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DYNAMICS OF OCCURRENCE OF PATHOMORPHOLOGICAL CHANGES IN RETINA
LAYERS AT THE END OF THE SECOND WEEK OF OPIOID EFFECT

Abstract: the objective of our study is to carry out a fundamental investigation concerning the issues of
growth of pathological changes in the retinal layers at the end of the second week of opioid effect. The
aim was achieved by means of histological methods of visualization of the retinal layers. Histological
samples were prepared by means of generally accepted methods using the staining agents hematoxylin,
eosin and azan according to Heidenhain’s method.

In future this information will enable to form a morphological base of the post-mortem manifestation
of the retinal layers being under two-week opioid effect. It will afford the opportunity to form a
pathomorphological substrate with further possibility to carry out a comparative characteristics of the
retinal layers in rats under opioid effect in different terms as well as in early and late periods of
correction.

The results of the article correspond to the plan of scientific studies of Lviv Danylo Halytsky National
Medical University and are a part of the scientific-research work of Department of Normal Anatomy
“Structural organization, angioarchitectonics and anthropometric features of the organs in the intra-
and extrauterine periods of development under conditions of exo- and endopathogenic factors” (state
registration number 0115U000041) during 2015-2019.
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Introduction. In the process of improvement of
pharmaceutical industry, development of new
synthetic molecules and improvement of drugs on
their basis, new pain killers appear with the
purpose to create effective means to improve life,
in the first turn, the category of patients with
cancer pathology. Parallel to  medical
administration the use of drastic medicines and
psychotropic drugs increases more and more not
by medical indications [1-3]. According to the data
of the Centre of Medical Statistics of the Ministry
of Public Health of Ukraine in 2011 a part of drug
addicted patients with the diagnosis of opioid
addiction constituted 68,30% (in 2010 — 72,06%),
cannabioids — 7,01% (in 2010 —6,79%), cocaine —
0,05% (in 2010 —0,06%), hallucinogen — 06% (in
2010 - 0,08%), several drugs and other

psychoactive substances — 23,41% (in 2010 -
19,95%). Among those individuals who were
under prophylactic observation due to drug
addiction (37570 persons), 17384 patients were
treated or 46,27% (in 2010 — 44,24%). In 2011
8811 patients were treated for the first time
institutionally [2-6].

Pathomorphological studies in recent years
have resulted in detection of the whole complex
of changes in the internal organs after the use of
opioid analgesic Nalbuphine [7-19]. A number of
publications have concerned changes of the
structural components of the visual organ on
different stages of opioid effect, the iridial-corneal
angle and vascular layer of the eye in particular
[20-27]. Pathomorphological changes of the
structures of the eye retina layers occurring under
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the effect of Nalbuphine refer to one of the topical

issues of modern morphological and
ophthalmological practical work. These data are
not widely represented in Ukrainian and
international scientific literature [28, 29].

Detection of signs of this pathology in case of
opioid effect will enable to apply preventive and
therapeutic measures in time.

Therefore, we consider that this study is topical
both from the point of view of experimental and
morphological studies and practical as well.

Objective: to study the dynamics of occurrence
of pathomorphological changes in retina layers at
the end of the second week of opioid effect.

Materials and methods. The material of the study
was 15 mature outbred male rats with their body
weight of 200 g at the age of 4,5 month. The animals
were injected with Nalbuphine i/m every day once a
day at the same period of time (10-11 a.m.) during 14
days. The initial dose of Nalbuphine was 0,212 mg/kg
during the first week and 0,225 mg/kg during the
second one. Thus, the conditions of chronic opioid
effect were created [30].

The animals were divided into 2 groups. The 1st
group included 10 rats receiving Nalbuphine for 14
days with further taking the material for examination
(the end of the second week of experimental opioid
effect); the second control group included 5 rats
receiving injections of physiologic solution i/m during
14 days at the same period of time (10-11 a.m.). All
the animals were kept in vivarium, and the work
dealing with the questions of their keeping, care,
labeling and all other manipulations were conducted
according to the regulations of “European
Convention on Protection of Vertebral Animals Used
in Experimental and Other Scientific Purposes”
[Strasbourg, 1985], “General Ethical Principles of
Experiments on Animals”, approved by the First
National Congress on Bioethics [Kyiv, 2001], the Law
of Ukraine Ne 3447 — IV «On Protection of Animals
Against Cruel Treatment». The Bioethics Committee
of Lviv Danylo Halytsky National Medical University
admitted that conducted scientific studies
corresponded to the ethical requirements according
to the Order of the Ministry of Public Health of
Ukraine No 231dated 01. 11. 2000 (minutes Ne 10
dated 26.12. 2011), (minutes No2 dated 20.02. 2012).
Before the material for biopsy was taken the animals
were put to sleep by means of intraperitoneal
injection of Thiopental (on the assumption of 25
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mg/1 kg). The eyeballs of the rats were used as the
material for microstructural examination. They were
removed by means of postmortem enucleation with
further consideration of keeping topographical
correlation of the eye membranes making
histological sections 5-7 mcm thick. Histological
specimens were prepared according to generally
accepted methods using hematoxylin, eosin and azan
by Heidenhain’s method [31]. Microscopic
examinations and photos were made by means of
the microscope MBI — 1 and digital camera Nicon D
3100.

Results and discussion. Microscopic
examination of the structural organization of the
retinal layers of the rat after two weeks of the
experiment resulted in proliferation of pigment
epithelium in some areas (l). In the areas of
proliferation the nuclei of the epithelial cells are
enlarged, rounded or a little elongated, lighter
stained. The cytoplasm near surrounding cells is
edematous, these cells become of a cubic shape.
In certain areas the epithelial cells are of an
irregular shape, their nuclei are elongated, the
cytoplasm is of intensively pink colour, necrotic
changes of the epithelial cells are seen in some
areas. On certain areas of the retina the pigment
epithelium is represented by elongated cells, with
intensively stained basophilic nuclei and
intensively stained in pink-red colours with a
violet shade of the cytoplasm in some areas. The
basal membrane is edematous, uneven, flaked. All
these changes are seen on Figure 1.

In the photosensitive layer (ll) external areas
are light, acidophilic with hematoxylin and eosin
stalnlng and grey- V|olet W|th azan staining.

Figure 1. Retina of the rat two weeks after opioid
effect. Stained with hematoxylin and eosin.
Magnified: x 1000. 1 — proliferation of pigment
epithelium.



Clearing occurs in the internal areas of the
photosensitive layer with formation of elongated
cavities sometimes possessing little acidophilic

content. In certain areas the nuclei of the
photosensitive cells transform into the
photosensitive layer. Those nuclei of the
photosensitive cells penetrating into the

photosensitive layer are mostly localized between
the internal areas of photoreceptors, and only
sometimes they achieve the area of the external
areas of photoreceptors illustrated on Figure 2.

External boundary layer (lll) on this term of the
experiment is without changes.

Sometimes in the external nuclear layer (IV) the
intervals between the nuclei of the photosensitive
cells appear, the nuclei of an irregular shape are
seen rarely with the signs of pyknosis. In the
retinal area adjoining the dentate line the external
nuclear layer is thinner, the number of nuclei is 4-
5.

In the external retinal layer (V) the intervals
and microcysts are found localized on the border
with external nuclear layer. Sometimes, the nuclei
of the photosensitive cells transfer into the
external retinal layer. The nuclei of bipolar and
horizontal cells are found in the external retinal
layer. Certain capillaries located on the border
between the external retinal and internal nuclear
layers have dilated intervals overfilled with
erythrocytes. Nuclei of the nerve cells located in
the internal nuclear layer (VI) are of different
shapes and sizes located in 4-6 lines. In certain
areas of the internal nuclear layer there are
intervals not filled with nuclear parts of the retinal
cells. In some areas the nuclei of amacrine cells go
deep into the internal retinal layer. We have
found certain nuclei of amacrine cells in condition
of karyopyknosis and karyorrhexis illustrated in
Figure 3.

The areas are visualized where in the internal
retinal layer (VII) the nuclei of radial gliacytes and
amacrine cells go deep into. The capillaries of the
internal retinal layer and those located on the
border between the internal retinal and ganglionic
layers, have enlarged intervals, overfilled with
erythrocytes as it is illustrated on Figures 4 and 5.

In the ganglionic layer (VIIl) the granules of
chromatin of the ganglionic cells nuclei are
located on the periphery close to the membrane
of the nucleus. Nuclei of the ganglionic cells
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Figure 2. Retina of the rat two weeks after opioid
injection. Azan staining. Magnified: x 400. 1-
transition of the nuclei of photoreceptor cells into the
photosensitive layer; 2— transition of the nuclei of
amacrine cells into the internal retinal layer; 3 —
dilation and blood overflow of the vessels of the
internal retinal layers.

- T
cells. Figure 3. Retina of the rat two weeks after
opioid injection. Azan staining. Magnified: x 400. 1-
enlarged interval of capillaries of the internal nuclear

layer; 2— pericellular swelling of the ganglionic
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Figured. Retina of the rat two weeks after opioid
injection. Azan staining. Magnified: x 400. 1— enlarged
diameter of the capillaries of the internal nuclear
layer; 2— enlarged diameter of the capillaries of the
ganglionic layer.
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Figure 5. Retina of the rats two weeks after opioid
injection. Azan staining. Magnified: x 1000. 1—
transmission of nuclei of amacrine cells into the
internal retinal layer; 2— enlargement of the capillary
diameter on the border of the internal retinal and
ganglionic layers.

contain clear visual rounded volumetric nucleolus
of a red colour, the centre of the nucleus is light,
light grey colour with azan staining. The
connective tissue around ganglionic cells is
cleared with the signs of a moderate pericellular
swelling. The majority of capillaries located on the
border of the ganglionic layer and the layer of
nerve fibers have dilated intervals overfilled with
blood. Sometimes we have found the areas with
the signs of perivascular swelling. In certain
capillaries hemostasis signs are found. And in
some other capillaries endothelial swelling is
visualized, the cytoplasm of endotheliocytes is
irregularly stained and granular. There are some
areas with the signs of proliferative activity of
endothelial cells.

The main substance of the nerve fibrous layer
(IX) is weakly basophilic, cleared and in some
areas contains microcysts, with azan staining the
main substance is of grey-violet colour, the fibers
are violet and contain more saturated violet drop-
shaped formations. Microcysts are found on
certain specimens. Structural changes are not
found in the internal boundary layer (X).

Conclusions. As a result of the conducted
experimental opioid effect at the end of the
second week the following signs of vascular
reaction occur in the internal layers of the retina:
hyperemia, stasis, proliferation of the
endothelium, perivascular and pericelular
swelling. Proliferation and atypical growth of the
pigment epithelium occur.
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Perspectives of further investigations.
Detected pathomorphological signs in the layers
of the retina during experimental opioid effect on
the early terms can be a morphological basis for
further investigation of signs of opioid angio- and
neuroretinopathy in the experiment. The results
obtained can be further used to perform a
comparative characteristic concerning the
dynamics of increasing pathomorphological
changes in the layers of the retina in case of a
short and long term action of opioid doses.
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