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ABSTRACT

The basis of coronavirus disease is an infectious process, ac-
companied by a varying degree of activity of pathological pro-
cesses. Based on the study of the pathological course of infection,
modern approaches to the treatment and prevention of complica-
tions of coronavirus infection are presented. The main strategic
pathogenetic direction in the creation of effective programs for
the treatment of COVID-19, as well as the prevention of fatal com-
plications, should be a set of measures enhancing permissive reg-
ulatory influences and events. Endothelium, being a source of in-
flammatory mediators and a transducer of their regulatory effects
on the vascular tone, is involved in the development and alterna-
tion of vascular reactions, changing the volume of perfusion. The
main mechanism for the development of endothelial dysfunction
and damage is associated with an imbalance between the gener-
ation of reactive oxygen species and the power of the antioxidant
defense system. Any measures to protect the endothelium, reduc-
ing the severity of microcirculatory disorders and hypoxia, will
have a therapeutic and preventive effect on fatal complications. In
this regard, in the treatment of COVID-19, the use of synthetic gas
transport preparations based on perfluorocarbon nanodispersed
emulsions with a clinical effect directed at once to several patho-
genetic links underlying the progression of COVID-19 disease
can be quite effective. The necessity of a comprehensive effect on
pathogenesis using sanogenetic principles of treatment, allowing
influencing the speed and time of onset of resolution of inflamma-
tion, which can reduce the number of complications and deaths of
the disease, is substantiated.

Keywords: COVID-19; inflammatory mediators, endothe-
lium damage, treatment; prevention.
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SAZETAK

Osnova bolesti izazvane koronavirusom je infektivni process
pracen razlicitim stepenom aktivnosti patoloskih procesa. Zasno-
van na proucavanju patoloskog toka infekcije, savremeni pristupi
lecenja i prevencije komplikacija nastalih usled infekcije korona-
virusom su predstavljeni. Glavni strateski patogenetski pravac u
kreiranju efikasnih programa za lecenje COVID-19, kao i za spre-
Cavanje fatalnih komplikacija, trebalo bi da bude niz mera koje
pospeduju dozvoljene regulatorne uticaje i dogadaje. Endotel,
izvor inflamatornih medijatora i transduktor njihovih regulator-
nih efekata na vaskularni tonus je ukljucen u razvoj i izmenu
vaskularnih reakcija, menjajuci volumen perfuzije. Glavni meha-
nizam za razvoj endotelne disfunkcije i ostecenja je povezan sa
neravnotezom izmedu stvaranja reaktivnih vrsta kiseonika i snage
antioksidacionog odbrambenog sistema. Bilo koje mere da se zas-
titi endotel, smanjujuci ozbiljnost mikrocirkulatornih poremecaja
i hipoksije, ¢e imati terapeutski i preventivni efekat na fatalne
komplikacije. U ovom pogledu, u lecenju COVID-19, upotreba
sintetickih gasnih transportnih preparata, zasnovanih na perfluo-
rokarbonskih nanodisperzovanih emulzija sa klinickim dejstvom
usmerenih neposredno na nekoliko patogenetskih veza koje su u
osnovi progresije COVID-19 bolesti, moZe biti sasvim efikasna.
Potreba sveobuhvatnog dejstva na patogenezu koriscenjem sano-
genetskih principa lecenja, omogucavajuci uticaj na brzinu i
vreme pocetka rezolucije inflamacije, $to moZe da smanji brojne
komplikacije i smrt usled bolesti, je potvrdena.

Kljuéne reci: COVID-19, inflamatorni medijatori, osteéenje
endotela, lecenje, prevencija.
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ABBREVIATIONS

ACE - angiotensin-converting enzyme;

AM-1 - endothelial-leukocyte type 1 adhesive molecule;
ARDS - acute respiratory distress syndrome;

CO - carbon monoxide;

COVID-19 - Coronavirus Disease;

DHA - docosahexaenoic acid;

EC - endothelial cells;

ED - endothelial dysfunction;

EL ICAM - integral intercellular adhesive molecules;
EPA - eicosapentaenoic acid,;

ESL - endothelial surface plate;

ESR - erythrocyte sedimentation rate;

FAT - platelet activation factor;

H2S - hydrogen sulfide;

IL - interleukin;

INTRODUCTION

The basis of coronavirus disease is an infectious process,
accompanied by a varying degree of activity of pathological
processes. Among the main hallmarks of pathogenesis of
coronavirus infection, there are inflammation, endothelial
dysfunction, hypoxia, metabolic disorders, microcirculatory
disorders, as well as impaired function of organs and systems
(respiratory, cardiovascular, excretory, liver, digestive, nerv-
ous, endocrine, etc.). Inflammation includes a local reaction
and a systemic inflammatory response. Endothelial dysfunc-
tion, as a component of the inflammatory response, is simul-
taneously a key link in pathogenesis, and a link between in-
flammation and other pathological processes (1). These
pathological processes unfold and reach their greatest sever-
ity during the peak of the disease, determining the main clin-
ical manifestations, consequences and outcome of the infec-
tious process. During this period of time, as a rule, the action
of the etiological factor is completed, diagnostics have al-
ready been carried out and treatment of patients begins (2).

Modern strategies for treating infections imply Kkilling
bacteria and/or inhibiting their growth, and in the case of vi-
ral infections, the inhibition of viral replication. The imple-
mentation of such strategy during the peak of the disease has
prophylactic importance in the prevention of generalization
of the infection and the occurrence of complications, but, on
the other hand, it is not very effective in the treatment of
developed infections. At the same time, therapeutic measures
should aim to suppress inflammation and key pathogenetic
mechanisms underlying the dysfunction of organs and sys-
tems due to this inflammatory process or other pathological
processes aggravating the patient's condition (3).
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LC - leukotrienes;

NO - nitric oxide;

NO3 - peroxynitrite;

NOD - like — nucleotide-binding oligomerization
domain-like;

PG - prostaglandins;

PRRs - pattern recognition receptors;

ROS - reactive oxygen species;

SARS-CoV?2 - severe acute respiratory syndrome
coronavirus-2;

SPMs - specialized pro-resolving mediators;
SPON - multiple organ failure syndrome;
TMPRSS?2 - transmembrane serine protease 2;
VC AM-1 - vascular cell adhesive type 1 molecule.

PATHOGENETIC MECHANISMS
UNDERLYING SARS-COV2 INFECTION

To date, a consensus has been formed that the penetration
of SARS-CoV2 virus (severe acute respiratory syndrome
coronavirus-2) into cells is mediated by its interaction with
ACE?2 receptor protein (angiotensin-converting enzyme 2),
as well as with transmembrane serine protease 2 (TMPRSS2)
and cathepsin L, which allow the virus to enter the cell and
cause it to produce new virions (4-7).

ACE2 is a membrane-bound protein-enzyme, cleaving
one amino acid from the C-terminal part of angiotensin II, it
turns it into a vasodilator angiotensin 1-7, performing a coun-
ter-regulatory function with respect to ACE1, which is in-
volved in the formation of angiotensin 11 (8). It should be
noted that this ACE2 receptor protein is widely represented
in the human body, and is found not only in the pulmonary
epithelium, but also in endotheliocytes, smooth muscle cells,
myocardium, kidneys, gastrointestinal tract, bone marrow,
spleen and other organs and tissues. It is believed that such
wide representation of ACE2 allows the variety of clinical
manifestations of SARS-CoV2 infection and the possibility
of developing multiple organ failure syndrome as a compli-
cation (5, 9, 10).

It is extremely interesting that the ACE2 gene activity
could be stimulated by interferons. This may explain the sud-
den aggravation of the course of the disease, for example, due
to an avalanche-like increase in the lung damage and the oc-
currence of a cytokine storm (11).



ROLE OF ENDOTHELIAL CELLS IN
SARS-COV2 INFECTION

However, this variety of symptoms may also form for an-
other reason. The explanation, built on the basis of the ubig-
uity of receptor proteins, does not take into account differ-
ences in their availability to the action of the virus, the possi-
bility of indirect cell damage, and, consequently, regional
characteristics of resistance and reactivity. The number of
potential target cells also matters, which undoubtedly affects
the likelihood of infection. In this regard, it should be noted
that in addition to the pulmonary epithelium, one of the most
likely targets for damage are endothelial cells. These are
made not only by the high prevalence in the body (occupying
the 2" place after muscle cells), but also by their strategic
location (on the border of two media, between the blood and
tissue), as well as the importance of functions of the endothe-
liocyte for the task of ensuring the transport of substances
between the blood and tissues (2, 5, 8, 12).

The following list can give some idea of the multiplicity
of endothelial functions. The main role of the endothelium is
to maintain homeostasis by regulating the following pro-
cesses in the body:

1. Vascular tone (the balance of vasoconstriction and vas-
odilation);

2. The anatomical structure of blood vessels (potentiation
and inhibition of proliferation factors);

3. Hemostasis (potentiating and inhibition of coagulation,
fibrinolysis and platelet aggregation factors);

4. Local inflammation (the development of pro-inflamma-
tory, anti-inflammatory and repairing factors);

5. The development of a systemic inflammatory response
(reactions of the acute phase of inflammation), which in-
cludes responses of the functional systems of the body at
the neuroendocrine, hematopoietic, metabolic and he-
patic levels (the examples of such physiological changes
are fever, drowsiness and anorexia, hematopoietic shifts,
including anemia, leukocytosis and thrombocytosis,
while osteoporosis and decreased gluconeogenesis are
the examples of metabolic changes). The combination of
the above phenomena is included in the prodromal syn-
drome and is accompanied by other deviations in the
plasma concentration of proteins of the acute phase of
inflammation, for example, serum amyloid A and C-re-
active protein;

6. Vascular support (angiogenesis and angioregression);

7. Formation of stroma of a tissue or organ (endothelial-
mesenchymal transition, formation and apoptosis of my-
ofibroblasts, synthesis and destruction of collagen)
(13, 14).

Based on this list, one can approximately imagine the en-
tire possible variety of clinical manifestations and conse-
quences associated with the endothelial damage, including
the infectious inflammation, for example, with the corona-
virus disease (15).

SYSTEMIC MANIFESTATIONS OF SARS-COV2
INFECTION

Given the diversity and importance of the vital functions
of endotheliocytes, as well as the systemic nature of disorders
that occur when they are massively defeated, it can be confi-
dently stated that the endothelial dysfunction plays a key role
in the pathogenesis of developing acute respiratory distress
syndrome (ARDS) and multiple organ failure syndrome, and
also participates in the development of subsequent complica-
tions in the form of fibrotic dysplasia and functional impair-
ment (1, 2, 12).

One of the most formidable complications of a corona-
virus pandemic, which WHO called the 2019 Coronavirus
Disease (COVID-19), is a severe acute coronavirus respira-
tory syndrome 2, often fatal (16). Clinicians noted that most
patients experienced a sudden deterioration in their health in
the later stages of the disease or during the onset of recovery.
The acute respiratory distress syndrome (ARDS) and multi-
ple organ failure quickly occurred, the combination of which
in many cases was fatal (5, 17).

The delayed occurrence of complications is evidenced by
the data on the absence of disorders of the cardiovascular and
urinary systems upon admission of patients to the hospital. In
this case, acute damage to the kidneys and myocardium usu-
ally occurred 8-14 days after the onset of symptoms and was
the precursor of an unfavorable prognosis of the course of the
disease (5, 18).

Several factors which increase the risk of death have been
identified among the adults in Wuhan hospitalized due to
COVID-19. Laboratory abnormalities at the admission in-
cluded lymphopenia, increased levels of C-reactive protein,
lactate dehydrogenase, highly sensitive cardiac troponin I,
liver transaminases and D-dimer (48). Some studies have re-
ported elevated levels of other inflammatory markers, such
as IL-6, ferritin, and ESR (5).

Signs of negative dynamics were also recognized as
higher body temperature upon the admission, increased res-
piratory rate, decreased albumin levels, and increased blood
coagulation. In addition to laboratory indicators and basic vi-
tal signs, a negative prognosis was evidenced by old age,
chronic diseases of the cardiovascular and respiratory sys-
tems, obesity, diabetes mellitus, chronic kidney disease, and
others. Sepsis was diagnosed in half of these patients (18-21).

As you know, the basis of sepsis is the systemic inflam-
matory response syndrome (SIRS), which is a hyperergic
systemic reaction of the whole organism to an infectious irri-
tant. It is a complex of the systemic phenomena that occurs
under the action of cytokines and is also known as the “acute
phase” or “preimmune response” response. Despite the fact
that this reaction is protective and adaptive in origin, its ex-
cessive nature in the case of sepsis, when the so-called un-
regulated cytokine storm occurs, can cause massive
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irreversible dysfunction of vital organs and even lead to death
(22-24).

These manifestations of the systemic inflammatory re-
sponse usually include fever, arthralgia and myalgia, sleep
disturbance, decreased appetite, changes in the functioning of
physiological systems (respiration, blood circulation, diges-
tion, urination, etc.), as well as changes in the laboratory pa-
rameters: increased ESR, leukocytosis, dysproteinemia (C-
reactive protein, amyloid A and P, transferrin, ceruloplasmin,
immunoglobulins, enzymes, etc.). Considering the mecha-
nisms of the occurrence and development of these manifes-
tations, we can conclude that one of the central roles here is
played by ED, which develops under the influence of cyto-
kines. ECs involved in the formation of cytokines also con-
tribute both to the development of general inflammatory re-
actions and, ultimately, to irreversible dysfunction of vital or-
gans and SPON (multiple organ failure syndrome) (1, 2, 24-
27).

To date, the evidence has been obtained that the adverse
development of coronavirus infection is due to the develop-
ment of a cytokine storm (5, 18, 28).

This cytokine disturbance correlates with the severity of
endothelial dysfunction, however, the causality of this rela-
tionship has not been established, obviously due to the pres-
ence of both direct and reverse causal relationships, and also
because these phenomena develop in parallel within the
framework of the general inflammatory process (2, 15, 22,
28).

A progress in the study of humoral mediators controlling
the inflammation process has led to a change in the outlook
on the resolution of inflammation, which, in contrast to pre-
vious ideas, is an active rather than a passive process. The
main biological activities and functions of pro-resolving me-
diators are determined, which include:

1. Limitation and termination of penetration of polymor-
phonuclear neutrophils into tissues;

2. Reducing damage to the surrounding tissues by phago-
cytes;

3. Reducing the resolution interval;

4. Strengthening of macrophage phagocytosis and ef-
ferocytosis;

5. Counteraction to pro-inflammatory chemical mediators
(platelet activation factor — FAT, leukotrienes — LC,
prostaglandins — PG);

6. Increase in anti-inflammatory mediators (IL-10 and oth-
ers);

7. Increased destruction of microbes and their clearance by
innate immune cells;

8. Improving tissue regeneration.

Thus, “Resolution” is a highly coordinated process at dif-

ferent hierarchical levels (from molecular to tissue, and pos-
sibly to systemic), which serves to repair and regenerate
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damage in organs and tissues, as well as to normalize their
functions (29-31).

In the process of acute inflammation, three stages can be
distinguished (Figure 1). If we correlate and analyze in
chronological sequence all these three stages of the infection
process with the adverse development of COVID-19, then we
can draw the following conclusions:

Figure 1. A review of the cellular and molecular pro-
cesses that control inflammation and its resolution.
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(Quoted from Michelle A. Sugimoto, Lirlandia P.
Sousa, Vanessa Pinho, Mauro Perretti, Mauro M. Teixeira,
Resolution of Inflammation: What Controls Its Onset?,
Front Immunol. 2016; 7: 160.,
doi: 10.3389/fimmu.2016.00160 (32)).

1. The period of acute inflammation corresponds to the
periods of the height of the disease and recovery. In this case,
the onset of inflammation and the onset of resolution corre-
spond to the height of the peak, and the period of recovery
corresponds to the resolution and restoration of homeostasis;

2. The signs of unfavorable course of the disease are:
higher temperature, leukocytosis, lymphocytopenia, creati-
nine, lactate dehydrogenase, high sensitivity troponin I, D-
dimer and increased markers of inflammation, such as ferri-
tin, IL-6 and procalcitonin, hypercoagulation and myocardial
damage, as risk factors for death, they occur at the beginning
of the height of the disease, correlate with the severity of the
disease, and also progress throughout the disease (Fig. 1 ar-
row No. 1) (18);

3. The time period during which a change in the course of
events can occur (either recovery, or the occurrence of com-
plications and aggravation of the condition) falls at the end
of the period of the disease height, before the recovery stage
(in Fig. 1 arrow No. 2). This is consistent with the theoretical



model for the progression of COVID-19 disease described
previously (5, 28).

Thus, in our opinion, the time-varying balance of pro-in-
flammatory and pro-resolving mediators that are produced
during the inflammation is crucial for determining the fate of
an inflammatory reaction. From the review, it becomes clear
that one of the possible reasons for the development of a cy-
tokine storm with a hyperergic uncontrolled systemic inflam-
matory response may be the absolute or relative insufficiency
of pro-resolving factors existing or arising in the develop-
ment process. This insufficiency can occur due to the delay
in switching the synthesis of pro-inflammatory mediators to
pro-permissive ones. It has traditionally been believed that
excessive production of pro-inflammatory mediators under-
lies chronic inflammation, but a growing body of evidence
supports the notion that disturbances in endogenous pro-re-
solving mechanisms can be an equally important factor (33-
35).

We believe that three potential targets should be consid-
ered:

1) Cytokines;
2) Specialized pro-allowing mediators;

3) Endotheliocytes and related functional systems, ac-
cording to which the main directions for the development of
therapeutic strategies can be formed.

Attempts to influence the cytokine pathogenesis of
COVID-19 have been shown to be effective. SARS-CoV-2
induces excessive and prolonged cytokine/chemokine reac-
tions in some infected people. A cytokine storm causes the
acute respiratory distress syndrome or multiple organ dys-
function, which leads to a sharp aggravation of the condition
and death. It is commonly believed that timely control of a
cytokine storm at its early stage by immunomodulators and
cytokine antagonists, as well as reduction of pulmonary infil-
tration by inflammatory cells, is the key to increasing the
treatment efficiency and reducing mortality (28).

But the severity and duration of inflammation depend on
competing physiological processes, namely, on pro-inflam-
matory mechanisms that enhance the inflammation and en-
dogenous inhibition programs, which in turn control the res-
olution of inflammation (36).

However, the anti-inflammatory effect is not the same as
the resolution, which involves specialized pro-resolving me-
diators (SPMs) in the activation of non-logistic reactions and
programs for resolving inflammation, and ends with the res-
toration of a structure and function with a return to the initial
homeostasis and formation of immunological memory.

These pro-inflammatory mediators actively stop the pro-
duction of pro-inflammatory mediators, but also immediately
stimulate phagocytosis by macrophages of both apoptotic
cells and bacteria, increase the output of phagocytes from

inflammation sites, regulate apoptosis of stab leukocytes, in-
crease the scavenger capture of chemokines, and stimulate
tissue repair and regeneration (33).

It must be remembered that cytokines, like other inflam-
matory mediators, are only a part of the effector link of the
launched and implemented genetic program of inflammation,
they activate and control protective and adaptive reactions
aimed at delimiting and eliminating the phlogogenic factor.
Cancellation or blocking of their action reduces the severity
or cancels the ongoing protective-adaptive phlogistic reac-
tion, including at the stage of resolution and recovery, which
can reduce the positive biological significance of inflamma-
tion until complete disappearance (28, 37).

This may be accompanied by a decrease in anti-infectious
resistance, generalization of the process, the development of
immunosuppression and chronicity of the disease, as well as
violation of the repair and regeneration processes, which can
manifest itself as the development of fibrosis, pathological
angiogenesis, and, as a consequence, violation of the function
of an organ or tissue. A number of studies have revealed that
excessive acute inflammation and chronic unresolved inflam-
mation were associated with severe and deadly diseases of
the human lung, including ARDS, asthma, cystic fibrosis,
and chronic obstructive pulmonary disease (33, 38).

The causes of damage and/or delayed response mecha-
nisms may be due to several factors that may contribute to
unsuccessful resolution. For example, a decrease in food in-
take of -3 essential fatty acids (EPA eicosapentaenoic acid,
DHA docosahexaenoic acid), genetic polymorphisms of en-
zymes involved in the biosynthesis of specialized resolving
mediators or SPM receptors, dysfunctional SPM receptors or
a decrease in their expression, abnormal signaling inside as
well as toxic drugs (34, 35).

Also, various disorders on the part of cells and their inter-
actions involved in the synthesis of pro-resolving mediators
and in the resolution process itself should be considered (39).

Thus, the main strategic pathogenetic direction in the cre-
ation of effective programs for the treatment of COVID-19,
as well as the prevention of fatal complications, should be a
set of measures enhancing permissive regulatory influences
and events. To date, the precursors of PSD -3 irreplaceable
fatty acids (EPA eicosapentaenoic acid, DHA docosahex-
aenoic acid) in acute and chronic inflammatory processes
with a positive result have been studied in experiments and
in clinical practice (31).

Synthetic analogues of lipoxins and resolvines already
exist, which are undergoing clinical trials (40- 42).

Along with lipid mediators, peptides, proteins and gases
also stimulate resolution. For example, endogenous gases
such as NO, H2S, and CO play a positive role in resolving
inflammation (34).
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Carbon monoxide, endogenously produced by the
hemoxygenase enzyme system, has become a promising gas-
eous therapeutic agent that has a protective effect against in-
flammation, oxidative and mechanical stress and apoptosis,
thus potentially limiting the acute lung damage. Numerous
studies using in vivo and in vitro models have demonstrated
the anti-inflammatory and resolving, anti-apoptotic and anti-
proliferative properties of carbon monoxide in the lungs
when used in low doses before or during ischemia-reperfu-
sion, transplantation, sepsis, hyperoxia or mechanical venti-
lation, which is called ventilation damage. The molecular
mechanisms that are affected by carbon monoxide are still
not fully understood (43- 45).

The biological actions of these new mediators in the fight
against inflammation are different from modern therapeutic
agents. Indeed, while drugs used in clinical practice are de-
signed to inhibit inflammation and block leukocyte recruit-
ment, PSD acts by counteracting the production of pro-in-
flammatory mediators (cytokines, chemokines and inflam-
matory eicosanoids), limiting the leukocyte infiltration and
facilitating the switching of the leukocyte phenotype. There-
fore, these substances do not prevent inflammation, but rather
strengthen the regulatory control, preventing its uncontrolled
course and, thus, contribute to its cessation. It has been
demonstrated that PSDs increase survival and help resolve
inflammation, as well as some human diseases associated
with dysregulation of the PSD pathways, including PSD gen-
erated from DHA and EPA (30, 35, 38).

Another way to improve resolution is to use cyclin-de-
pendent kinase inhibitors (46).

In addition, it can be argued with certainty that transfu-
sion of fresh blood plasma of a healthy person will bring sig-
nificant benefits. it contains various factors, such as mi-
crovesicles containing m-RNA, a-2-macroglobulin, ulinas-
tatin, potentiating the action of pro-resolving factors, limiting
hyperergic inflammation and contributing to its resolution
(28, 47, 48).

At autopsy of the dead from COVID-19, pulmonary fi-
brosis is usually present. Those, in some cases, abnormal im-
mune mechanisms initiate and contribute to the appearance
of pulmonary fibrosis, possibly due to a cytokine storm (49,
50).

However, diffuse alveolar damage, which is the defining
feature of the acute respiratory distress syndrome, was a char-
acteristic histological feature in fatal cases of COVID-19
with the additional observation of microvascular thrombosis
(50, 51).

The basis of these structural transformations is a change
in the functional activity of many cells: endotheliocytes, per-
icytes, fibroblasts, epithelial cells, macrophages, lympho-
cytes and so on. The activation of these cells leads, together
with the vascular neoplasm, increased permeability of the
wall and edema, to emigration with tissue infiltration by
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inflammatory cells, an increase in the number and activity of
fibroblasts with the development of fibrosis and other degen-
erative-destructive changes. As a result, a new tissue is
formed that does not provide the necessary function of the
tissue, which differs from normal in its structural and func-
tional characteristics. We believe that enhancing the action of
pro-resolving mediators that act on many key links of inflam-
mation and are involved in restoring the structural and func-
tional homeostasis will be the most effective way to prevent
the occurrence of such complications (52, 53).

Finally, the endothelial dysfunction, which is simultane-
ously one of the key components of inflammation, should be
considered the third target for the formation of therapeutic
strategies. The enormous role of endothelium in the initia-
tion, development, and completion of inflammation is
known. The endothelium, which has many diverse receptors
capable of recognizing pathogenicity patterns of Pattern
recognition receptors (PRRs): Pathogen-associated molecu-
lar pattern (PAMP) and Damage-associated molecular pat-
terns (DAMP), i.e. of all types of toll-like receptors, scaven-
ger receptors, integrins, selectins, nucleotide-binding oli-
gomerization domain-like receptors (NOD-like receptors),
etc., is itself the target for phlogogenic factors, it is able to
initiate an inflammatory response, and it also recruits immu-
nocompetent cells acting as an antigen-presenting cell secret-
ing pro-inflammatory cytokines and chemokines (54-56).

The endothelium, being a source of inflammatory medi-
ators and, at the same time, a transducer of their regulatory
effects on the vascular tone, is involved in the development
and alternation of vascular reactions, changing the volume of
perfusion (57). As the organizer and regulator of extracorpo-
real transport, the endothelium affects the volume and com-
position of exudate (58). Using adhesive molecules and
chemoattractants, the endothelium determines the sequence,
mass and composition of emigrating cells, and therefore the
composition of cell infiltrate (59-61). It participates in resolv-
ing inflammation due to the development of anti-inflamma-
tory and pro-resolving factors during interaction with stab
leukocytes, macrophages, and other cells (35, 62, 63), as well
as in the restoration of structural and functional tissue and
organ homeostasis. This significant role of the endothelium
has already been partially evaluated in the treatment of
COVID-19 (2).

Based on the foregoing, it can be confidently stated that
the severity and consequences of COVID-19, as well as the
mortal risk of complications, are due to the prevalence and
severity of the endothelial dysfunction.

In this regard, it seems important to carry out therapeutic
measures aimed at protecting the endothelium and normaliz-
ing its functions, as well as activating the phagocytosis of
apoptotic endothelial cells and its subsequent regeneration.
For example, it is known that with the development of acute
inflammation, the glycocalyx of endothelial cells is damaged
first, leading to a violation of the integrity of the endothelial
surface plate. As a result, the charge of the vascular wall



decreases, its adhesive properties increase, and permeability
increases. The experience of clinical oral administration of a
mixture of low molecular weight glycosaminoglycans in the
form of commercially available sulodexide, which allows re-
storing the thickness of the endothelial surface plate (ESL) in
patients with diabetes mellitus, is described. Sulodexide is a
mixture of 82% heparin, 17% dermatan sulfate and <1%
chondroitin sulfate and exhibits antithrombotic and profibri-
nolytic properties, as well as vasculoprotective properties,
such as the anti-inflammatory, antioxidant and anti-ischemic
effects. The absence of severe side effects, as well as a rela-
tively low price, makes it attractive for use in the treatment
and prevention of complications of COVID-19 (64-66).

The main mechanism for the development of the endothe-
lial dysfunction and EC damage is associated with an imbal-
ance between the generation of reactive ROS and the power
of the antioxidant defense system. As a result, NO is oxidized
with the formation of NO3 (peroxynitrite), the bioavailability
of NO decreases, and irreversible nitrosylation of the target
proteins occurs, as a result of which a persistent dysfunction
of the surrounding cells develops. Suppressing the excessive
generation of ROS and restoring balance with the antioxidant
defense system will not only protect endothelial cells, but
also contribute to normalization of their functioning, restor-
ing antiplatelet, anticoagulant, anti-inflammatory, vasodila-
tor and other functions. Therefore, it is recommended, as a
part of the integrated approach to treatment, to use antioxi-
dant defenses (67).

The noticeable and sudden release of many cytokines by
the immune system, often called hypercytokinemia or the cy-
tokine storm, has a devastating effect in itself. Cytokines
cause type Il activation in endotheliocytes, which, in contrast
to type | stimulation, does not develop immediately, but after
2-6 hours from the moment of induction by pro-inflammatory
factors due to the increased transcription and synthesis of var-
ious proteins, cytokines, chemokines and adhesive mole-
cules. During this period, endothelial cells express an endo-
thelial-leukocyte type 1 adhesive molecule (ELAM-1), a
larger number of type 1 integral intercellular adhesive mole-
cules (ICAM-1) and Inducible cell adhesion molecule 110
(INCAM-110) with respect to vascular cell adhesive type 1
molecule (VC AM-1), which contributes to the activation,
transmigration of neutrophils and tissue infiltration by them,
the permeability of the basement membrane increases and
plasma leakage sharply increases, stable vasodilation and, as
a result, local vascular stasis develops (68-70).

In many infectious diseases, the components of the result-
ing secondary alteration caused by cytokines may be more
pathogenic than the invading microorganisms themselves.
Another evidence of the effectiveness of the endotheliopro-
tection strategy was the reduction of harmful effects of the
cytokine storm upon activation by the soluble Slit ligand of
the endothelium-specific, Robo4-dependent signaling path-
way, which strengthens the vascular barrier (71). The conse-
quences of ED, which pose a deadly threat to tissues and or-
gans, are microcirculatory and tissue hypoxia, resulting from

venous stagnation of blood, sludge and microthrombosis.
The reason for their occurrence is: activation of the endothe-
lium with the appearance of adhesive and proaggregate prop-
erties, as well as a shift in the balance between potentiation
and inhibition of coagulation factors, fibrinolysis to the pro-
coagulant side, followed by the development of thrombo-
philia (2).

Therefore, any measures to protect the endothelium, re-
ducing the severity of microcirculatory disorders and the se-
verity of hypoxia, will have a therapeutic and preventive ef-
fect on fatal complications. Data on the effectiveness of
thromboprophylaxis using low molecular weight heparins,
the treatment with fibrinolysis activators have already been
accumulated, and recommendations for their use have been
published (15, 72-75).

Replacement of dead cells by increasing the mobilization
and recruitment of endothelial progenitor cells and other
stem/progenitor cells from the bone marrow could be consid-
ered as another method of the endothelial protection. Clinical
studies have shown that in patients with the organ damage,
an increase in the number of circulating endothelial progeni-
tor cells correlated with an improvement in prognosis and
survival. In animal experiments, it was found that exoge-
nously administered endothelial progenitor cells or other
stem/progenitor cells suppress the systemic and organ in-
flammation, reduce the organ damage, reduce the endothelial
permeability, and improve the sepsis survival (39, 76).

In this regard, in the treatment of COVID-19, the use of
synthetic gas transport preparations such as Perftoran b Flu-
oroemulsion 111 (Russia) based on perfluorocarbon nanodis-
persed emulsions with a clinical effect directed at once to
several pathogenetic links underlying the progression of
COVID-19 disease can be quite effective.

The expediency of using gas transportation drugs was
caused by the work of Chinese scientists from Sichuan and
Yibinsk universities on the effect of COVID-19 on red blood
cells, which, as the authors point out, leads to an increase in
inflammatory processes and the appearance of frosted glass
in the lungs of patients. The authors suggest that COVID-19
can attack human red blood cells by binding to hemoglobin
molecules. This leads to a disruption in the transport of oxy-
gen to the organs and tissues of the body and, as a conse-
guence, to hypoxemia. The penetration of viral proteins into
red blood cells and binding to hemoglobin leads to “knocking
out” of iron ions in blood plasma. In this case, hemoglobin
loses its ability to be saturated with oxygen, and the iron ion
has a toxic effect, and, as a result, tissue respiration is dis-
turbed with aggravation (aggravation) of oxygen deficiency.

In connection with these studies, it is necessary to cite our
work (77) on the elimination of hypoxia in acute autoimmune
intravascular hemolysis of erythrocytes caused by a disease
such as babesiosis. It is known that in acute intravascular au-
toimmune hemolysis, both intrinsic and donor erythrocytes
are rapidly destroyed with the occurrence of hypoxia and the
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release of a large amount of hemoglobin not associated with
haptoglobin into the plasma, due to which free hemoglobin
has a pathological effect on all organs. Studies have shown
that elimination of hypoxia during intravascular hemolysis of
erythrocytes is quite effective with perfluorocarbon hemo-
correctors such as Perftoran and Fluoroemulsion 111, but not
with the help of donor blood and red blood cells.

Gas transportation donor blood substitutes based on per-
fluorocarbon emulsions are multifunctional drugs with a
wide spectrum of action, including the ability to carry any gas
(oxygen, carbon dioxide and inert gas - helium oxide, etc.).
Due to the nano-dispersed size (50-100 nm), particles of per-
fluorocarbon emulsions with oxygen physically dissolved in
them, are able to penetrate into ischemic tissue sites through
spasmodic, sclerotic, partially thrombosed and susceptible
vessels; improve blood rheology and microcirculation in tis-
sues with disturbed gas exchange and metabolism of various
origins; reduce blood viscosity, increase regional blood flow,
promote vascular bed recanalization; increase electronega-
tive charges of the membranes of red blood cells, platelets,
and endothelial cells, which increases the suspension stability
of blood, improves its rheological characteristics, prevents
formation of blood aggregates, activates microcirculation in
tissues, provides axial current of blood cells in the vessels,
causes decay of false aggregates (in the early stages of critical
states), which in turn recanalizes the microvascular bed (79).
All these factors are clearly manifested in pathological pro-
cesses caused by the coronavirus disease.

It is necessary to note other positive properties, which we
believe are useful in the noted pathological processes of
COVID-19. So, the aforementioned perfluorocarbon gas
transport hemoproofreaders have the membrane-stabilizing
properties: perfluoro-emulsions stabilize and modify biolog-
ical membranes, activate oxidative phosphorylation, change
the functional properties of red blood cell membranes, in-
crease their charge and resistance to the mechanical trauma,
cause platelet disaggregation, red blood cells, and platelets
increase the fibrinolytic activity, reduce the concentration of
fibrinogen and factor XII; antioxidant properties - eliminate
the content of primary and intermediate products of lipid pe-
roxidation of blood plasma lipids, while the intensity of free
radical oxidation in erythrocytes and blood plasma decreases
with the background of perfluoroemulsion, and the activity
of natural antioxidant defense systems increases. They also
have detoxification properties: they increase the detoxifica-
tion function of the liver, induce cytochrome P-450, and af-
fect the natural detoxification system in acute poisoning (80).

Thus, in the absence of effective vaccines and sera in the
case of COVID-19 disease, among the considered active
treatment strategies, the directions with a complex effect on
the pathogenesis using sanogenetic treatment principles are
the most attractive.

Such pleiotropy is necessary for the action of the above

therapeutic agents. This can be well explained in terms of the
theory of functional systems. With the complex organization
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and the multiplicity of various structures and functions per-
formed by them, there is a single ultimate goal: maintaining
homeostasis in the whole organism and in each individual
part thereof. The common goal forms the key structures and
mechanisms of a single pathogenesis, at which the action of
drugs should be aimed.

CONCLUSION

Apparently, only the simultaneous corrective effect on
the numerous signaling pathways that control the course of
the inflammatory reaction can significantly affect the execu-
tion of this genetically determined program. Obviously, the
rate of development and the time of onset of resolving in-
flammation can be significantly accelerated using the natural
signaling pathways that control these sanogenetic mecha-
nisms. It is also safe to say that such therapeutic effects will
be most effective, because they synchronize the work of
sanogenetic mechanisms and, interacting with each other, po-
tentiate their action, increasing the degree of biological use-
fulness of the result. At the same time, the methods and meth-
ods proposed for testing should be in addition to the already
existing types of treatment that have proved their effective-
ness. The start time and duration of treatment with these
methods depend on the nature and direction of exposure. For
example, it makes sense to start the therapy with the precur-
sors of PSD or synthetic analogues of lipoxins and resolvins
from the moment of the onset of clinical manifestations, and
breathing with the addition of CO and the infusion of syn-
thetic gas transport preparations from the moment the respir-
atory failure begins to develop, together with oxygen therapy.

Only correction with multiple regulatory influences that
potentiate each other's actions can correct execution of the
genetic program, increasing the degree of biological useful-
ness of the result. At the same time, the methods and methods
proposed for testing should be in addition to the already ex-
isting types of treatment that have proved their effectiveness.
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