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The morphological condition of the bile ducts remains one of the most important
problems of modern medical science. In order to obtain an analgesic effect in patients
with acute cholangitis, opioids are often used. However, information on the effectiveness
of opioids in the treatment of pathological conditions of the bile ducts is contradictory.
The rapidly progressive destruction of the intrahepatic bile ducts associated with the
use of narcotic agents has been described. Further study of the effect of opioids on the
structural organization of the common bile duct is relevant. In order to establish the
morphological state of the common bile duct under conditions of long-term opioid
exposure, a study was performed on 24 sexually mature white male rats, aged 3.5-5.0
months and weighing 180-200 g, which were injected inframuscularly with Nalbuphine
for 6 weeks. The study material is represented by histological specimens of the common
bile duct of white rats. The "Aver Media" computer system was used to photograph
microspecimens. The "ImagedJ" computer program was used to measure the diameter
ofthe lumen and the wall thickness of the common bile duct. After 2 weeks of Nalbuphine
administration to white rats, plethora of wall microvessels and a significant increase in
the longitudinal diameter of the lumen of the common bile duct were observed. After 4
weeks of the experiment, the common bile duct was dilated, the transverse and
longitudinal diameters of its lumen almost doubled, pathological changes in its wall
had all the signs of inflammation. In the later stages of the experiment (introduction of
Nalbuphine for 6 weeks), the pathological changes increased and manifested by
destructuring the wall of the common bile duct, disorganization of cholangiocytes,
thinning of the cell layer due to detachment of cholangiocytes, polymorphism of their
nuclei, destruction of intercellular junctions, stratification of its own plate, vacuolar
dystrophy of the muscular membrane "varicose" expansion of venules, significant
smooth muscle hyperplasia of arterioles, the presence of perivascular lymphocytic
infiltrates in the duct wall.
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Introduction

The morphological state of the bile ducts remains one
of the most pressing problems of modern medical science
[5, 6, 13, 17]. Damage to the bile ducts often poses a
serious threat to the patient's life [4, 24, 26]. In 12-30% of
patients operated on for cholecystitis or bile duct damage,
scars and, accordingly, scar strictures of the common bile
duct are formed in the postoperative period [2]. Therefore,
especially many works are devoted to the tactics of surgical
treatment of bile duct pathology [3, 7, 9, 34].

Studying histological changes in the common bile duct
after long placement of a metal stent in animals,
inflammation, fibrosis and trauma of the epithelium, an

increase in the number of lymphoid follicles, a high degree
of neutrophilic infiltration, the presence of ulcers of the
mucous membrane were observed [22]. Recent advances
in tissue engineering make it possible to create an
intrahepatic bile duct tree. It has been proposed to induce
the formation of bile ducts using encapsulated
immortalized epithelial cells of the mucous membrane of
the bile ducts of mice using decelularized hydrogels of the
extracellular matrix of the liver [23]. Some works are devoted
to the therapeutic treatment of bile duct pathology [11, 14,
35]. Successful treatment of biliary outflow difficulties was
achieved by combination therapy, which included the
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introduction of drugs into the portal vein and common bile
duct [21].

Opioids, in particular morphine, are often used to obtain
an analgesic effect in patients with acute cholangitis [12].
However, in the professional literature there are only a few
works devoted to the study of the mechanism of action of
opioids [8]. Information on the effectiveness of opioids in
the treatment of pathological conditions of the bile ducts is
often contradictory. The rapidly progressive destruction of
the intrahepatic bile ducts associated with the use of
narcotic agents has been described [20]. Among the non-
obstructive etiologies of bile duct dilation, opioid
consumption predominates [10].

The above determined the purpose of our study - to
establish the features of the morphological state of the
common bile duct under conditions of six weeks of opioid
exposure in the experiment.

Materials and methods

The studies were performed on 24 adult white male
rats weighing 180-200 g and aged 3.5-5.0 months. All
experimental animals were divided into 3 series: in the
first series (5 rats) studied the structural organization of
the common bile duct wall of white rats after 2 weeks of
Nalbuphine administration, in 2 series of experiments (5
rats) studied changes in the microstructure of the common
bile duct after 4 weeks, and in 3 series of experiments (5
rats) reorganization of the wall of the common bile duct of
experimental animals after 6 weeks of Nalbuphine
administration. The control group included 9 white rats
treated with 0.9% sodium chloride solution.

The study material is represented by histological
preparations of the common bile duct of white rats. For
histological examination, sections were stained with
hematoxylin and eosin. The preparations were studied and
photographed under microscope magnifications: x200,
x400, x1000. The "Aver Media" computer system was used
to photograph the micropreparations. The computer
program ImageJ was used to measure the diameter of the
lumen and the wall thickness of the common bile duct. For
statistical processing of the received digital data the
software "Excel" and "STATISTICA" 6.0 were used.

Administration of Nalbuphine was performed
intramuscularly according to the following scheme: | week
- 8 mg/kg, Il week - 15 mg/kg, 1l week - 20 mg/kg, IV week
- 25 mg/kg, V week - 30 mg/kg, week VI - 35 mg/kg.

All animals were kept in the vivarium of Danylo Halytsky
Lviv National Medical University. The experiments were
carried out 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 Directive 86/609/
EEC (1986), Law of Ukraine Ne 3447 - IV "On the protection
of animals from cruelty", general ethical principles of animal
experiments, approved by the First National Congress of
Ukraine on Bioethics (2001).

Results

After 2 weeks of administration of Nalbuphine to white
rats, the structural organization of the common bile duct
wall of experimental animals, as well as control animals,
is mainly preserved and represented by mucous, muscular
and adventitial membranes (Fig. 1). The mucous
membrane of the wall of the common bile duct is lined with
prismatic epithelium, which was adjacent to its own plate,
formed by a layer of connective tissue. Epithelial cells -
cholangiocytes - had a typical structure, distinct apical, basal
and lateral surfaces (the latter in contact with each other), a
large oval nucleus with clear contours. In its own plate
clearly visible single, but rather large glands with preserved
structure. On some histological preparations of this term
of experiment we found increase in number of glands in a
wall of a common bilious channel, proliferation of their
epithelium (Fig. 2). The muscular membrane consisted of
smooth myocytes arranged in bundles with a preserved
helical arrangement. The adventitial membrane is rich in

weeks of the experiment. Hematoxylin-eosin. Photomicrograph.
x1000.
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Fig. .2.-Afragment of the common bile duct of wh|t rat after 2
weeks of the experiment. Hematoxylin-eosin. Photomicrograph.
x400.
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Fig. 3. A fragment of the common bile duct of a white rat after 4
weeks of the experiment. Hematoxylin-eosin. Photomicrograph. x200.
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Fig. 4. A fragment of the common bile uct of a white rat after 4
weeks of the experiment. Hematoxylin-eosin. Photomicrograph. x200.
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Fig. 5.Afagment of the common bile duct of a white rat after 6 weeks
of the experiment. Hematoxylin-eosin. Photomicrograph. x1000.

vessels, which at this time of the experiment are full-blooded
(especially arterioles and capillaries, as shown in Fig. 1)
and dilated.

Morphometric analysis of histological specimens
revealed that the lumen of the common bile duct of white
rats in cross section has an oval shape, so we considered
it appropriate to measure the longitudinal diameter of the
lumen of the common bile duct, which was at this time of the
experiment 272.77+15.09 ym (control - 126.97+3.19 pm,
p<0.05), and the transverse diameter - 97.36£10.86 um
(control - 72.79%£13.52 ym, p>0.05), wall thickness of
common bile duct was 137.85£14.41 ym (control -
144.77+3.91 ym, p>0.05).

A significant increase in the longitudinal diameter of the
lumen of the common bile duct indicates a change in the
shape of its lumen due to two weeks of Nalbuphine
introduction. In addition, although the change in the wall
thickness of the common bile duct after 2 weeks of the
experiment is not significant, but the maximum value of this
indicator in experimental animals (152.52 ym) is much larger
than its maximum value in control animals (148.69 pm),
which indicates about increasing the wall thickness of the
common bile duct during this period of the experiment.

After 4 weeks of experimental exposure to Nalbuphine,
the shape of the lumen of the common bile duct is
incorrect, cholangiocytes are often without clear contours,
their nuclei are large, deformed, swollen, observed
epithelial protrusions, and in some places - exfoliation of
epitheliocytes into the lumen of the common bile duct
(Fig. 3).

The own plate is swollen, fluffy, in some places
stratified, glands are destructured, shifted in the direction
of an epithelial layer, in their gleams - stagnation of
secretion. The bundles of smooth muscle myocytes are
stratified, partially losing their helical organization. The
connective tissue of the adventitial membrane is in a state
of edema, the arterioles are dilated, their wall is thickened,
parietal thrombi are formed in the lumens, capillaries are
hyperemic, often the capillary wall is damaged, diapedetic
hemorrhages are found, venules are dilated, the walls of
the venules are thinned (Fig. 4). Morphometric analysis
showed a pronounced dilatation of the common bile duct,
the longitudinal diameter of the lumen of the duct increased
to 462.98+24.15 pm (p<0.05), the transverse diameter to
275.57+18.34 ym (p<0.05), as can be seen from Figure 2.
The wall thickness of the common bile duct significantly
(p<0.05) increased and amounted to 217.29+18.09 um,
as shown in Figure 4.

After 6 weeks of the experiment, the wall of the common
bile duct is destructed, it was often difficult to differentiate
the boundaries of its membranes, the cholangiocyte layer
is disorganized, formed numerous folds, in some places
thinning of the epithelial layer due to detachment of
cholangiocytes, cholangiocytes acquired a flattened shape,
noted the polymorphism of their nuclei, the nuclei lost their
location in the center of the cell, shifted to the apical surface
of the cell, intercellular contacts are broken, expanded
(Fig. 5).The own plate of a wall of a common bilious channel
is stratified, gleams of glands are uneven, have lost the
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correct form, mainly expanded, filled with contents. The
bundles of smooth myocytes are separated by coarse layers
of connective tissue, there is a vacuolar dystrophy of the
muscular membrane, the adventitial membrane is in a
state of edema, sometimes not differentiated.

When performing morphometric analysis, it was often
impossible to determine the transverse diameter of the
lumen of the common bile duct, because its walls collapsed
(glued), the lumen of the duct was deformed, the longitudinal
diameter of the lumen ranged from 294.88 ym to 386.46 um
(p<0.05), the wall thickness of the common bile duct was
176.44+26.34 pm, which is significantly more than the control
animals, but significantly less than the experimental animals
in the previous period of the experiment, which confirms the
development of dystrophic-degenerative processes in the
common bile duct wall after 6 weeks exposure to
Nalbuphine. During this period of the experiment, significant
changes in the vessels of the hemomicrocirculatory tract
of the common bile duct, including dilation of venules,
significant smooth muscle hyperplasia of the portal
arterioles were also detected. It should be noted that due
to plasma infiltration, sclerosis and hyalinosis, the wall of
the arterioles was thickened, and perivascular edema and
lymphocytic infiltrates were observed.

Discussion

The results of research presented in the professional
literature mainly indicate the negative impact of long-term
use of opioids on the structural organization of organs and
tissues [29]. At the heart of the development of pathological
processes due to the action of narcotic drugs is often
angiopathy [25, 27], which is confirmed in our studies.

A characteristic feature of the effect of Nalbuphine on
the wall structure of the common bile duct is its dilatation.
According to the literature, opioids can cause an increase
in the basic pressure and frequency of phase contractions
of the sphincter of Oddi, which leads to dilation of the
common bile duct [10]. The author describes an
association between elevated bile duct diameter and opioid
dependence even in patients without clinical symptoms,
normal bilirubin and alkaline phosphatase, and no
obstructive factors. On histological specimens we found
nonspecific morphological changes in the components of
the common bile duct, as degeneration of the epithelial
layer of its mucous membrane, lymphocytic infiltration,
microvascular hyperemia is characteristic of cholangitis of
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MOP®OINOr4YHI OCOB/IMBOCTI CTIHKU CMINIbHOI XXOBYHOI MPOTOKU 3A YMOB EKCMEPUMEHTANIBHOIO BMJIUBY
onioigy

Mamewyk-Baueb6ba J1.P., lipHsik I.1., lMideanbHa Y.€.

MopgpornoziqHuli cmaH wisixie 8ueeOeHHs Xoeui 3anuwaemscsi OOHIE 3 Haugaxnusiwux npobrnem cy4acHoi MeduyHoi Hayku. 3
Memot ompuMaHHs aHeNb2e3y4020 eghekmy y nayieHmie i3 20cmpum xonaHaimom 4acmo 3acmocosytoms orioidu. [pome gidomocmi
wodo eghekmueHOCMIi 3acmocyeaHHs ornioidie Onisl fliKy8aHHS Namoso2iYHUX CMaHie X084YHUX MPOMOK cyrepeynusi. AKmyanbHUM €
rnodarnbwe docnidxeHHs Oii onioidie Ha cmMpyKmMypHy op2aHi3auyito CriflbHOI XXO8YHOI MPOMOKU. 3 Memoro 8CMaHO8/1eHHSI MOPEOI02iYHO20
CmaHy CriflbHOI )X084YHOI MPOMOKU 3a yMO8 mpueasozo eriusy onioidy nposedeHo 0ocrnidxeHHs Ha 24 cmamego3pinux binux wypax-
camysix, sikom 3,5-5,0 micsiyie i macor mina 180-200 2, kompum 8rMpodo8x 6 MUXHI8 8HymMPIiWHbOM'33080 8800uUNU HanbyiH.
Mamepian docnidxeHHa npedcmasneHul 2icmosno2iYHUMU fpenapamamu CrifbHOI X084HOI npomoku 6inux wypis. Ans
gomodoKymeHmy8aHHs ompuMaHuUx Hamu Mikpornpernapamie byna eukopucmaHa Komm'tomepHa cucmema "Aver Media". [dns sumipy
diamempa rpoceimy ma moeu,uUHU CMIHKU CifTbHOI )X084YHOI MPOMOKU 3acmocosysarnu KoMm'tomepHy npoepamy Imaged. Pesynsmamu
oocnidxeHHs1 cgiddamb, WO Yepe3 2 muxHi 8eedeHHs1 HanbyiHy binum wypam 8UHUKao NOBHOKPOB's MIKpOCYOUH CmiHKU ma
docmosipHe 36inbuweHHs1 M03008XHb020 Oiamempa npoceimy CrinbHOI X084HOI Mpomoku. Yepe3 4 muxHi ekcriepumeHmy criinbHa
JKOBYHa npomoka OunamoeaHa, nornepeyHUll ma rno3008xHil diamempu ii npoceimy 3pocmanu matixe 608idi, namosnoaidyHi 3MiHu i
CMIHKU Marnu 8Ci 03HaKu 3anarneHHs. Ha ni3Hix mepmiHax ekcriepumeHmy (egedeHHsi HanbyiHy 8npodosx 6 muxHig) namosnoaiyHi
3MiHU Hapocmarnu i nposensnucsa decmpykmypu3ayiero CmiHKU CrifbHOI X084YHOI Mpomoku, 0e3opaaHi3auieto xonaHzaioyumis,
CMOHWEeHHSIM KITIMUHHOZ0 rriacmy eHacrliooK gidwapysaHHs1 XxonaHeaioyumis, nosimopghiaMom ixHix s0ep, pyUHy8aHHAM MKKTIMUHHUX
KOHMakmis, po3wapyeaHHsIM 6/1aCHOI naacmuHKU, 8aKyoibHOK ducmpogpieto M's13080i 060OHKU, "8apUKO3HUM" PO3LWIUPEHHSIM 8EHYI,
8Upa3Ho0 2r1alKoM'a308010 2inepriasiero apmepiors, Hass8HICMIO NepusacKynsapHUX fiMgboyumapHuUX iHginbmpamie y CmiHui MpomoKu.
KnrouoBi cnoBa: mikpocmpykmypa, wiisxu eueedeHHs xoeyi, binul wyp, HanbygiH.

MOP®OJNOMMYECKUE OCOBEHHOCTU CTEHKWU OBLLEIO XXENTYHOIO NMPOTOKA B YCNTOBUAX 3KCMEPUMEHTAIIbHOIO
BNuUAHNA ONMUONOA

Mamewyk-Baue6a J1.P., l'upHsk WU.N., NMudeanbHa Y.E.

Mopgbonoauyeckoe cocmosiHue nymel 8bigoda xesnn4u ocmaemcsi 00HOU U3 8axHeUwuXx rnpobrem coepemMeHHOU MeOUUUHCKOU HayKu.
C uernbto nonyvyeHuUsi aHenbaesupyrou,eeo sghghekma y nayueHmos ¢ OCmpbIM XOnaHaumomM Jyacmo npumeHstom onuoudsl. OOHaKo
ceedeHusi 06 aghgpekmusHocmu NpPUMEHEHUS onuoudoe8 0715 fIeYeHUs amosio2uyeckux COCMOSIHUU XeN4YHbIX MPOMOKO8
npomusopeyusbl. AKmyarbHbIM sigrisiemcs QanbHeliwee uccredosaHue delicmeusi ornuoudo8 Ha CMpPYKMypPHYH opaaHu3auuro obujezo
XXen4yHoeo npomoka. C uesnbro ycrmaHos1eHUs Mopghos102Uu4ecKo20 COCMOsIHUST 06We20 Xen4Ho20 MPoMmoKa 8 yCro8usix 0numesibHO20
g8030elicmeusi onuouda nposedeHo uccriefosaHue Ha 24 ronosospesnbix bernbix Kpbicax-camuyax 8 eo3pacme 3,5-5,0 mecsiyes u
maccol mena 180-200 2, komopbiM 8 meyeHue 6 Hederlb 8HYmMpPUMBbIWEYHO 8800uruU HanbyguH. Mamepuan uccnedosaHus npedcmaerneH
2ucmornoaudyeckuMu npenapamamu obwezo Xesa4Ho2o npomoka besnbix Kpbic. [Jns pomodoKyMeHmupo8aHusi noy4YeHHbIX Hamu
MuKponpenapamos bbiiia ucronb308aHa KoMrbiomepHas cucmema "Aver Media”. [Jns usmepeHusi Quamempa rnpoceema U mosujuHbl
CmMeHKU obuje2o Xef4yHo20 NMpomoka MPUMEeHANU KoMnblomepHy npoepammy Imaged. Peaynbmamsbi uccriedogaHus
ceudemernibcmaytom, 4mo 4Yepes 2 Hedesu 8gedeHusi HanbyghuHa 6erbiM KpbicaM 803HUKAIIO MOMTHOKPO8UE MUKPOCOCYO08 CMeHKU U
docmosepHoe ysernu4veHue rnpodoribHo20 duamempa rnpocsema obuie20o xen4Hoz2o rnpomoka. Yepes 4 Hedenu akcriepumeHma obwuli
JKEeMYHbIU MPOmMOoK OUISIMUPO8aH, rnornepeyHbIl U npodosnbHbIl duamempb! €20 Npoceema yeenuyunuch nodymu e08oe, namosioeuyecKue
U3MEHEHUsT e20 CmeHKU UMesu ece rnpu3Haku eocrianeHusi. Ha no3dHux cpokax akcriepumeHma (8gedeHue HanbyguHa 8 medeHue 6
Heldersib) namorsioeuyecKue U3MeHeHUs Hapacmarsu u rposensnuck decmpykmypu3ayuel cmeHKu obuwea0 XenyHo20 Mpomoka,
desopeaHusayuell xonaHauoyumos, UCMOHYeHUEM KITeMOYHO20 racma 8 pe3ysibmame OmCcI0eHUs X0raH2uoyumos, rnoumMopgu3Mom
ux si0ep, paspyweHueM MEXKIEeMOYHbIX KOHMaKmos, paccrioeHuem cobcmeeHHOU nacmuHKuU, 8aKyosbHol ducmpogbuell Mbilue4yHoU
0607104KU, "8apPUKO3HbIM" pacuiupeHuemM 8eHyrl, 8bipaxKeHHOU anadKkoMbiuedHOU auneprina3uel apmepuort, Harnuquem nepusacKynsipHbIX
numMgoyumapHbIX UHhUIbMPAamos 8 CMeHKe MPOoIMOoKa.

KnroueBble cnoBa: Mukpocmpykmypa, rnymu ebleedeHusi xen4qu, benas Kpbica, HanbyuH.
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