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To date, pathology of the cardiovascular system is the most common, tends to increase,
most often leads to disability and mortality of the population at a young working age and
is an important medical and social problem. The purpose of the study was to establish
the features of micro organization of the mitral valve in white rat in norm and after opioid
action. The study material is presented by histological samples of a mitral valve of the
white rat. The study was performed on 30 adult white reproductive age rats weighing
160-220 g. The experimental animals were injected intramuscularly 1 time per day for
the same period of 42 days (6 weeks) with the opioid drug analgesic "Nalbuphine”.
Using histological methods, 30 mitral valves of white rat were examined. Microscopy of
histological preparations of the valves of the heart was performed sequentially, assessing
the morphological changes in the norm and under the action of the opioid after 6 weeks
of the experiment. Emphasis was placed on the presence or absence of endothelial
layer, as well as the condition of endothelial cells in normal and at the action of the
damaging factor, determining the signs of their dystrophy, desquamation and proliferation.
It is established that the normal mitral valve is represented by endocardial folds. The
rat endocardium consists of three layers: endothelial (endothelial cells rich layer,
attached to the basement membrane), subendothelial (connective tissue rich in
fibroblasts) and a muscular-elastic layer (represented by smooth myocytes, plaited
collagen fibers). After 6 weeks of administration of Nalbuphine, the mitral valve is in a
stage of decompensation, when the outer and inner endothelial layers are destroyed,
the endothelial cells are deformed, the subendothelial layer is represented by single
bundles of different directions. In the musculo-elastic layer, contact between smooth
myocytes and fragmented and thinned, collagen and elastic fibers is lost. This study
allows us to conclude on the destructive effect of opioid agents on the valvular apparatus
ofthe heart.
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Introduction

This article presents and analyzes data from studies
conducted on white rats of reproductive age. Despite the
fact that the average life expectancy in modern society is
increasing significantly due to the development of
experimental and clinical medicine, cardiovascular
diseases have become the leading cause of death in the
world over the last 10 years, accounting for 30% of all cases
and 45% of all non-communicable causes of death. [1-5,
8]. According to WHO, about 90% of all diseases are
associated with pain, and patients with chronic pain are
five times more likely to seek medical treatment, compared
with the general population [21]. One of the issues remains
the use of opioids in clinical practice, in particular for the

treatment of postoperative and chronic pain [14, 22, 24,
25]. According to epidemiological studies, the prevalence
of chronic pain syndromes is at least 40% of the adult
population and these figures tend to increase steadily [7,
10, 20, 21]. A systematic analysis of original studies of the
prevalence of symptoms in patients at the terminal stage
of the disease, found that 35-96% of cancer patients, 63-
80% of patients with AIDS, 41-77% of patients with
cardiovascular disease, 34-77% of patients with chronic
obstructive pulmonary diseases and 45-70% with kidney
diseases - have a pronounced pain syndrome [19]. There
is an increasing trend in the world of opioid use, which
contributes to the improvement of somatic, visceral and
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neuropathic pain. Not infrequently, the opioid arsenal and
physicians' knowledge is limited by the use of morphine,
which for a long time has been the "gold standard", the
most common drug in its group. According to research,
there are significant differences in the amount of morphine
consumed by high-income countries compared to middle-
and low-income countries [11]. For example, the
International Narcotics Control Committee (INCC) reports
that about 92% of the worldwide use of morphine is
consumed in countries with only 17% of the world's
population (US, Canada, Western Europe, Australia and
New Zealand). About 75% of the world's population in more
than 100 countries do not have or have insufficient access
to proper treatment for severe pain [12]. However, the
biggest problem with using morphine is the lack of a
"marginal effect" and linear dose-response. That is why, at
the moment, it is important to find alternative methods of
analgesia and to study their effects on the human body.

The purpose of the study is to determine the features of
the micro organization of mitral valve white rat in norm and
after opioid.

Materials and methods

The study material is represented by mitral valve
histological samples of the white rat. The study was
performed on 30 adult white reproductive rats weighing
160-220 g. The experimental animals were divided into 3
series of 10 animals. In the first series the features of
angioarchitectonics of the valves of white rats were normal,
in the second series the dynamics of qualitative and
quantitative structural changes of the valves against the
background of prolonged exposure to opioids in the
experiment after 6 weeks, the third series served as a
control. Experimental animals were injected
intramuscularly 1 time per day for the same period of time
for 42 days (6 weeks) by the opioid drug analgesic
"Nalbuphine". Each week, the dose of the drug for injection
was increased in sequence: 1st week - 8 mg/kg, 2nd week
- 15 mg/kg, 3rd week - 20 mg/kg, 4th week - 25 mg/kg, 5th
week - 30 mg/kg, 6th week - 35 mg/kg [16]. Animals were
withdrawn from the experiment 6 weeks after opioid
administration. The sampling of rat heart valves was
performed after euthanasia by intraperitoneal anesthesia
overdose using sodium thiopental (calculated at 25 mg/kg
body weight).

All experimental animals were kept in the vivarium of
Lviv National Medical University named after Danylo
Halytskyi. The studies were conducted in accordance with
the provisions of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986), Council of Europe
Directives 86/609/EEC (1986), Law of Ukraine N0.3447-1V,
on the "Protection of Animals from Cruelty behavior", the
general ethical principles of animal experimentation,
approved by the First National Congress of Ukraine on
Bioethics (2001).

Images from histological specimens of the mitral valve
on a computer monitor were taken from a MICROmed SEO
SSCAN microscope and using a Vision CCD Camera. The
studies were performed at certain times of the experiment
in preparations stained with hematoxylin-eosin.

Results

Mitral valve consists of two leaflets. Histologically, the
left atrioventricular valve is represented by endocardial folds
(Fig. 1). The endocardium of the mitral valve consists of 3
layers. Internal and external - endothelial - in the form of a
layer of flat polygonal shape, elongated cells with irregular
wavy edges. On the inner surface (facing the ventricle cavity),
the endothelial cells contain many microvilli. On the outer
surface of the valves (facing the atrial cavity), the endothelial
cells are located much further apart from the layer of the inner
endothelium. The subendothelial layer is represented by a
fibroblast-rich connective tissue. As a part of this connective
tissue base there are superficial fibrous and deep spongy
layers. The superficial fibrous layer is a dense connective
tissue with a small number of cells, thick bundles of collagen
fibers oriented in different directions, which provides durability
under various factors. Collagen fiber bundles are delimited
by thin layers of the basic substance, fibrocyte bodies, and
single elastic fibers. The thin collagen fibers of the
endocardium gradually move into the fibrous plate of the valve
leaf, and at the place of attachment of the mitral and tricuspid
valves into fibrous rings. The deep spongy layer is a loose
connective tissue rich in cells. The musculoelastic layer is
represented by smooth myocytes, braided collagen fibers
with fibroblasts and large number of elastic fibers.

At the base of the valves, the endocardium is separated
from the myocardium by a connective tissue base containing
thick elastic, collagen and reticular fibers. Blood vessels
and nerves are placed between them. The atrial side of the
valves has a smooth surface. The endothelial layer is more
pronounced and denser than the ventricular side. The

Fig. 1. White rat mitral valve base endocardium. 1 - endothelial
cells on the basement membrane; 2 - tufts of collagen fibers; 3 -
fibroblast bodies; 4 - fibrous ring; 5 - nuclei of smooth muscle cells;
6 - blood capillaries. Hematoxylin-eosin staining. x200.
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Fig. 2. A- atrial side of leaflets of valve; B - ventricle side leaflets
of valve; 1 - layer of endothelial cells on the basement membrane;
2 - tufts of collagen fibers; 3 - elastic fibers; 4 - nuclei of connective
tissue cells. Hematoxylin-eosin staining. x200.
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Fig. 3. White rat mitral valve base endocardium, week 6 of the
experiment. 1 - detachment of endothelial cells in the lumen of the
right ventricle; 2 - single endothelial cells on a thinned basal
membrane; 3 - fragmented collagen fibers; 4 - single bodies of
fibroblasts. Hematoxylin-eosin staining. x100.

ventricular side has an uneven surface because of the
outgrowths from which the tendon filaments begin. In this
area, only a few elastic fibers are located below the
endothelium (Fig. 2).

After 6 weeks of nalbuphine administration, deep
destructive changes are observed: in the inner layer, the
endothelial cells are not attached to the basement membrane,
irregularly shaped and without processes. The single
endothelial cells remaining on the basement membrane lost
their polygonal shape and connections. In the outer layer,
single, irregularly shaped endothelial cells attach to a thin
basal membrane and form valve structures with each other
or lose contact with it. In the subendothelial layer there is a
small amount of multidirectional collagen fibers, a large
amount of basic substance and fibrocytes. Fibroblasts are
presented in small numbers. Collagen fiber bundles have
become thinner and more fragmented. In the musculoelastic

layer, contact between smooth myocytes, thin bundles of
collagen and elastic fibers was lost. The gaps between the
structural components are taken up by the basic substance.
A small amount of collagen fibers and fibroblasts are located
between the main substance (Fig. 3).

Discussion

Depending on the extracardiac and intracardiac factors,
a number of studies by both morphologists-experimenters
and clinicians have been devoted to the study of the adaptive
capacity of the injured heart [23]. It should also be noted that
in recent years, morphometric methods have been widely
used in biomedical research, which allow to study qualitative
and quantitative patterns of physiological and pathological
processes, to adequately objectify and logically interpret them
[6, 13]. However, there are almost no studies that would
comprehensively study heart valves at all levels of structural
organization and under the conditions of action on the body
of opioids. The relevance of this work is that the microscopy
of histological preparations of the heart valves was
performed sequentially, evaluating the morphological
changes in normal and opioid exposure after 6 weeks of the
experiment. Emphasis was placed on the presence or
absence of endothelial layer, as well as the condition of
endothelial cells in normal and at the action of the damaging
factor, determining the signs of their dystrophy,
desquamation and proliferation. There is sufficient
information in the literature regarding the effects of opioid
agents on the sense organs [17], the skin [15], and etc.
There are experimental works describing the
decompensation of the hemomicrocirculatory bed with
prolonged exposure to opioids, when the capillary
component is destroyed, arterioles are twisted and
deformed, venules are enlarged [18]. Fundamental is the
work to formulate a list of macro- and microscopic changes
in heart valve structures that are characteristic of acquired
heart defects of inflammatory and non-inflammatory genesis,
and morphological groups that are typical only of rheumatic
heart disease, infectious endocarditis, and acquired heart
defects of non-inflammatory nature [9]. The novelty of this
study is that there are no data on the effect of opioid agents
on cardiac function, namely the morphological changes of
the valvular apparatus under the influence of opioids, some
studies are observational and the findings are insufficiently
substantiated.

The prospect of further research in this direction is related
to the further study of the histological organization of the
valvular apparatus of the heart under the action of opioid
agents.

Conclusions

1. In the norm, the mitral valve rat is represented by the
folds of the endocardium, consisting of three layers:
endothelial, subendothelial and musculoelastic.

2. After six weeks of administration of nalbuphine, mitral
valve is in the stage of decompensation - the outer and
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inner endothelial layers are destroyed, the endothelial cells
are deformed, the subendothelial layer is represented by
single bundles of multidirectional and destroyed collagen
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rICTONOrYHI OCOBUBOCTI ABOCTYIIKOBOIO KINAMAHA CEPLISI B HOPMI TA NPU Al onioify B EKCMEPUMEHTI
Mamewyk-Baue6a J1.P., Cumiecbka P.P., Benik H.B., llininoHoea B.B.

Ha cbozodHiwHil deHb namosozis cepuyeso-cyOuHHOI cucmemu € Haubinbw po3roecroOXeHor, Mae meHOeHuito 00 36inbuWeHHs,
Halyacmiwe npu3sodums 00 iHeanidHOCMi ma cMepmHOCMi HacenieHHs1 y Morodomy fpaue3damHoOMy 8ili ma € 8aXugor MeOUYHOI
i couianbHot npobnemoro. Mema docnidxeHHs1 - cmaHoeneHHs ocobriueocmeli MikpoopeaaHidauii 080CMYyIKo8020 KrarnaHa cepusi
6inoeo wypa 6 Hopmi ma 3a ymosu Oii onioidy. Mamepian docnidxeHHsi npedcmasneHuli 2icmonpenapamamu 080Cmyiko8o20 KranaHa
cepus 6inozo wypa. HocnidxeHHsi sukoHaHo Ha 30 cmameso3pinux 6inux wypax pernpodykmueHo20 8iKy macorw 160-220 a.
EkcriepumeHmanbHUM meapuHaMm 8800urnu 8HympiuHbom's3080 1 pa3 Ha 006y 8 o0HaKosul MPOMIKOK 4Yacy rpomsicom 42 OHie (6
muKkHi8) onioidHUU Hapkomuy4Hull aHanbeemuk "HanbydiH". 3a donomoeoro 2icmonoeidHux memodie bynu susdeHi 30 dsocmyrnkosux
knanaHie 6inozo wypa. Mikpockonito 2icmornoeiyHux npernapamis KianaHie cepusi npoe8odusu nocido8HO, OUIHIOKYU X MOpghooeio
8 Hopmi ma ripu Oii onioidy Yepes 6 muxHie ekcriepumeHmy. AKUyeHmyesarnu yeaay Ha npucymHicmb Yu 8i0cymHicmb eHOomerianbHO20
wapy, a makox cmaH eHéomenioyumie y Hopmi ma ripu Oii MOWKOOXyH020 ¢hakmopa, 8udHadaroyu 03Haku ix ducmpodpii, deckeamauii
ma niponighepavyii. BcmaHoeneHo, wo, 3a3guyatl, 080cmynkosul KnarnaH cepus uypa npedcmasneHull cknadkamu eHookapda. EHOokapd
wypa cknadaembcsi 3 mpbox wapie: eHoomenianbHo20 (bazamoeo eHOomenioyumamu fpukpinneHumu 0o ba3sanbHoi MembpaHu),
nideHOomenianbHO20 (crionlyyHa mkaHuHa, kompa 6baseama Ha ¢pibpobracmu) ma M's3080-e1acmuyHo2o wapy (mpedcmasneHul
enadkumu mioyumamu, obrnemeHUMU fyYyKkaMu Kosla2zeHo8UX ma eflaCmuyHUX 80s10KOH). [leocmyrnkoeul knanaH cepus nicns 6-
MmuXHeeo20 88e0eHHs HanbygiHy 3Haxodumbcsi Ha cmadii dekomneHcauii, Konu 308HIWHIG ma eHympiwHil eHOomenianbHi wapu
3pylHosaHi, eH0omenioyumu OeghopmosaHi, nideHdomenianbHUl wap npedcmasneHuli MOOOUHOKUMU fyYyKaMu PiSHOHaNPsMIeHUX
ma 3HUWEeHUX Korla2zeHOo8UX B0SI0KOH, HEBEITUKOIO KiflbKICIMIO KITiMUH, SIKi pO3MILLEHI MiXX OCHOBHOIO Pe4OBUHOI. Y M'A3080-e/1aCmuyHOMy
wapi empadJaembcsi KOHMakm Mixx a2nadkumu mioyumamu ma gpacMeHmo8aHUMU i CMOHWEHUMU KOorla2eHo8uMuU U enacmuyHUMU
goriokHamu. [aHe docrioxeHHs1 003807159€ 3pobumu 8UCHOBKU W000 OeCmpyKmMU8HO20 8Mugy OMioiOHUX CKnadosux Ha KrianaHHUU
anapam cepusi.

KntouoBi cnosa: dsocmyrnkosuli knanaH, 2icmosioeis, onioid, 6inud wyp, Hopma.

MCTONOMMMYECKUE OCOBEHHOCTU BYCTBOPYATOIO KNAMNAHA CEPALA B HOPME U NMPU BO3AEWUCTBUY ONMUOUOA B
OKCMNMEPUMEHTE

Mameuwyk-Baye6a J1.P., Cumuecbka P.P., benuk H.B., lMununoHoea B.B.

Ha cez2o0HAwHul OeHb namornozusi cepdeyHo-cocyoucmoli cucmeMbl sierisiemcsi Hauboree pacrpocmpaHeHHoU, umeem meHOeHUUo
K pocmy, 3a4acmyio rnpueoOum K UH8anudHOCmU U CMepmHOCMuU HacesreHusi 8 MoiodoMm mpydocrnocobHoM go3pacme U sierisiemcsi
g8axHoU mMeOuyuHckolU u coyuanbHol rnpobnemou. Llens uccnedosaHusi - ycmaHosneHue ocobeHHocmel MuKpoopaaHu3ayuu
ds8ycmeopyamozo KnanaHa cepdua besnol KpbiCbl 8 HOpMe U rpu go3delicmeuu ornuouda. Mamepuan uccrnedosaHusi npedcmasneH
eucmonpenapamamu 08ycmeop4yamoeo KranaHa cepouya berol Kpbickl. MiccriedosaHue ebinonHeHo Ha 30 rnonoeosperbix benbix
Kpbicax penpodykmugHo2o so3pacma maccol 160-220 2. SkcnepumeHmarnbHbIM XUBOMHbIM 8800UNU 8HymMpuMbIwe4YHO 1 pa3 8
CymKu 8 00UHaKo8bIl MPOMEXYMOK 8peMeHU 8 medyeHue 42 OHel (6 Hederb) onuoudHbIl Hapkomuyeckull aHarmbeemuk "HanbyguH".
C nomouwjbto 2ucmornoaudyeckux Memodos bbinu udyveHs! 30 d8ycmeopyambix KnanaHos 6esol KpbiChkl. MUKPOCKOMUIO 2UCmoioau4yecKux
npernapamos KnamnaHos cepdya nposodusnu rnocrnedosamernbHO, oueHUsasi ux Mopgosio2uro 8 Hopme u rnpu eo3delicmeuu onuouda
yepe3 6 Hederib aKcriepuMeHma. AKUEHmMUposasu 8HUMaHUe Ha npucymemeue unu omcymcmeue 3H0oOmesiuanbHo20 Cr0s, @ makxe
cocmosiHue 3HOomenuoyumos 8 HopMme U npu e8o3delicmeuu rnospexoarweao ¢hakmopa, onpedesiss npusHaku ux oucmpoguu,
deckeamayuu u nponugepayuu. YcmaHoeneHo, 4mo 8 Hopme 0gycmeopydamblil KnanaH cepdua KpbiCbl rpedcmasrieH cknadkamu
9HOoKapda. OHOokapd KpbICbl cocmoum u3 mpex croes: aHoomenuanbHoz2o (6o2amoeo aHOomenuoyumamu, MPUKPenIeHHbIMU K
6asanbHol mMembpaHe), nodsHOomenuanbHo20 (coeduHumesnbHasi mKaHb, komopasi 6oeama ubpobrnacmamu), U MbIULEYHO-
anacmuyeckoeo crosi (npedcmasneH anadkumu MUoyumamu, orfiemeHHbIMU MyYKamMu KO/1a2eHo8bIX U 3/1acmuyecKuX 80JI0KOH).
[lsycmeopyameili knanaH cepdua rnocne 6-HederbHo20 8gedeHusi HanbyguHa Haxodumcsi Ha cmaduu deKkoMmreHcayuu, koeda 8HewHUU
U 8HympeHHull 3HOomenuarsbHble Criou pa3pyweHsbl, 3HOomenuoyumsl 0eghopmMuposaHbl, ModaHOomenuarnbHbil crol npedcmaesneH
€0UHUYHBLIMU MyYKamMu pa3HOHarnpassieHHbIX U YHUYMOXEHHbIX KO/1a2eH08bIX 80JI0OKOH, HEGOMbWUM KOUYECMBOM K/1eMmOoK,
pacronoxXeHHbIX Mex0y OCHOBHbIM 8eU,ECMBOM. B MbIlEYHO-3/1aCmUYHOM C/10e mepsiemcsi KOHmakm Mexoy ernadkumu Muoyumamu
U ¢hpazMeHmMUpPOBaHHbIMU U UCMOHYEHHBIMU KOJI1a2eHo8bIMU U 351aCmUYecKUMU 80/10KHamu. [JaHHoe uccriedosaHue ro3eosnsiem
cdenamb 8bI800bI OMHOCUMEIbHO OeCmpPyKMUBHO20 8/USHUSI OMUOUOHbIX COCMAasIsArWUX Ha KrnanaHHbIl annapam cepoya.
KnroueBble cnoBa: dsycmeopyamnbil KriamnaH, aucmosoausi, ornuoud, benas Kpbica, HOpMa.
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