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ABSTRACT

Aim: to investigate the factors of bacterial virulence of oral microbiotopes against the background of long-term experimental action of an opioid analgesic.
Materials and Methods: The study was performed on 72 white outbred rats, which were injected “Nalbuphine” with a gradual increase in dose for 12 weeks.
The microbial composition and virulence factors of bacteria in the microbiotopes of the oral cavity were studied.

Results: At the end of the 4th week of opioid exposure, the appearance of hemolytic escherichia was noted. At the end of the 8th week the appearance of
capsular bacteria Klebsiella was registered, as a virulence factor. The production of staphylococcal virulence factors — lecithinase, was noted. At the end of the
12th week of opioid use, the appearance of phycomycete fungi was noted, Gram-negative diplococci, Klebsiella, Hemolytic Escherichia coli and Pseudomonas
aureginosa. These changes indicated the development of dysbiotic changes, as well as the gradual formation of foci of the inflammatory process in the oral cavity.
Conclusions: In the short-term stages of opioid exposure, changes in biocenoses were manifested in an increase in the contamination of certain types of
microorganisms. In the long-term effects of the opioid, the activation of bacterial elements of the microbiocenosis was revealed, which were characterized by
increased expression of virulence factors. At the later stages of opioid exposure, the predominance of gram-negative microflora and the activation of cytotoxic
action against the background of suppressed activity of the body’s protective response were established.
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INTRODUCTION

Opioid analgesics are indispensable in clinical practice
and remain the basis of pharmacotherapy of visceral
and somatic pain, which today has no adequate alter-
native in modern medicine [1-3]. However, uncontrolled
orlong-term use by patients of opioid drugs in chronic
pain causes intoxication of the body, it is a determining
risk of tolerance to the opioid effect, the development
of withdrawal symptoms and high mortality from
overdose [1, 4, 51.

Clinical studies have shown that the use of drugs (in-
cluding opioids) changes the diversity and composition
of the microbiota of the oral cavity and intestines, caus-
ing side effects [6]. Analysis of the literature has shown
that addicted patients are hypersensitive to bacterial
and viral infections, significantly increasing contam-
ination by pathogenic and opportunistic microbiota
[7-9]. At the same time, opioids cause the development
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of cellular hypoxia, which leads to disruption of oxy-
gen-dependent phagocytosis processes [10].

In drug addicts, the processes of suppression of the
body’s immune status progress against the background
of severe dysbacteriosis in the oral cavity, and the sever-
ity of these changes directly depends on the duration
of drug use [11-13]. The microbial spectrum in the oral
mucosa of addicted patients is reflected in the qualitative
diversity, which is dominated by coccal, anaerobic and
fungal microflora [14, 15]. Since the interaction of mac-
rophages of the gingival mucosa with the microbiota
leads to excessive production of cytokines and toxic sub-
stances that cause destruction of periodontal tissues, it is
important early diagnosis of dysbiosis in the oral cavity
ininflammatory processes [16-21]. According to the pro-
fessional literature, the leading role in the development
of the inflammatory process in the oral cavity belongs to
enzymes, exo- and endotoxins that form the immunere-
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sponse [22-24]. The effect of endotoxins depends on their
concentration, in particular, their toxicity is manifested in
much higher concentrations than exotoxins, and in small
doses they are able to activate phagocytosis and other
protective reactions of the body [24, 25].

According to modern views, an important role in the
development of the immune response and immuno-
pathological reactions belongs to the recognition process
of conservative molecules of microorganisms“patterns”by
TLRs of immunocompetent cells. Conservative bacterial
patterns include structures such as peptidoglycan and
cell wall lipopolysaccharides, capsule polysaccharides,
etc. [26]. TLRs belong to the oldest evolutionary system
for recognizing “aliens’, which is common to all multi-
cellular organisms, including plants and animals, and is
important in the interaction of gram-negative bacteria
with TLRs in the pathogenesis of oral diseases [27]. In
addition, periodontopathogenic microorganisms of the
oral cavity, which appear when the imbalance between
the autochthonous and allochthonous microbiota in the
area of formed periodontal pockets are quite diverse,
which directly depends on the nature and course of the
disease [17, 21, 28-31], since the periodontopathogenic
microbiota has a pronounced virulence, mechanisms of
adhesion to periodontal tissues and aggressive destruc-
tive action [24, 32-34]. It should be noted that due to the
adhesion of bacteria, biofilms are formed and the pro-
duction of virulence factors is significantly increased. The
pathogenetic role of film formation has been established
for oral cavity microorganisms in periodontal lesions and
the development of dental caries [35]. These research
data indicate that the study of microbiota in the gingival
sulcus is important for predicting the inflammatory pro-
cess, because normally the level of microbial colonization
in this microbiotope of the oral cavity is insignificant, it is
dominated by facultative gram-positive bacteria [29, 36].

To establish the role of microorganisms as etiopatho-
genetic factors in the development of inflammatory
processes, it is necessary to determine their etiology
in experimental animal models [37, 38]. The above
literature data indicate the need for research of vir-
ulence factors of microorganisms in the study of the
pathogenesis of oral cavity diseases. However, in the
available professional sources we have not found data
on the features of the microbiocenosis and the study
of virulence factors of oral bacteria at different terms
of opioid exposure in the dynamics.

AIM

The aim is to investigate the factors of bacterial viru-
lence of oral microbiotopes against the background of
long-term experimental action of an opioid analgesic.

MATERIALS AND METHODS

The study was performed on 72 white outbred adult
male rats, weighing 160 — 270 grams, aged 4.5 - 7.5
months. In the experiment, the animals were divided
into two groups. Group | — control rats (18), which were
injected intramuscularly with saline during the exper-
iment. Group Il - rats (54) at different terms of the ex-
perimental action of the opioid analgesic“Nalbuphine”
with the active substance nalbuphine hydrochloride
(dilution of 1T ml of nalbuphine in 50 ml of 0.9% NaCl
solution). The drug was administered intramuscularly,
daily, once, for the same period of time for 12 weeks,
with a gradual increase in dose every 2 weeks: 1-2
weeks - 0.212 mg / kg, 3-4 weeks — 0.225 mg / kg, 5- 6
weeks — 0.252 mg / kg, 7-8 weeks — 0.260 mg / kg, 9-10
weeks — 0.283 mg / kg, 11-12 weeks - 0.3 mg / kg.

The animals were quarantined in the vivarium, on a
standard diet in separate cages. Before the experiment,
a thorough examination of the animals was performed,
paying attention to the condition of the oral cavity in the
area of gums and teeth, focusing on the color, humidity
and absence of damage to the mucous membrane.
The Commission on Bioethics of Danylo Halytsky Lviv
National Medical University established that the con-
ducted research meets ethical requirements according
with the provisions to the European Convention “for the
Protection of Vertebrate Animals Used for Experimental
and Other Scientific Purposes” [Strasbourg, 1985], to
the order of the Ministry of Health of Ukraine N 231 of
01.11.2000 (Protocol N2 5 jf 24.05.2021).

Bacterioscopic and bacteriological methods were
performed to study the species microbial composi-
tion and virulence factors of bacteria of oral micro-
biotopes - tooth surface in the gingival margin and
gingival furrows of rats after 2, 4, 6, 8, 10 and 12 weks
of experiment, as well as in control animals. During
bacterioscopic examinations, smears were prepared
from colonies typical of morphology and stained by
the Gram method. Evaluation of prokaryotic gram-pos-
itive and gram-negative microflora was performed on
the morphology of cells, the mutual arrangement of
cells, the presence of extracellular structures with the
participation of different morphotypes of bacteria as
elements of the biofilm. Quantitative relationships of
the main elements in the smear, the presence of yeast
like cells, as well as cellular elements of the tissues of
the oral cavity were taken into account.

Simultaneously, sowing was carried out directly
on dense media with a loop. Conventional special,
differential diagnostic and selective media were used:
meat-peptone agar, blood agar, Endo medium, Saburo
medium, yolk-salt agar, mannitol salt agar (MSA), as well
as tubes with rabbit plasma. Herewith the production
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A

B

Fig. 1. Morphology of bacteria in the supragingival biofilm of rats after 2 weeks (A. Staphylococci and Leptothrix filamentous bacteria. 90 x objective
8 x eyepiece.) and 4 weeks (B. Accumulation of gram-positive and gram-negative cocci and their adsorption on Leptothrix. 90 x objective 8 x eyepiece.)

of opioid exposure

A

B

Fig. 2. Bacteriological studies of the microbiota of the supragingival biofilm of rats after 6 weeks (A. 1 — Staphylococcus aureus with zones of
hemolysis. Sowing was carried out on blood agar. Magnification 1x8.) and 8 weeks (B. Staphylococcus intermedius and Staphylococcus aureus with
lecithinase activity. Sowing was carried out on salt eqg yolk agar. Magnification 1x4) of opioid exposure

of hemolysins, plasma coagulase and lecithinase was
determined. Identification of isolated cultures was
performed by a complex of morphotinctorial, cultural
and biochemical properties. Individual species were
identified using standard test systems «Apisystem Bio
Merieuox», France.

Cultivation was carried out under normal atmospheric
conditions, as well as under elevated CO2 levels. Cul-
tures were cultivated in a thermostat at t 37°C, for
differentiation of enterococci at t 10° C, at which the
growth of other species is delayed. Identification of
streptococci was carried out by a complex of tests,
namely: a-hemolysis - a-hemolytic streptococci or
B-hemolysis — B-hemolytic streptococci, sensitivity
to optochin (opt+) and by a complex of biochemical
properties —hydrolysis of arginine (arg+), decomposition
of esculin (esk+) and mannitol (man+), Foges-Proscauer
reaction. As virulence factors of staphylococci,
the production of a-hemolysin, plasma coagulase
and lecithinase was recorded. In streptococci, the
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type of hemolysins was determined (a-hemolysis
or B-hemolysis, capsule formation). Hemolysins of
Escherichia, pyocyanine production of Pseudomonas
aureginosa, capsule formation in Klebsiella were also
detected. In order to identify periodontopathogenic
anaerobic microorganisms, the material was sown
immediately after being taken into Petri dishes
on special media for bacteroids - Schedler’s agar
with erythrocytes, growth factors and an antibiotic
(gentamicin). Petri dishes were placed in a Bio
Merieux microanaerostat with bags to create the gas
composition necessary for anaerobes and cultivated
for48hatt37°C.

RESULTS

During bacterioscopic research of the tooth surface
in the gingival margin of the | (control) group of rats,
the same type of microflora was noted. In general,
coccal gram-positive microbiota and gram-positive
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Fig. 3. Morphology of bacteria in the subgingival biofilm of rats after 10 weeks (A. Aggregates of gram-negative polymorphic rods—bacteroids. 90 x
objective 8 x eyepiece.) and 12 weeks (B. Adsorption of gram-negative rods on the surface of epitheliocytes, autophagocytosis of erythrocytes. 90 x

objective 8 x eyepiece.) of opioid exposure

A

B

Fig. 4. Bacteriological studies of the subgingival biofilm microbiota of rats after 10 weeks (A. B-hemolytic streptococci, Hemolytic Escherichia coli,
growth of Pseudomonas aureginosa colonies. Sowing was carried out on blood agar. Magnification 1x 4.) and 12 weeks (B. Colonies of Pseudomonas
aureginosa, fungal microflora. Sowing was carried out on blood agar. Magnification 1 x 4.) of opioid exposure

microorganisms — long filamentous gram-positive
Leptothrix bacteria were detected, lactobacilli of the
genus Lactobacillus are also identified by morpholog-
ical features in smears. In the field of view, the cellular
elements were single epitheliocytes and leukocytes.
Bacteriological analysis of the microbiota of control
animals indicated the dominance of gram-positive
species, among which nonhemolytic streptococci and
a-hemolytic streptococci, coagulase-negative staph-
ylococci, Enterococci, gram-positive non-spore-form-
ing rods and gram-positive spore-forming rods were
distinguished by biochemical and morphotinctorial
properties. Single colonies of gram-negative microor-
ganisms - lactose-positive enterobacteria, which were
identified as Escherichia coli, were detected in cultures
on Endo medium.

In Group Il animals, during the short-term periods
of opioid exposure (2-4 weeks), bacterioscopic exam-
inations of smears of the tooth surface in the gingival
margin of rats revealed clusters of coccal gram-positive
bacteria and gram-negative rods, which were mor-
phologically similar to enterobacteria. The formation

of supracellular structures in the form of a biofilm was
noted, the basis of which was the filamentous Leptothrix
bacteria with gram-positive coccal microflora organized
around them, the so-called “corn cobs” were formed
(Fig. 1).

At the end of the 4th week of opioid exposure, bac-
terioscopic studies revealed supracellular formations
in the form of a biofilm with the participation of both
gram-positive and gram-negative bacteria. During
bacteriological studies, the appearance of hemolytic
Escherichia coli on nutrient media was noted, the
pathogenic properties of which are determined by the
ability to dissolve erythrocytes due to the secretion of
special enzymes - hemolysins, which was determined
by the formation of a zone of hemolysis around the
colony when the bacteria were seeded on blood agar.
The appearance of Escherichia coli with hemolytic
properties, which were absent both in animals of the
control group and in rats in the end of the 2th week of
opioid exposure, indicated the development of dysbi-
otic changes in the studied microbiotope and the oral
cavity in general.
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In the long term (6-8 weeks), the formation of supra-
cellular structures as a continuous supragingival biofilm
was noted as a result of the interaction of a microbial
factor (cariogenic species of streptococci) and an organ-
ic substrate, namely, microbial polysaccharides, saliva
proteins, and cellular elements. Bacteriological studies
revealed an increase in the contamination of a-hemo-
lytic streptococci, as well as B-hemolytic streptococci
and staphylococci - producers of plasma coagulase.
The appearance of capsular bacteria Klebsiella was
registered, they were characterized by pronounced
capsule formation, as a virulence factor that ensures
adhesion and antiphagocytic action of bacteria, which
also indicated the development of dysbiosis in the oral
cavity.

The appearance of coagulase-positive staphylococci
- bacterial causative agents of purulent-inflammatory
processes — drew attention, as they are characterized
by the production of toxins with hemolytic and necrotic
effects. The hemolytic properties (the ability to cause
hemolysis of rabbit erythrocytes) of Staphylococcus
aureus were studied to detect a-toxin, which is charac-
terized by dermonecrotic and lethal effects. Lecithinase
activity and a-hemolysin production were detected in
the selected isolates of Staphylococcus aureus.

In particular, colonies of staphylococci with large
zones of hemolysis of rabbit erythrocytes were deter-
mined on nutrient media, as one of the signs of the vir-
ulence of these microorganisms. The production of one
of the virulence factors of staphylococci - lecithinase,
which destroys the lecithin of cell membranes, causing
cell lysis — was also noted. In particular, colonies of two
species of the bacterial group of coagulase-positive
staphylococci - Staphylococcus aureus and Staphylococ-
cus intermedius were visualized. A zone of lecithinase
activity was observed around the colonies of Staphy-
lococcus aureus, however, such a zone was not formed
around the colonies of Staphylococcus intermedius,
which indicated the absence of lecithinase (Fig. 2). It
should be noted that hemolysins are one of the most
important virulence factors of the aerobic microbiota
of the oral cavity. Staphylococcus produces several types
of hemolysins, among which a-hemolysin, which has
cardiotoxic and dermonecrotic effects, is important. In
addition, staphylococci lecithinase, as a membrane toxin,
has a cytotoxic effect on leukocytes.

At the later stages of opioid exposure (10-12 weeks),
microscopic examination revealed changes in the
morphological types of the constituent supracellular
structures (dental plaques). A significant decrease in
the relative number of gram-positive coccal microflora
and the appearance of phycomyces fungi was noted.
Gram-negative polymorphic microflora formed supra-
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cellular structures with the participation of capsular
bacteria. In smears from subgingival biofilms in the area
of ingival furrows (formation of periodontal pockets),
signs of tissue damage were noted — multinucleated
epithelial cells, signs of autophagocytosis of erythro-
cytes (Fig. 3). Among the cells of lymphogenic or he-
matogenous origin in the gingival fluid, lymphocytes
predominated, granulocytes were not visualized, and
no signs of bacterial phagocytosis were found. Instead,
the adsorption of polymorphic gram-negative rods in
the form of small granular structures was found on ep-
itheliocytes. These data indicated the absorption and
intracellular placement of microorganisms — bacteroids,
which are capable of adsorbing on cells and causing a
cytotoxic effect due to the action of the pathogenicity
enzyme of these bacteria - phospholipase. The absence
of an inflammatory reaction, in particular, the absence
of neutrophils and phagocytosis (Fig. 3), also indicated
a cytotoxic effect.

At the end of 10 and 12 weeks of opioid exposure,
bacteriological studies of the microbiota of supragin-
gival and subgingival biofilms revealed Gram-negative
diplococci, as well as Klebsiella, hemolytic Escherichia
coli and Pseudomonas aureginosa. Bacteroids were
isolated under anaerobic conditions. Virulence factors
were found in most bacterial isolates, namely, a-hemo-
lysin staphylococci, which caused hemolysis of rabbit
erythrocytes at 37°C, as well as lecithinase. Coagu-
lase-positive staphylococci belonged to two species —
Staphylococcus aureus and Staphylococcus intermedius.

Hemolysis and a high density of microbial coloni-
zation of Streptococcus pyogenes, a bacterial group
of B-hemolytic streptococci (Fig. 4), which produces
hemolysin and protein M, which is associated with
antiphagocytic and cytotoxic effects on neutrophils,
were noted on blood agar. It should be noted that the
hemolysins of streptococci are animportant taxonomic
feature, in particular, the group of a-hemolytic species,
among which are identified cariogenic and opportunis-
tic species that cause systemic diseases during immu-
nosuppression. The ability to cause B-hemolysis (O- and
S-hemolysins) is a species characteristic of Streptococcus
pyogenes, and they also have a cytotoxic effect. At the
same time, the production of virulence factors signifi-
cantly increases during the formation of supracellular
structures of microorganisms — biofilm, which plays a
key role in the pathogenesis of periodontal diseases.

Colonies of Pseudomonas aureginosa, which pro-
duced the blue-green pigment pyocyanin, were also
detected in the long-term stages of opioid exposure
(Fig. 4). These changes indicated the development of
dysbiotic changes, as well as the gradual formation of
foci of the inflammatory process in the oral cavity as a
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result of the expression of virulence factors by bacteria
of various species, primarily staphylococci of the species
Staphylococcus aureus and Staphylococcus intermedius,
as well as -hemolytic streptococci.

Thus, against the background of long-term opioid
exposure, the development of dysbiotic changes in the
microbiocenoses of the studied biotope was revealed,
namely the predominance of gram-negative bacteria,
the appearance of microorganisms not characteristic of
this biotope - Klebsiella, Pseudomonas aeruginosa and
phycomyces fungi. In the majority of selected isolates,
the expression of virulence factors characteristic of cer-
tain species was found. The absence of cellular elements
characteristic of purulent-inflammatory processes was
noted, and signs of cytotoxic action on epitheliocytes
and blood cells were also noted.

DISCUSSION

So, the action of opioids in the oral cavity is determined
both by their presence in the blood and by their suffi-
ciently high content in the oral fluid and saliva, so the
tissues of the gums and periodontium can be considered
as “shock tissues” in relation to the action of the opioid.
With long-term opioid exposure, systemic changesin the
body occur at the cellular level, in particular, disruption
of redox processes, which leads to tissue hypoxia [10].
At the same time, mechanisms of immune protection
dependent on tissue respiration, in particular phago-
cytosis, may be suppressed. As a result of the reduction
of natural protective mechanisms, there is a shift in the
balance between microbial populations in microbio-
topes. This balance can be disturbed by the activation
of opportunistic microflora, infection by allochthonous
microflora, as well as due to an increase in virulence
caused by genotypic and phenotypic mechanisms [30].
There is a shift in the balance and the replacement of
some microbial populations by others. Therefore, in
the oral cavity there is a high risk of the formation of
foci of chronic microbial infection, which later become
a source of constant pathogenic contamination and
sensitization of the alimentary canal and the body as
a whole [19].

According to the literature, the role of microbiota in
the development of periodontitis is not fully under-
stood, although some “pathogens” individually or in
groups can play an important role in the development
of the inflammatory process in the oral cavity [17, 19, 29,
36, 38]. Also important is the formation of compound
dental biofilms of different composition of bacteria
embedded in the matrix of polymers of microbial and
salivary origin, which are recognized as a virulence
factor of many infectious and inflammatory diseases of

the oral cavity [22, 28, 32, 33, 36] and cause destruction
epithelial connection in the area of the gingival sulcus,
ensuring the spread of infection in the underlying tissue
[17, 34]. Whereas the level of microbial colonization
of the oral cavity depends on the duration of drug
use, the heterogeneity of microbiocenosis in both
qualitative and quantitative composition dominates
in opioid-dependent individuals [12, 13]. It is reported
that periodontopathogenic bacteria support the
dysfunction of the epithelial barrier in the gums by
producing several virulence factors [34]. In addition, due
to the spread of plaque microflora in the subgingival
space, bacterial toxins stimulate the epithelium
to produce biologically active mediators with the
subsequent involvement of various types of cells in
the process. Exo- and endotoxins of microorganisms
directly and indirectly cause a number of pathological
changes, in particular, toxins from periodontal pockets
penetrate into the bloodstream in significant quantities
and without obstacles, i.e. the state of bacteremia
becomes permanent [21, 23, 34].

As aresult of the conducted microbiological research,
we evaluated the effect of individual bacterial isolates
based on the detection of their virulence factors, in
particular, cytotoxins. It can be asserted that initial
inflammatory changes within the gingival sulcus
caused by changes in the microbiocenosis were
detected already in the short-term stages of opioid
exposure. Thus, during the microscopic examination,
acid-producing bacteria — Leptothrix with gram-positive
coccal microflora organized in relation to them were
detected in the short-term stages of opioid exposure.
The formation of supragingival biofilm (cariogenic
species of streptococci and organic substrate) was
determined in the long-term stages opioid exposure.

At the later stages of opioid exposure, the activation
of gram-negative opportunistic microflora (Klebsiella,
Escherichia, Pseudomonas, Bacteroids) led to the de-
velopment of necrotic changes as a result of the inter-
action of conservative lipopolysaccharide structures
(patterns) with the TLRs of macrophages that pene-
trated the periodontal pockets at the earlier stages of
the development of the inflammatory process caused
by gampositive cocci producing exotoxins (a-hemo-
lysins and lecithinase of staphylococci, -hemolysins
of streptococci, phospholipase of Bacteroides). This is
evidenced by the adsorption of polymorphic gram-
negative microflora (bacteroids) on epitheliocytes,
autophagocytosis of erythrocytes, and the appearance
of multinucleated cells as a result of impaired division
processes. In addition, during the destruction of
bacterial cells, lipopolysaccharides of gram-negative
microflora act as endotoxins, causing both a general
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toxic and a local effect on tissues and serve as a key
factor in the formation of foci of infection [22].

In the experimental conditions with the constant
action of opioids disrupt redox processes and cause
suppression of cellular protective reactions, in
particular, phagocytosis. This process contributes
to increased colonization of periodontal tissues
and the mucous membrane of the oral cavity, in
particular, by phenotypically virulent variants of
Staphylococcus aureus with a high degree of tropism
to the epitheliocytes of the gingival mucosa, which is
an extremely negative prognosis [25].

Thus, when comparing the experimental results
obtained by us with data from the literature, it can be
assumed that with the constant and long-term action of
opioid analgesics, dysbiotic changes in the microbiota
of the oral cavity develop consistently. In the short-term
stages of opioid exposure, these changes were mani-
fested by the activation of autochthonous microflora,
which was evidenced by anincrease in the density of the
colonization of certain types of microorganisms and the
formation of supracellular microbial structures as com-
ponents of the biofilm. Under the conditions of further
long-term action of the opioid analgesic, microorganisms
that are not characteristic of the natural microbiota of
the oral cavity of rats, which are characterized by viru-
lence factors, mainly coccal microflora and hemolytic
gram-negative bacteria were detected. In the long-term
stages of opioid exposure, the microflora of the studied
microbiotope changed towards the predominance of
gram-negative aerobic and anaerobic microflora, and ne-
crotic-inflammatory processes developed in periodontal

tissues against the background of signs of inhibition of
the body’s protective response.

CONCLUSIONS

1. Depending on the duration of the experimental
action of the opioid in the microbiotopes of the
oral cavity (the surface of the teeth in the area
of the gingival margin, the gingival groove),
changes in the species composition of the bio-
cenosis and the expression of virulence factors
by microorganisms were detected.

2. In the short-term stages of opioid exposure,
changes in biocenoses were manifested in an
increase in the contamination of certain types
of microorganisms and the formation of su-
pracellular structures with a predominance of
gram-positive bacteria.

3. In the long-term effects of the opioid analgesic,
the activation of bacterial elements of the mi-
crobiocenosis was revealed, which were char-
acterized by increased expression of virulence
factors —hemolysins, coagulase, lecithinase, and
cytotoxins.

4. At the later stages of opioid exposure, the
predominance of gram-negative microflora
and the activation of cytotoxic action against
the background of suppressed activity of the
body’s protective response were established,
which waere manifested in the development of
necrotic-inflammatory changes in the tissues of
the studied biotope.
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