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Molecular mechanisms of drugs recommended in COVID-19 treatment

Abstract

The development of an effective treatment for COVID-19 is now one of the main tasks of scientists and doctors from all over
the world. The rapidly spreading SARS-CoV2 virus infection is a serious health problem among the public. Similarity of SARS-
CoV2 to MERS-CoV and SARS-CoV may suggest the effectiveness of COVID-19 treatment with drugs used to fight infections
of previously identified Coronaviridae viruses. On the basis of gained experience and new clinical trials, the Polish Society of
Epidemiologists and Infectious Diseases Physicians has created guidelines for the treatment of COVID-19. The recommendations
concern primary and supportive treatment at different stages of the disease. This article provides a brief review of the molecular
mechanisms of drugs currently used in Poland for the treatment of COVID-19.

Keywords: COVID-19, SARS-CoV-2 virus, remdesivir, tocilizumab, convalescent plasma, corticosteroids, anticoagulants.

DOI: 10.2478/pjph-2020-0014

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an acute respira-
tory disease caused by the Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2 virus) of the Coronaviridae family,
Coronavirinae subfamily [1,2]. The Coronavirinae subfamily
is classified into four types: a-coronaviruses, 3-coronaviruses,
y-coronaviruses, and d-coronaviruses. The SARS-CoV-2, be-
longing to the B-coronavirus genus, is the seventh described
coronavirus causing human infection [3,4].

The first cases of COVID-19 among humans were reported
in November 2019 in China, Wuhan Province. In January 2020,
the disease began to spread rapidly throughout China and on
March 11th 2020 the World Health Organization (WHO) an-
nounced the SARS-CoV-2 pandemic due to the large scale of
virus epidemiology in the world [5,6].

Development of an effective treatment for COVID-19 is
one of the greatest challenges in the 21st century medicine.
Unfortunately, no drug has so far been found that directly af-
fect the cause of COVID-19 - SARS-CoV-2 virus. Here, we
provide a brief review on drugs currently used in the primary
and adjuvant treatment of patients infected with SARS-CoV-2
based on the literature data and current treatment guidelines
for COVID-19 in Poland.

SARS-CoV-2 — structure and molecular mechanism of bio-
logical activity

Molecularly, SARS-CoV-2 is an enveloped virus whose
genetic material is positive-stranded RNA (ssRNA (+)). The
viral RNA consists of 29 903 nucleotides. The coronavirus ge-
nome encodes four basic structural proteins: Spike Protein (S),
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Envelope Protein (E), Membrane Protein (M), Nucleocapsid
Protein (N), helper proteins and non-structural proteins [7,8].
The S Protein is a surface glycoprotein that forms the outer
envelope of the virus. The S glycoprotein consists of the S1
and S2 subunits. The S1 subunit is involved in the attach-
ment of the virus to receptors located on the surface of the
host cells, whereas the S2 subunit is responsible for the bind-
ing of the viral envelope to the host cell membrane. The S2
acts as a class I viral fusion protein, mediating the fusion of
the virion and cell membranes [8,9]. SARS-CoV-2 binds to
angiotensin-converting enzyme II (ACE2) receptor found in
lungs and other tissues in the human body [10,11]. After the
SARS-CoV-2 virus S protein interacts with the ACE2 recep-
tor on the host cell surface, the virus is fused. The enzymatic
cleavage of the S protein by cathepsin L and Transmembrane
serine protease 2 (TMPRSS2) occurs in endosomes, next, the
viral RNA enters the host cells. Two polyproteins, ppla and
pplab, are expressed and then cleaved by coronavirus pro-
teases creating non-structural proteins (NSPs). NSPs enable
replication of the viral genetic material and mRNA synthesis,
which is a translation template for the S, M, E and N proteins.
The mature SARS-CoV-2 virions arise in the endoplasmic
reticulum-Golgi intermediate compartment (ERRGIC). The
secretory vesicles transport virions to the vicinity of the cell
membrane, where they are exocytosed [12]. The internaliza-
tion of the virus into the host cells induces conformational
changes in the S glycoprotein. Most likely, the conformational
changes in the S protein make it susceptible to digestion by
host cell proteolytic enzymes. This phenomenon has become
the subject of research in the development of new therapeutic
targets [13]. Nucleoprotein N participates in the replication,
translation and transcription of viral RNA and is responsible
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for binding to genomic viral RNA. This protein plays an im-
portant role in shaping the virion structure by binding to other
viral proteins. Envelope small membrane protein (E) is the
smallest structural protein of SARS-CoV-2 [8]. The E protein
participates in the formation of virions and induction of the
apoptosis process, modulates the activity of ion channels, in-
creasing the pathogenicity of the coronavirus. The E protein
forms viroporins, which are necessary for virus accumulation
and release [14]. The membrane protein (M) is the major ma-
trix protein, playing a key role in viral morphogenesis. The M
protein may interact with inhibitor of nuclear factor kappa-B
kinase subunit B (IKKf). This results in the inhibition of the
Nuclear Factor Kappa B (NFkB) pathway, the activation of
which plays an essential role in creating the body’s immune re-
sponse to pathogen infection. Membrane protein M enhances
the proliferation of the viral pathogen by reducing the level of
COX-2[15,16].

The virus is transmitted in humans mainly by droplets or
food and water [17]. COVID-19 is characterized by flu-like
symptoms, including cough, fever, shortness of breath, muscle
aches, headache, vomiting and diarrhea. SARS-CoV-2 may
cause severe pneumonia and acute respiratory distress syn-
drome (ARDS) in some patients [18].

Pharmacotherapy of COVID-19

COVID-19 pharmacotherapy is based on the use of drugs
with different mechanisms of action in the subsequent stages
of the disease. According to recommendations of the Polish
Society of Epidemiologists and Infectious Diseases Physi-
cians, only antipyretic drugs, such as paracetamol and ibupro-
fen, are used in the asymptomatic or low-symptomatic stage.
However, with the progress of the disease, more specific drugs
are introduced into pharmacotherapy of COVID-19 [19].

Remdesivir

One of the drug used in the treatment of SARS-CoV-2 in-
fection is Remdesivir, which is an organic chemical compound
with a broad spectrum of antiviral activity. According to rec-
ommendations, it is administered in the 2nd stage of the dis-
ease to the patients with full-blown symptoms of COVID-19
[19]. As a compound from the group of nucleotide analogues,
it has the ability to inhibit RNA polymerase of viruses [20,21].
Remdesivir is a prodrug of nucleoside monophosphate (Nuc-
MP) which is converted in peripheral blood mononuclear cells
(PBMC) to the pharmacologically active nucleoside triphos-
phate (Nuc-TP). Nuc-TP, the adenosine analog, attaches to the
viral RNA strand, disrupting further strand elongation, and
inhibits viral replication. The negative charge of Nuc-TP initi-
ates its accumulation in the cell. Lymphopenia is usually ob-
served in patients diagnosed with COVID-19, suggesting that
SARS-CoV-2 may infect lymphocytes. Thus, the accumula-
tion of the drug in the PBMC may contribute to the inhibition
of viral replication [22].

Remdesivir was originally intended for the treatment of
Ebola virus infections, but its excellent efficacy in the treat-
ment of MERS-CoV infection prompted its use also in COV-
ID-19 treatment. Unfortunately, the assumptions were not
confirmed because its IC50 for the SARS-CoV-2 (0.77 uM)
is 5-25-times higher than for the Ebola virus (0.03-0.14 uM)
and 2-25-times higher than for the MERS-CoV (0.03-0.34
puM) [23-25]. Therefore, studies confirming the beneficial ef-
fect of the drug in inhibiting the COVID-19 are still ongoing.
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It is uncertain whether the high intracellular accumulation of
Nuc-TP in PBMC correlates with its clinical efficacy against
SARS-CoV-2, or the distribution Nuc-TP causes high intracel-
lular concentrations in the lungs, which are the primary target
of the virus [22].

Convalescent plasma

In addition to chemotherapeutic drugs, the therapy of
SARS-CoV-2 virus infection is additionally supported by the
administration of convalescent plasma (CP), rich in compo-
nents supporting the patient’s humoral immunity. Despite lim-
ited data confirming the beneficial effect of CP, the Food and
Drug Administration (FDA) has approved its use in the treat-
ment of patients with COVID-19 [26]. Similarly to Remdesi-
vir, CP is administered to patients in the 2nd stage COVID-19
[19]. During apheresis, antibodies, pro- and anti-inflammatory
cytokines, coagulation factors, natural antibodies, defensins,
pentraxins are obtained from donors [27]. Neutralizing an-
tibodies (NAb) are crucial in the therapy with CP products.
They have the ability to bind the virus and block its entry into
the cell, which prevents further replication of virus. Moreover,
NAb mediate phagocytosis of immune cells and virus elimina-
tion, therefore the effectiveness of the therapy is mainly relat-
ed to their presence and titre in the CP. The IgG immune anti-
bodies, which also bind to the virus but do not affect its ability
to replicate, are equally important in COVID-19 treatment
[27]. Moreover, the presence of CP anti-idiotypic antibodies
and anti-inflammatory components seems very important.
Anti-idiotypic antibodies originally block the autoreactive an-
tibodies, which is crucial for the control of autoantibodies in
patients with autoimmune diseases. In addition, infection is of-
ten accompanied by over-activation of the immune system due
to active viral replication in macrophages. This condition is
manifested by severe inflammation induced by the “cytokine
storm”. Previous studies revealed that cytokine storm occurs
in the pathogenesis of COVID-19 and is related to the severity
of the disease and poor prognosis. In the patients diagnosed
with COVID-19 revealed upregulated plasma levels of IL-6,
IL-2, IL-7, IL-10 and other cytokines including granulocyte-
colony stimulating factor, monocyte chemoattractant protein,
interferon-y (IFN-y)-inducible protein, macrophage inflam-
matory protein 1o and TNF-a [28-30]. Persistent inflammatory
reaction may result in lung damage, accompanied by fibrosis
and decreased organ capacity [31]. Therefore, CP rich in an-
ti-inflammatory ingredients may help to suppress the exces-
sive inflammatory response and accelerate recovery [27]. It is
worth noting, that apart from the presence of anticoagulants in
the plasma, such as antithrombin and protein C, ultimately the
plasma has a prothrombotic effect. Therefore, a special care
should be taken in patients at risk of thrombosis [32].

Anticoagulants

COVID-19 is characterized with fulminant activation of
coagulation and consumption of coagulation factors [33,34].
Extensive pneumonia can cause microthrombi formation and
contribute to the frequent occurrence of thrombotic complica-
tions such as deep venous thrombosis, pulmonary embolism
and arterial thrombotic complications in patients [35]. There-
fore, an additional drug used in the treatment of COVID-19
is low-molecular-weight heparin (LMWH). The probable
mechanism of the occurrence of thrombosis by SARS-CoV-2
is based on the induction of a cytokine storm with activation of
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leukocytes, endothelium and platelets, resulting in the activa-
tion of clotting, thrombin production and clot formation. Ad-
ditionally, because SARS-CoV-2 has a high affinity for ACE2
expressed on endothelial cells, activation of these cells may in-
itiate thrombosis. Since heparin cannot lyse an existing throm-
bus, the main mechanism of its anticoagulant action depends
on the presence of an active antithrombin-binding sequence
of pentasaccharides in the molecule (AT-III). When heparin
binds to AT-III, it causes a conformational change followed
by its activation. Activated antithrombin may increase its af-
finity for clotting factors and inactivate them (XIla, XIa, IXa,
Xa and IIa). Among the clotting factors, factors Xa and Ila
are the most sensitive to the AT-heparin complex. In addition
to its anticoagulant effect, heparin also is believed to support
the anti-inflammatory and antiviral effects of other drugs [36].

Tocilizumab

Tocilizumab is a well-known IL-6 receptor antagonist,
which has been widely used in the treatment of adults diag-
nosed with moderate and severe active rheumatoid arthritis.
However, the biological activity of tocilizumab may be also
crucial in the treatment of patients with COVID-19, where an
important role in the initiation of cytokine storm plays patho-
genic T cells and inflammatory monocytes secreting large
amount of IL-6 [30]. Tocilizumab is recommended by the Pol-
ish Society of Epidemiologists and Infectious Diseases Physi-
cians in the treatment of hospitalized patients in the 3rd stage
of COVID-19 with respiratory failure (SpO2<90%) [19].

Tocilizumab, a humanized monoclonal antibody, inhibits
signal transduction by specifically binding to soluble IL-6 re-
ceptor (sIL-6R) and membrane-bound IL-6 receptor (mIL-6R)
[37,38]. Taking into consideration the molecular mechanism
of the biological activity of tocilizumab, this drug may be ef-
fective in preventing the consequences of “cytokine storm” in
patients diagnosed with COVID-19. Moreover, tocilizumab
may interact with the immune system via other mechanisms
by induction of B-regulatory cells or by decrease of the ex-
pression of genes coding pro-inflammatory cytokines and
chemokines [39].

Although long-term in vivo studies confirmed that tocili-
zumab is well-tolerated and non-toxic, it may interact with
other drugs. Since IL-6 inhibits the expression of CYP1A2,
CYP2C9, CYP2C19 and CYP3A4, tocilizumab may reverse
CYP expression and indirectly enhance the metabolism of
some drugs [39,40].

Corticosteroids

The Polish Society of Epidemiologists and Infectious Dis-
eases Physicians recommends the use of corticosteroids in the
3rd stage of COVID-19 with respiratory failure and the 4th
stage of COVID-19 characterized with ARDS-acute respira-
tory distress syndrome [19].

Corticosteroids, synthetic steroid hormones, are used in the
treatment of several diseases [41]. Dexamethasone, belong-
ing to glucocorticoids, is commonly used in the treatment
of chronic obstructive lung disease, severe allergies, autoim-
mune disease, asthma, skin pathologies and brain swelling
[42]. Dexamethasone possesses anti-inflammatory and im-
munosuppressive properties and is about 25 times more ac-
tive than other glucocorticoids [43]. Molecular mechanism
of dexamethasone is based on the inhibition of gene expres-
sion of chemokines, cytokines and cell adhesion molecules.
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Dexamethasone interacts with glucocorticoid receptor (GCR)
on the cell membrane, and then is translocated as a complex
to the nucleus inhibiting the expression of pro-inflammatory
cytokines including IL-1, IL-2, IL-6, IL-8, TNF, IFN-y, VEGF
and prostaglandins [44,45]. Interestingly, dexamethasone may
stimulate the expression of anti-inflammatory cytokines IL-10
and lipocortin-1. Moreover, dexamethasone may decrease the
expression of AhR and IDOI1 involved in the inflammation
[46]. Importantly, dexamethasone acts not only at the genome
level, but also at the cellular level affecting T-lymphocytes
[47] and the Ca+2 and Na+1 movement trough the cell mem-
brane [48].

Corticosteroid therapy is the most beneficial for patients
with COVID-19 symptoms for more than 7 days and patients
who required mechanical ventilation [35]. The other stud-
ies confirmed that treatment with dexamethasone decreased
deaths by about 30% in mechanically ventilated patients and
by 20% in patients receiving oxygen [49]. Moreover, treat-
ment with methylprednisolone resulted in the reduced risk of
death [reported by [35].

CONCLUSIONS

Despite extensive work on new drugs and COVID-19 phar-
macotherapy regimens, no effective drug treatments or a vac-
cine have yet been developed. The basis of the COVID-19
treatment is a supportive therapy, depending on the clinical
condition of the patient, and prevention of complications.
COVID-19 pharmacotherapy is currently based on drugs used
to fight other diseases by modifying the dosage schedules.
Due to the current epidemiological situation and the lack of
drugs targeting SARS-CoV-2, quick diagnosis and appropriate
management of infection are important in order to limit virus
transmission in the population.
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