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Introduction. Anesthesia is one of the most important 

tasks in the work of a doctor, because pain is the main 

cause of suffering and treatment of patients for medical 

help [1]. According to WHO, about 90% of all diseases 

are associated with pain, and patients with chronic pain 

are five times more likely to seek medical treatment, 

compared with the underlying disease [2]. The history of 

medicine has long been associated with the use of opioids 

as the main means of analgesia [14]. There is an increas-

ing trend in the world of opioid use, which contributes to 

the improvement of somatic, visceral and neuropathic 

pain [4]. However, it should be noted that doctors are 

reluctant to prescribe opioids, except in cases of acute 

pain (surgery, trauma, childbirth) or cancer patients, fear-

ing side effects, leaving a large number of patients with-

out real help, condemning them to suffering [3]. Opioids 

improve the effectiveness of analgesia and the quality of 

life of patients [5]. Not infrequently, the opioid arsenal 

and physicians' knowledge was limited to the use of mor-

phine, which has long been the 'gold standard' [8]. How-

ever, the biggest problem with the use of morphine is the 

lack of a 'boundary effect' and linear dose-response [9]. 

Nowadays, the opioid agonist-antagonist-nalbuphine is 

widely popular [6,7]. The analgesic effect of nalbuphine 

is not inferior to morphine and does not require special 

control, unlike the latter [10,11]. Unfortunately, there are 

no data on the influence of the opioid mean of nalbuphine 

on cardiac function, namely ultramicroscopic changes of 

the valve apparatus of the heart under the influence of 

nalbuphine, some studies are observational and the avail-

able conclusions are insufficiently substantiated [12,13]. 

Aim. To establish the features of the ultrastructural or-

ganization of the tricuspid white rat heart valve with long-

term administration of opioid in the experiment. 

Матеріали і методи The study was performed on 25 

mature white male rats aged 3.0 months and body weight 

160–180 g. The experimental group consisted of 20 ani-

mals to which Nalbuphine hydrochloride (Rusanpharma 

LTD., India) was injected intramuscularly every day dur-

ing 6 weeks. Administration of nalbufin was conducted 

intramuscularly as follows: I week – 8 mg/kg, II week – 

15 mg/kg, III week – 20 mg/kg, IV week – 25 mg/kg, V 

week – 30 mg/kg, VI week – 35 mg/kg [15].The control 

group consisted of 5 white rats to which saline solution 

(Indar, Kyiv, Ukraine) was injected. The animals were 

removed from the experiment in the second, fourth and 

sixth weeks. 

All animals were kept in a vivarium within the Danylo 

Halytsky Lviv National Medical University. The experi-

ments were conducted in compliance with the provisions 

of the “Guide for the care and use of laboratory animals, 

8th edition, 2018.” Euthanasia was performed by way of 

overdosing intraperitoneal anesthesia using Thiopental 

sodium (Kyivmedpreparat, Kyiv, Ukraine). The research 

material was presented by ultrathin sections of the white 

rat heart valve. 

Electron microscopic study was conducted in compli-

ance with generally adopted methods. Electron micro-

scopic examination of the valve of white rats was per-

formed on a TEM-100 transmission electron microscope. 

They were photographed using a SONY-19 digital cam-

era. 

Results and Discussion. The first signs of disruption 

of the ultramicroscopic structure of the white rat's tricus-

pid valve of the heart were detected after 2 weeks of ex-

perimental exposure to nalbuphine. There is a change in 

the thickness of the endothelial cell in its various parts: 

the nuclear zone containing the endothelial nucleus is 

thinned, the number of openings (fenesters) increases in 

the peripheral zone. The nucleus retains its elongated 

(oval) shape. The number of microvilli on the surface of 

the endothelial cell decreases. The endothelial cells are 

still bound by tight contact contacts. The endothelium is 

located on a relatively thick basement membrane, which 

has a thin-fibril structure (image 1). 
 

 
Image. 1 Ultrathin section of endothelial cells at the base of the 

white rat tricuspid valve with 2-week nalbuphine exposure in the 

experiment. Electronic micrograph. ST: 8000. 

1-oval endothelial cell nucleus; 2- thinning of the endothelial 

cell nuclear envelope; 3-zone organelles; 4- reducing the num-

ber of microvilli on the surface of the endothelial cell; 5- endo-

thelial cell connection with the basement membrane. 
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Abstract. The first signs of disruption of the ultramicroscopic structure of the tricuspid valve of the white rat heart were detected 

after 2 weeks of experimental exposure to nalbuphin, which was manifested by changes in the thickness of the endothelial cell in its 

various parts, a decrease in the number of microvilli on the surface of endothelial cells and swollen cells. In the course of the experi-

ment lasting 6 weeks, destructive changes increased, which led to the disorganization of the structure of the tricuspid heart valve of 

the white rat. Changes in the shape and size of endothelial cells, their loss of contact with the destroyed and homogenized basement 

membrane, the destruction of collagen and elastic fibers. The connective tissue exposed as a result of endothelial damage is infiltrat-

ed by blood lipids, indicating the onset of fatty degeneration. 
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Dense unformed fibrous connective tissue is represent-

ed by thick tufts of collagen fibers, which are oriented in 

different directions. Collagen fibers are swollen, their 

divergence is lost, and homogenization of elastic fibers is 

indicated, which indicates the onset of surface layers 

loosening (image. 2). Fibroblasts retain the appearance of 

large cells with processes. Smooth myocytes have a fusi-

form shape and the presence of seedlings on the surface. 

They are enveloped by a thin basement membrane to 

which collagen fibrils are attached. 
 

 
Image 2 The connective tissue basis of the white rat tricuspid 

valve of the heart in 2-week exposure to nalbuphine in the ex-

periment. Electronic micrograph. ST: 4000. 

1- cross-sectioned tufts of collagen fibers; 2- longitudinal direc-

tion of collagen fibers; 3- swelling and homogenization of sur-

face layers of collagen fibers; 4- smooth myocyte. 
 

In the long-term exposure to narcotic analgesics of 

nalbuphine, there were destructive changes in the ultrami-

croscopic structure of the bicuspid white rat heart valve. 

There was a decrease in size and change in the shape of 

the endothelial cells, thinning of the peripheral sections of 

endothelial cells, partial or complete destruction of their 

plasmolema, appearance in the cytoplasm of vacuoles 

with myelin-like structures, deformation of the nucleus 

with thickening or destruction of nucleolema, as well as 

the destruction or compaction and homogenization of the 

basement membrane with which the endothelial cells lost 

contact. The number of microvillis on the surface of the 

endothelial cell decreases, or the tight closing contacts 

between the endothelial cells are broken or destroyed 

(image 3). 

In places of desquamation of the endothelium, layers of 

smooth myocytes with signs of increased synthetic activi-

ty were found, in the cytoplasm of which there were tu-

bules of the endoplasmic reticulum with numerous ribo-

somes, large mitochondria and polysomes. The cytoplasm 

of other smooth myocytes contained single organelles, 

vacuoles with fine material, and membrane structures that 

formed myelin-like formations. The endomysium formed 

between muscle cells, elastic and thin collagen fibers is 

destroyed. There is a stratification of elastic fibers, micro-

fibrils swell and lose contact with glycoproteins.  

The connective tissue, exposed as a result of endotheli-

al damage, is infiltrated by blood lipids. In response, 

lipophages accumulate in the lesion sites, and fat deposits 

accumulate in the intercellular space. The surface layers 

are loosened: swelling, homogenization of collagen fibers 

and their merging into small foci, often fragmentation of 

necrotized collagen beams, the latter becoming homoge-

neous and electron-dense (image 4). The fibroblasts are 

not densely arranged, chaotic, and have an elongated 

shape with two or three processes. The cytoplasm of cells 

contained one large drop of fat, which displaced the nu-

cleus to the periphery directly to the cell membrane. This 

indicated the beginning of the degeneration of the loose 

fibrous connective tissue into adipose tissue. 
 

 
Image 3. Ultrathin section of endothelial cells at the base of the 

tricuspid white rat heart valve with long-term exposure to nal-

buphine in the experiment. Electronic micrograph. ST: 8000. 

1- deformed nucleus with destroyed nucleolem; 2- change in the 

shape of the endothelial cell nuclear envelope; 3- thinning of the 

cytoplasm of endothelial cells; 4- reducing the number of mi-

crovillis on the surface of the endothelial cell; 5- homogeniza-

tion of the basement membrane; 6- inclusion of vacuoles with 

myelin-like structures. 
 

 

 

 
Image 4. The connective tissue base of the tricuspid white rat 

heart valve with 6-week nalbuphine exposure in the experiment. 

Electronic micrograph. ST: 4000. 

1- loosening of the surface layers of collagen fibers; 2- fragmen-

tation of necrotized collagen beams; 3- stratification of elastic 

fibers: swelling of myofibrils and loss of their connection with 

glycoproteins; 4- a splash of fat; 
 

Conclusions. Analyzing the results of the experimental 

study of the ultramicroscopic structure of the tricuspid 

white rat heart valve with long-term opioid exposure, we 

can talk about the destructive changes of the main com-

ponents, which become noticeable from the 2nd week of 

the experiment and lead to the gradual degeneration of the 

valve apparatus into the fatty tissue closer to the 6th week 

of the experiment. 
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