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Aims: To establish peculiarities of structural organization of angioarchitecture of
pancreas, cerebellum, telencephalon, eveball and skin in the dynamics of the long-term
effect of Nalbuphine.

Materials and methods: The study was carried out on 48 mature white male rats divided
into 3 groups. Nalbuphine was intramuscularly infected to the experimental animals during
six weeks in doses: 8, 13, 20, 25, 30, 35 mg'kg of body weight. 18 white rats to which saline
solution was injected served as the control group. The research materials were presented by
specimens of the white rats’ cerebellum, telencephalon, eyeball and skin with the injected
vascular bed, histological specimens and ultrathin sections of the organs. The studies were
conducted with application of histological, electron microscopy, injection and morphometric
methods of investigation.

Results: The first signs of impairment of angioarchitecture have been detected
already after 2 weeks of injecting Nalbuphine. Pathological changes keep growing
throughout the entive subsequent period of the experiment manifested by obliteration of
capillaries, rarefaction of vaculature, tortuosity of the preserved vessels. Afier 6 weeks
of injecting Nalbuphine microcirculatory bed of the cerebellar cortex, white substance of
the telencephalon, eveball vascular tunic, pancreas and skin appear to be at the stage of
decompensation, when the capillary component is ruined, arterioles are sharply twisted,
deformed, their lumen uneven, venules dilated and deformed.

Conclusion: injection of Nalbuphine inflicts a considerable damage on the micro- and
ultrastructural organization of the components of microcirculatory bed of the experimental
animals’ organs.
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Mema. Busnauumu ocobuueocmi  cmpykmyphoi  op2anizayii  anzioapximexmonixu
RIQUIVHKOGOI 3a1031, MO30UKA, KiHYe6020 MO3KY, OYHO20 ADMVKa ma wikipu & OuHamiyi
MPUEANno20 GRANGY HANGVPINY.

Mamepiann i memoodu. /locaioxwcenns suxonani na 48 cmameeozpinux Ginux upypax-
camysax. ExenepumenmaisHimt meapuiam 600U 6HYMpItisom ‘a3e6o Handyhin enpodoeie
uecmu mucnie. Kowmponem cnyeyeanu 18 Ginux wpypie, axum eéoounu gizionoziunuii
posuun. Mamepianu docnidsicenns npedcmasneni npenapamamu MOULIVHKOGOT 3a103u,
MO30YKQ, KiHYEG020 MO3KY, OYHO20 ADIVKA MA WKIPH WYPI6 3 IH '€KOBAHUM CYOUHHUM PYCTOM,
2iemonoiynum npenapamamu ma WABMPAmMOHKUMU .')‘p.".')’ﬂ_\-i'li ()pi.?ﬂ”l"i‘i', ?GC.’HFGC‘O({_VH{?.-’.'!{
2ICMOono2iunul, enekmpoHHOMIKPOCKORIYHIE, 1 eXyiiHull ma mopgomempuniii Memodu
dociidncenis.

Pesynomarmu. Buasneno neputi 03naku nOpyuieHHA aH2ioapximexmoniru sice yepes 06a
mucni 6eedenis Hanovghiny. Bnpodoexe Hacmynnozo mepminy ekenepumenmy namonoziuni
IMIHU 30[BULVIOMbC, WO HPOoAGnaeEmbesa obnimepayiclo Kaninapie, HepigHOMIpHiCHIIO
Kaniapy cyouH, pospiodceHHsM CYOUHHOT CIMKU, 3GUSHCHICINIO 30epexceHux  cVOUH.
Hepes wicms muxicnic 6eedenis HaOVQIHY 2eMOMIKPORUPKVAIMOpIe PYCio 6CiX Op2anie
nepetveano Ha cmadii OdexomnueHcayll, Konu KanitApHuil KOMHOHeHmM 3SpyitHOGaHuil,
apmepioit pizko nokpyuent, depopMosani, ixuii npoceim HepigHOMIPHUT, GeHVIN Po3uupe i
ma deopmosan.

Bucnoern. Beedeuna nanbyghiny snauno nopyuve Mikpo- ma Vismpacmpykmypy
Op2anizayito  NAHOK 2eMOMIKpOYUPKYIAMOPHO20 pPYeaa Opeanie  eKkchnepumeHmanbol
meapunu. Haitwsuduie na nezamusnuil éniie onioidy peazye endomeniii Kaninapie MoKy
ma ouHozo AGVKa.

Kmiouoei coea: mixpocyounu, mopghonozia, napromuunudl cepeour, Gl uyp.

INTRODUCTION

The problem of drug addiction in the last decades has become not only a social but,
primarily, a medical problem as well (Pidvalna. 2014 ). According to the recent data preva-
lence of the diseases of narcologic nature in our country attains in absolute figures 960,000
individuals, or 2,500 cases per 100,000 of population (Vijevs'kyj et al. 2012). Taking into
consideration the fact. that sensation of pain attains up to 40% of all complaints of those
applying for the initial medical care the problem of pharmacotherapy and an effective pain
control remains to be one of the most urgent tasks of modern pharmacology and medical
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science in general (Buhtiarova et al . 2011: Dachydovych et al: 2011, Maremmani et al.
2009). It is known, that protracted pain is accompanied by the system pathophysiological
reaction of the entire organism with the development of oxidative stress syndrome and
a multitude of disorders of biochemical reactions in separate cells (Altarifi et al, 2015;
Nef’odov et al, 2011). Extensive use of narcotic agents and proliferation of drug addiction
predetermine the need for the study of the effect of opioid on the structural organization
of the organs and systems, for it is generally recognized. that each function is based on
their adequate structure (Popyk. 2014). The use of opioids predetermines development of
structural changes in various organs and systems, which reduces expectancy and quality of
life of the individuals, using narcotic analgetic agents (Anselmi et al. 2013; Bailey, 2005).
It is known, that the risk of cardiovascular discases. development of hepatic and renal
insufficiency in such patients increases (Ogurcov & Mazurchik. 2007). In professional
literature there are occasional data on the peculiarities of microcirculation in the vessels
of ischemic brain of the rat in case of opioid lymph stimulation (Fomina. 2012) and on
the results of biomicroscopic studies of the reaction of microvessels to the intraperitoneal
injection of opioid (O’Connor & McMahon. 2008; Voronkov et al. 2008). It is exactly
angiopathy that remains to be one of the gravest manifestations of the effect of endo- and
exopathogenic factors on the organism (Mateshuk-Vatseba & Diskovs'kyj. 2014). The
study of morphology of the effect of narcotic substances on the organism is topical and
requires further studies (Borys, 2011). That is why the task of this investigation was to es-
tablish peculiarities of structural organization of the components of microcirculatory bed
of pancreas, cerebellum, telencephalon, eyeball and skin in the dynamics of the prolonged
effect of Nalbuphine.

MATERIALS AND METHODS

The study was carried out on 48 mature white male rats aged 3.0 — 3.5 months and
body weight 160-180 g. Nalbuphine was injected intramuscularly daily to the experimen-
tal animals of the first group (10 rats) during 2 weeks (1st week — 8 mg/kg, 2nd week - 15
mg/kg); Nalbuphine was injected intramuscularly daily to the experimental animals of
the second group (10 rats) during 4 weeks (1st week — 8 mg/kg. 2nd week - 15 mg/kg,. 3rd
week - 20 mg/kg, 4th week - 25 mg/kg: Nalbuphine was injected intramuscularly daily to
the experimental animals of the third group (10 rats) during 6 weeks (1st week — 8 mg/kg.
2nd week - 15 mg/kg, 3rd week - 20 mg/kg, 4thweek - 25 mg/kg, 5th week - 30 mg/kg. 6th
week - 35 mg/kg (Onys’ko ct al, 2013). 18 white rats to which saline solution was injected
served as the control group. All animals were kept in the vivarium of Danylo Halytsky
National Medical University of Lviv. and the experiments were conducted in compliance
with the provisions of the European Convention for the protection of vertebrate animals
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used for experimental and other scientific purposes (Strasbourg. 1986). European Council
Directive 86/609/EEC (1986). the Law of Ukraine #3447-IV «On protection of animals
from cruel treatment». general ethical principles of experiments on animals approved by
the first National Congress of Ukraine on Bioethics (2001).

Sampling of the material was made after 2, 4, 6 weeks of the experiment. The animals
were withdrawn from the experiment by the use of thiopental sodium at the rate of 25 mg/
kg of body weight.

The research materials were presented by specimens of the rats’ pancreas. cerebel-
lum, telencephalon, eyeball and skin with the injected vascular bed. histological speci-
mens and ultramicroscopic sections of the organs. The sections of the organs for histologi-
cal examination were stained with hematoxylin and eosin. These specimens were studied
and photographed under microscope MBM-1 and a digital camera Olympus FE210 with
microscope magnification x400.

Indian ink was used as the injection mass for injection in the bloodstream. Clarifica-
tion of the sections was made in glycerin with 96% ethanol ina 1:1 ratio during 3 days and
in pure glycerin afterwards. These specimens were studied and photographed under micro-
scope MBI-1 and a digital camera Olympus FE2 10 with microscope magnification x 160.

The following quantitative criteria were used for the morphometric analysis of the
condition of microcirculatory bed of the organs: diameter of microvessels, arteriolovenu-
lar factor, tortuosity coefficient, density of the network of exchange vessels (the number
of capillaries per arca unit), index of tissue trophic activity (radial diffusion). Statistical
study of the results was made using computer with the aid of application package for med-
ico-biological and epidemiological investigations “InStat”. Ultrastructural study of the
rat’s organs was conducted with the aid of electron microscope UEMB-100K (Ukraine)
at acceleration speed 75 kV and magnification on the microscope screen x4000, x8000,
Ultrathin sections were prepared with the aid of ultramicrotome UMTP-3M with the help
of glass knives produced on CCH-1 device.

RESULTS

IAfter 6 weeks of injecting Nalbuphine the injected and clarified specimens
of the organs showed dilatation of arterioles up to 29.12+1.4 pm (in control group —
27.80£2.29 pum). Lumen of venules at this stage of the experiment. probably. does not
change. diameter of the venules attains 29.98+0.85 um (in control group — 27.09+1.44
um), arteriolovenular coefficient increases up to 0.98+0.03 (in control group — 0.80+0.07)
respectively. The said above is confirmed in Fig. 1.

Ultrastructural organization of capillaries of the rat’s cerebellar cortex, eyeball
vascular tunic and white substance of telencephalon is impaired considerably after two
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A B
Fig. 1. Microcirculatory bed of the white substance of the control group rat’s telencephalon (A)
and after 2 weeks of Nalbuphine injections (B). Microphotograph. Injection of vessels.
Magnification: x160

weeks of injecting Nalbuphine (Fig. 2). Edema of endotheliocytes was observed in the
capillaries, their lumens acquiring an irregular form. There was found edema and. as a
consequence, a thickening of the basal membrane. though its integrity was preserved.
Pericytes predominantly preserve connection with the membrane,

L~ -

Fig. 2. Ultrastructure of the capillary of the rat’s cerebellar cortex (A), eyeball vascular tunic (B)
and white substance of telencephalon (C) after two weeks of injecting Nalbuphine.
Electron micrograph. Magnification: x8000

After 4 weeks of injecting Nalbuphine arterioles are sharply twisted, their caliber
uneven (Fig. 3). Arterioles tortuosity coefficient is 0.50+£0.02 (in control group —
0.29+£0.01). Capillary networks are characterized by the following morphometric indices:
diameter of the capillaries attains 6.20+0.27 pm (in control group — 5.81+0.21), density
of the exchange vessels network — 54.0+0.7 (in control group — 60.8+5.4 pm). tissue
trophic activity index — 44.143.5 um (in control group — 46.3+3.4 um). There is observed
obliteration of capillaries. hemorrhages. irregular caliber of the vessels, rarefaction of
vasculature, tortuosity of the preserved vessels. Venular component of microcirculatory
bed is dilated, diameter of the venules attains 43.63£2.74 pm
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A B
Fig. 3. Microcirculatory bed of control rat’s cerebellum (A) and after 4 weeks of injecting
Nalbuphine (B). Microphotograph. Injection of vessels. Magnification: x200
Changes have been detected on level of light microscopy in the organs’ bloodstream
components. Lumens of the vessels are dilated. filled with blood cells. Some arterioles’ walls
are thinned. there is edema of endothelium. However. other arteriolar walls are thickened.
endotheliocytes are distributed unevenly on the internal surface of blood vessels. There are
also present «varicose» dilated venules, perivascular polymorphonuclear infiltrates (Fig. 4).

Fig. 4. Skin of external femur surface (A), iris of the eyeball (B), cerebellar cortex of the white
rat (C) in control group.Skin of external femur surface (ID), iris of the eyeball (E), cerebellar
cortex of the white rat (F) after 4 weeks of injecting Nalbuphine. Microphotograph. Staining with
hematoxylin and eosin. Magnification: x600 (A, B, D, E, I'), x200 (C).
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After 4 weeks of the experiment angiopathy develops also in the white substance of
telencephalon. in pancreas and in the skin (Fig. 5). Electron-dense nuclei of endotheliocytes
protrude into the capillaries™ lumen, acquiring an excessively elongated form. Anuclear
areas of endotheliocytes are thinned. Basal membrane loses its sharp contour. Pericytes
occasionally delaminate from it. Plasmolemma forms protrusions into the capillaries’
lumen.

Fig. 3. Ultrastructure of the white substance of telencephalon capillary (A), pancreas (B) and
cerebellar cortex (C) of the rat after 4 weeks of influence of opioid. Electron micrograph.
Magnification: x4000 (A, C), x8000 (B).

Deep destructive changes in the microcirculatory bed are observed after 6 weeks of
injecting Nalbuphine . Vascular loops lose their delicate, tortuous pattern and often break
off. Arteriolovenular anastomoses widen and blood from the arterioles discharges into
venous bed bypassing the ruined capillarics. Hemorrhages, microaneurysms have been
observed (Fig. 6). A change of caliber and density of the vessels. breakdown of their
integrity are observed and confirmed by morphometric indices. Diameter of the capillaries
drops to 5.19+0.04 pum (p<0.05). that of arterioles drops to 18.3£0.1 pm (p<0.05),
diameter of venules attains 30.8+0.3 pm, arteriolovenular coefficient drops to 0.610+0.004

Fig. 6. Microcirculatory bed of the eyeball vascular tunic of control rat (A) and after 6 weeks of
injecting Nalbuphine (B). Microphotograph. Injection of vessels. Magnification: x200
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(p<0.05), arterioles tortuosity coefficient increases up to 0.62+0.02 (p<0.05). Density of
the exchange vessels network drops abruptly and attains 49.6+0.4 (p<0,05) and tissue
trophic activity index increases up to 50.1+2.3 um (p<0.05).

At this stage of the experiment we observe a pronounced arteriolar smooth muscle
hyperplasia, perivascular infiltrates. Arterioles” walls are thickened due to plasma
extravasation, sclerosis and hyalinosis. Lumens of microcirculatory bed elements lose
their regular form. The walls of capillaries and venules are deformed. After 6 weeks of the
experiment we observe induration of cytoplasm, decrease of pinocytic folds and vesicles,
reduction of organelles. An increased number of lysosomes, hypertrophic mitochondrions
and Golgi complex are found in some endotheliocytes. Cytoplasm of endotheliocytes
contains numerous precipitates and coagulates, nucleolemma becomes loose and
disintegrates, karvolysis begins. Basal membrane is blurred, multi-layered with wide gaps
between the layers. Basal membrane shows fragmentation. Adhesion of blood cells to
endothelium, formation of leukocyte. thrombocyte, erythrocyle aggregates is observed
in lumens of the vessels. The form of erythrocytes changes. Fragments of cytoplasm
were found in lumens of the vessels. Pericapillary edema, plasma extravasation, mucoid
swelling of connective tissue (this is especially pronounced in the pancreas), fibrinoid
necrosis (skin) and hemorrhagic infiltration are observed (Fig. 7). Numerous rough fibrous
structures appear in the periphery from the basal membrane which testifies to paracapillary

sclerosis.

Fig. 7. Ultrastructure of the capillary of endocrine part of the pancreas (A), cerebellar cortex (B),
eyeball vascular tunic (C) of the rat after 6 weeks of injecting opioid.
Electron micrograph. Magnification: x4000.

The depth of structural transformations of microcirculatory bed of the organs in the
dynamics of injecting opioid correlates with the morphometric indices (7able 1, Fig. 8-
11).
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Table 1.
Morphometric analysis of the diameter of arterioles (um)
of the control white rat’s eyeball vascular tunic proper
and after injecting Nalbuphine during 2, 4 and 6 weeks

Index Control

2" group 3" group

Arteriole diameter,
um

21,798 +2,29

29424 £1,402 | 31,972 1,697 | 28,424 =0,405

Tenule

. 27,092 £1,438
diameter, tun

29,984 £0,845 | 43,628 £2,743 | 48,744 2,585

Copiliarien 564440419 | 707440232 | 8,142+0,122 | 1513243547
dicmeter
Density of
exchange vessels 120,40 +7,53 115,2+5,15 96,00 43,93 64,00 +5,82
network
Index of trophic | 1o 1y 0738 | 1219850515 | 1382440398 | 31.9442.007
activity
55,0 350
50,0 30,0
450
40,0 25,0
35,0 20,0
30,0
25,0 15.0
20,0 10,0

Control 1# group 2% group 3™ group

Fig. 8. Morphometric analysis of
the diameter of arterioles (pm) of
the white rat’s eyeball vascular tunic
proper after injecting Nalbuphine
during 2. 4 and 6 weeks.

Control 1% group 2™ group 3 group

Fig. 10. Morphometric analysis of
the index of density of the network of

exchange vessels of the white rat’s eyeball

vascular tunic proper after injecting
Nalbuphine during 2. 4 and 6 weeks.

Control 1% group 2™ group 3™ group

Fig. 9. Morphometric analysis of the
diameter of venules (pum) of the white
rat’s eyeball vascular tunic proper
after injecting Nalbuphine during 2. 4
and 6 weeks.

35,0
30,0 4
25,0
20,0
15.0
10,0

5.0

Control 1* group 2™ group 3™ group

Fig. 11. Morphometric analysis of the
index of trophic acivity of tissue of
the white rat’s eyeball vascular tunic
proper after injecting Nalbuphine
during 2, 4 and 6 weeks.
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DISCUSSION

Despite the wide range of modern methods of studies of the mechanisms of lesions
of various organs and systems on the morphological level that appear under the effect
of opioids, the results of morphometric, ultramicroscopic studies that could reveal this
problem still remain practically undocumented. That is why the study of microcirculatory
bed in the dynamics of the prolonged effect of opioid is undoubtedly of essential practical
importance both, in medical and in social aspects. Our studies have shown, that already after
2 weeks of injecting Nalbuphine to the white rats there appear the first sings of impairment
of angioarchitecture of all organs. There have been found intra- and extravascular changes
in the components of microcirculatory bed of the eyeball and the brain. This confirms the
idea of a number of the authors, that the vessels of microcirculatory bed of the eyeball and
the brain are among the first to react to the pathogenic factors by their structural changes
that appear to be the grounds for the development of a pathologic process and determine
its character and the peculiarities of clinical manifestations (Ovcharenko et al, 2012). In
case of experimental diabetes mellitus reduction of density of the capillaries network, an
increased index of tissue trophic activity and diameter of the capillaries. rarefaction of the
eyeball vasculartunic have been observed, which testifies to the presence of decompensatory
processes (Kyryk, 2013). Already after 2 weeks of the course of streptozotocin-induced
diabetes mellitus there have been observed the first changes in ultrastructural organization
of the elements of microcirculatory bed of the optic nerve of the rat that progressed in
the following periods of the experiment. In the authors” opinion angiopathy is a trigger
mechanism for the development of the optic nerve neuropathy (Dac, 2011). Literature
describes changes in the elements of microcirculatory bed of skin in the dynamics of
experimental diabetes mellitus. The changes in angioarchitecture were irreversible after
8 weeks of streptozotocin-induced diabetes mellitus: far-going generalized impairment of
the skin vessels developed up to complete atrophy and decompensation of the capillary
component (Borys, 2011). Edema of the tissues of all regions of the eyeball vascular
tunic, cerebellar cortex, white substance of telencephalon that we have observed after 6
weeks of injecting Nalbuphine squares with the reports containe in professional literature
on the effect of narcotic substances (Bekesevych, 2015; Pidvalna, 2014). It is pointed
out, in particular, that the signs of edema and swelling of the brain were found under
their effect. There are present perivascular and pericellular edema, uvarious disorders of
microcirculation in the form of stasis of erythrocytes in the capillaries, general venous
hyperemia, paresis of the resistant component of microcirculation., sludge of erythrocytes.
sometimes formation of fibrinoerythrocytic thrombus.
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CONCLUSIONS

There is an obvious connection between the depth of structural transformations of
microcirculatory bed of the organs and morphometric indices in case of the protracted
influence of opioid. The changes, compared with the control specimens, in the diameter
of arterioles. venules. capillary loops. density of the network of exchange vessels,
arteriolovenular coefficient, index of tissue trophic activity testify to the destructive
changes in the components of microcirculatory bed under the effect of Nalbuphine.
Injection of Nalbuphine impairs micro- and ultrastructural organization of the components
of microcirculatory bed of the organs. Endothelium of capillaries of the brain and the
eyeball reacts to the opioid most rapidly.

The obtained results is the basis for further studies to be conducted by morphologists
and clinicians with the objective of elaboration in the future of the new methods of
prevention and treatment of pathology caused by prolonged application of Nalbuphine
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