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Opioids are potent drugs that are widely used to combat pain in severe wounds and in
cancer patients. The professional literature provides a limited amount of data on the
morphometric analysis of the links of the hemomicrocirculatory bed of the cerebellar
cortex and choroid of the eyeball under the influence of an opioid in the experiment.
The aim of the work was to establish the features and conduct morphometric studies of
the links of the hemomicrocirculatory bed of the cerebellar cortex and choroid in
normal conditions and under conditions of 6-week exposure to an opioid in the experiment.
The experimental study was carried out on 24 male white rats, 3 months old and
weighing 160-180 g. The material for the study is represented by preparations of the
choroid and cerebellum with an injected vascular bed. Compared with the control
group of animals, profound destructive changes in the angioarchitectonics of the choroid
and cerebellar cortex were found under the influence of Nalbuphine. The capillary
component is destroyed, the arterioles are tortuous, sclerosed, their lumen is uneven,
the wall is thickened, the venules are dilated and deformed. A decrease in comparison
with the norm in the diameter of arterioles, the density of the network of exchange
vessels, arterio-venular coefficient, as well as an increase in the diameter of venules
and an indicator of trophic activity of the tissue. Expansion of arterio-venular
anastomoses indicates the discharge of blood from the arterioles into the venous bed,
bypassing the destroyed capillaries. A pronounced relationship was established
between the depth of structural transformations of the hemomicrocirculatory bed of the
cerebellar cortex, choroid of the white rat's eye and morphometric parameters. It has
been confirmed that the triggering mechanism of destructive changes under the influence
of narcotic analgesics is the development of angiopathy.
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Introduction

It is well-recognized that, despite similar pain
characteristics, some people with chronic pain recover,
whereas others do not [1]. Opioids are potent drugs that
are widely used to control cancer pain and are routinely
used analgesics in patients with chronic wounds [17, 21].
Increasing evidence suggest that opioids mediate clinically
relevant effects that go beyond their classical role as
analgesics [5, 16]. However, it is undeniable that the long-
term and systematic use of opioids can cause structural
changes of organs and systems [11, 24].

The significant metabolic and structural changes, early
disability, and mortality in opioid-dependent patients require
the study of pathogenetic mechanisms of the development
and progression of multiple polyorganic comorbid
conditions [9, 10]. Nowadays, a number of unresolved

issues regarding the features of the hemomicrocirculatory
bed of cerebellar cortex and eyeball in norm and after long-
term opioid influence remain, what makes the current study
relevant.

Nalbuphine is a synthetic kappa-receptor (KOR) agonist
opioid and partial mu-receptor (MOR) antagonist which has
been synthesized in an attempt to provide analgesia without
the undesirable side effects of pure agonists. The central
and peripheral analgesic action and the lower risk of
addiction/dependence potential seems to be related to the
agonist action on KOR, while its MOR antagonist action
would be responsible for its lower risk of respiratory
depression [3, 25].

It is used to treat moderate to severe pain and provide
preoperative and postoperative analgesia and sedation
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[4, 20]. Endothelial cells (human arterial and rat
microvascular) contain a high affinity, saturable opiate
binding site [22].

The aim of the work was to establish the features and
conduct morphometric studies of the links of the
hemomicrocirculatory bed of the cerebellar cortex and
choroid in normal conditions and under conditions of 6-
week exposure to an opioid in the experiment.

Material and methods

The study was carried out on 24 mature white male rats
aged 3.0 months and body weight 160-180 g. The injection
of Nalbuphine hydrochloride (Rusanpharma LTD., India)
was done intramuscularly with a gradual weekly increase
in dosage: from 8 mg/kg to 35 mg/kg. Sampling of the
material was carried out after 6 weeks of drug injection.
The control group consisted of 9 white rats to which saline
solution (Indar, Kyiv, Ukraine) was injected. The
experiments were conducted in compliance with the
provisions of the "Guide for the care and use of laboratory
animals, 8th edition, 2011". Euthanasia was performed by
way of overdosing intraperitoneal anesthesia using
Thiopental sodium (Kyivmedpreparat, Kyiv, Ukraine).

The material is represented by the preparations of
eyeballs and cerebellum of rats with injected vascular way.
An injection mass consisting of a mixture of 20% solution
of collargol and glycerol in a 2 : 1 ratio was used for the
injection of the bloodstream.

For morphometric analysis of the vessels of
hemomicrocirculatory bed of the eyeball and cerebellar
cortex, the following quantitative criteria were used:
microvascular diameter, arteriolar-venular coefficient,
tortuosity coefficient, density of mesh of exchange vessels,
index of trophic tissue activity. Statistical analysis of the
results of the study was performed by a computer program
"InStat" for biomedical and epidemiological studies.

Results

The layer of veins, the layer of arteries, and the capillary
layer are clearly distinguished in the choroid of the rat
(Fig. 1). Arterial branches of the annular arteries of the iris
are included in the cilliary processes, branching into
numerous anastomosing microvessels, which form a thick
mesh of broad capillaries. Capillary nets occupy almost
the entire volume of cilliary processes. Along the edges of
the cilliary processes, veins extend through which the
venous blood drains into the venous plexus which is behind
the cilliary muscle. The blood supply of the cilliary muscle
is provided by the branches of the iris vessels and the
choroid, which anastomoses with each other.

In the iris of the white rat clearly visible are annular
arteries of the iris, which, arcuately arched, go towards
each other and, anastomosing with each other in the anterior
and posterior regions of the iris, form a large arterial circle
of the iris. From the large arterial circle of the iris, many
branches are going both to the cilliary body and the iris.

s

Fig. 1. The angioarchitectonic of the choroid of the controlanimal
(rat) eye ball. Microphoto. x200. Injection of blood vessels by ink
gelatin mass. 1 - arteriole; 2 - capillaries.

Fig. 2. Vascularization of the cerebellar cortex of the white rat in
norm. Microphoto. x160. Injection of blood vessels by ink gelatin
mass. 1 - arteriole; 2 - capillary net; 3 - venules.

Arterioles of the iris go radially to the pupil margin, where a
capillary loop mesh surrounding the pupil is formed.
Capillary loop mesh of the pupillary edge of the iris is gentle,
the loops are thin.

Under morphometric study of angioarchitectonic in norm
- the diameter of arterioles - (21.80+£2.30) um, the diameter
of venules - (27.09+1.44) uym, capillaries of cilliary
processes - (6.40+£0.34) um.

The vascularization of the cerebellum of the white rat is
mainly provided by the right and left nasal and right and left
caudal ventral arteries, which are the branches of the basilar
artery, and the caudal dorsal arteries, which are branches
of the vertebral arteries. The cerebellar arteries, penetrating
into the cerebellum, separate and form in the cerebellar
cortex a hemomicrocirculatory bed containing classically
arterioles, precapillary arterioles, capillaries, postcapillary
venules and venules. Anastomosing capillaries form a
capillary net in the cerebellar cortex (Fig. 2).

According to the results of morphometric studies of the
vessels of the hemomicrocirculatory bed of the cerebellar
cortex of the white rat, the following values of morphometric
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Fig. 3. Expansion of the arteriolar component of the cerebellar
cortex of the white rat after 6 weeks of injection of Nalbuphine.
Injection of blood vessels by ink gelatin mass. Microphoto. x160. 1
- arteriolar component; 2 - cerebellar artery.
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Fig. 4. Deep destructive changes of the links of the
hemomicrocirculatory bed of the iris of the eyeball of white rat
under conditions of 6-week administration of Nalbuphine.
Microphoto. x100.

parameters were obtained in norm: the diameter of
arterioles - (20.58+0.32) ym, venules - (29.00+0.20) pum,
respectively, arteriolar-venular coefficient is 0.71+£0.01. The
diameter of the capillaries of the cerebellar cortex of the
white rat in norm - (6.81+0.01) um, the density of the mesh
of the exchange vessels is 62.20+2.19, the trophic activity
of the cerebellar cortex tissue is (45.62+0.97) pm.

After 6 weeks of experimental study, deep destructive
changes of vessels of hemomicrocirculatory bed of the
vascular tunic of the eyeball and cerebellar cortex are
observed.

The arteriolar component of the cerebellar cortex is
significantly enlarged (Fig. 3). The diameter of the arterioles
at this time of the experiment is (35.46+2.14) uym, the control

is (20.40+0.68) pym. During this period arteriolar-venular
anastomoses widen in the cerebellar cortex. Vascular loops
of the cerebellar cortex lose a delicate, tortuous pattern,
often breaking off.

The diameter of the cerebellar cortex capillary after 6
weeks of administration of Nalbuphine is (8.25£0.94) um,
control - (5.80+£0.10) um. Increased vascular permeability,
hemorrhage, microaneurysms were detected.

It is quite natural that stagnation and disturbance of
outflow of venous blood cause expansion of the venular
component, which is confirmed by a significant increase in
the diameter of venules to (48.34+2.42) ym, control -
(28.24£0.19) um in morphometric analysis. The change in
the arteriolar-venular coefficient is evident, which at this
stage of the study is 0.74+0.01. There is a change in the
density of vessels, violation of their integrity, which is
confirmed by the following changes in morphometric
parameters. The density of the mesh of the exchanged
vessels decreases sharply, this can be explained by the
development of significant destruction, mainly of the
cerebellar cortex capillaries, and is 33.80+4.42 (control -
62.10+0.36). The index of tissue trophic activity increases
to (67.70£2.34) ym control - (47.64+0.78) ym. Responsive
destructive changes in the vessels of the
hemomicrocirculatory bed are observed in the choroid of
the eyeball after 6 weeks of the experiment (Fig. 4).

According to morphometric parameters: the diameter of
the arterioles is (28.42+0.41) um, control (21.80£2.30) um;
the diameter of the venules increased to (48.74+2.59) um,
the control - (27.09+1.44) ym, which led to a probable
decrease of the arteriolar-venular coefficient to 0.58+0.03,
the control - 0.8+0.07.The density of the mesh of the
exchange vessels was reduced to 64.00+5.82, the control
was 120.40£7.53, and the index of tissue trophic activity
increased to (31.94+2.61) ym, the control - (18.15+0.74).
The diameter of the capillaries of the cilliary processes is
(9.76x0.51) um, control - (6.40+0.34) ym.

In both described organs there is an expansion of
arteriolar-venular anastomoses, which indicates the
discharge of blood from the arterioles into the venous way,
bypassing the destroyed capillaries.

Discussion

The results of the present work are a fragment of the
scientific research project "The structure of organs and
their bloodstream in ontogenesis under the effect of laser
irradiation and pharmaceutical agents in cases of blood
supply disorders, reconstructive surgeries and diabetes
mellitus" (State Registration Number 0110U001854),
being conducted at the Department of Normal Anatomy,
Danylo Halytsky Lviv National Medical University.

The number of people consuming narcotic analgesics
does not decrease, but on the contrary tends to increase
[5, 16]. Nalbuphine is an agonist of k-opioid receptors and
a partial antagonist of y-opioid receptors, which can
stimulate k-receptors and antagonize the acute rewarding
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effects of morphine, has a short duration of action and
rapid clearance compared with other opioids and is less
likely to cause side effects [15]. It is widely used either as
an analgesic or as an adjuvant with morphine [4, 12, 19].
For this reason, the number of requests for opioids in
Pubmed has traditionally remained the same. The
relevance of the topic of drug use and drug dependence
has led to numerous animal experiments (white Wistar
rats) to study the macro-, micro- and ultrastructure of organs
and systems under the influence of opioids [8, 13]. The
study of microscopic and electron microscopic level
revealed the pattern of primary lesion of the vascular
component. This prompted the study of angioarchitectonics
to evaluate the microcirculatory bed [7, 14].

A number of authors describe that vessels of the
hemomicrocirculatory bed are most likely to respond to the
influence of environmental factors, and therefore one of
the first to undergo structural restructuring, which is the
basis for the development of the pathological process [2,
6, 18, 23]. Since no numerical values of morphometric
indices of white rats of different ages were found in the
analysis of professional literature, a model for comparing
long-term opioid (Nalbuphine) versus control was
selected.

Expansion of arterioles and venules during this study
period, compared to control, is due to the inability of these
vessels to cope with significant blood flow. In our opinion,
the dilation of the veins of the choroid of the eyeball at this
time of the experiment contributes to the increasing in the
capacity of the venular part of the hemomicrocirculatory
bed, tortuosity of arterioles provides a decrease in the force
of the pulse impulse in these vessels, the appearance of
additional arteriolar-venular anastomoses and its activation
leads to increasing of capillar bloodflow. Dilation of
arteriolar-venular anastomoses of the vascular membrane
of the eyeball and cerebellar cortex indicates the discharge
of blood from the arterioles into the venous way, bypassing
the ruptured capillaries. Additional anastomoses are
opened. We consider this as a compensatory mechanism
that enhances the flow and, accordingly, provides the
unloading of the destroyed capillary nets of both us and
other organs [26]. Therefore, the preparations clearly
visualize "empty" areas where there is no capillary
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MOP®OMETPUYHE BUBYEHHSA AHIOAPXITEKTOHIKW MiA BNIMBOM ONIOIAY (EKCNEPUMEHTANBHE OOCIIIXEHHSA)

Mamewyk-Bauye6ba J1.P., lideanbHa Y.€., bekecesuy A.M.

Onioidu - cunbHOOditoYi Npenapamu, Wo WUPOKO 3acmocosytombcsi y 60pombbi 3 6onem rpu 8aXKux NMOPaHEHHsIX ma 8 OHKOX8OPUX.
®axosa nimepamypa HagoOuUMb 0OMeXeHy KirbKicmb 0aHUX MOPEOMempuUYHO20 aHasidy faHoK 2eMOMIKPOUUPKYSIMOPHO20 pycra
Kopu M0o304YKa ma cyOuHHOI 060/10HKU 04YHOZ0 51611yKa nid ernueom onioidy e ekcriepumeHmi. Memoto docnidxeHHs1 byno ecmaHosumu
ocobsiueocmi ma npogsecmu MopghoMempuyHe OOCHIOKEHHS NTaHOK 2eMOMIKPOUUPKYISIMOPHO20 pycria CyOUHHOI 060/I0HKU 0YHO20
s61yKa i Kopu MO304YKa 8 HOPMI 3a yMO8 6-muXXHEe80e20 8riugy ornioidy 8 ekcriepumeHmi. EkcriepumeHmarnbHe 00CiOXeHHs Ipo8edeHo
Ha 24 6inux wypax camusix eikom 3 mic i eazoto 160-180 2. Mamepian 0nsi docnidxeHHs npedcmasneHul npenapamamu CyOUHHOI
060/10HKU OKa i MO304Ka 3 iH'€eKo8aHUM CyOUHHUM PYCIIOM. Y rOpPi8HSIHHI 3 KOHMPOIIbHOK 2pyrno meapuH 8usierieHo 2ruboki
decmpyKmugHi 3MiHU aH2ioapXimeKmOoHiKU cyOUHHOI 060/10HKU O4HO20 sibrlyka ma Kopu Mo304Ka nid ernnueom HanbygiHy. KaninspHul
KOMIMOHeHm 3pyUHoeaHul, apmepionu 38usucmi, Mpocsim ix HepieHOMIpHUU, cmiHKa iX MomosweHa, CKiepo308aHa, 8eHys1Uu PO3WUPEHI
ma de¢hopmosaHi. BcmaHo8meHo 3MeHWeHHs, NopieHsIHO 3 HOpPMOto, diamempa apmepion, WinbHOCMi cimKku OB6MIHHUX CyOuH,
apmepiono-eeHynsipHO20 KoegiyieHma, a makox 36inbweHHs Oiamempa 8eHysn ma Moka3Huka mpoghidHOI akmueHoCmi mKaHUHU.
Po3wupeHHsi apmepiono-8eHynsipHUX aHacmomo3ie c8id4yumpe npo ckudaHHS Kposei 3 apmepios1 00 8€HO3HO20 pycra, MUHar4u
3pylHoeaHi Kaninspu. BuseneHo supaxeHull 38'A30K MK 2rubuHO MOPQOOIO2iYHUX 3MiH fTaHOK 2eMOMIKPOUUPKYISIMOPHO20 pycna
KOpu MO304Ka, cyOuHHOI 06010HKU OKa 6iro2o wypa ma MopghomempuyHUMU rokasHukamu. [1idmeepdxeHo, w0 nycKkosUM MexaHi3MoM
decmpyKmugeHUX 3MiH Mi0 8rnIUEOM HaPKOMUYHUX aHallb2emukig € po3gumoK aHaionamii.

KnroyoBi cnoBa: mMopgomempisi, onioidu, ekcriepuMeHm, OKO, MO30YOK, CyOUHHa 0b0sI0HKa.
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MOP®OMETPUYECKOE U3YYEHUE AHTMOAPXUTEKTOHUKM NOL BO3OEACTBUEM ONMUOUIA (SKCMEPUMEHTAINLHOE
WUCCNEOOBAHME)

Mamewyk-Baueb6ba J1.P., MudeanbHa Y.E., bekecesuy A.M.

Onuoudsi - cunbHodelicmeyrouue npernapamal, WUPOKO npuMmeHsieMble 8 60pbbe ¢ 607bI0 NPU MSHKEsbIX PaHEeHUSIX U y OHKOOOSIbHBIX.
lNpogheccuoHanbHass numepamypa npueooum o2paHU4eHHoe Konu4yecmeo OaHHbIX MOPOMEemMpPUYECKO20 aHalu3a 38eHbes
2eMOMUKPOUUPKYIAMOPHO20 pycria Kopbl MO3Xedyka u cocyducmol obonoyku enas3Hoeo sbnoka nod enusHuem ornuouda 8
akcriepumeHme. Llenbio pabombl 661510 ycmaHo8UMb 0COBEHHOCMU U rpogecmu mMopghomempuyeckue uccriedosaHusi 386eHbe8
2eMOMUKPOUUPKYISMOPHO20 pycria Kopbl MO3Xe4ka u cocyducmol 0b0s104Ku ernasHoeo s16r10ka 8 Hopme U 8 ycriogusix 6-HedeslbHO20
g8o30elicmeus onuouda 8 IKcrepumeHme. SKcrepumeHmarbHoe uccriedogaHue npoesedeHo Ha 24 bersibix Kpbicax-camyax 803pacmom
3 mec u secom 160-180 2. Mamepuan Onsi uccnedosaHusi npedcmasseH rnpenapamamu cocyoucmoul 060/104KuU erla3a U MO3XeyKa C
UHBeUUpo8aHHbIM cocyducmbiM pycriom. [1o cpagHeHUto ¢ KOHMPObHOU epynnol XU8OMHbIX ObHapyxeHb! 2riybokue decmpyKmugHble
U3MeHeHUs1 aHeuoapXxumeKMmOoHUKU cocyducmol 0b0r1oYKu 2rnasHoeo sib6r10Kka U Kopbl Mo3edka rnoo enusiHuem HanbyguHa. KanunnspHeil
KOMIMOHEeHmM pa3pyWweH, apmepuorsibl U38UUCMbIE, CKIIEPO3UPOBaHHbIE, NMPOCBEM UX HEPABHOMEPHbIU, CmeHKa ymonweHa, 8eHyrbl
pacwupeHHble u 0e¢hopMupoBaHHbIe. YCmaHO8MeHO yMeHbWeHUe, M0 CpasHeHur ¢ HopMouU, duamempa apmepuori, MIomHocmu
cemku 0bMeHHbIX cocy008, apmepuosio-8eHyMAPHO20 KOaghhuyueHma, a makxe yesenudeHue uamempa 8eHysn U riokasamerss
mpogbuyeckoli akmueHOCmMuU mkaHu. PacwupeHue apmepuoro-8eHynspHbIX aHacmomMo3os8 ceudemernibcmeyem o cbpoce Kposu u3
apmepuors 8 eHO3HOE PYyCrio, MUHYSI paspyWeHHbIe Kanusnaspbl. YcmaHoeieHa 8blpaxeHHasi Cesi3b Mex0y 2iybuHoU cmpyKmypHbIX
npeobpasogaHuli 2eMOMUKPOYUPKYISIMOPHO20 pycra Kopbl Mo3xXe4yka, cocyducmol obonoyku enasa 6enol KpbiCbl U
mMopghomempuyecKkuMu nokaszamensamu. [lodmeepdxeHO, YmMO MyCKO8bIM MeXaHU3MoM OecmpyKmueHbIX U3MeHeHuUl nod
go3delicmeueM HapKOMUYECKUX aHalb2emuKko8 siefisemcs pa3gumue aHauornamuu.

KnroueBble cnoBa: Mopgomempusi, onuoudsl, 3KCIepuMeHm, ara3, MOXXe4oK, cocyducmasi oboroyKa.
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