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Introduction

The number of individuals that have to use narcotic analge-
sics for the long periods time has been growing dynamically
over the past decades.1 This is often connectedwith the need
to reduce the pain syndrome, especially in military surgery,
oncology, traumatology, dentistry, palliative medicine.2,3

However, this regularity is observed among the individuals
of the young and working age that is not explained by the
therapeutic purposes.4,5 Opioid use in pregnancy has esca-

lated dramatically in recent years, paralleling the epidemic
observed in the general population.6 According to various
estimates from 165 to 315 million people aged 15–64 years
worldwide used narcotic drugs in 2012 (UNODC 2013).7 The
importance of this issue is confirmed by the dynamic growth
of the number of scientific works found in the Pubmed
system. To combat the opioid epidemic, all health care
providers need to take an active role.

Analysis of professional literature confirms topicality of
the study of this problem by the considerable number of the
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Abstract Background The use of opioids among people of the young and working age has
sharply increased in recent years simultaneously with the outbreak observed in the
general population.
Objective To determine the trigger mechanism of the destructive effect of narcotic
analgesics on the ultrastructural level of the vascular tunic of the eyeball. Methods: This
experimental study was performed on 26 male rats aged 3.0 months and body weight
160–180 g with daily intramuscular injection of Nalbuphine hydrochloride during
4 weeks. The material for the study was represented by ultramicroscopic sections of
the vascular tunic of the eyeball.
Results In comparison with the control group there was observed swelling of the
cytoplasm and the nuclei of endotheliocytes, considerably narrowed lumens of the
capillaries. Plasmolemma of endotheliocytes forms protrusions into the lumen of
endotheliocytes forming microvilli. Changes of destructive nature took place in the
elements of the smooth endoplasmic reticulum andmitochondrial complex. Signs that
are characteristic of sclerosis were found in the surrounding connective tissue complex.
In particular, lesions of endothelium and basement membrane of the elements of
hemomicrocirculatory bloodstream, epithelium of the ciliary processes, cellular and
non-cellular elements of the iris and the uvea proper have studied.
Conclusion The databased on the experimental model allow extrapolation the results
obtained to humans. It is confirmed that the development of angiopathy is the trigger
mechanism of the destructive effect of narcotic analgesics.
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research works dealing with the changes in the structure of
organs and systems under the effect of narcotic agents.8–11

However, the problem of morphological restructuring of the
vascular tunic connected with the use of Nalbuphine hydro-
chloride still remains open.10,12 The study of changes in the
visual organ under the influence of the opioid during the
experiment will allow extrapolating the data obtained to the
humans.

As a matter of fact, electron microscopic study of the
vascular tunic and its hemomicrocirculatory bloodstream
components provides the possibility of identifying peculia-
rities of the structure regularities of qualitative-quantitative
changes in the components of bloodstream and structural
components of the vascular tunic of the eyeball under the
effect of the opioid. The research of the vessels’ structure,
ultrastructure of their walls under the effect of various
factors allows to study importance of the vascular factor in
morphofunctional insufficiency of the internal organs.

Material and Methods

The study was performed on 16maturewhitemale rats aged
3.0 months and body weight 160–180 g. The experimental
group consisted of 10 animals to which Nalbuphine hydro-
chloride (Rusanpharma LTD., India) was injected intramus-
cularly every day during 4 weeks (12.5 mg/kg). The control
group consisted of 6 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 Thiopen-
tal sodium (Kyivmedpreparat, Kyiv, Ukraine). The research
material was presented by ultrathin sections of the white
rats’ vascular tunic of the eyeball.

Electron microscopic study was conducted in compliance
with generally adopted methods. Ultrathin sections were
prepared with the aid of ultramicrotome UMTP-3 with the
help of glass knives. Strips of the sections of silver or mellow
lemon color were selected for the study. These sections were
contrasted first in a 2% solution of uranyl acetate, and then in
the solution of lead citrate. The study and photographing of
the structures of the vascular tunic of the eyeball was
conducted with the aid of UEMB-100 К microscope at accel-
eration speed 75 kV and magnification on the microscope
screen � 4000–8000.

Results

Essential changes are observed in the capillaries’ structure
after 4 weeks of injecting the narcotic analgesic. In most of
them, endotheliocytes are enlarged, with large nuclei of the
changed form and a marginal location of chromatin, giant
mitochondria, disorganized tissue around the capillaries.

Cytoplasm and endotheliocytes nuclei are swollen. As a
consequence, the capillary lumen produces the picture of a
“stellate fissure” due to the considerable narrowing of its
lumen (►Fig. 1). Canals of Golgi’s sac complex are dilated.

Electron-dense nuclei of endotheliocytes together with the
surrounding cytoplasm protrude into the capillaries’ lumen,
acquire an excessively elongated form. For this reason anu-
clear areas of endotheliocytes are thinned, nucleoli are
electron-dense. Basement membrane looses its distinct con-
tour, pericytes occasionally delaminate from it. Plasmo-
lemma forms protrusions into the capillaries’ lumen.

Evenmore significant changeswere found in the elements
of the smooth endoplasmic reticulum, which is manifested
by its expansion. The mitochondrial complex also reacts by
wayofdiscomplexation, fragmentation, homogenization and
smoothing out of cristae, dissociation of their membranes.

The number of pinocytic vesicles of varying diameters that
migrate into pericapillar surrounding connective tissue, pro-
moting its swelling, is increased. As a consequence, the sub-
endothelial zone ispracticallyhalved.At that thecapillaries are
plethoric with occasional hemorrhages observed. It is clear
that lymphocytic infiltrationappears in theprocess aroundthe
centers of hemorrhages. Basal layer is thickened,which creates
a peculiar wall for the capillaries, practically burying them up
in the connective tissue that is destructively changed.

Intercellular contacts between the endothelial cells are
compacted, forming a picture of a peculiar “lock.” Externally
capillaries are closely enveloped by pericytes. In arterioles
contacts between the smooth muscle and endothelial cells
differ from the contact between the pericytes and endothe-
lial cells in the capillaries. In arterioles processes of endothe-
liocytes are pointed toward the smooth muscle cells, as
distinct from the capillaries, where the pericyte processes
“strain” toward the endotheliocytes. Endothelial contacts are
expanded, protrusions of endotheliocytes, edematic and
fluffy basement membrane of arterioles (►Fig. 2).

Fig. 1 Narrowing of the hemocapillary lumen of the white rat’s
vascular tunic of the eyeball after 4 weeks of Nalbuphine hydro-
chloride injections producing the picture of the “stellate fissure.”
Edema of the endotheliocytes nuclei and cytoplasm. Electron
microphotograph (� 4000).
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Spaces between the smooth muscle cells are expanded,
which testifies to the local dilatation. At the same time some
muscle fibers are thickened and have areas of homogeniza-
tion. Accumulation of lymphocytes and leukocytes can be
observed in perivascular space. Hypertrophy of nuclei of
separate cells is found occasionally. There are also found a
perivascular edema, fibroblasts in the connective tissue
complex of the ciliary body.

There have been found areas of disorganization and
destructurization of epithelial cells of the ciliary processes.
Epitheliocytes of ciliary processes have a clarified matrix
with the loose basement membrane. Cytoplasm of epithe-
liocytes is swollen unevenly, contains fine acidophilic stip-
pling. Nuclei of separate epitheliocytes are reduced in
volume, pyknotic. Chromatin in their nuclei is condensed.
Cytoplasm is found to contain vacuoles, numerous autopha-
golysosomes, pinocytic vesicles; mitochondria are swollen,
hypertrophic (►Fig. 3). Cristae of mitochondria are destruc-
tively altered, matrix is clarified. Epitheliocytes were found
with fragmented nuclei and nuclei in the state of karyor-
hexis. Vacuolized mitochondria in cytoplasm testify to the
hydropic dystrophy of epithelium.

Nuclei of epitheliocytes contain no nucleoli. Pericellular
edema, dilated intercellular spaces are observed. Intercellu-
lar contacts are loose. Cytoplasmic fragments penetrate into
the lumen of the posterior chamber of the eye.

Areas with necrotic changes in the connective tissue
matrix can be observed in the choroid and the iris. Dynamic
increase of connective tissue is visualized with a character-
istic dominance of collagen fiber bundles and destruction of
smooth muscle elements of the iris. Myocytes of the iris and
ciliary body acquire an elongated form. Quantity of hetero-
chromatin is increased in their nuclei, mitochondria are
clarified, elements of the Golgi complex and granular endo-
plasmic reticulum are dilated. Myofilaments are disorga-

nized, lose their clear longitudial orientation. Basement
membrane is edematic, loose, but integral. Collagen fibrils
are loose. Nexuses dilated. Endomysium is swollen due to
loosening of elastic and collagen fibers.

Binuclear cells surrounded by the dystrophically changed
vacuolized cytoplasmwith a large number of electron-dense
corpuscles of various configuration were found.

Discussion

Undoubtedly, narcotic analgesics are needed in medical
practice, especially surgical13 and palliative purposes. How-
ever, over time our society faces paramedical aspects of the
problem. In particular, this problem is acute among teen-
agers and young people of working age. It is estimated that
23% of individuals who use heroin develop opioid addiction.
Drug overdose is the leading cause of accidental death in the
US, with 52,404 lethal drug overdoses in 2015. Opioid
addiction is driving this epidemic, with 20,101 overdose
deaths related to prescription pain relievers, and 12,990
overdose deaths related to heroin in 2015.14

Changes of the pupil diameter under the effect of various
narcotic analgesics have been described, taking into account
pharmacological effect of narcotic analgesics. After mor-
phine and codeine administration there was a 26% decrease
in pupil diameter (p < 0.001). Over the course of the study
period, pupil diameter gradually returned to baseline values.
After administration of tramadol there were no significant
changes in pupil diameter until 150 minute after adminis-
tration, after which there was a significant reduction for the
remainder of the study period (p < 0.01). The changes in
pupil diameter may be explained in part by the

Fig. 2 Loose basement membrane and protrusion of the arteriole
endotheliocyte cytoplasm of the white rat’s vascular tunic of the
eyeball after 4 weeks of Nalbuphine hydrochloride injections. Electron
microphotograph (� 8000).

Fig. 3 Destructurized epitheliocyte of the white rat’s eyeball ciliary
process after 4 weeks of Nalbuphine hydrochloride injections with
presence of electron-dense corpuscles and vacuoles. Electron micro-
photograph (� 8000).
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pharmacokinetic profiles of the opioids studied. Measure-
ment of pupil diameter may have a place in monitoring the
central effect of opioids.15

Combination of morphological and functional studies
makes it possible to give amore complete picture and resolve
the debatable problems regarding effect of the opioid on the
structure of the eyeball vascular tunic, which creates the
morphological basis for understanding pathogenesis and
further search for the optimal methods of treatment of
ophthalmological diseases of patients who have to use
opioids for the long periods of time, as well that of the
drug addicts.

Conclusion

Thus, with the aid of adequate techniques changes have been
demonstrated on the ultrastructural level after 4 weeks of
injections of the opioid analgesic, which extends our vision
of the danger of a long-term use of narcotic substances.

In particular, we have studied lesions of the endothelium
and basement membrane of the hemicrocirculatory blood-
stream components, epithelium of ciliary processes, cellular
and non-cellular elements of the iris and the choroid. The
study showed swelling of cytoplasm and nuclei of the
endotheliocytes, substantially narrowed lumen of the capil-
laries. Plasmolemma of endotheliocytes forms protrusions
into the capillaries’ lumen forming microvilli. Changes of
destructive nature took place in the elements of the smooth
endoplasmic reticulum and mitochondrial complex. The
surrounding connective tissue complex shows the signs
characteristic of sclerosis.

The data, based on the experimental model, allow to
extrapolate the obtained results obtained to humans. It is
confirmed that it is the development of angiopathy is the
trigger mechanism of the destructive effect of narcotic
analgesics.
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