indicating the increased
breakdown of carbohydrate-protein components of
connective tissue, increasing their content in the serum

T
10 T

8

6 AARFLE
o I

Control

pmol /|

B

b

Igroup llgroup  lllgroup IV group

free hydroxyproline

Fig. 8. Level of hydroxyproline free in serum of patients with EHC
of non-tumoral genesis. M - p<0.01 - significance of the difference

between the indicators of patients I, I, lll, [V groups and indicators
of the control group; ** - p<0.01 - significance of the difference
between the indicators of patients of Il, Ill, IV groups and group [;

## - p<0.01 - significance of difference between indicators of
patients of lll and IV groups and group Il
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indicates the activity of the inflammatory process, the
duration of which leads to the destruction of liver tissues.

Discussion

The results of the study indicate that in patients with
EHC significantly disrupt the biochemical composition of
blood serum, which is determined before all types of EHC,
which are significantly different in terms of choledochal
diameter, liver stiffness, severity of hepatic and cellular
insufficiency, EI markers and nonspecific fibrosis markers.

According to SWE, EHC, depending on the available
jaundice and hepatocyte damage, definitely affects the
elasticity of the liver, regardless of the presence of liver
fibrosis/cirrhosis, with an increase in choledoch diameter,
liver stiffness and their ratio (r = 0.69) in the case of existing
EHC processes are associated with worsening of bile flow,
inflammatory phenomena in the ductal system and, as a
consequence, increased hydrostatic pressure in the ducts
and edema of the liver parenchyma, which is confirmed by
other studies [11-13, 20-22, 24-27].

The liver is one of the first organs whose functions are
altered as a result of impaired bile flow in EHC of non-
tumorigenesis. The presence of signs of cholestasis was
associated with more significant changes in the activity of
serum enzymes of serum, with a more pronounced cytolytic
and cholestatic syndrome with increasing intensity of
cholestasis. A similar pattern was observed with regard to
the content of a1-acid glycopeptide in blood serum, the
value of which was highest in patients of group IV with non-
neoplastic EHC and showed activation of inflammatory
processes in the body, revealed changes were
accompanied by an increase in leukocyte and ESR levels
inflammatory response of the body.

An important pathogenetic syndrome of homeostasis
disorders in virtually all diseases is endogenous
intoxication - an integral concept that includes a number of
components: the accumulation of intermediates of impaired
metabolism and metabolites, endogenous and bacterial
toxins, aggressive biologically active substances,
inflammatory factors in combination with hypoxia and
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CTPYKTYPHO-®YHKLIOHANBHUIA CTAH MEYIHKN Y XBOPUX 3 MO3AMNEYIHKOBUM XONIECTA3OM HEMYX/IMHHOIO MEEHE3Y
LleeyeHko B.®., 3eneHrok O.B., KneriHa I.A., Ba6iti O.M.

Ha cboeodHiwHit deHb diaeHOcmuKa ma fiKysaHHs1 rno3anediHkogo2o xonecma3sy (I1XC) Ha pisHuUx emanax po3gumKy 3anuuiaemscs
00Hi€0 3 HallakmyarsnbHiwux npobnem cydacHoi biniapHoi xipypaii. Mema OocniOxeHHs1 - auaHaqyumu CmMpyKmMypHi 3MIHU MEYiHKU y
rnayieHmie 3 ro3aneqyiHKosUM XO/1eCMa3oM HeryxuHHO20 reHesy 3a OaHUMU 3Cy8HOX8UITbOBOI eracmomempii ma ynbmpa3eyko8o2o
docridxeHHs1 y criiecmaerneHHi 3 6ioxiMiYHUMU roKasHUKamu eHOomoKceMii, 3ananeHHsi ma Mapkepamu ¢ibposy. NepedonepauiliHo
obcmexunu 121 xeopoeo 3 [MXC HenyxnuHHO20 e2eHe3y: npoeesu cmaHOapmHi 3a2anbHOKIIHIYHI OOCMiOXeHHS, ynbmpa3syKkoge
docnidxeHHs neYviHku ma ii 3cy8HOX8ubo8y enacmomempito. B 3anexHocmi 6i0 Hassi8HOCMI XOBMSHUYI ma CUMIIMOMI8 MOUWKOOKEHHS
eenamouyumie ycix docrnioxeHux posnodinunu Ha 4 epynu. BusHadanu emicm y cuposamuj Kposi cepedHbOMONEKYNapHUX rnenmudis,
8i1bHO20 2i0pOoKCcUnposiHy ma aniko3oamiHoanikaHie. Cmamucmuy4Hy obpobky ompumaHux OaHuX rfpoeodusIu 3 BUKOPUCMAaHHAM
npoepamu SPSS 16.0. Y nauienmie 3 [1XC HenyxnuHHO20 2eHe3y 3a OaHUMU 3CYy8HOX8UIbOBOI enacmozpadii XopcmkKicmb MeYiHKU
3MiHI08anacs 8 3anexHocmi 6i0 36inbweHHs1 iIHMeHCUBHOCMI Xo8msiHUUj. BcmaHoeneHo, wo pieeHb b6inipybiHy y cuposamui Kposi y
makux nayieHmie 0ocmosipHO GiOPIi3HSBCST 8 3asieXKHOCMI 8i0 Hasi8HOI XX08MSHUUI ma CUMIMOMI8 MOWKOOXKEHHS 2enamouyumig siK
MOPIBHAHO 3 daHUMU KOHMPOIbHOI epynu, mak i Mix docnidxeHumu epynamu. [pu MNXC cmpykmypHi 3MiHU neYiHKU 3anexamb 8id
rnopyweHb 6ioxiMidyHO20 cknady cuposamKu Kposi, SiKi Cymmeeo 3MIiHIOIMbCS MpuU mMpueasioMy ro3arneqyiHKogoMy xonecmasi ma
rpOosI8NSAIOMBCS BUPAXEHOK MEYiHKO80oK HedocmamHicmio. TakuM YUHOM, y rauieHmie 3 Hasi8HUM r103areyiHKosuMm Xxorecmasom
HernyxnuHHo2o 2eHe3y 6e3 X08MmsHULi ma MOWKOOXEeHHST 2ernamoyumie 8usienieHo 36inbWeHHsT nokasHukie eHoomokcemii (p<0,001),
w0 ce8id4ume rpo PO3BUMOK Xorecmasy; nokasHUKU XO0pCmMKOCMI neviHKu 3anexamsp 6i0 pieHsi 6inipybiHemii (r = 0,84), a y nauieHmig
3 TOWKOOXEHHAM 2enamouumie we i 8i0 mpusanocmi xonecma3sy (r = 0,68). PigeHb binipybiHy He moxe 6ymu iHOuKamopom mpueanocmi
ro3ane4yiHKo8020 Xxorecmasy.

KntouoBi cnosa: nosarneuiHkosutli xornecmas HemyxuHHO20 2eHesy, enacmomMempis, MapKkepu eHOO2eHHOI IHMOKCUKauy,l, MOWKOOXeHHS
2enamouyumis.
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CTPYKTYPHO-®YHKLIMOHANBHOE COCTOAHUE NEYEHW Y BOJIbHbIX C BHENMEYEHO4YHbIM XOJIECTA3OM
HEOMYXONEBOIO '’EHE3A

LlleeyeHko B.®., 3eneHrok A.B., KneHuHa U.A., Babuli A.M.

Ha ce2o0HsAWHUU OeHb QuasHOCMUKa U /IeHeHUe 8HENne4eHoYHo20 xonecmasa (BI1X) Ha pa3Hbix amanax pa3sumusi ocmaemcsi 0OHOU
U3 cambix akmyarbHbIX Npobnem cospemeHHOU bunuapHol xupypauu. Llens uccriedosaHusi - ycmaHo8UMb CMPYKMYPHbIe U3MEeHeHUSs
feyeHU y nayueHmos C 8HereYyeHOYHbIMU X0/1eCma3oM Heorlyxo/1eeo20 2eHe3a o 0aHHbIM c08U2080/1HO8OU 3nacmomMempuu u
YIIbmpasgyKkosozo uccriedogaHuUs 8 conocmasieHuu ¢ bUOXUMUYECKUMU oKa3amesiaimu 3HOOMOKCeMUU, eocrnasneHusl U MapKkepamu
¢ubposa. lNpedonepayuoHHo obcnedosanu 121 6onbHo20 ¢ BI1X Heoryxoneeozo 2eHe3a rposenu cmaHdapmHbie 06WeKIUHUYecKue
uccredosaHus, yrbmpa3sgyKogoe uccriedosaHue neveHu U ee c08U080/IHOBYIO 3r1acmoMempuro. B 3agucumocmu om Hanuqus xenmyxu
U cuMnmomos nospexx0eHusi 2enamouyumos 8cex uccriedosaHHbIx pasdenusnu Ha 4 epynnbl. Onpedensnu codepxaHue 8 CbIBOPOMKe
Kpog8U CpedHeMOneKynsapHbIX nenmudos, ce0600HO020 2UGPOKCUNPOIUHa U 2iuKo3aMuHoanukaHos. Cmamucmuy4eckyo obpabomky
ros1y4eHHbIX OaHHbIX MPO8OAUIIU C UConb308aHueM rnpogpammbl SPSS 16.0. Y nayueHmos ¢ BI1X Heornyxoneeozo eeHe3a no 0aHHbIM
c08U2080/1HOB0U 3r1acmozpaguu XeCcmKOCMb MeYeHU MeHs1acb 8 3agUCUMOCMU OM y8enuyeHuss UHMeHCUBHOCMU Xesnmyxu.
YcmaHoeneHo, Ymo yposeHb bunupybuHa 8 CbiBOPOIMKE KPO8U y makux rnayueHmos 00CmoeepHO omnuyarscsi 8 3agucumocmu om
umerowelicsl Xenmyxu u cUMIMmMoOMO8 Mospex0eHUs 2enamoyumos Kak Mo cpasHeHuto ¢ OaHHbIMU KOHMPOSbHOU 2pymnbl, mak u
mex0y uccrnedosaHHbiMU 2pyrnnamu. [pu BITX cmpykmypHble UsMeHeHUs Ne4eHu 3agucsim om HapyweHul buoxumMu4yeckoz2o cocmasa
CbIBOPOMKU KPO8U, KOMOPbIe CYWEeCcm8eHHO USMEHSIIOMCS npu OnumesibHOM 8HENEYEHOYHOM Xoriecmase U Mposiernstomcs 8bipaxeHHoU
rneyeHo4YHol HedocmamoyHocmblo. Takum obpa3oM, y nayueHmos ¢ umerowumcsi BI1X Heonyxonegoeo eeHe3a 6e3 xenmyxu u
rospex0eHuUsi 2ernamoyumos 8bisiBNIeHO yeeruyeHue rnokasamenel sHdomokcemuu (p<0,001), ymo ceudemernibcmsgyem o pa3sumuu
Xxonecmasa; rokasamesiu XecmkKocmu redyeHu 3agucsim om yposHsi bunupybuHemuu (r = 0,84), a y nayueHmos ¢ rogpexdoeHuem
eenamouyumos ewe u om dnumernbHocmu xonecmasa (r = 0,68). YposeHb bunupybuHa He Moxem 6bimb UHOUKamopom OrumeibHoCmu
8HEMNEYeHOYHO20 Xorecmasa.

KnioueBble crnoBa: 8HErneYeHOUHbIl X0/1ecma3 Heornyxoneeo2o 2eHesa, 3/1acmomempusi, MapKepbl 3HO02eHHOU UHMOKCUKauyuu,
rnospexoeHue 2enamouyumos.
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Mechanisms of regulation of cardiac rhythm have many individual features, which are
conditioned by age, sex, training of the organism, strength and nature of external
influence, constitutional features of the organism. The purpose of the work is to determine
the relationship between cardiointervalographic indices and parameters of the external
structure of the body in highly skilled wrestlers of the mesomorphic somatotype. The
study involved 24 wrestlers between the ages of 17 and 21 with a high level of
sportsmanship and more than 3 years of experience. All of the wrestlers were of
medium weight and engaged in free and Greco-Roman wrestling. We conducted a
study of heart rate variability on the cardiac computer diagnostic complex "OPTW"
following the recommendations of the European and North American Cardiac
Association (1996). The indices of vegetative homeostasis according to Bayevsky,
variational heart rate, statistical and spectral cardiointervalographic indicators were
determined. Anthropometry was performed according to the method of V.V. Bunak (1941),
somatotypological study - by the calculated modification of the Heath-Carter method
(1990), determination of the component composition of body weight by the method of
Matejko (1992). In the package "STATISTICA 5.5" correlation analysis was performed
using the nonparametric Spearman statistical method. It was found that in the wrestlers
ofthe mesomorphic somatotype, the variations of the pulsometry had the highest number
and strength of reliable correlations with constitutional parameters, most of which were
inverse of the mean force. All statistical indicators of heart rate variability with indicators
ofthe external structure of the body had only inverse significant correlations. The least
significant correlations were found for spectral indices and parameters of vegetative
homeostasis. According to the results of the correlation analysis in the wrestlers of the
mesomorphic somatotype, we can assume that with the increase of total, longitudinal,
circumferential, transverse body sizes and muscle and bone mass, the variability of
the heart rhythm of the sympathetic department of the autonomic nervous system will be
more pronounced.

Keywords: correlations, cardiointervalographic indices, anthropometric dimensions,
somatotype, wrestlers.

Introduction

Achieving high athletic performance is closely linked to
the effective training of athletes in specialized training
centers [8, 24]. One of the most important principles of
building a training process is to match the loads to the
current functional state [2, 24]. In order to improve and predict
the athletic performance of athletes today, a simple method
of examination, such as determining heart rate variability,
is used in sports medicine and cardiology to effectively
evaluate the balance of all nervous system components

and make prognosis in reaching sports peaks [14, 22, 23].

Thus, the use of excessive daily physical training by
young athletes causes not only a feeling of general fatigue,
but also requires a significant overall mobilization of all
structural and functional resources of the body and systems,
which leads to maladaptation, physical overstrain and
overtraining [1]. All these factors overstress the mechanisms
of adaptation over time lead to a decrease in the protective
mechanisms of the body of athletes and provoke diseases
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of the cardiovascular system [1, 20].

According to some authors [13, 16], the objective criteria
for assessing the current functional status and physical
fitness of athletes are physiological indicators that reflect
the state of the mechanisms of vegetative regulation of
cardiac activity. A non-invasive method of analyzing heart
rate variability, such as cardiointervalography, has become
widespread. It is used to evaluate the vegetative regulation
of physiological functions, from the point of view of objectivity
there is no doubt [17, 25]. This method allows to record
disturbances of neurohumoral equilibrium, participation
of sympathetic and parasympathetic, nervous and humoral
units in regulation of heart rate, degree of centralization of
its management [17]. Mechanisms of regulation of cardiac
rhythm have many individual features, which are due to
age, sex, body training, strength and nature of external
influence [6, 9, 11]. In recent years, studies have been
conducted to identify the relationship between heart rate
variability and features of the external structure of the body
[7, 19]. However, studies on the relationship between heart
rate variability and anthropometric parameters in wrestlers
of a particular constitutional type have not been conducted
at all.

The aim of our work was to determine the relationship
between cardiointervalographic indices and parameters
of the external structure of the body in highly trained wrestlers
of the mesomorphic somatotype.

Materials and methods

We hane conducted on the basis of the research center
of National Pirogov Memorial Medical University, Vinnytsya
comprehensive survey of highly skilled (from the first adult
category to masters of sports) athletes aged 17 to 21 years,
who have been engaged in more than three years of
wrestling (free and Greco-Roman). All athletes belonged
to the middle weight categories, were in the preparatory
period of the training annual macrocycle. The determination
of the constitutional features of the body of wrestlers was
based on an anthropometric study conducted by the Bunak
method [4] and somatotypological - by Heath-Carter [5]. In
addition, the component composition of body weight was
determined by the method of Matejko [10]. After the
somatotypological analysis, 24 wrestlers with a
mesomorphic somatotype were selected.

Determination of heart rate variability in wrestlers was
performed on the "OPTW" computer diagnostic complex,
following the recommendations of the European and North
American Cardiac Association [12]. Four groups of
indicators were defined: statistical (SDNN is the standard
deviation of the length of normal R-R intervals, RMSSD is
the square root of the sum of squares of the difference of
successive pairs of normal R-R intervals, PNN50 is the
percentage of the number of pairs of consecutive normal
R-R intervals that is more than 50 ms the total number of
consecutive pairs of intervals); variational heart rate (mode,
mode amplitude, mean, minimum and maximum R-R

intervals, variational swing); spectral (total recording power
in all bands, power in very low frequencies, power in low
frequencies, power in high frequencies, power ratio in the
low and high frequencies); indices of vegetative
homeostasis, which was determined by the Baevsky
method (vegetative rhythm index and voltage indices of
regulatory systems and vegetative equilibrium).

Correlation analysis was performed in the "STATISTICA
5.5" package (license number AXXR910A374605FA) using
the nonparametric Spearman method.

Results

After performed correlation analysis, it was found that
most indices of variational heart rate with anthropometric
parameters of the body had a considerable amount of
average strength of reliable connections. It was found that
the mode had significant inverse correlations of medium
and high strength with the following parameters: body
length (r=-0.45, p=0.027), body weight (r=-0.51, p=0.012),
body surface area (r=-0.45, p=0.026), height of the upper
thoracic point (r=-0.59, p=0.002), height of the pubic point
(r=-0.40, p=0.050), height of the shoulder point (r=-0.43,
p=0.035), finger point height (r=-0.61, p=0.001), width of
distal shoulder epiphyses (r=-0.40, p=0.050), hips (r=-0.67,
p=0.001), lower legs (r=-0.67, p=0.001), shoulder girths in
the unstressed state (r = -0.40, p = 0.050), upper arms at
the top (r=-0.45, p = 0.028), at the bottom (r=-0.40, p=0.050),
hips (r=-0.61, p=0.002), lower legs (r=-0.46, p=0.024), waist
(r=-0.42, p=0.039), chest on inhalation (r=-0.49, p=0.015),
exhalation (r=-0.50, p=0.013), at rest (r=-0.56, p=0.005),
anterior-posterior mid-thoracic diameter (r=-0.77, p=0.001);
transverse thorax diameter (r=-0.48, p=0.018), transverse
thorax diameter (r=-0.52, p=0.009), interspinous distance
(r=-0.54, p=0.006), intercristal distance (r=-0.58, p=0.003),
intertrochanteric distance (r=-0.70, p=0.001), mesomorphic
component of the somatotype (r=-0.47, p=0.021), muscular
(r=-0.68, p=0.001) and bone (r=-0.74, p=0.001) body weight.
Fairly straight, the average strength of the relationship was
between the indices of mode in the thickness of the skin
and fat folds on the abdomen (r=0.41, p=0.049), on the
thigh (r=0.58, p=0.003) and the lower leg (r=0.41, p=0.050).

The amplitude of the mode had only one significant
mean feedback in relation to the width of the shoulders (r=-
0.45, p=0.028), with all other anthropometric indicators
found to be unreliable correlations. It was found that the
average R-R interval in mesomorph wrestlers had
numerous inverse mean and individual strong
relationships with the external structure of the body, in
particular: with length (r=-0.43, p=0.034), mass (r=-0.47,
p=0.022) and the surface area of the body (r=-0.43,
p=0.038), height of the upper thorax (r=-0.56, p=0.005),
pubic (r=-0.40, p=0.050), shoulder (r=-0.40, p=0.050), finger
(r=-0.48, p=0.019) anthropometric points, width of the distal
femoral epiphysis (r=-0.47, p=0.020) and lower leg (r=-
0.61, p=0.002), shoulder girth in a non-stressed condition
(r=-0.41, p=0.049), upper arm girth (r=-0.41, p=0.049), girth
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of the thigh (r=-0.61, p=0.001), shin girth at the top (r=-0.40,
p=0.050), chest girth on inhalation (r=-0.47, p=0.022),
exhalation (r=-0.42, p=0.043) and calm state (r=-0.46,
p=0.025), transverse lower thoracic diameter (r=-0.45,
p=0.026), anterior-posterior mid-thoracic diameter (r=-0.57
p=0.004), interspinous (r=-0.41, p=0.050), intercristal (r=-
0.45, p=0.027), intertrochanteric (r=-0.54, p=0.007) pelvis
distances, muscle (r=-0.58, p=0.003) and bone (r=-0.55,
p=0.006) body weight.

The maximum R-R interval in wrestlers correlated with
body length (r=-0.41, p=0.050), body weight (r=-0.42,
p=0.040), body surface area (r=-0.41, p=0.050), and upper-
thoracic height (r=-0.46, p=0.023) and finger (r=-0.39,
p=0.050) points, width of the distal tibial epiphysis (r=-0.43,
p=0.035), hip girth (r=-0.48, p=0.017), interspinous
distance (r=-0.40, p=0.050), intercristal (r=-0.41, p=0.049)
and intertrochanteric distance (r=-0.53, p=0.007), muscle
(r=-0.57, p=0.004) and bone mass (r=-0.40, p=0.050) of
the body. And the minimum R-R interval had both
feedbacks and direct correlations, in most cases they were
average. Feedbacks were found with the height of the upper
thoracic (r=-0.44, p=0.031) and finger (r=-0.60, p=0.002)
points, the width of the distal femoral epiphysis (r=-0.52,
p=0.010), the lower leg (r=-0.58, p=0.003), hip girth (r=-
0.43, p=0.037), anterior-posterior mid-thoracic diameter
(r=-0.56, p=0.004), interspinous (r=-0.44, p=0.032),
intercristal (r=-0.41, p=0.050) and intertrochanteric (r=-0.50,
p=0.013) distances of the pelvis, muscle (r=-0.47, p=0.022)
and bone (r=-0.57, p=0.004) weight; and direct connections
with the thickness of the skin-fat folds on the forearm
(r=0.49, p=0.016), at the lower blade angle (r=0.42,
p=0.040), abdomen (r=0.57, p=0.004), hips (r=0.61,
p=0.002), the shin (r=0.55, p=0.006), and the endomorphic
component of the somatotype (r=0.40, p=0.050).

Variation span with indicators of external structure of
the body had significant only inverse correlations, in
particular with the circumference of the hips (r=-0.45,
p=0.028), the thickness of the skin-fat folds on the back
(r=-0.41, p=0.047) and the front (r=-0.44, p=0.028) of the
shoulder surface, the thickness of the skin-fat folds on the
chest (r=-0.46, p=0.023), with body fat (r=-0.43, p=0.038).

The SDNN heart rate variability statistic was significantly
correlated with the thickness of the skin and fat folds on the
posterior surface of the shoulder (r=-0.43, p=0.037) and
chest (r=-0.41, p=0.049) and muscle mass (r=-0.41,
p=0.049). RMSSD had numerous significant inverse
correlations: with body length (r=-0.58, p=0.003), body
weight (r=-0.43, p=0.037), body surface area (r=-0.55,
p=0.006), height of upper thoracic (r=-0.50, p=0.012) and
finger (r=-0.40, p=0.050) anthropometric points, width of
distal shoulder epiphysis (r=-0.41, p=0.049), shoulder girth
in tension (r=-0.47, p=0.022), non-stressed state (r=-0.51,
p=0.012), upper arm circumference (r=-0.58, p=0.003) and
lower (r=-0.63, p=0.001), hip circumference (r=-0.54,
p=0.007), lower legs in the upper (r=-0.47, p=0.020) and
lower (r=-0.46, p=0.023) parts, neck (r=-0.42, p=0.043),

waist (r=-0.49, p=0.016), foot (r=-0.44, p=0.031), chest
inhalation (r=-0.53, p=0.008), exhalation (r=-0.43, p=0.036)
and in a calm state (r=-0.44, p=0.034), interspinous (r=-
0.41, p=0.046), intercristal (r=-0.45, p=0.028),
intertrochanteric (r=-0.58, p=0.003) distances, muscle (r=-
0.69, p=0.001) and bone (r=-0.46, p=0.023) body weight.
PNN50 had significant, inverse, mean correlation strength
with body length (r=-0.41, p=0.049), suprathoracic height
(r=-0.43, p=0.035) and finger (r=-0.41, p=0.047) points, the
circumferential dimensions of the forearm in the upper (r=-
0.41, p=0.048) and lower (r=-0.39, p=0.050) parts, hips
(r=-0.46, p=0.025), lower legs in the upper (r=-0.39,
p=0.050) and lower (r=-0.43, p=0.034) parts, waist (r=-0.40,
p=0.050), chest on inhalation (r=-0.43, p=0.037), anterior-
posterior mid-thoracic diameter (r=-0.45, p=0.027),
interspinous (r=-0.41, p=0.047), intertrochanteric (r=-0.51,
p=0.010) pelvis distances and bone mass determined by
the Matejko method (r=-0.55, p=0.005).

Most spectral indicators of heart rate variability in
wrestlers of the mesomorphic somatotype did not have
numerically significant correlations with anthropometric
and somatotypological parameters.

Total recording power in all ranges had only two
significant direct correlations: the width of the distal
shoulder epiphyses (r=0.47, p=0.021) and the forearm
(r=0.46, p=0.024). The spectral index, which reflects the
power at very low frequencies, had reliable direct relations
of the average force with the body weight (r=0.47, p=0.019),
the area of the body (r=0.40, p=0.050), the heights of the
upper thorax (r=0.40), p=0.050), pubic (r=0.56, p=0.005),
brachial (r=0.50, p=0.013), and finger (r=0.50, p=0.014)
points, width of distal shoulder epiphyses (r=0.54, p=0.006)
and forearm (r=0.67, p=0.001), lower arm circumference
(r=0.48, p=0.019), lower leg (r=0.41, p=0.049), brush
(r=0.41, p=0.044), bone mass (r=0.51, p=0.011).

It was found that the power in the low-frequency range
of mesomorph wrestlers had a reliable feedback only with
the height of the trochanter point (r=-0.41, p=0.049) and the
intercristal distance of the pelvis (r=-0.41, p=0.047). Power
in the high-frequency range had only one significant indirect
relationship with the width of the distal tibial epiphysis
(r=0.41, p=0.046). The ratio of power in the low and high
frequencies had significant inverse mean force due to the
height of the upper thoracic (r=-0.49, p=0.015) and finger
(r=-0.42, p=0.039) points and anterior-posterior mid-
thoracic diameter (r=-0.43, p=0.036).

Indicators of vegetative homeostasis, determined by
the Bayevsky method, had only direct reliable correlations
with constitutional characteristics. Thus, the voltage index
of the regulatory systems was correlated with the height of
the upper thoracic (r=0.52, p=0.009), shoulder (r=0.45,
p=0.027), finger (r=0.41, p=0.050) points and muscle mass
(r=0.40, p=0.050). The vegetative equilibrium index had a
small number of direct reliable mean correlation strengths:
with the height of the upper thoracic point (r=0.43, p=0.038),
the intertrochanteric distance (r=0.41, p=0.044), muscular
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(r=0.42, p=0.042) and bone mass (r=0.44, p=0.037).
Vegetative rhythm index had the highest number of
relationship reliability; it correlated with length (r=0.40,
p=0.050), mass (r=0.49, p=0.014), and body surface area
(r=0.46, p=0.025), height of the upper thoracic (r=0.56,
p=0.004), pubic (r=0.41, p=0.050), humerus (r=0.49,
p=0.015), finger (r=0.41, p=0.050) points, distal width
shoulder epiphysis (r=0.42, p=0.039), girth of thigh (r=0.45,
p=0.027), thighs (r=0.43, p=0.038), chest inhalation (r=0.47,
p=0.020), exhalation (r=0.48, p=0.019) and at rest (r=0.46,
p=0.022), anterior-posterior mid-thoracic size (r=0.43,
p=0.036), the intercristal (r=0.44, p=0.032), the
intertrochanteric distance (r=0.49, p=0.015), the thickness
of the skin-fat folds on the back surface of the shoulder
(r=0.41, p=0.047), and the chest (r=0.45, p=0.029), muscle
(r=0.52, p=0.009) and bone (r=0.52, p=0.009) body weight.

Discussion

Analyzing the peculiarities of correlations between
cardiointervalographic parameters and indicators of
external body structure in mesomorph wrestlers, it is
necessary to note a much greater number and strength of
revealed reliable relationships, unlike the group of athletes
who also belonged to this somatotype, as noted in our
previous studies [18]. In addition, it was found that the
wrestlers of the mesomorphic somatotype had more
numerical correlations between the femur rheographic
parameters and constitutional characteristics than the
athletes [15].

To summarize our results, it should be noted that most
indicators of variational heart rate have numerous reliable
correlations with anthropometric dimensions and
components of somatotype and body weight. In particular,
mode among youth wrestlers is correlated with the majority
of constitutional parameters (31 out of 49), which is 63.3%,
of which inverse strong correlations were 16.3%, inverse
mean strength - 40.8%, only with a thickness of 3 skin-fat
folds (6.1%) correlations were direct, medium power. Based
on this, we can assume that by increasing the total,
longitudinal, girth size of the body, width of the distal
epiphyses of the thigh and tibia, diameters of the chest
and pelvis, muscle and bone components of somatotype
and body weight, and at the same time reduce the fat
deposition in the lower ankles of the mesomorphic
somatotype wrestlers, the mode will decrease, and thus
the level of functioning of the sinus node will be more
pronounced [3, 25]. In athletes of the mesomorphic
somatotype, the mode only had feedback with a thickness
of 1 skin-fat fold (on the side) [18].

The amplitude of the wrestlers' mode had only 1 (2.0%)
reliable average feedback. The average R-R interval, which
reflects the balance of parasympathetic and sympathetic
influences [24], had reliable feedbacks with 42.8% of the
external body structure, including 21 medium strengths
and 2 strong ones. It should be noted that this indicator of
variational heart rate has significant correlations with

almost the same constitutional parameters as mode, but
the strength of the connections is somewhat smaller.

The maximum R-R interval for mesomorph wrestlers
correlated statistically with 12 (24.5%) anthropometric
indicators, all correlations were inversely proportional to
the mean force. We can predict that with decreasing total
body size, pelvic diameters, muscle mass, this indicator
will increase, and thus the variability of the heart rate of the
parasympathetic department of the autonomic nervous
system will be more pronounced [3, 25].

The minimal value of the R-R interval was varied with
significant correlations with 17 parameters of the external
structure of the body, among them the average mean force
was 10 (20.4%), the strong inverse - 1 (2.0%), the direct
average force - 5 (10.2%), the strong direct - 1 (2.0%). The
peculiarities of established relationships between this
indicator and constitutional characteristics confirm the
established pattern that wrestlers of mesomorphic
somatotype with increase of bone and muscle mass,
individual body diameters and decrease of skin and fat
folds will be observed decrease of the distance R-R and
the greater will be the impact of the sympathetic department
of the autonomic nervous system [13, 17]. The variational
range had only significant mean power inverse correlations
with 5 (10.2%) indicators of the external structure of the
body.

It should be noted that all statistical indicators of heart
rate variability with constitutional parameters in young
wrestlers of mesomorphic somatotype had only inverse
significant correlations, mainly of average power. The SDNN
was only associated with the value of only 3 (6.1%)
anthropometric indicators indicating subcutaneous fat
deposition and muscle size. RMSSD had the most
numerous and highest correlation strength among all
statistical cardiointervalographic parameters, it was
associated with 26 (53.1%) somatic dimensions, of which
2 had strong relationships. The established nature of the
relationships suggests that with decreasing anthropo-
somatotypological parameters in mesomorph wrestlers,
the standard deviation of the difference of consecutive R-R
intervals will increase and will be dominated by
parasympathetic activity, which will reflect sinus arrhythmia
associated with respiratory movements [21].

The PNN50 had a significant mean association with 14
(28.6%) constitutional parameters, with the strongest
correlation with muscle mass. It should be noted that all
heart rate variability statistics had reliable feedback on
muscle size.

Spectral indices of mesomorphic type wrestlers, which
in athletes [18], were found to have the least significant
correlation with external body size compared to other
cardiointervalographic parameters.

The total recording power in all ranges had only 2
significant direct average correlation strength with the
external body structure index (4.0%). Power at very low
frequencies, which reflects the activity of neurohumoral
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regulation of angiotensin, chemoreceptive and
thermoregulatory systems [3, 13], was directly correlated
with 12 (24.5%) anthropometric parameters. The
established nature of the relationship indicates that with
the increase of total and longitudinal body sizes, the
massiveness of the segments of the upper extremity and
bone mass will increase the magnitude of this spectral
index, and therefore will increase sympathetic influence
through humoral regulation and increased activity [3]. The
power in the low frequency range of mesomorph wrestlers
correlated with 2 body sizes, but it is noteworthy that these
connections were inverse. Power in the high-frequency
range, which reflects the activity of the parasympathetic
link [13], also had a small number of significant correlations
(4.0%), all correlations were direct.

We found that the indicators of vegetative homeostasis
by the Baevsky method in wrestlers of adolescent
mesomorphic somatotype with constitutional parameters
had only direct reliable correlations. The voltage index of
the regulatory systems was interrelated with 4 (8.2%)
constitutional parameters, the nature of the detected
connections indicates that the activity of sympathetic
regulation mechanisms will increase with the increase of
longitudinal body size and muscle mass [3, 13]. The
vegetative equilibrium index is also linked to 4 constitutional
parameters, including the height of the upper thoracic point,
intertrochanteric, muscular, and bone. Vegetative rhythm
index had the highest number of significant correlations
(40.8%) in comparison with other spectral parameters. It
has been found that with increasing total, longitudinal body
sizes, chest and pelvis size, bone and muscle mass, this
indicator will increase and thus the vegetative balance will
be less shifted to the parasympathetic side [13].

The obtained results make it possible to apply the
stepwise regression analysis method to develop normative
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OCOBINMBOCTI B3AEMO3B'A3KIB MIXK KAPOIOIHTEPBAITOMPA®IYHUMM MOKA3HUKAMU TA KOHCTUTYLIIOHANTbHUMU
XAPAKTEPUCTUKAMM Y BUCOKOKBANIPIKOBAHUX BOPLIIB ME3OMOP®HOIO COMATOTUNY
Cueak A.B., CapaguHrok JI.A., CapagpuHiok I1.B., llinbeaH4yk J1.I., CopokiHa H.O.

MexaHismu peaynauii cepyegoz2o pummy maromp 6e3niy iHOugidyanbHuUx ocobnusocmel, kKompi obymMoerneHi 8ikom, cmammio,
mpeHoB8aHiCMI0 op2aHi3My, CUJIOK i XapaKmepoM 308HIWHbO2O 8IIUBY, KOHCMUMYyUioOHanbHUMU ocobnusocmsamu opeaHismy. Mema
pobomu - 8u3Ha4YuMuU 83aeMO038'A3KU M KapOioiHmepesanospahidHUMU MoKa3HUKaMu ma napamempamu 308HiWHbOI 6ydosu mina y
8uCcOoKoKearigikosaHux bopuyie me3omopghHoeo comamomuny. Y docnidxeHHi 835U yyacmb 24 6opuie y siyi 8id 17 do 21 poKy 3 8UCOKUM
pisHeMm criopmugHoi maticmepHocmi i cmaxxem binbwe 3 pokig. Bei bopui 6ynu cepedHix sazosux kamezopill i 3alimarnucs 8iibHOK ma
epeKo-pumcbkoto bopombbor. Hamu 6yno nposedeHe 0ocridxeHHs eapiabenbHocmi cepuyesoeo pummy Ha KapdionoaiyHomy
komm'tomepHomy OiaeHocmuyHomy komnnekci "OPTW" 3a pekomeHdauissmu €eponeticbkoi ma [ligHidyHoamepukaHCbKoI kapdionoaiyHoi
acoujauii (1996]. BusHa4anu roka3HUKU eezemamueHo20 eoMeocma3sy 3a baescbkuM, eapiauiliHoi mynscomempii, cmamucmuyHi ma
criekmparbHi kaplioiHmepearnogpaghidyHi MoKkasHUKU. AHmporomempito rposodurnu 3a Memodom B.B. byHaka (1941), comamomunornozaiyHe
docnidxeHHs1 - 3a po3paxyHKogor mMoodudpikauieto memoda Heath-Carter (1990), eusHayeHHs KOMITOHEHMHO20 cknady macu mina 3a
memodom Mametiko (1992). ¥ nakemi "STATISTICA 5.5" 6ye nposedeHull KopensauitiHuli aHarni3 i3 8UKOPUCMaHHAM HerapamempuyHOo20
cmamucmu4Ho2o memody CripmeHa. BusieneHo, wo y 6opuie Me3oMopghHO20 comamomurly MoKasHUKU eapiauitiHoi nynscomempii manu
3 KOHCMUMYyUioHanbHUMU rnapamempamu Halbinbwy Kinbkicmb ma cuny 0ocmosgipHuUX 38'a3Kige, binbwicmb 3 skux 6ynu 360pomHi
cepedHbOI cunu. Bei cmamucmuyHi nokasHUKuU eapiabenibHoCcmi cepyego2o pummy 3 rokasHuKkamu 308HiWHboi 6ydosu mina manu nuwe
380pomHi 0ocmosipHi kopensauii. HalimeHwy Kinbkicmb A0CmO8IipHUX Kopernsauit ausierieHo Or1s criekmparbHUX roKa3HuKie i mapamempie
gezemamueHo20 2omeocma3sy. 3a pesynbmamamu KopensuiliHo2o aHarnidy y 6opuie me3oMopghHo20 comamomurny Mu MOXeMO
npunycmumu, wo i3 36ibWeHHSIM momarsibHUX, Mo3008XHIiX, 06X8amHuUX, MOMEePeYHUX POo3Mipie mina ma M'a3080i ma Kicrmkogeoi mMacu
byOe 6inbw supaxeHUM 6rlue Ha eapiaberibHiCmMb cepyesoeo pummMy cumMnamu4Ho20 gi0diny asmoHOMHOI Hep8osoi cucmemu.
KnrouoBi cnoBa: kopensuii, kapdioiHmepsanoepachiyHi noka3HUKU, aHmMpornoMempuyHi po3mipu, comamomuri, 6opui.

OCOBEHHOCTU B3AMMOCBA3EN MEXOY KAPAWOUHTEPBAINOMPA®UYECKUMU NOKASATENAMU U
KOHCTUTYUMNOHAINbHbIMU XAPAKTEPUCTUKAMU Y BbICOKOKBAINTU®UNLIMPOBAHHbLIX BOPLIOB ME3OMOP®HOIO
COMATOTUNA

Cusak A.B., Capaguniok J1.A., CapadguHrok [1.B., MunbeaH4yk JI1.U., CopokuHa H.A.

MexaHu3smbl peaynayuu cepOeyHo20 pumma UMEM 02POMHOE KOu4yecmeo uHOusudyarbHbIX ocobeHHocmel, Komopble 0bycrioeneHb!
803pacmom, rosiIoM, MPeHUPOBaHHOCMbIO Op2aHU3Ma, curioll U XapaKkmepoM 8HELUHE20 8MUSIHUST, KOHCMUMYUUOHasIbHbIMU 0COBeHHOCMSIMU
opeaaHu3sMa. Llenb pabombl - onpedenums 83aumocesi3u Mex0y KapOuouHmepeanozspaghudyecKuMu rokasamensmu u rnapamempamu
mer1oCI0XKeHUs1 y 8bICOKOK8anuguuuposaHHbIX 6opuyo8 Me3oMopghHo20 comamomuria. B uccriedosaHuu y4acmeosaru 24 bopua e so3pacme
om 17 do 21 200a 8bICOKO20 YpOBHS CrIOPMUBHOE0 Macmepcmea u co cmaxem 6onee 3 nem. Bce 6opubi bbiriu cpedHUX 8€CO8bIX
Kameeaopul U 3aHUMarucCh 8071bHOU U 2peKo-pumckoli bopbboll. Hamu 6bino nposedeHHoe uccrnedosaHue eapuaberibHocmu cepOeyHO20
pumma Ha KapOuosi02u4eCKOM KOMIbomepHoM OuasHocmudeckom komnnekce "OPTW" no pekomeHOauyusm Eeponelckol u
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Features of the relationship between cardiointervalographic indices and constitutional characteristics in highly...

CesepoamepukaHcKol Kapduornoaudeckol accoyuayuu (1996). Onpedensnu nokasamenu eezemamugHo20 2omeocmasa no baesckomy,
8apuayuoHHOU MybCoOMempuU, cmamucmu4yecKkue U criekmparbHble KapOuoUuHmepsaospaghudeckue rnokasamesnu. AHMPONoMempuio
npogodurnu no memody B.B. byHaka (1941), comamomurionoaudeckoe uccriedogaHusi - 1o pacdyemHol modugpukayuu memoda Heath-
Carter (1990), onpedeneHue KOMMOHEHMHO20 cocmasea macchl mesna no memody Mametiko (1992). B nakeme "STATISTICA 5.5" 6bin
rposedeH KoppensyUuoHHbIU aHaau3 ¢ UCrob308aHUEM HerapaMempuyecko2o cmamucmudeckoeo memoda CriupMeHa. BbisierieHo, 4mo
y 6opuyos Me30MopghHO20 comamomura nokasamesiu eapuayuoHHOU MybCoOMempuUU UMenu ¢ KOHCMUMYUUOHaIbHLIMU napamempamu
Hauborbwee Kornu4ecmeso U cury 00CmosepHbIX cesasell, 60MbWUHCMBO U3 Komopbix bbiriu obpamHbie cpedHel cusibl. Bce cmamucmuyeckue
rokasamersiu 8apuaberibHocmu cepd0eyHo20 pumma ¢ rnoKasamesnsamu Meoc/IoXeHUs1 UMenu uuib obpamHbie 00CMOBepHbIE KOPPEesayuu.
HaumeHblwee konuyecmao 00CMO8EPHbIX KOppensayul ebisierieHo Orsi crieKmparbHbIX roka3amesel U napamempos ge2emamugHo20
2omeocmasa. 1o pesynbmamam KOppernsyuoHHO20 aHanu3a y 6opyos mMe3oMopgHO20 comamomuna Mbl MOXem O0rycmums, 4Ymo ¢
yeernu4yeHueM momarsibHbiX, MPoA0/IbHbIX, OX8AMHbIX, MOMEPEYHbIX Pa3Mepo8 mesa, MbILEeYHOU U KOCmHOU Macchl bydem boriee ebipaxkeHHoe
enusiHUe Ha eapuaberibHOCMb cepdeyHO20 pumma CUMMamu4yHoO20 omoerna asmoHOMHOU HEeP8HOU CUCMEeMbI.

KnroueBble cnoBa: koppensyuu, kapououHmepsarnozpaghudeckue rokasamesu, aHmporioMempu4yeckue pa3mepsl, comamomuri, 6opuybl.
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An important problem to date is the dysfunction of meibomian glands in patients with
type 2 diabetes. The aim of our work was to analyze the prevalence of meibomian gland
dysfunction and signs of dry eye disease in patients with type 2 diabetes. We examined
40 patients (80 eyes) with compensated type 2 diabetes mellitus and symptoms of dry
eye disease, who made up the main group at the age of 54.00+8.00 years, and 30
patients (60 eyes) of practically healthy people, aged 51.00+8.00 years. All patients
underwent visiometry, biomicroscopy, ophthalmoscopy, tonometry, compression test to
evaluate the secretion of meibomian glands, Schirmer's test for compression before
and after 30 min. Afterwards, Norn test, meibography, Demodex mite test, laboratory
tests (lipidogram, blood glucose, glycosylated hemoglobin). In addition, standard OSDI,
McMonnies Dry Eye Questionnaire questionnaires were used and an average clipping
rate of1 min was determined. Statistical processing of the obtained results was carried
out using the license package "Statistica 8.0" using parametric estimation methods.
Our study has shown that in patients with diabetes for more than 5 years, dry eye
disease occurs more often and is dominated by moderate and severe severity. Each
patient in the study group, together with the symptoms of dry eye, had signs of dysfunction
of the meibomian glands of varying degrees of severity according to the compression
test and objective symptoms of the disease. A significant difference was found between
the clipping frequency in the control group and the main one (p<0.01). Compared with
the control group, patients with diabetes have a longer interval between the clipping
movements. Meibography data show that patients in the primary group have changes in
the meibomian glands in 90% of cases, while in the control group - 44%. Thus, it was
found that patients with type 2 diabetes had dysfunction of meibomian glands of moderate
severity in 90% of cases, severe - in 10%, which is associated with the duration of
diabetes.

Keywords: diabetes mellitus, meibomian gland dysfunction, dry eye disease,
meibography.

Introduction

Diabetes mellitus is a metabolic disorder that occurs
with chronic hyperglycemia, insulin deficiency, insulin
resistance and is accompanied by complications from the
visual organ: development of retinopathy, cataracts, dry eye
disease. According to the 2015 IDF Diabetes Atlas, about
91% of patients in high-income countries have type 2
diabetes. In 193 million cases, diabetes remains
undiagnosed and causes a high risk of complications [16].
The manifestations of dry eye disease occur in 60-72% in
patients with diabetes mellitus, while in the general
population - 53% [10]. The mechanism of dry eye disease
in such patients has not yet been studied [8, 9], among the
reasons are considered autoimmune dysfunction,

reduction of corneal and conjunctival sensitivity as a result
of neuropathy with the involvement of the lacrimal glands,
increased osmolarity of the lacrimal function. A new
understanding of this problem is reflected in the definition
of dry eye syndrome: "Dry eye is a multifactorial disease of
the ocular surface, characterized by the loss of
homeostasis of the lacrimal film and accompanied by
ocular symptoms in which instability of the lacrimal film
and hyperosmolarity, inflammation and damage to the
ocular surface and neurosensory abnormalities play an
etiological role" [2, 12].

Many studies aimed at studying the pathogenesis of
dry eye syndrome indicate that one of the important risk
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factors for dry eye disease is dysfunction of the meibomian
glands [6, 21-23].

Dysfunction of the meibomian glands is one of the main
causes of the development of posterior blepharitis [19] and
dry eye disease [14]. Its frequency in the general population
is 39-50% [13]. At blockage of openings of glands or stasis
of lipids inside the gland, the secretion decreases and the
composition of the lipid layer of the precorneal film changes,
which normally stabilizes it and reduces evaporation [1,
16].

Chronic conditions such as cancer, diabetes and kidney
failure are known to directly affect immunity. Skin
infestations caused by Demodex sp. show progress in the
case of humoral and cellular immune disorders. The
formation of Demodex infection depends on internal factors
such as sebaceous gland dysfunction and T-cell inhibition,
as well as certain external factors. C. Gékge et al. [4] found
demodicosis in 24.6% of 69 patients with type 2 diabetes
and concluded that impaired blood glucose regulation
increased the sensitivity to D. Folliculorum infection. Some
studies found a statistically significant (p<0.001) difference
in the determination of demodicosis in pregnant women
with gestational diabetes (24.2%) and without (3.3%) [7].

The purpose of the study is to analyze the prevalence of
dysfunction of the meibomian glands and the signs of dry
eye disease in patients with type 2 diabetes.

Materials and methods

The main study group included 40 patients (80 eyes)
with type 2 diabetes mellitus and symptoms of dry eye
disease aged 54.00+8.00 years, among them men - 18
(45%), women - 22 (55%). Duration of diabetes mellitus
type 2 averaged 18 years. The main group was divided into
two subgroups: Ne1 - with type 2 diabetes experience < 5
years (34 eyes) and Ne2 - duration of diabetes > 5 years (46
eyes). The control group consisted of 30 individuals (60 eyes)
of healthy subjects, aged 51.00+8.00 years.

The study followed the basic bioethical standards of the
Helsinki Declaration of Human Rights and Biomedicine
(1977), the requirements of the Helsinki Declaration of
Human Rights (1975) and the Vancouver Convention (1979,
1994), relevant to the provisions of WHO, the International
Council of Medical Scientific Societies, The International
Code of Medical Ethics (1983) and the laws of Ukraine. All
patients were informed and voluntary informed consent was
obtained.

All patients underwent visiometry, biomicroscopy,
ophthalmoscopy, tonometry, compression test to evaluate
the secretion of meibomian glands, Schirmer's test for
compression before and after 30 min., Norn test,
meibography, Demodex tick detection test, laboratory tests
(lipidogram, blood sugar, glycosylated hemoglobin). In
addition, standard OSDI, McMonnies Dry Eye Questionnaire
questionnaires were used and an average clipping rate of 1
min was determined.

Meibography is a method of patient examination that

allows to study in vivo the structure and morphological status
of the meibomian glands. There are various techniques in
the world, both contact and contactless screening. In our
practice, we use a self-developed device based on
photographing the turned eyelid in the infrared radiation
spectrum (patent No. 127795 "Portable device for the study
of the condition of the meibomian glands", patent No.
126656 "Method of obtaining images of the meibomian
glands", 2018) [23]. This technique is non-invasive, non-
contact, can be used with this device portably in all conditions
and does not require prior preparation of the patient. The
obtained data were estimated using the meibograde scale
[20]. The method is based on three major changes in the
meibomian glands: curvature, shortening and complete loss
of glands [20]. The evaluation was performed on a 3-point
scale: 0 - changes in the meibomian glands are absent, 1 -
there are changes in the meibomian glands at 33% of the
eyelid area, 2 - impressions of the meibomian glands take
up 33-66% of the eyelid area, 3 - more than 66% of the eyelid
area have pathological changes in the meibomian glands.

Statistical processing of the obtained results was carried
out using the license package "Statistica 8.0" using
parametric estimation methods.

Results

All patients of subgroup Ne 1 had a decrease in the
number of functioning glands by an average of 28.0%
(according to the compression test) and revealed
dysfunction of the meibomian glands of I-1l severity. Dry eye
disease of the mild degree in this subgroup was detected in
29.4% and the average degree in 47.0% of patients.

Patients of subgroup Ne 2 had a decrease in the number
of functioning glands by an average of 48.2%, grade Il
dysfunction of meibomian glands was observed in 28.2%
(22 eyes); middle-grade dry eye disease was reported in
69.5%, and three patients were diagnosed with a severe
degree.

In the control group, the results of the compression test
were normal.

The Demodex test was positive in 61.3% of the patients
in the main group.

The main complaints that patients presented were:
discomfort, tearing, heaviness of the eyelids, sensation of
sand, redness, pain, itching. Moreover, most patients with
type 2 diabetes had complaints of heaviness of the eyelids
(94.6%), discomfort in the eyes (82.6%), redness that
occurred periodically, more in the evening (70.6%), sensation
of sand and lacrimation (68.0% and 62.6% respectively).

The results of the Schirmer test before compression
and after in subgroup Ne 1 were 5.910£0.100 mm/5min.
and 7.400+0.100 mm/5min.; in subgroup Ne 2 - 4.910+0.100
mm/5min. and 5.810+0.100 mm/5min.; in the control group
- 15.30£0.10 mm/5min. and 17.70£0.10 mm/5min.,
respectively (p<0.05).

The Norn test was in subgroup Ne1 - 9.410+0.500 s
and in subgroup Ne2 - 8.150+0.500 s; in the control group -
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10.50+0.50 s (p<0.05).

The average clipping frequency was 14.00£0.80 per min.
in the main group and 29.00+1.00 per min. in the control.

A significant difference was found between the clipping
frequency in the control group and the main one (p<0.01).
Compared with the control group, patients with type 2
diabetes have a longer interval between clipping movements.

Functional test scores correlate with duration of type 2
diabetes lasting > 5 years (r1=-0.68, r2=-0.56).

According to meibography data, patients in the main group
showed changes in the meibomian glands in 90.0% of
cases, while in the control group - in 44.0%. According to
indicators of the "meibograde" scale in patients of the main
group amounted to 5.000+0.900 points, which indicates the
predominance of dysfunction of meibomian glands of
moderate severity, and in those patients, who had diabetes
for more than 5 years severe dysfunction of meibomian
glands was detected in 14.0%. In patients of the control
group according to the indicators of the scale "meibograde”
was 2.800+0.800, which means that in patients of this group
in 44.0% is dominated by dysfunction of meibomian glands
of mild degree [22, 23].

According to lipidograms, 87.1% of patients with type 2
diabetes and dysfunction of the meibomian glands had a
low level of high-density lipoproteins.

Discussion

In the studies of Figueroa-Ortiza L.C. et al. [3] found that
dry eye disease in patients with diabetes is more often
manifested on the basis of objective features than
subjective ones. Their research has shown that most
patients with dry eye disease have a decrease in goblet
cell count. The higher prevalence of dry eye disease
detected on the basis of examination and coloring data
may also explain the presence of diabetic corneal
neuropathy in patients with diabetes mellitus. An increased
risk of infection in patients with diabetes [5] contributes to
the combination of dry eye disease symptoms with chronic
blepharitis in about 50% of patients. Such a course of
diseases causes difficulties in establishing the primary
link of pathogenesis and their etiology, causing difficulties
for finding an effective treatment regimen [15].

Our study showed that in patients with type 2 diabetes for
more than 5 years, dry eye disease occurs more often and
is dominated by moderate and severe severity. The same
pattern is observed in the study of the Nakonechnyi D.O. and
Bezkorovaina I.M. [10]. M.R. Manaviat et al. [8] indicate that
dry eye syndrome was present in 100% of patients with
diabetes for 15 years or more. The results of Figueroa-
Ortiz L.C. et al. [3] among patients with diabetes without
subjective symptoms of dry eye syndrome, according to
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the McMonnies questionnaire, found that 67.0% of the
Schirmer test was normal, whereas in our study, almost
every patient had signs of dry eye syndrome associated
with prolonged suffering from diabetes mellitus and
possibly lack of proper control over the course of the
disease.

According to the DEWS classification, there are water-
deficient and water-vaporizing forms of dry eye disease,
"dry eye" may be due to insufficient water component of the
tear or increased evaporation of it [2]. Tear evaporation is a
consequence of dysfunction of the meibomian glands [11,
18]. It is believed that the trigger of primary inflammation is
dysfunction of the meibomian glands, which leads to
pathological changes of the lacrimal film [15, 17].

Each patient in the study group, together with dry eye
syndrome, had signs of dysfunction of the meibomian
glands of varying degrees of severity according to the
compression test and objective symptoms of the disease.
A reliable relationship between the degree of dry eye
syndrome and dysfunction of meibomian glands has been
established in the studies by Tomlinson A. et al. [19] and
Qiao J. and Yan X. [14], who believe that the main cause is
the rapid evaporation of the aqueous layer of the lacrimal
film due to lack of lipid. A study by Pathan R. [13] found that
dysfunction of meibomian glands in patients with diabetes
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Conclusions
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people of the same age without diabetes, and in patients
with diabetes for more than 5 years there was mainly a
dysfunction of meibomian glands and amounted to 90.0%.

[2] Craig, J. P., Nelson, J. D., Azar, D. T., Belmonte, C., Bron,A. J.,
Chauhan, S. K, ... Nichols, J. J. (2017). TFOS DEWS Il report
executive summary. The Ocular Surface, 15(4), 802-812. doi:
10.1016/}.jtos.2017.08.003

Vol. 25, Ne4, Page 51-55

53



Meibomian gland dysfunction and dry eye disease symptoms in patients with type 2 diabetes mellitus

[3] Figueroa-Ortiz, L. C., Rodriguez, E. J., Garcia-Ben, A., & Garcia-
Campos, J. (2011). Study of tear function and the conjunctival
surface in diabetic patients. Archivos de la Sociedad Espanola
de Oftalmologia (English Edition), 86(4), 107-112. doi: 10.1016/
$2173-5794(11)70020-2

[4] Gokge, C., Aycan-Kaya, O., Yula, E., Ustiin, |., Yengil, E., Sefil,
F., ... Bayram, F. (2013). The effect of blood glucose regulation
on the presence of opportunistic Demodex folliculorum mites
in patients with type 2 diabetes mellitus. Journal of International
Medical Research, 41(5), 1752-1758. doi: 10.1177/
0300060513494730

[5] Gokge, C., Aycan-Kaya, O., Yula, E., Ustiin, |., Yengil, E., Sefil,
F....Bayram, F. (2013). The effect of blood glucose regulation
on the presence of opportunistic Demodex folliculorum mites
in patients with type 2 diabetes mellitus. Journal of
International Medical Research, 41(5), 1752-1758. doi:
10.1177/0300060513494730

[6] Kashnykova, O.A., Maichuk, D. Yu., & Polunyn, G. S. (2004).
Use of soft contact lenses in patients with symptomatic dry
eyes. Refractive surgery, 4(1), 52-58.

[7]Kurt, R. K., Kaya, O. A., Karateke, A., Silfeler, D. B., Karapinar,
0. S, Akkoca, A. N., & Hakverdi, A. U. (2014). Increased
density of Demodex folliculorum mites in pregnancies with
gestational diabetes. Medical Principles and Practice, 23(4),
369-372. doi: 10.1159/000363244

[8] Manaviat, M. R., Rashidi, M., Afkhami-Ardekani, M., & Shoja, M.
R. (2008). Prevalence of dry eye syndrome and diabetic
retinopathy in type 2 diabetic patients. BMC Ophthalmology,
8(1), 10. doi: 10.1186/1471-2415-8-10

[9] Najafi, L., Malek, M., Valojerdi, A. E., Khamseh, M. E., & Aghaei,
H. (2015). Dry eye disease in type 2 diabetes mellitus;
comparison of the tear osmolarity test with other common
diagnostic tests: a diagnostic accuracy study using STARD
standard. Journal of Diabetes & Metabolic Disorders, 14(1),
39. doi: 10.1186/s40200-015-0157-y

[10] Nakonechnyi, D. O., & Bezkorovaina, I. M. (2015). Control of
the course of the "dry eye" syndrome in patients with diabetes
mellitus by the method of tear crystallography when using a
combined preparation based on trehalose and hyaluronate
sodium. Topical Problems of Modern Medicine: Bulletin of
the Ukrainian Medical Dental Academy, 1, 5(4(52)), 194-199.

[11]Németh, J., Fodor, E., Lang, Z., Kosina-Hagyo, K., Berta, A.,
Komair, T. ... Kemer, O. E. (2012). Lid-parallel conjunctival folds
(LIPCOF) and dry eye: a multicentre study. British journal of
ophthalmology, 96(11), 1380-1385. doi: 10.1136/bjophthalmol-
2012-301580

[12] Nichols, K. K., Foulks, G. N., Bron, A. J., Glasgow, B. J., Dogru,

M., Tsubota, K. ... Sullivan, D. A. (2011). The international
workshop on meibomian gland dysfunction: executive
summary. Investigative Ophthalmology & Visual Science,
52(4), 1922-1929. doi: https://doi.org/10.1167/iovs.10-6997a

[13] Pathan, R. (2015). Prevalence of meibomian gland disease in
type Il diabetic patients & its clinical presentations. J. Evid.
Based. Med., 2(4), 346-353. doi: 10.18410/jebmh/51

[14] Qiao, J., & Yan, X. (2013). Emerging treatment options for
meibomian gland dysfunction. Clinical ophthalmology
(Auckland, NZ), 7, 1797-1803. doi: 10.2147/OPTH.S33182

[15] Rapuano, C. J. (2008). American Academy of Ophthalmology
Cornea/External Disease Panel. Preferred Practice Pattern
Guidelines. Conjunctivitis.

[16] Shamsheer, R. P., & Arunachalam, C. (2015). Aclinical study of
meibomian gland dysfunction in patients with diabetes. Middle
East African Journal of Ophthalmology, 22(4), 462-466. doi:
10.4103/0974-9233.167827

[17] Stapleton, F., & Carnt, N. (2012). Contact lens-related microbial
keratitis: how have epidemiology and genetics helped us with
pathogenesis and prophylaxis. Eye, 26(2),185-193. doi:
10.1038/eye.2011.288

[18] Sullivan, B. D., Evans, J. E., Krenzer, K. L., Reza Dana, M., &
Sullivan, D. A. (2000). Impact of antiandrogen treatment on the
fatty acid profile of neutral lipids in human meibomian gland
secretions. The Journal of Clinical Endocrinology &
Metabolism, 85(12), 4866-4873. doi: https://doi.org/10.1210/
jcem.85.12.7066

[19] Tomlinson, A., Bron, A. J., Korb, D. R., Amano, S., Paugh, J.R.,
Pearce, E. ., ... & Dogru, M. (2011). The international workshop
on meibomian gland dysfunction: report of the diagnosis
subcommittee. Investigative ophthalmology & visual science,
52(4), 2006-2049. doi: 10.1167/iovs.10-6997f

[20] Wise, R. J., Sobel, R. K., &Allen, R. C. (2012). Meibography: A
review of techniques and technologies. Saudi Journal of
Ophthalmology, 26(4), 349-356. doi: 10.1016/
j-sjopt.2012.08.007

[21] Zabehailo, A. O., Safonova, T. N., & Makaroy, |. A. (2013). A
new way to determine the severity of the blepharoconjunctival
form of "dry eye" syndrome. Cataract and Refractive
Surgery,13(1), 35-38.

[22] Zhmud, T. M., & Drozhzhina, G. I. (2019). Meibomian gland
dysfunction accompanied by palpebral demodicosis in patients
with type 2 diabetes mellitus. Journal of Ophthalmology, 6(491),
23-28. doi.org/10.31288/oftalmolzh201962328

[23] Zhmud, T. M., Nikolaichuk, D. V., & Nikolaichuk, V. I. (2018).
Improvement of the technique of non-contact portable
meibography. Oftalmologiia. Eastern Europe., 8(4), 488-496.

OUCOYHKLISI MENBOMIEBUX 3AN03 TA O3HAKM CYXOIO OKA Y XBOPUX 3 LIYKPOBUM OIABETOM 2 TUMY
Xmydb T.M., Manaykoea H.B., AHOpywkoea O.0., lpixumanbcbka K.IO.

Baxnueoto npobrnemoro Ha cb0200HIWHIl OeHb € AucyHKUis melibomiegux 3aro3 y Xxeopux 3 uyykposum Oiabemom 2 muny. Memoto
Hawoi pobomu 6yrno npoaHarnizysamu nowupeHicms OuchyHKUii melibomiegux 3a503 ma 03HaK X8opobu Cyx020 OKa y X8opux 3
uykposum diabemom 2 mury. byno o6cmexeHo 40 naujieHnmie (80 oveli) 3 KOMIeHco8aHUM UyKposuM diabemom 2 murly ma cumnmomamu
X80pobu cyxo20 OKa, siKi CKnanu ocHOsHy epyry eikom 54,00+8,00 pokie ma 30 nauieHmig (60 oyel) npakmu4HO 30oposux roded,
sikom 51,00+8,00 pokie. Bcim nayieHmam rposodusiu giziomempito, 6ioMikpockonito, 0ghmasibMOCKOIito, MOHOMEMPIt0, KOMIAPEeCitHUU
mecm Onsi ouiHKu cekpeuii meubomiegux 3ano3, npoby Llupmepa 0o komnpecii ma yepe3 30 xeunuH ricns Hei, npoby HopHa,
metiboepagpito, mecm Ha susieneHHs kniuja Demodex, nabopamopHi docnidxeHHs (ninidogpama, 2/1Ko3a Kposi, 2iKo3unboeaHul
eemo2r106iH). Kpim mozo, sukopucmosysanu cmaHOapmHi onumysansHuku OSDI, McMonnies Dry Eye Questionnaire ma eusHadyanu
cepedHro Yyacmomy KninaHHsA 3a 1 xeunuHy. Cmamucmuy4Ha 0b6pobka ompumaHux pesyrnbmamie rnposedeHa 3a 00rMOMOZ0+0 NTiUeH3ilUHO020
nakemy "Statistica 8.0" 3 gukopucmaHHsIM napamempuyHUX mMemodie oyiHku. [TposedeHe Hamu OCidXKeHHS oKa3aro, Wo y nauieHmis
3 mpusarnicmio yykposozo Oiabemy binbwe 5 pokie xeopoba Cyxo20 OKa 8UHUKAaE Yacmiwie ma repesaxae cepelHil ma eaxkul
cmyniHb msxkocmi. 3a daHUMU KOMIIpeCiliHo2o mecmy ma 06'eKmueHUMU CUMIIMOMaMU 3aX80PH08aHHS KOXeH nauieHm 0ocnidxysaHoi
epynu pa3oM i3 cCUMIMoMaMu Cyx020 OKa Mae O3Haku OucyHKUii Melibomiesux 3aro3 pi3Ho2o cmyrneHsi supaxeHocmi. BusieneHa
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docmosipHa pi3HUUsI MiXK 4acmomoto KiifnaHHS1 y KOHMPOIbHIl epyri ma y ocHogHil (p<0,01). Y nopieHsIHHI 3 KOHMPOIILHOK 2PYIoH0,
xeopi Ha uykposul diabem Mmaromp Ooswull iHmMepsan MiX KrinanbHUMU pyxamu. 3a daHumu meliboepachii ecmaHo8neHo, wo y
rnauieHmie OCHO8HOI epynu 3miHU Metibomiegux 3an103 3ycmpidatomscs y 90% sunadkie, modi ik 8 KOHMPOIbHIt epyni - y 44%. Takum
YUHOM, 8CMaHOBIIEeHO, WO y X80pUX 3 UyKposum Giabemom 2 murly susisrieHo OucehyHKUito melbomiegux 3arno3 cepedHb020 CMYyneHsi
saxxkocmi y 90% sunadkie, saxko2o cmyrneHs - y 10%, wo nos'azaHo 3 mpusanicmio diabemy.

KniouoBi cnoBa: yykposutli diabem, ducgyHKuis melibomiesux 3ar03, xeopoba cyxoz2o oka, meliboepadpisi.

OUCOYHKUNA MEMBEOMUEBbLIX XXENE3 U MPU3HAKU CYXOIO IMMA3A Y BOJIbHbIX C CAXAPHbLIM OUABETOM 2 TUMA
XKmydb T.M., Manaykoea H.B., AHOpywkoea O.A., Npuxumanbckas E.IO.

BaxxHol npobriemol ce200HsAwHe20 OHS1 siensiemcsi ducghyHKyuss melbomuesbix xerne3 y b60sbHbIX caxapHbiM duabemom 2 muna.
Llenbto Hawel pabombi 6bi10 MpoaHanu3uposams pacrnpocmpaHeHHoCcmb OUChYHKUUU MelboMuesbIX Xene3 u npusHakos 6omesHu
Cyxoeo afna3a y 6osnbHbIX ¢ caxapHbiM Quabemom 2 muna. bbino obcnedosaHo 40 nayueHmos (80 2na3) ¢ KOMIeHcUpo8aHHbIM
caxapHbiM Ouabemom 2 muna u cumnmomamu 60o51e3HU CyX0e0 enasa, Komopble cocmasusiu 0OCHO8HY0 epynny eo3pacmom 54,00+8,00
nem u 30 nayueHmos (60 ena3) npakmu4yecku 30opoebix mdel 8 so3pacme 51,00+8,00 nem. Bcem nayueHmam npogodusnu
8u3uomMempuro, BUOMUKPOCKOMNUIO, 0hmMasibMOCKOIMUI, MOHOMEMPUI, KOMIPECCUOHHbIU mecm Orisi OUeHKU Cekpeyuu melibomuesbix
xenes, npoby Llupmepa neped komnpeccuel u yepe3d 30 MuHym nocrie Hee, npoby HopHa, metiboepachuro, mecm Ha krnewa Demodex,
nabopamopHbie uccredosaHus (nunudoepamMma, 2/1H0K03a Kpoeu, 2/1UKO3UMUpo8aHHbIlU 2emoeiobuH). Kpome moeo, ucrionb3oseanu
cmaHOapmHble onpocHuku OSDI, McMonnies Dry Eye Questionnaire u onpedensanu cpedHiow Yacmomy mopaaHusi 3a 1 MUH.
Cmamucmuydeckasi obpabomka rnony4YeHHbIX pe3yrnbmamos rnpogedeHa C MOMOWbI0 ITUYEH3UOHHO20 nakema "Statistica 8.0" ¢
ucrnosib3o8aHUeM napamempuyeckux memodos oueHku. [lposedeHHoe Hamu uccrnedogaHue rokasaso, Ymo y nayueHmos c
dnumernbHOCMbIO caxapHo2o Ouabema bornee 5 nem 6one3Hb Cyx0eo ana3a 803HUKaem HYawe u rnpeobnadarom cpedHue U mspkeribie
cmeneHu msixxecmu. 1o daHHbIM KOMIPECCUOHHO20 mecma U 06beKmMuUBHbIX CUMIMOMO8 3aboriesaHus KaxOobil nayueHm uccrnedyemol
epynnbl eMecme ¢ CUMITMOMaMU CyX0&20 2/1a3a UMes Npu3Haku OucyHKUUU MetibomuesbiX Xene3 pa3nuyHol cmerneHu 8bipaXxeHHoCmU.
BebisienneHa docmosepHasi pa3Huya Mexdy yacmomoU Mop2aHUsi nayueHmos8 KOHmMpPOoibHOU epyrbl U 0CHo8HoU (p<0,01). o cpagHeHuto
€ KOHmMposbHou epynnod, 6onbHble caxapHbiM duabemom umetom 6onee dnumerbHbIl UHMeps8ar Mexo0y Mu2amesbHbIMU O8UXEHUSIMU.
o GaHHbIM Meliboepachuu ycmaHoB8MeHo, YmMo y nayueHmoe8 OCHOBHOU 2pyrirbl USBMeHeHUs1 8 MelboMuesbIX xene3ax ecmpedaomecsi
8 90% criyyaes, moeda Kak 8 KOHmMposibHoU 2pyrne - y 44%. Takum obpa3oM, ycmaHOo8/eHo, Ymo y 6orbHbIX ¢ caxapHbiM Auabemom
2 muna ebisienieHa AucyHKUuUsi metibomuesbix xerne3 cpedHeli cmeneHu msxecmu 8 90% crydaes, msxenot cmeneHu - 8 10%, ymo
ces3aHo ¢ OnumernbHocmbio duabema.

KnroueBble cnoBa: caxapHbili duabem, ducyHkyus melbomuesbix xenes, 6onesHb cyxoeo enasa, meliboepachus.
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During any surgery, in addition to pathology-related factors, it is necessary to evaluate
the individual features of the anatomy of a particular area or complex of organs. The
relevance of such data is confirmed by the results of numerous studies that show that
half of patients are characterized by certain anatomical variants, including the location
ofthe arteries and biliary tract. The purpose of the work is to establish the peculiarities
of the morphometric parameters of the components of the hepatic-duodenal ligament.
The study was based on 50 preparations of fetus corpses (4 to 10 months) and 10
newborns without external signs of anatomical abnormalities or congenital
malformations. Adequate anatomical methods were used during the study:
macropreparation, injection of blood vessels, making topographic anatomical sections,
morphometry. Statistical analysis of the obtained data was performed using the licensed
program RStudio. During the perinatal period, the length of the hepatic-duodenal
ligament was found to increase from 5.224+0.572 mm in fetuses for 4 months to
32.12+1.77 mmin newborns. The chart of change of the average values of its length by
months of prenatal development indicates uneven increase of organometric parameters.
From 4 to 5 months observed a significant increase in the length of the hepatic-
duodenal ligament, while from 5 to 7 months of development observed a period of
relative slowdown of its length, and from 5 to 6 months of development even a relative
decrease in length. The period from 7 to 10 months determines the period of accelerated
growth of ligament. The indices of the width of the hepatic-duodenal ligament in the
perinatal period increased from 3.292+0.227 mm in fetus of 4 months to 21.25+0.938
mm in newborns. The width increases are not uniform. The periods of accelerated
development (4-5 months and 9 months - newborns) and the period of slow development
(5-8 months) were observed. It was proved that there are periods of accelerated and
slow development, in which during periods of intensive development, organometric
indicators always differed significantly, were smaller than the previous ones and
outweighed the following ones respectively (4-5 months and 7-9 months, p<0.05).
Regarding the periods of slow development, the organometric indicators in these periods
did not differ significantly (p>0.05). Therefore, analyzing the dynamics of changes in
the morphometric parameters of the components of the hepatic-duodenal ligament,
revealed periods of their accelerated and slow growth.

Keywords: hepatoduodenal ligament, fetus, anatomy, human.

Introduction

Hepatic-duodenal ligament, portal hepatic vein and
gallbladder are target structures during laparoscopic
cholecystectomy - one of the most common surgical
interventions. This manipulation is for the purpose of treating
gallstone disease, which, although a benign disease, is
potentially dangerous to the patient. As with any surgical
manipulation, cholecystectomy is at risk for complications
and errors for the surgeon. Considering the importance of

the communication structures: biliary tract, portal hepatic
vein, hepatic arteries, etc., any damage to them is dangerous
to the life of the patient [21-23]. That is why, along with surgical
skills, knowledge of variants and features of the topography
of structures of the hepatic-duodenal ligament is equally
important for the favorable course of surgery. The ductal
system of the liver, gallbladder and pancreas develop from
the endodermal diverticula of the duodenum, which are
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immersed in the transverse septum, which promotes the
formation of a ligamentous apparatus - the small omentum
and hepatic-duodenal ligament [24, 25]. Further growth and
rotation of the duodenum lead to displacement of the
rudiments of the pancreas and extrahepatic bile ducts more
dorsally than the duodenum [1-6].

The gallbladder and bladder duct develop from the
vesical diverticulum. Certain features of its development lead
to the formation of certain variants of the structure. By this
term we can mean the doubling of the gallbladder, the
septum of the bladder, the bladder deeply immersed in the
parenchyma of the liver, the gallbladder with mesentery and
the left-sided position of the gallbladder. It should be noted
that most of these anatomical features (except for the deep
position of the bladder) do not present complications for the
surgeon during cholecystectomy [7-12].

The purpose of the study was to determine the
peculiarities of the morphometric parameters of the
components of the hepatic-duodenal ligament of fetuses
and newborns.

Materials and methods

The study was based on 50 preparations of corpses of
fetus (4 to 10 months) and 10 newborns without external
signs of anatomical abnormalities or congenital
malformations. Adequate anatomical methods were used
during the study: macropreparation, injection of blood
vessels, making topographic anatomical sections,
morphometry.

The work was performed in compliance with the main
provisions of the Declaration of the World Medical Association
on the ethical principles of conducting scientific and medical
research with human participation (1964-2000) and the order
of the Ministry of Health of Ukraine No. 690 of 23.09.2009
and is a fragment of a comprehensive planned initiative
scientific research work of department anatomy of human
named after M.G. Turkevych, anatomy, topographic anatomy
and operative surgery of the Higher Medical Institute of
Ukraine "Bukovinian State Medical University": "Features of
morphogenesis and topography of organs and systems in
prenatal and postnatal ontogeny periods" (State registration
no. 0115U002769).

Statistical analysis of the obtained data was performed
using the licensed program RStudio. The null hypothesis
was tested that the samples were taken from one distribution
or from distributions with the same median:

H,: {each group has the same distribution}

H,: {each group does not have the same distribution}.

The nature of the distributions was estimated for each of
the variations obtained, the average for each trait being
studied, the standard deviation, the percentile span of the
indicators. Used Student's t test, nonparametric Kruskal-
Wallis test (answers the question whether there are
differences between group distributions, but does not specify
which groups are different), Conover-lman test for
comparison of stochastic dominance and results between

different pairwise comparisons after test for stochastic
dominance among groups. Statistically significant values
were considered to be p<0.05.

Results

Analyzing the organometric parameters of the hepatic-
duodenal ligament by constructing a box diagram (Fig. 1), it
can be seen that the difference between the medians of the
samples (horizontal line in the box) is statistically significant.
The Kruskal-Wallis test performed the following results:
since p<0.05, the difference between the medians of the
groups is statistically significant. Using the Conover-Iman
test, when comparing the morphometric parameters of the
length of the hepatic to duodenal ligament of fruits of different
age groups and newborns, revealed certain features of their
dynamics. The length of the hepatic-duodenal ligament of
the fetus of 4 months significantly shorter than in fetus of 5
months (p<0.05). However, this parameter is not significantly
different from such fruits for 6 months (p>0.05), the latter, in
turn, is significantly smaller than the length of the hepatic-
duodenal ligament of the fetus for 5 months. Further, from
the 6th to the 9th month of development, the morphometric
indices differ significantly with each other, and the index of
the length of the hepatic-duodenal ligament of each
subsequent month significantly exceeds that of the previous
month. Median difference for couple: "10 months" -
"newborns" are not statistically significant (p>0.05), that is,
the length of the hepatic-duodenal ligament of the fetus is
10 months and newborns were not significantly different,
although they were by far the highest among all study groups.

Descriptive statistics of the length of the hepatic-
duodenal ligament during the perinatal ontogeny period are
presented in Table 1.

The graph of the mean values of hepatic-duodenal
ligament by age group (Fig. 2) of the perinatal period indicates
the intensity of changes in the parameters of hepatic-
duodenal ligament during the perinatal ontogeny period.

Column diagram for the group of medium hepatic-
duodenal ligament widths looks like (Fig. 3).

Analyzing the morphometric parameters of the width of
the hepatic-duodenal ligament by constructing a box

40

4month 5 month Gmoenth  Tmonth & month Smonth 10 month  Newboms

Age group

Fig. 1. Box diagram of length of hepatic-duodenal ligament by age
groups.
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Table 1. Descriptive statistics of hepatic-duodenal ligament length

during the perinatal ontogeny period.

Age arou Average Standard error for Confidence interval
g€ group 9 the average for the average
4 month 5.224 0.572 (4.090; 6.352)
5 month 8.551 0.681 (7.021; 10.08)
6 month 7627 0.485 (6.543; 8.753)
7 month 10.25 0.48 (9.171; 11.33)
8 month 15.17 1.04 (12.81; 17.53)
9 month 20.80 1.20 (18.09; 23.51)
10 month | 27.91 1.09 (25.48; 30.34)
Newborns 32.12 1.779 (27.94; 36.30)
P
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Fig. 2. Schedule average values of hepatic-duodenal ligament
length in age groups.
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Fig. 3. Box diagram of hepatic-duodenal ligament width by age
groups.
Table 2. Descriptive statistics of hepatic-duodenal ligament width
during the perinatal ontogeny period.

Age group | Average Standard error for Confidence interval
the average for the average
4 month 3.292 0.227 (2.811; 3.786)
5 month 6.495 0.282 (5.862; 7.127)
6 month 6.184 0.211 (5.754; 6.667)
7 month 7.952 0.471 (6.894; 9.015)
8 month 10.28 0.51 (9.134; 11.43)
9 month 11.92 0.37 (11.08; 12.76)
10 month 16.99 0.79 (15.24; 18.74)
Newborns 21.25 0.90 (19.26; 23.38)
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Fig. 4. Graph of mean hepatic-duodenal width by age groups.

diagram (see Fig. 3), it can be seen that the difference
between the medians of the samples (horizontal line in the
box) is statistically significant. The Kruskal-Wallis test
performed the following results: since p<0.05, the difference
between the medians of the groups is statistically significant.
Using the Conover-Iman test, when comparing the
organometric parameters of the width of the hepatic-
duodenal ligament of fetus of different age groups and
newborns revealed certain peculiarities of their dynamics.
Width of hepatic-duodenal ligament of fetus 4 months
significantly less than in fetus of all subsequent age groups
(5 months - newborns) (p<0.05). However, this parameter is
not significantly different from such fetus for 5 months and 6
months (p>0.05), the latter in turn significantly smaller than
the width of the hepatic-duodenal ligament of the fetus for 7
months - newborns. In the following, the parameters of the
width of the hepatic-duodenal ligament from fetus 7 months
to newborns significantly outweigh those of the previous
month and significantly less than the parameters of the
following months.

Descriptive statistics of the width of the hepatic-duodenal
ligament during the perinatal ontogeny period are presented
in Table 2.

The graph of mean hepatic-duodenal ligament lengths
by age group (Fig. 4) of the perinatal period indicates the
intensity of change in hepatic-duodenal ligament width
during the perinatal period.

Discussion

Comparing the graphs of the average values of the
length and width of the hepatic-duodenal ligament at each
of the stages of the perinatal period, it is worth noting that
some processes of increasing organometric parameters
are not synchronous.

The graph of average values of the length of the hepatic-
duodenal ligament by age groups of the perinatal period
indicates the presence of two periods of accelerated
development (4-5 months and 7-9 months) and a period of
slow development (5-7 months). Regarding the width of
the ligament, we found that there were two periods of
accelerated development (4-5 months and 9 months -
newborns) and a period of slow development (5-8 months).

58

ISSN 1818-1295 elSSN 2616-6194 Reports of Morphology



Yuzko R.V., Slobodian O.M.

It is worth noting that at some stage of development (6
months), the length of the hepatic-duodenal ligament is
even slightly reduced, which can probably be associated
with an increase in the adjacent organs - the liver and the
duodenum in this period [13-20].

The presence of periods of accelerated and delayed
development is confirmed by the validity of the differences
in indicators of width and length of hepatic-duodenal
ligament. The period of slow increase in the ligament length
is 5-7 months, coincides with periods of no significant
difference between organometric parameters (p>0.05). At
the same time, the periods of accelerated growth coincide
with the periods of significant difference in the
morphometric parameters of the ligament (4-5 months and
7-9 months, p<0.05). A similar situation was observed with
periods of intensive and slow growth of the link width. For
4-5 months we observe a period of accelerated increase
in the width of the hepatic-duodenal ligament at the same
time, the morphometric parameters significantly increase
and differ (p<0.05). While in the period of slow development
(5-6 months), the morphometric parameters of the ligament
width do not differ (p>0.05).

Conclusions
1. During the perinatal period, the length of the hepatic-
duodenal ligament increases from 5.224+0.572 mm in

References

[1]Akhtemiychuk, Yu. T., Khmara, T. V., & Proniaiev, D. V. (2008).
Variant of the abdominal cavity organ’s anatomy. Clinical
Anatomy and Operative Surgery, 7(3), 81-82.

[2] Akhtemiychuk, Yu. T., Slobodyan, O. M., Khmara, T. V.,
Zavolovych, A. Y., Oliynyk, I. Yu., Pronyayev, D. V., ...
Kryvetskyi, V. V. (2011). Essays on Perinatal Anatomy.
Chernivtsi: BSMU.

[3] Choi, J. U., Hwang, S.,Ahn, C. S.,Moon, D.B., Ha, T. Y., Kim, K.
H., ... Lee, S. G. (2019). Prolonged occlusion of the
hepatoduodenal ligament to reduce risk of bleeding and tumor
spread during recipient hepatectomy for living donor liver
transplantation. Annals of Hepato-Biliary-Pancreatic Surgery,
23(1), 61-64. doi: 10.14701/ahbps.2019.23.1.61

[4] Corazziari, E., Cicala, M., Habib, F. ., Scopinaro, F., Fiocca, F.,
Pallotta, N., ... Torsoli, A. (1994). Hepatoduodenal bile transit in
cholecystectomized subjects. Digestive Diseases and
Sciences, 39(9), 1985-1993. doi: 10.1007/bf02088136

[5] De Roo, A. C., Siddiqui, S., & Mychaliska, G. B. (2017).
Hepatoduodenal ligament teratoma with immature elements.
Pediatric surgery international, 33(9), 1023-1026. doi:
10.1007/s00383-017-4123-2

[6] Gadzijev, E. M. (2002). Surgical anatomy of hepatoduodenal
ligament and hepatic hilus. Journal of Hepato-Biliary
Pancreatic Surgery, 9(5), 531-533. doi: 10.1007/
s005340200068

[7] Garg, S., Hemanth, K. K., Sahni, D., Aggarwal, A., Gupta, T., &
Yadav, T. D. (2015). Rare ringlike hepatic arterial anastomoses
in the hepatoduodenal ligament. Journal of Vascular and
Interventional Radiology: JVIR, 26(6), 923-925. doi: 10.1016/
j.jvir.2014.12.611

[8] Gerrard, A. D., Lunevicius, R., & Heavey, N. (2019). Traumatic
bruising of the hepatoduodenal ligament can conceal a

fetuses for 4 months to 32.12+1.77 mm in newborns. The
chart of change of the average values of its length by months
of prenatal development indicates uneven increase of
organometric parameters. From 4 to 5 months observed a
significant increase in the length of the hepatic-duodenal
ligament, while from 5 to 7 months of development
observed a period of relative slowdown of its length, and
from 5 to 6 months of development even a relative decrease
in length. The period from 7 to 10 months determines the
period of accelerated growth of ligament.

2. The indices of the width of the hepatic-duodenal
ligament in the perinatal period increase from 3.292+0.227
mm in the fetus in 4 months to 21.25+0.93 mm in newborns.
The width increases are not uniform. The periods of
accelerated development (4-5 months and 9 months -
newborns) and the period of slow development (5-8
months) were observed.

3. Itis proved that there are periods of accelerated and
delayed development, according to which, during periods
of intensive development, organometric indicators always
differed significantly, were smaller than the previous ones
and outweighed the following ones respectively (4-5
months and 7-9 months, p<0.05). Regarding the periods
of slow development, the organometric indicators in these
periods did not differ significantly (p>0.05).

catastrophic injury to the hepatic artery. BMJ Case Reports
CP, 12(9), e230706. doi: 10.1136/bcr-2019-230706

[9] Gundapaneni, S., Dhua, A. K., Jain, V., Jana, M., Agarwala, S.,
& Bhatnagar, V. (2018). Teratoma in the hepatoduodenal
ligament. Journal of Indian Association of Pediatric Surgeons,
23(4), 228-231. doi: 10.4103/jiaps.JIAPS_36_18

[10] Hayashi, H., Takamura, H., Higashi, Y., Shoji, M., Nakanuma, S.
1., Tajima, H., ... Kakinoki, K. (2014). Relationship Between
Midgut Malrotation and Anatomy of the Hepatoduodenal
Ligament: A Rare Anatomical Variation in a Deceased Donor.
In Transplantation Proceedings, 46(4), 1087-1089. doi:
10.1016/j.transproceed.2013.09.050

[11] Inoue, Y., Saiura, A., & Takahashi, Y. (2018). A Novel
Classification and Staged Approach for Dissection Along the
Celiac and Hepatic Artery During Pancreaticoduodenectomy.
World Journal of Surgery, 42(9), 2963-2967. doi: 10.1007/
s00268-018-4550-9

[12] Jeismann, V. B., Dumarco, R. B., di Loreto, C., Barbuti, R. C., &
Jukemura, J. (2014). Rare cause of abdominal incidentaloma:
Hepatoduodenal ligament teratoma. World Journal of
Gastrointestinal Surgery, 6(5), 80-83. doi: 10.4240/
wjgs.v6.i5.80

[13] Kaneoka, Y., Maeda, A., & Isogai, M. (2015). En bloc resection
of the hepatoduodenal ligament for advanced biliary
malignancy. Journal of Gastrointestinal Surgery, 19(4), 708-
714.doi: 10.1007/s11605-014-2731-x

[14] Kaneoka, Y., Yamaguchi, A., Isogai, M., Harada, T., & Suzuki,
M. (2003). Hepatoduodenal ligament invasion by gallbladder
carcinoma: histologic patterns and surgical recommendation.
World Journal of Surgery, 27(3), 260-265. doi: 10.1007/
s00268-002-6702-0

[15] Kayaalp, C., Tolan, K., & Yilmaz, S. (2016). Hepatoduodenal

Vol. 25, Ne4, Page 56-61

59



Organometric parameters of hepatoduodenal ligament n the perinatal period

ligament dissection technique during recipient hepatectomy
for liver transplantation: How | do it?. World Journal of
Transplantation, 6(2), 272-277. doi: 10.5500/wijt.v6.i2.272

[16] Kobayashi, T., Yoshikawa, S., Takeuchi, M., & Terai, S. (2019).
Hepatobiliary and Pancreatic: AL amyloidosis presented as a
hematoma in the hepatoduodenal ligament. Journal of
Gastroenterology and Hepatology, 34(11), 1897-1897. doi:
10.1111/jgh.14744

[17] Kohashi, T., Itamoto, T., Matsugu, Y., Nishisaka, T., & Nakahara,
H. (2017). An adult case of lymphangioma of the
hepatoduodenal ligament mimicking a hepatic cyst. Surgical
Case Reports, 3(1), 1-4. doi: 10.1186/s40792-016-0280-0

[18] Maeba, T., Maeta, H., Wakabayashi, H., Okada, S., Mori, S., &
Karasawa, Y. (1998). Modified hepatoduodenal
ligamentectomy for advanced carcinoma of the biliary tract:
the importance of preservation of the replaced left hepatic
artery. Journal of Hepato-biliary-pancreatic Surgery, 5(3),
297-302. doi: 10.1007/s005340050049

[19] Matsuoka, N., Weiner, J. I., Griesemer, A. D., Samstein, B. B.,
Zhao, Y., Emond, J. C., & Kato, T. (2015). Ex vivo
pancreaticoduodenectomy and liver autotransplantation for
pancreatic head tumor with extensive involvement of the
hepatoduodenal ligament. Liver Transplantation, 21(12), 1553-
1556. doi: 10.1002/1t.24229

ligament for carcinoma of the bile duct and gallbladder. Surgical
technique and a report of 11 cases. Hepato-gastroenterology,
38(6), 561-567. PMID: 1685724

[21] Miyata, T., Fujiwara, Y., Nishijima, K., Futagami, F., Nakamura,
T., & Takamura, H. (2019). Localized multiple malignant
epithelioid peritoneal mesotheliomas arising from the
hepatoduodenal ligament and diaphragm: a case report.
Journal of Medical Case Reports, 13(1), 66. doi: 10.1186/
$13256-019-2008-9

[22] Oh, S. E., Choi, M. G, Lee, J. H., Sohn, T. S., Bae, J. M., & Kim,
S. (2017). Prognostic implication of hepatoduodenal ligament
lymph nodes in gastric cancer. Medicine, 96(13), €6464. doi:
10.1097/MD.0000000000006464

[23] Riabyi, S. I., Biriuk, |. G., Sykyrytska, T. B., Kukovska, I. L., &
Proniaiev, D. V. (2018). Morphogenesis of human bile ducts in
embryonic period. Clinical Anatomy and Surgical Surgery,
17(1), 97-102. doi: 10.24061/1727-0847.17.1.2018.16

[24] Sharma, M., Rameshbabu, C. S., Dietrich, C. F,, Rai, P., &
Bansal, R. (2018). Endoscopic ultrasound of the
hepatoduodenal ligament and liver hilum. Endoscopic
Ultrasound, 7(3), 168-174. doi: 10.4103/2303-9027.193584

[25] Ukiyama, E., Endo, M., & Yoshida, F. (2008). Hepatoduodenal
ligament teratoma with hepatic artery running inside. Pediatric
Surgery International, 24(11), 1239-1242. doi: 10.1007/

[20] Mimura, H., Takakura, N., Kim, H., Hamazaki, K., Tsuge, H., & s00383-008-2205-x

Ochiai, Y. (1991). Block resection of the hepatoduodenal

OPFAHOMETPWUYHI NAPAMETPU MNEYIHKOBO-ABAHAOLATUMNAINOI 3B'A3KWN Y NEPUHATANILHOMY NEPIOAI

FO3bko P.B., Cno6odsiH O.M.

[1id yac nposedeHHsi 6yOb-9K020 Orepamu8HO20 8Mpy4aHHs, OKpiM ¢hakmopie, W0 8UKUKaU rnamorsoeit, HeobxidHo ouiHumu
iHOusidyarbHi ocobnusocmi aHamomii miei yu iHwoi dinsiHKu, abo Komrnekcy opeaHie. AKmyarbHicmb makux aHux niomeepoxxyemscs
pe3ynbmamamu YucseHHUX 00cnidxeHb, Kompi rnokasytomsb, WO 0/08UHI NayieHmMie xapakmepHi neeHi aHamomidyHi eapiaHmu,
30Kpema, i po3mauwyeaHHs1 apmepil ma xos4yoeugiOHux wrsxie. Mema pobomu - ecmaHosumu ocobnusocmi MopghomMempuyHUX
rnapamempie KOMoHeHmi8 nevyiHkogo-0eaHaduysmunaroi 38’s3ku. Mamepianom docnidxeHHs nocnyxunu 50 npenapamie mpynig
nnodie (8i0 4 do 10 micsauig) ma 10 HogoHapodxeHuUx 6e3 308HIWHIX 03HaK aHamoMIiYHUX 8idXuneHb abo 8pOodXeHUX 8ad pPO38UMKY.
[1id 4ac docnidxeHHs1 sukopucmosysanu adekgamHi aHamoMidHi Memodu: MakporpernapyeaHHs, iH'€KUito KDOBOHOCHUX CyOUH,
8U20MoBJIeHHST morozpagho-aHamoMiYHUX 3pi3ie, Mopghomempiro. CmamucmuyHul aHasia ompumaHux 0aHuUx rnpogoodusiu 3a O0MOMO20t0
niyeH3oeaHoi npozpamu RStudio. BcmaHo8reHo, wo ernpodosx nepuHamarnbHO20 nepiody 0oexuHa neviHkogo-08aHaduysmunanoi
38'A3Kku 36inbwyemscs 8i0 5,224+0,572 mm y nnodie 4 mic. 0o 32,12+1,77 mm y Ho8oHapodxeHux. paghik 3MiHU cepeldHix 3Ha4eHb ii
Q08XUHU MO MICAUSM 8HYMPIiWHbOYymMpPObHO20 pO38UMKY 8Ka3ye Ha HePIBHOMIpHE 306iNbWeHHsT op2aHOMempuYHUX napamempis. Tak,
3 4 no 5 mic. cnocmepizanu icmomue 36inbweHHsT Q08XUHU reviHKkogo-0e8aHadusimunanoi 38's13ku, 8 mol 4Yac sik 3 5 no 7 micsiub
po3sumky criocmepieanu nepiod 8iOHOCHO20 yro8ibHEeHHST 36inbWweHHs i doexuHuU, a 8 rnepiod 3 5 no 6 micsaui po3sumky Hagsimb i
8iOHOCHEe 3MeHWeHHs1 008XuHU. Y nepiod 3 7 no 10 micAyi susHavaembCcsi nepiod rnpucKopeHo2o pocmy 38'asku. [MoKa3HUKU WUpPUHU
reviHKoeo-08aHadussmunarnol 38'a3Kku y nepuHamarsnbHoMy nepiodi 36inbwyromscsi 3 3,292+0,227 mm y nnodie 4 mic. do 21,250,938
MM y HO80HapoOxeHuXx. 36inbweHHs WupuHu 8i0bysaembcs HepigHoMipHO. Criocmepieanu HasigHicmb nepiodie NPUCKOPeHo20 PO38UMKY
(4-5 mic. ma 9 mic. - HogoHapodxeHi) ma repiod yrnoeinbHeHo20 po3sumky (5-8 mic.). byno doeedeHo HasigHicmMb repiodie NPUCKOPeHo20
ma yroeinbHeHo20 PO38UMKY, 3@ KOMPUMU y repiodu iHMeHCUBHOZ0 PO38UMKY Op2aHOMEMPUYHI MOKa3HUKU 3aexou 00Cmoe8ipHO
8i0pi3HANuUCh, bynu MeHwuUMuU 3a ronepedHi ma rnepeesaxanu HacmyrHi, 8idnosidHo (4-5 mic. ma 7-9 wmic., p<0,05). LLjodo nepiodis
yrnoeinbHeHO020 PO38UMKY, MO Op2aHOMEMPUYHI MOKa3HUKU 8 OaHi nepiodu docmosipHo He 8idpisHsnuck (p>0,05). Omxe, aHani3yo4u
OUHaMIKy 3MiH MOpghoMempuUYHUX Mapamempie KOMIOHEeHMI8 reviHKo8o-08aHadussmunasoi 368’s3ku, ausienieHi nepiodu ix MPUCKOPeHo20
ma ynoeinbHeHo20 pocmy.

KnrouoBi cnoBa: redyiHkogo-08aHadusimurnana 36’s3ka, rnio, aHamomisi, foouHa.

OPrAHOMETPWUYECKUE MAPAMETPbI MEYEHOYHO-ABEHALLATUNEPCTHOW CBA3KW B MEPUHATAJIbHOM NEPUOLE
HO3bKk0 P.B., Cno6odsiH A.H.

Bo epems nposedeHusi onepamusHbIX Melwamernscme, KpomMe (hakmopos, noeneKkwux 3a coboli namonoauto, HeobxoOUMO y4umbsigams
u uHOusudyarnbHble 0CObeHHocmu aHamomuu mol unu uHol obnacmu, unu KoMmrsekca ornepupyembix opaaHos8. AKmyarnbHOCMb
makux OaHHbIX nodmeepxdaemcs pe3ynbmamamMu MHOXecmsa uccredosaHull, KOMopble yKasblearkm Ha mo, 4Ymo 8 0sI08UHe
crny4yaee nayueHmam xapakmepHbl orpedesieHHble aHamoMu4yecKue eapuaHmel pa3MeweHusr apmepul U xendyeebigodsauux nymed.
Llenb pabomsl - ycmaHosume 0CO6eHHOCMU MOPGOMEmPUYECKUX napamempo8 KOMIMOHEHMO8 ne4eHOoYHO-08eHadyamurnepcmHou
ces3ku. Mamepuanom uccnedosarus nocnyxunu 50 npenapamoe mpynog nnodos (om 4 do 10 mecsiyes) u 10 HOBOPOXOEHHbIX be3
BHEWHUX MPU3HAKO8 aHamoMUYeCKUX OMKIIOHeHUU Unu 8poxOeHHbIX NOpoKoe padsumus. Bo epems uccrnedoeaHusi ucrons3oeanu
adekeamHble aHamomuyeckue mMemoObl: MakpornpenapupogaHue, UHbEKUUI KPOBEHOCHbIX cocyd008, u32omoserieHue
monoegpaghoaHamomuyeckux cpesos, mopgomempuro. Cmamucmuyeckuli aHanu3 nosnay4eHHbIX 0aHHbIX MPo8ooUsIU C MOMOUWbIO
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nuyeH3uposaHHol npoepammbl RStudio. YecmaHoeneHo, ymo 8 medyeHue rnepuHamanbHo2o nepuoda OnuHa Ne4eHo4YHo-
dseHaduyamurniepcmHol ceasKku yeenuyueaemcsi om 5,224+0,572 mm y nnodos 4 mec. 0o 32,12+1,77 MM y HOBOPOXOeHHbIX. [pachuk
U3MeHeHUs1 cpedHUX 3HadyeHul ee OnuHbl N0 MecsuaM 8HympuympobHO20 pa3gumus yKasbieaem Ha HepasHOMEepHoe ysenudyeHue
opz2aHoMempuy4yeckux napamempos. Tak, ¢ 4 no 5 mec. Habnwdanu cywecmeeHHoe ygesuyeHue ONUHbI MeYeHOYHO-
dseHalduamurnepcmHoU C8s3KU, 8 MO 8peMsi Kak ¢ 5 o 7 mecsAy passumusi Habnodanu nepuod omHoOcUMenbHo20 3amedneHus
ysenu4eHus ee OnuHbl, a 8 rnepuod ¢ 5 no 6 mecsAy eHympuympobHoeo pa3sumusi 0axe OomHocumerlbHoe yMeHblweHue OnuHbl. B
nepuod ¢ 7 rno 10 mecsay, onpedesnisiemcs nepuod ycKopeHHo20 pocma cesa3sKu. [lokazamernu wupuHbl ne4eHoYHo-08eHadyamunepcmHoul
C853KU 8 nepuHamarnbHoM repuode pacmym ¢ 3,292+0,227 mm y nnodos 4 mec. 0o 21,25+0,938 MM y HOBOPOXOEHHbIX. YeenuyeHue
WIUPUHBI ripoucxodum He pasHoMepHo. Habnwdanu Hanu4ue nepuodo8 ycKopeHHo20 pa3sumusi (4-5 mec. u 9 mec. - HOBOPOXKOEHHbIE)
u nepuod 3amedneHHo20 pa3zsumus (5-8 mec.). bbino Aoka3aHO Hanuyue repuodo8 YyCKOPEeHHO20 U 3aMeldsIeHHO20 pa3eumusi, o
KomopbIM 8 repuodbl UHMEHCUBHO20 pa3gumusi opaaHoMempuyecKkue rnokasamesu ece2da 00CmMoO8epHO omuyanuck, bbinu MeHbwe
npedbidywux u npeobnadanu Had nocrnedyrwumu, coomeemcmeeHHo (4-5 mec. u 7-9 mec., p<0,05). OmHocumenbHO repuodos
3amedrieHHO20 pa3guMuUs, Mo opaaHoMempu4yecKkue rnokasamesnu 6 0aHHble nepuodbl docmosepHo He omuyanucek (p>0,05). Mimak,
aHanusupysi OUHaMUuKy USMeHeHUl MOopghOMempu4ecKkux napamempos KOMIOHEHMOo8 ne4yeHo4YHo-08eHaduyamurnepcmHoUl Ces3Ku,
8bIsie/IeHb! Nepuodbl UX YCKOPEHHO20 U 3amedrieHHO20 pocma.

KntoueBble cnoBa: neyeHoyHo-08eHaduamurnepcmHas cesska, niod, aHamomusi, Yesrosex.
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To date, allohernioplasty of giant postoperative ventral hernias retains high postoperative
mortality and a significant number of postoperative complications. The purpose of the
study is to investigate the possibility of intraperitoneal use of polypropylene and
composite implants in allohernioplasty of postoperative giant ventral hernias by studying
the morphological changes of the great omentum. The results of surgical treatment of
146 patients with postoperative giant ventral hernias were investigated. To this group of
patients with allohernioplasty by the method onlay was performed 22 (15.1%) patients,
by the method sublay - 46 (31.5%), by the method inlay - 52 (35.6%), with intra-
abdominal placement of the mesh by the method onlay (intraperitoneal onlay mesh) -
26 (17.8%). 32 (21.9%) patients who underwent surgery using the sublay method
polypropylene implant was fenced off from the abdominal organs with a great omentum,
22 (15.1%) patients operated on by the intraperitoneal onlay mesh method composite
implant was also fenced off from the abdominal organs by a great omentum. In 8 (5.5%)
patients from the group of patients who were operated on by the sublay method and in
6 (4.1%) - operated by the intraperitoneal onlay mesh method for 14-18 days patients
developed signs of chronic intestinal obstruction, where the cause was postoperative
adhesive illness. The study of the effect of polypropylene prosthesis on a great omentum
was performed on 8 outbred dogs and 6 outbred mature dogs, who were implanted with
a composite mesh unilaterally covered with oxycellulose. The polypropylene implant
has been shown to have a greater capacity for the development of adhesive processes.
However, if a great omentum to protect this prosthesis from the abdominal cavity then
the first zone (active inflammation) spread in 155 microns (increase in the number of
blood capillaries of the microcirculatory bed, thickening of the arterioles wall, venous
full blood flow, diapedesis of leukocytes through the wall of the blood cells), the second
zone (sclerosis) - up to 40 microns (increase in the number of macrophages and
lymphocytes. proliferation of fibroblasts). In the future, the structure of the omentum
was almost indistinguishable, so with allohernioplasty by the developed method, it was
possible to prevent the development of adhesive disease on the intestine. This study
confirmed the limited spread of the inflammatory response, which allows the implant of
a polypropylene mesh on a great omentum. In the composite mesh, the composite
mesh was spliced with surrounding tissues from the side where there was no gel
coating, and from the side of the salivary coating, the "readiness" to spread the
inflammatory process (vasculitis with pronounced lympho-plasmocytic infiltration of
the vessel walls and perivascular ductus), therefore, left it is also necessary to enclose
it with a large omentum from intestium.

Keywords: polypropylene prosthesis, composite mesh, allohernioplasty, great
omentum.

Introduction

The incidence of postoperative ventral hernias after  more sections of the abdominal wall, make up 18-45% [9,
laparotomy, according to various authors, is from 10% to  13]. Of particular concern to surgeons is the degree of
30% [1]. According to many researchers, a special place is  destruction of the anatomical structures of the abdominal
occupied by defects of large and giant size, involving two or  wall, which can be considered a real " catastrophe " when
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conducting reconstructive operations. First of all, this is
due to the fact that the scar formation in the area of hernial
defect runs parallel to the atrophic degenerative processes
in the muscles and fascial-aponeurotic structures of the
abdominal wall [5]. According to some authors, the use of
auxiliary materials has allowed to significantly improve the
results of treatment of patients with giant postoperative
ventral hernias [2, 12]. However, with different methods of
alloplasty, the recurrence of the disease ranges from 10%
to 20% [8].

However, there are studies that state that synthetic tissue
introduced into the body still remains a "foreign" body to it.
The possibility of contact of the implanted prosthesis with
the intestine remains unexplored, and as a result there is
a risk of splicing with the intestine and impaired patency
[3]. Also, some surgeons have noted that the above methods
of alloplasty have a common disadvantage, because they
do not consider the need to attach the prosthesis to the
tendon fixation of the abdominal wall muscles, and thus
exclude the pathogenetic aspect of restoration of function
[5] in cases where the location of polypropylene implant in
the retromuscular or preperitoneal space was impossible
[14, 18]. To solve these problems, consider the choice of a
method of intraperitoneal plastics - an alternative option of
closing the defects of the abdominal wall with localization
M and L (according to the classification Chevrel - Rath) [7].
The use of composite materials has become widespread
[16].

The purpose of the study is to investigate the possibility
of intraperitoneal use of polypropylene and composite
implants in allohernioplasty of postoperative giant ventral
hernias by studying the morphological changes of the great
omentum.

Materials and methods

For the period 2002-2018 at the Department of Surgery
Ne1, 146 patients with postoperative giant ventral hernias
were operated (according to the classification of J.P. Chevrel
and A.M. Rath). The age of patients ranged from 40 to 88
years. This group of patients with allohernioplasty was
performed by the method onlay 22 (15.1%), sublay - 46
(31.5%), inlay - 52 (35.6%), IPOM - 26 (17.8%). Preference
was given to operations that did not reduce abdominal
volume. Of the 46 (31.5%) patients operated on by the
sublay method, 32 (21.9%) patients with a polypropylene
implant ("Ukrainian chain mail", "Lintex") were fenced off
from the abdominal cavity by great omentum. Of the 26
(17.8%) patients operated on by the IPOM method, 22
(15.1%) patients used a composite implant ("Proseed"),
which was also fenced off from the abdominal cavity by
great omentum. In 8 (5.5%) patients from the group of
patients operated on the sublay method and in 6 (4.1%)
operated on the IPOM method, signs of chronic intestinal
obstruction developed on 14-18 days, where postoperative
adhesive disease became the cause.

To determine this reason, it was decided to conduct an

experimental study. Experimental studies selected 14
outbred dogs. The experiment obtained permission of the
Commission on Bioethics National Pirogov Memorial
Medical University, Vinnytsya (protocol Ne1 of 13.01.2011),
which established that the conducted studies meet the
ethical and moral requirements in accordance with the order
of the Ministry of Health of Ukraine Ne281 of 01.11.2000.
During the research, the basic rules of good laboratory
practice GLP (1981), Law of Ukraine Ne3447-1V "On the
Protection of Animals against Cruelty" of 21.02.2006 were
followed. The experiment was carried out in accordance
with the standards of the Council of Europe Convention on
Bioethics (1997), the World Health Association Declaration
of Helsinki (1996), the European Convention for the
Protection of Vertebrate Animals used for experimental and
other scientific purposes (1985). The operative part of the
experiment was performed in the operating room with all
the requirements of asepsis. After surgery, the animals
were kept in the vivarium on a standard diet. There was no
harm to the dogs' health.

From the selected experimental material were cut
fragments of tissue 1 x 1 x 0.5 cm so that the block had
implants and a great omentum with a border between them.
Similarly, sized tissue fragments were obtained from the
clinical operating material, which was fully analyzed. For
fixation of tissues used a 10% solution of neutral formalin.
After dehydration according to the standard scheme, paraffin
blocks were made, sections of which 5-7 um thick were
examined by histological methods (staining with
hematoxylin and eosin, as well as by Van Gieson and Verhoff
methods). Separate histochemical techniques have been
used to verify certain chemical compounds in tissue
structures, as described in the relevant guidelines. For the
verification of protein-synthesizing cells (in particular
immunocompetent) used the Brasche reaction. The
presence of glycogen and glycoproteins was determined
by the method of PAS reaction, lipofuscin - by the method of
detection of acid-resistant lipofuscin in semi-thin sections
according to Ziehl-Nielsen.

Preparations were viewed under the OLYMPUSBX 41
microscope at magnifications of 40, 100, 200 and 400.
Photographs of the microproducts were performed using
a video system and a licensed Olympus Quick Photo Micro
2.3 software using an Olympus E-410 digital camera.

The morphological study of the effect of polypropylene
mesh on a great omentum was performed on 8 outbred
dogs, which were divided into 2 groups. The control group
consisted of 2 dogs who had a laparotomy and were taken
biopsy from a great omentum. In the study group (6
animals), a laparotomy was performed with simultaneous
modeling of the defect of the parietal peritoneum, where a
polypropylene mesh was sewn, the strand being sewn to
a great omentum. Further, a relaparotomy was performed
to collect the biopsy specimen from the great omentum at
the point of its adherence to the mesh. Two dogs were re-
operated after 1 week, 2 dogs after 2 weeks, and 2 dogs
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after 3 weeks.

We also conducted an experimental study of the effect
of alloprosthetics composite mesh on the great omentum
and intestine. To find out the effectiveness of different ways
of strengthening the abdominal wall and their possible
complications during surgical treatment of hernias, an
experiment was conducted on 6 outbred sexually mature
dogs, which were implanted with polypropylene mesh
unilaterally covered with oxycellulose. The material for
pathohistological examination was obtained during the
following operations 3 weeks later and 3 months after the
first surgery.

Results

Morphological study of the effect of polypropylene mesh
on a great omentum. One week after surgery, in 6 outbred
dogs were allocated 2 zones on histological preparations
of the omentum: 1 - the omental area, which was directly
adjacent to the mesh, up to 40 uym thick with signs of
inflammatory processes; 2 - the zone of the omentum
adjacent to the intestine was virtually unchanged.

In the first zone, the following phenomena were
observed: increase in the number of vessels of the
microcirculatory bed, arterial and venous plethora,
thickening of the walls of arterioles and venules, marginal
placement of leukocytes in venules, diapedesis of
leukocytes through the walls of venules and capillaries.
The lumen of the lymphatic capillaries was greatly
expanded. The connective tissue contains neutrophils,
macrophages, lymphocytes, tissue basophils, giant
macrophages. The proliferation of fibroblasts and the

Fig. 1. The concentration of collagen fibers
around the vessels of the microcirculatory
bed (yellow arrow). Hematoxylin-eosin,
x100.

x100.

Fig. 2. Venous plethora on the background
of the growth of coarse fibrous connective
tissue (yellow arrows). Hematoxylin-eosin,

growth of collagen fibers were expressed, especially the
concentration of these cells around the vessels of the
microcirculatory bed.

In the second zone, there was a slight increase in
collagen fibers (Fig. 1). The structure of the omentum in
this area did not differ from the structure of the omentum of
intact animals. A slight thickening of collagen fibers was
found.

After 2 weeks after surgery, the first zone expanded
significantly - up to 120 um. The growth of fibroblasts and
fibrocytes, coarse fibrous scar tissue was observed, and
the number of vessels of the microcirculatory bed with
pronounced venous plethora was significantly increased
(Fig. 2). Accumulations of macrophages, lymphocytes, and
lymphoblasts, which were similar in structure to lymphatic
follicles, were also established (Fig. 3).

In the second zone, venous plethora, thickening and
fibrosis of the walls of the arterioles were observed and
their lumen was reduced compared to the norm. The
lymphatic capillaries were enlarged. Against the
background of increasing numbers of macrophages and
lymphocytes, fibroblast proliferation occurred.

At the boundary of these areas was noted area of tender
sclerosis. It observed infiltration of the interstitium by
macrophages and lymphocytes, as well as single tissue
basophils, proliferation of fibroblasts and growth of collagen
fibers (Fig. 4).

3 weeks after surgery, there is a significant expansion
of the first zone to 140-155 microns and an increase in the
number of blood vessels in the microcirculatory bed;
enlargement of the lumen of the lymphatic vessels, gross

- y " A -
Fig. 3. The accumulation of neutrophils,
macrophages, lymphocytes and tissue basophilia
is more pronounced around the vessels (yellow
arrow). Hematoxylin-eosin, x200.
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a- Van Gieson method, x200; b - Van Gieson method, x200.

sclerosis of the interstitium, pronounced diapedesis of
erythrocytes, marginal standing and diapedesis of
leukocytes, numerous accumulations of lymphocytes,
macrophages, as well as basophils in the interstitium.

Significant reduction of the thickness of the unchanged
adipose tissue area, increase and expansion of the
intermediate region was established. Moreover, it
increases the number of blood vessels of the
microcirculatory bed, which are enlarged and full-blooded.
Very enlarged lymphatic vessels. There is diapedesis of
leukocytes through the wall of arterioles and venules,
capillaries, as well as tender mesh sclerosis.

In the interstitium, a large number of macrophages,

Fig. 5. Fusion of cellulose-coated polypropylene mesh with a great omentum of dg after 3 months after implantation: mes cavities

Fig. 4. Collagen fiber growth with the formation of tender sclerosis (eIIow arrows).

leukocytes and tissue basophilia are
located near the vessels of the
microcirculatory bed. Changes observed
in the dynamics, manifested in the form
of an inflammatory process, the signs of
which were an increase in the number of
vessels, an increase in infiltration of
interstitium by macrophages,
lymphocytes, tissue basophils,
diapedesis of erythrocytes, which tended
to increase and achieve the highest
magnitude on the third week, collagen
fibers, which led to tender mesh sclerosis
and then to the development of fibrous
tissue and fibrosis.

Experimental study of the influence
of alloprosthetics by composite mesh
on surrounding tissues. At implantation
of a composite mesh on a great
omentum of a dog in 3 months after
operation its full merging with it was
observed. Around the mesh weave, they
revealed fibrous tissue filling the cells,
forming a single dense structure ("patch") (Fig. 5).

In some places, granulomas of foreign bodies were
observed around the elements of the grid, granulation tissue
islands were observed. As it matured, it turned into fibrous.
Large extraneous granulomas were found around the
suture that fixed the graft on the great omentum and not
around its elements. Fuchsinophilic collagen fibers and
pyroninophilic fibroblasts (collagen synthesis) were found
in the newly formed connective tissue, and the elastic fibers
were not traced.

The fatty tissue of a great omentum was also drawn
into the honeycomb mesh of the polypropylene mesh, which
created the idea of its "ingrowth". From the free surface of

B T
b

s

8 r

Ny —

(white arrows), fibrous tissue "binds" the weave, filling the honeycombs (yellow arrows), great omentum (black arrows), peritoneum
on the surface of the formed "patch” (red arrows). a - Brasche method, x40; b - hematoxylin-eosin, x100.
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Fig. 7. Multiple full blood vessels (arro Ssurrol

unded by a cavity with elements of implanted cellulose coated polypropylene mesh 3

months after surgery. a - hematoxylin-eosin, x100, b - Verhoff method, x100.

the mesh facing the abdominal cavity, the fat and connective
tissues that filled the cells were coated with gel material,
which prevented adhesions from forming with the adjacent
small intestine loops (Fig. 6).

In the adipose tissue of the great omentum in the implant
around the areas of fibrosis in the cells and around the
actual mesh elements were observed vasculitis with
pronounced lymphoplasmacytic infiltration of the walls of
blood vessels and perivascular zones, the marginal
standing of leukocytes (neutrophils), which is caused by
gel coating of polypropylene mesh.

It should be noted that the tissues around the mesh
structure were well vascularized and poorly infiltrated by
individual lymphocytes, plasma cells and macrophages

(Fig. 7).

Discussion
According to the morphological analysis of some
authors, the use of collagen-treated polypropylene mesh

after the plastic defect is accompanied by an acceleration of
reparative processes and an improvement in the alterations
of the connective, muscular and vascular components of
the anterior abdominal wall 4 weeks after intervention [10].

The revealed signs of chronic inflammation with the
presence of giant multinucleated foreign body cells in the
implanted mesh area served as a basis for the researchers
to develop postoperative complications and relapses. In
alloplasty by the method "onlay" exudative inflammation
prevails, with "sublay" - productive, which confirms the higher
efficiency of the retromuscular placement of the mesh
implant.

Several authors have experimentally established that
intraperitoneal placement of a composite mesh implant with
anti-adhesive coating does not cause splicing with internal
organs, provides optimal integration into the tissues of the
abdominal wall with a slight deformation, promotes the
formation of neoperitoneum, without stitching of straight
muscles [11].
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In the study of allografts (polypropylene mesh with and
without anti-adhesive coating, polytetrafluoroethylene mesh
with nitinol framework), some authors argue for a
comparative effect on the level of adhesive process in the
study groups of rats. Others indicate that the level of adhesive
process in the abdominal cavity when intraabdominal
placement of polytetrafluoroethylene mesh with nitinol
framework is 34.8% and 46.3% lower than the
corresponding figure after intraabdominal placement of
polypropylene mesh with anti-adhesive and without it
(p<0.05).

The commissure in rats that were intraabdominally
placed with a polypropylene mesh with an anti-adhesive
coating are represented by a loose connective tissue, and
when used with polypropylene mesh, are composed mainly
of collagen fibers, their structure is unregulated. The
introduction of tension free plastic with the use of mesh
implants has allowed to solve a number of issues of modern
surgery. The variety of mesh implants makes it possible to
use new treatments reliably and, in most cases, close
abdominal wall defects without reducing the volume of the
abdominal cavity. Recently, reports of intraperitoneal onlay
mesh (IPOM) have begun to appear, but data on the most
effective type of implant are missing [11, 16]. Therefore, we
need a new individual approach to the selection of mesh
material, its fixation features and location. The use of special
nets with their intraperitoneal location can help improve the
results of treatment of abdominal wall defects. Implants with
anti-adhesive coating when using the IPOM technique
provide optimal integration into the tissues of the abdominal
wall with a slight deformity, promote the formation of the
neoperitoneum and minimal adhesive process in the
abdominal cavity [6].

Finding mesh material that meets the requirements of
an ideal hernioprosthesis remains an urgent task of treating
ventral hernias. In experiments on Wistar rats, the nature of
the local proliferative inflammatory response induced by a
foreign body was investigated at different terms after
implantation of 4 polypropylene, 1 teflon and 1 metal mesh
hernioprosthesis from different manufacturers. In parallel
with the histological examination of the encapsulated mesh
implant, two morphometric parameters of aseptic
proliferative inflammation were evaluated, namely: the mass
of the connective tissue capsule around the foreign body
and its thickness. It has been established that the minimal
fibrous capsule is formed after implantation of a
polypropylene mesh endoprosthesis within 3 months [10].

According to a number of authors it is believed that
pronounced inflammatory reaction is caused by
polypropylene implants. The maximum fibrous capsule is
formed after implantation of mesh-implant to rats from
porous two-layer polytetrafluoroethylene. Poor results are
associated with a high incidence of purulent-inflammatory
complications in the postoperative wound (up to 49.2% of
cases) and in the postoperative spaces of the abdominal
wall [6]. Suppuration of postoperative wounds causes a high

incidence of disease recurrences, which, according to
various authors, ranges from 14% to 50%, and after repeated
operations there is an increase in their number from 65% to
80% [15].

It is believed that special prospects may rely on the
creation of prostheses that combine the positive properties
of both polyvinylidene fluoride and polypropylene materials.
The inflammatory response induced by implantation into
the abdominal wall of these prostheses is associated with
a minimal adhesive process in the area of polyvinylidene
fluoride-based material introduction and more pronounced
in the area of polypropylene prostheses. Undoubtedly, the
development of implants with such properties is important
for the needs of herniologists [4, 13].

Despite the above research results, most authors note
that with allohernioplasty of giant postoperative ventral
hernias, today we have a high postoperative mortality rate,
which is 1.3-12.0% and a significant number of postoperative
complications - 20-63% [7, 17, 19].

In our study, within 3 weeks, changes in the microscopic
structure of the omentum were examined after the
polypropylene mesh was sewn. Study of histological
preparations after 1 week allowed to distinguish two zones:
in the first, close to the mesh, an inflammatory process was
expressed, which was manifested in the increase, in
comparison with the control study, the number of blood
capillaries of the microcirculatory bed, thickening of the walls
of arterioles, venous plethora, diapause through the wall of
the blood capillaries. The omentum adipose tissue was
replaced by a coarse fibrous connective tissue that revealed
the proliferation of fibroblasts and the spread of collagen
fibers, ie, sclerosis was present; in the second, highlighted
more than 40 microns, the structure of the omentum was
almost indistinguishable from the structure of the omentum
in norm.

The study of the drugs 2 weeks after surgery, in addition
to the above areas, made it possible to distinguish another
- the intermediate zone of tender sclerosis, which separated
the two previous zones. After 3 weeks after surgery, the first
area with corresponding histological changes significantly
expands. The interstitium marked a significant reduction of
the second zone. Also, there was a significant increase in
the number of microcirculatory vessels, marginal standing
of leukocytes, their diapedesis through the vein wall,
adhesion and diapedesis of erythrocytes through the
capillary wall, a large number of macrophage and lymphocyte
clusters, which were subordinated to the lymphoid follicles.
Thus, this study confirmed the limited spread of the
inflammatory response that made it possible to implant a
polypropylene mesh on a great omentum.

In the remote postoperative period (3 months), with the
spread of sclerotic changes, there was an enlargement of
the composite mesh with surrounding tissues from the side
where there was no gel coating. On the other hand, where it
was present, sclerotic processes were absent, however,
there was a "readiness" for the spread of the inflammatory
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process, which could be manifested after the shelf life of
this coating.

Therefore, from the results of the experimental material
it is established that irrespective of the type of implant, its
adhesion with the surrounding tissues is observed. The
largest adhesive processes were observed with the
polypropylene mesh, there were no sclerotic processes
when using composite meshes and the process depended
on the shelf life of the gel coating.

This study requires further accumulation of material to
confirm the above findings.

Conclusions
The polypropylene implant has a greater capacity for
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MOP®OJOMYHI 3MIHW BENMKOIO YENLA NPU IMMNAHTALUIT NOMIMPOMINEHOBUX TA KOMMNO3UTHUX MPOTE3IB MPU

AINOrEPHIONNACTUUI
Bopoecskkuti 0.0., lanpuHcekuli B.O., Caduk I.M.

o menepiwHb020 Yacy npu amozepHionnacmuyi eizaHmCcbKUX nicasonepauiliHux eeHmparsbHUX 2pux 3bepicacmbcsi 8UCOKa
nicnsonepayilHa nemarbHicmb i 3Ha4Ha KifbKicmb rnicrsonepayitiHux ycknadHeHb. Mema docnidxeHHs - docridumu MoxXnugicme
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iHMpanepumoHearnbHO20 3aCMOoCy8aHHs1 NOMIMPONiIeHo8UX Ma KOMIO3UMHUX iMfiaHmamig rnpu anogepHionnacmuyi nicrisgonepauitiHux
2i2aHmCbKUX 8eHMparnbHUX 2pUX 3a paxyHOK 8USYEHHST MOPhOI02iYHUX 3MiH 8erluko20 Yenus. [JocnioxeHo pe3dynbmamu XipypeidHo20
niikyeaHHs1 146 xeopux 3 nicrsionepauiliHuMu 2ieaHmMCbKUMU 8eHMPanbHUMU 2puxamu. Y daHili 2pyni Xxeopux arfo2epHioniacmuka 3a
memodom onlay 6yna sukoHaHa 22 (15,1%) xeopum, 3a memodom sublay - 46 (31,6%), 3a memodom inlay - 52 (35,6%), 3
8HYMPIWHbOYEPEesHUM po3maulysaHHAM cimku 3a memodom onlay (intraperitoneal onlay mesh) - 26 (17,8%). Y 32 (21,9%) xsopux,
wo 6ynu npoorneposaHi 3a Memodom sublay, noninponineHosul imnnaHmam 6ye 8id20podxeHuli 8i0 opaaHie YepeaHOI MOPOXHUHU
sesniukuM yenuem, y 22 (15,1%) xeopux, wo rnpooneposaHi 3a memodom intraperitoneal onlay mesh, KoMno3umHud iMrnnasmam makox
bys sid2opodxeHull 8i0 opaaHie HYepesHOi MOPOXHUHU eenlukuMm dYernuem. Y 8 (5,5%) nauieHmie i3 epynu xeopux, rMpoorneposaHux 3a
memodom sublay ma y 6 (4,1%), npooneposaHux 3a memodom intraperitoneal onlay mesh, Ha 14-18 006y po3guHynucsi 03HaKu
XPOHIYHOI KUWKoeoi HernpoxiOHocmi, de nNpu4YyuHoOK cmana nicrasonepayiliHa crnalkoea xeopoba. [locnidxeHHs enaugy
roninporirieHo8o20 npome3y Ha eenukull Yeneub npoeodunu Ha 8 6e3mopodHuUx cobakax ma KOMIo3umHo20 iMraaHmamy - Ha 6
6e3rnopodHux cmameso3pinux cobakax, Kompum 6yno iMnIaHmMoe8aHo KOMMO3UMHY CimKy, 0OHOBIYHO 8Kpumy OKCUUEIT0/1030k0.
BcmaHoeneHo, wo noninponineHosul imnnaHmam mae binbwy 30amHicmb 00 po3gumky adze3usHux ripouecis. [lpome, SKW0 8erTUKUM
yenuem gideopodumu OaHuli Mpome3 8i0 opaaHie YePe8HOI MOPOXHUHU, MO replwa 30Ha (aKmueHO20 3anasieHHs]) rnowuprosanacsi 00
165 MKM (6cmaHo81eHO 36iNbUWEeHHS YUCerIbHOCMIi KPOBOHOCHUX Karifisipie MIKpOUUPKYNsImMoOpHO20 pycna, Mnomo8UueHHs CMiHKU
apmepios, 86HO3HO20 MOBHOKPI's, diarnede3 nelKoyumie Kpi3b CMIiHKY KPOBOHOCHUX Karinspis), Opyaa 30Ha (cknepo3ysaHHsi) - 0o 40
MKM (8cmaHo8neHo 36inbWeHHs1 YucesibHOCMi Makpoghazie i nimgpoyumis, nponighepauiss gpibpobnacmis). Nodani 6ydosa yenuys
matixe He giOpi3HsIach, MoMy fnpu anozepHiornnacmuyi 3a po3pobrieHow mMemooukor edanocs 3arnobiemu po3sumky cralkogorl
Xx80pobu Kuwe4Huka. Lje docnidxeHHs nidmeepdusio obmexeHe po3no8COXEHHS 3anaiibHoi peakuii, w0 dae mMoxugicmb
iMnnaHmyeamu noninpornineHosy Cimky Ha eenukul 4Yerneub. Y KOMIO3UMHUX CiMoK 8i0byearnocs ix 3pOWeHHsI 3 HaBKOMUWHIMU
mkaHuHamu 3 6oky, de 8idcymHe 2esniege nokpummsi, a 3 60Ky 2en1ee020 nokpummsi 3bepizanacsi "20moeHicmpb" A0 PO3MO8CIOOKEHHS
3anarnbHO20 Npoyecy (8acKynim 3 supaxeHoto NiMgorniasMoyumapHoH iHghinbmpaujieto CmiHOK CyOUH i MepueacKysipHUX 30H, Kpaltioge
CMOSsIHHSA nlelikoyumis), a momy (020 makox HeobxiOHO 8i@2opodumu 8enuKUM Yenuem 8i0 KUWKU.

KntoyoBi cnoBa: roninponineHosuli npome3s, KOMMO3uUmHa cimka, anoeepHiornacmuka, eesiukull Yeneup.

MOP®ONOMNM4YECKUE UBMEHEHUA BOMNbLLOIMO CAlTbHUKA MPU UMNNTAHTALIMKM NONUNPOMNUNEHOBUX U
KOMNO3UTHbIX MPOTE30B NPU ANNTOrEPHUONITIACTUKE

Bopoeckuti 0.0., lWanpuHckuli B.A., Cadbik U.H.

Mo Hacmosiue2o epemMeHu npu anno2epHUONIacmuKe augaHmMceKUX rnocreonepayUoHHbIX 8@HMPaIbHbIX epbX COXPaHAemcs 8bICOKasi
rnocneonepayuoHHas f1lemanbHOCMb U 3Ha4yumesibHoe KOMu4ecmeso oceonepayuoHHbIX OCIoXHeHuUd. Llenb uccnedosaHus -
uccredogamb 803MOXHOCMb UHMpPanepumoHeanbHO20 MPUMEHEHUs MOMUMPONUIeHO8bIX U KOMMO3UMHbIX UMMIaHmamos npu
asnnozepHUoONIacmuke noceonepayUoHHbIX 2U2aHMCKUX 8eHMpParbHbIX 2PbK 3@ cyem u3y4eHusi MOPGgOIo2uYecKUX U3MeHeHUl
bonbwozo canbHUKa. MiccnedosaHbl pe3yribmambl Xupypaudyeckozo feveHusi 146 60MbHbIX C nocreonepayuoHHbIMU 2Uu2aHmcKuMmu
8eHmparbHbIMU 2pbikamu. B daHHOU epynne 605bHbIX annozepHuoniacmuka rno memody onlay 6bina ebinonHeHa 22 (15,1%) 60nbHbIM,
no memody sublay - 46 (31,56%), no memody inlay - 52 (35,6%), ¢ 8HympubpowWHbIM pPacrionoxeHueM cemku no memody onlay
(intraperitoneal onlay mesh) - 26 (17,8%). ¥ 32 (21,9%) 6onbHbiX, Komopbie 6binu npoornepuposaHbl Mo Memody sublay,
ronunponuIeHossIl uMnaaHmam Obisl 0m2opoXeH om opeaHo8 bprowHoU nosocmu bonbwum canbHUkoM; y 22 (15,1%) 60mbHbIX,
rpoornepuposaHHbIX o Memoody intraperitoneal onlay mesh, KoMno3umHbIt uMniaHmam makxe bl 0meopOoXeH om opaaHo8 bprowHOU
rnonocmu 6onbwum canbHUkoMm. Y 8 (5,5%) nayueHmos u3 epynrsi 6071bHbIX, KOMopbkle Obiu MpoonepuposaHsl o memody sublay u
y 6 (4,1%), npoonepuposaHHbix Mo memody intraperitoneal onlay mesh, Ha 14-18 cymku pa3eurnuck npu3HaKku XpOHUYECKOU KUWeYHOU
Henpoxodumocmu, 20e npuyuHol cmarna rocreonepayuoHHas crnaeyHasi 6one3Hb. ViccnedosaHue enusiHUS MOMAUNPONUIEH08020
npomesa Ha b6osbwol canbHUK npoeodunu Ha 8 6ecrnopodHbIx cobakax U KOMMIO3UMmMHO20 uMmiiaHmaHma - Ha 6 6ecrnopodHbIx
rnonososperibix cobakax, kKomopbiM bblrla UMNIaHmMuposaHa KOMMIO3UMmMHas cemxka, 0OHOCMOPOHHE MOKPbIMas OKCUUESITH/10304.
YemaHoeneHo, ymo rnonunponuneHossIl umnaaHmam umeem 60sbuwyo criocobHOCMb K pa3sumuto adze3usHbix npoyeccos. OOHaKo,
ecnu 60nbWUM canbHUKOM ogpadumb OaHHbIU pome3 om opeaHo8 bprowHOU nonocmu, mo rnepeasi 30Ha (akKmueHoO20 80CraIeHUsl)
pacnipocmpaHunacs 00 155 MKM (ycrmaHO8neHo yeenuyeHue YUCIeHHOCMU KPOBEHOCHbIX Karuiiisipos MUKPOUUPKYISIMOPHO20 pycna,
ymornueHue CmeHKU apmepuosi, 8eHO3HOE 0/THOKposue, duanedes felikoyumos Yepe3 CMeHKY KPOBEHOCHbIX Karunnispos), emopast
30Ha (cknepo3uposaHusi) - 40 MKM (ycmaHO8/EeHO yeenudYyeHuUe HucleHHOCmu Makpoghazos u numgoyumos, nponugpepayus
¢ubpobnacmos). B OanbHeliwueM cmpoeHue canbHUKa noYymu He omsau4anoch, No3momy rpu anno2epHuUonnacmuke rno paspabomaHHou
memoOuke ydarnocb npedomepamume pa3gumue criaeqdHol b6oresHuU Kuwe4yHuka. 9mo uccrnedosaHue nodmeepousio o2paHuU4YeHHoe
pacrnpocmpaHeHue gocranumernbsHol peakyuu, Ymo no38ossiem UMnIaHmupo8ams MoAUNPONUIeHo8Yylo cemky Ha 605bwoul canbHUK.
B KoMno3umHbIX cemkax rnpoucxodusio ux cpaujugaHue C OKPyXaloWuMu MKaHsaMU CO CMOPOHbI, 20e omcymcmeyem 2esegoe
MOKpbIMUe, a CO CMOPOHbI 26118020 MOKPLIMUS COXpaHsach "2omosHoCmb" K pacrnpocmpaHeHuUro 8ocrnanumesnbHo20 npoyecca
(8ackynum ¢ 8blpaxeHHOU nUMgOonIasmMoyumapHoU UHgubmpayuel CmeHOK cocy0o8 U nepusacKynspHbIX 30H, Kpaeeoe cmosHUe
neldikoyumos), a noamomy makxe e2o Heobxo0umo ozpadumb 607bWUM CarlbHUKOM OM KUWKU.

KntoueBble cnoBa: rnoiunponuneHossil npomes, KOMNo3UumH+as cemka, ano2epHuonnacmuka, 60swol canbHUK.
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