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ARTICLE INFO ABSTRACT

Keywords: Multiple organ failure in COVID-19 patients is a serious problem which can result in a fatal outcome. Damage to

COVID-19 organs and tissues, including general lung dysfunction, develops as a consequence of ischemia, which, in turn, is

Salicyl-carnosine caused by thrombosis in small blood vessels and hypoxia, leading to oxidative stress and inflammation.

Inflammation . . S . ..

Oxidative st Currently, research is underway to screen existing drugs for antioxidant, antiplatelet and anti-inflammatory
Xidative stress . . . . . . . . .

Thrombosis properties. Having studied the available publications concerning the mechanisms of damage to tissues and or-

Aspirin gans of patients with COVID-19, as well as the available treatment strategies, we propose to investigate salicyl-

carnosine as a potential drug for treating COVID-19 patients. In a recent study, we described the drug’s synthesis
procedure, and showed that salicyl-carnosine possesses antioxidant, anti-inflammatory, and antiplatelet effects.
Therefore, it can simultaneously act on the three pathogenetic factors involved in tissue and organ damage in
COVID-19. Thus, we propose to consider salicyl-carnosine as a potential drug for the treatment of patients with

severe cases of COVID-19 infection.

1. Introduction

Recent studies show that mortality from COVID-19 is associated with
multiple organ failure, especially pulmonary and cardiovascular
dysfunction (Zaim et al., 2020). Tissue damage is associated with the
development of strong systemic inflammation (Zaim et al., 2020),
accompanied by oxidative stress (Delgado-Roche and Mesta, 2020). A
key role in lung tissue damage is played by microinfarcts caused by small
vessel thrombosis. At the present moment, our understanding of the
mechanisms underlying tissue damage observed over the course of a
COVID-19 infection is largely incomplete. However, a number of facts
have already been established that indicate the involvement of oxidative
stress, inflammation, and dysregulated platelet aggregation (Leisman
et al., 2020). These three factors are closely interconnected - heightened
immune response can cause infiltration of immune cells into small
vessels, which leads to endothelium activation and thrombosis (Leisman
et al., 2020). At the same time, the secreted proinflammatory cytokines
cause oxidative stress (Yang et al., 2007) (Fig. 1).
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In previous publications, a variety of drugs targeting different as-
pects of the COVID-19 infection have been proposed. Many authors
suggest using anti-inflammatory drugs, such as blockers of the different
proinflammatory cytokines, including IL-1, IL-6, and TNF (Moore and
June 2020; Ye et al, 2020). Other authors suggest the use of
anti-aggregation therapy to combat thrombosis in COVID-19 treatment
(Cattaneo et al., 2020). A number of antioxidants were suggested to
ameliorate oxidative stress (Carr, 2020; Wang et al., 2020). Thus, most
of the drugs currently suggested for the treatment of COVID-19 act upon
only one of the three listed factors.

Low oxygen levels in the blood can also lead to multiple organ fail-
ure. Hemoglobin levels in patients with severe COVID-19 cases are
significantly lower than in patients with mild symptoms (Lippi and
Mattiuzzi, 2020). Researchers suggest that non-structural coronavirus
proteins penetrate red blood cells and displace iron ions from hemo-
globin, which leads to both the loss of hemoglobin function and the
release of toxic iron, the presence of which in the blood leads to an in-
crease in oxidative stress levels (Liu and Li, 2020). Currently,
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erythropoiesis inducers are being studied as potential drugs for treating
COVID-19 (Geier and Geier, 2020). At the same time, the search for
drugs which can stabilize red blood cells remains relevant (Fig. 1).

A promising drug in this case is aspirin, as it possesses both anti-
inflammatory and anti-aggregation effects, and suppresses the devel-
opment of oxidative stress (van Gijn et al., 1993). However, aspirin has a
number of side effects which makes it potentially dangerous to use for
treatment of COVID-19 patients (Adam et al., 2016).

We propose to investigate salicyl-carnosine as a potential drug for
treating COVID-19, due to its anti-oxidative, anti-aggregational, and
anti-inflammatory actions, as well as its ability to inhibit erythrocyte
hemolysis and lack of detrimental side effects (Kulikova et al., 2020).

2. Inflammation

It was shown that the interleukin-mediated inflammatory response
observed in patients with COVID-19 is significantly less pronounced
than in those with acute respiratory syndrome (ARDS) or the so-called
“cytokine release syndrome” (CRS). During hyperinflammatory ARDS,
interleukin-6 (IL-6) plasma levels can reach 517-3205 pg/ml (at a rate
of <5.9 pg/ml.) (Sinha et al., 2020), and in patients with CRS, IL-6
plasma levels increase to 10,000 pg/ml (Maude et al., 2014). Mean-
while, in COVID-19, reported IL-6 levels reach only 125 pg/ml, with the
mean bening 25 (SD: 10-55) pg/ml. Other proinflammatory interleukins
exhibit similar dynamics. The use of IL-6 inhibitors (Moore and June
2020) or monoclonal antibodies against the IL-6 receptor (tocilizumab)
(Xu et al., 2020) has previously been proposed; however, the inflam-
matory response observed in COVID-19 is weaker than in typical ARDS
or CRS, and as such the use of IL-6 inhibitors to relieve the inflammation
in COVID-19 patients does not seem entirely justified (Leisman et al.,
2020) (Fig. 2).

Viral invasion can lead to an overly expressed immune reaction,
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which, in turn, can worsen the patient’s condition. Proinflammatory
cytokines IL-1p, IL-6, TNF and chemokines C-C motif chemokine ligand
(CCL)-2, CCL-3, and CCL-5 cause the infiltration of tissues (for example,
lung tissues) by neutrophils and monocytes, leading to tissue damage. In
response to the activation of interferon receptors, neutrophils and
monocytes produce additional pro-inflammatory cytokines, which fa-
cilitates the apoptosis of T-cells, as well as epithelial and endothelial
lung cells, leading to lung tissue swelling and hypoxia (Ye et al., 2020).
Ye and co-authors suggest using inhibitors of interferons, TNF inhibitors,
IL-1 and IL-6 antagonists, ulinastatin, which normalises the pro- and
anti-inflammatory cytokine levels, as well as a number of other drugs
used to suppress CRS during other viral infections (Fig. 2).

Most of the proposed drugs possess anti-inflammatory effects. For
example, it has been proposed to use IL-38 in treating COVID-19 pa-
tients, as it suppresses IL-1f and other proinflammatory members of the
IL family (Conti et al., 2020). Another suggested anti-inflammatory drug
is hydroxychloroquine, which is often used to treat and prevent malaria.
Clinical trials have already been conducted with this drug, resulting in
significantly reduced viral load in patients with COVID-19 (Sinha and
Balayla, 2020). However, its emergency use authorization was revoked
by FDA (Food & Drug Administration; https://www.fda.gov/news-e-
vents/press-announcements/coronavirus-covid-19-update-fda-r-
evokes-emergency-use-authorization-chloroquine-and)  because its
potential side effects (for example, cardiac adverse) do not overweight
its potential benefits. N-acetylcysteine in doses of >1200 mg reduces the
formation of pro-inflammatory cytokines such as IL-9 and TNF-o, pos-
sesses a vasodilatory effect as consequence of increased cGMP levels,
and promotes regeneration of the endothelial relaxation factor (van
Hecke and Lee, 2020).

Vitamin D has been suggested for COVID-19 treatment as an
immunomodulatory drug due to its ability to suppress pro-inflammatory
cytokines. It can also bind to the ACE II receptor, preventing the virus
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Fig. 1. An overview of the processes discussed in this review, the sum of which leads to secondary tissue damage during a COVID-19 infection.
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Fig. 2. A diagram of inflammation development during the course of a COVID-19 infection. Blue arrows represent positive regulation between the interacting el-
ements, red arrows ending in a dash represent negative regulation, or drug action.
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inhibits NFkB expression).

A more complex proposed treatment consists of filtering pro-
inflammatory cytokines from the blood, utilizing antibodies in a spe-
cial column, after which the purified blood is returned to the patient’s
body (Tay et al., 2020).

Another approach to anti-inflammatory therapy is the use of o
adrenoceptor antagonists, which are thought to prevent the “cytokine
storm”. Catecholamines lead to stronger inflammation by increasing the
production of IL-6 and other cytokines through a positive feedback loop
in immune cells, that requires signaling from oy adrenoceptor (Konig
et al., 2020). Thus, blocking the receptor in question would lead to a
decrease in inflammation.

3. Oxidative stress

It was shown that the development of inflammation, accompanied by
oxidative stress, is augmented by the ability of the virus to block the
organism’s antioxidant defense mechanism (Delgado-Roche and Mesta,
2020) (Fig. 1). A unique feature of COVID-19 is that the virus binds to
the angiotensin-converting protein-2 (ACE2), and the ACE2-virus com-
plex enters the epithelial cells of the pulmonary alveoli, where ACE2 is
destroyed (Buinitskaya et al., 2020). The virus can also bind to vascular
endothelial ACE2. ACE2 converts Angiotensin (Ang) II to Angiotensin
1-7. Ang II decreases the amount of active forms of endothelial nitric
oxide synthase (eNOS), while Ang 1-7 has the opposite effect (Xiao
et al., 2015). Therefore, ACE2 inactivation leads to impaired NO syn-
thesis due to the dysfunction of the ACE2/eNOS/NO cascade (Xiao et al.,
2015) and impaired vascular dilatation (Buinitskaya et al., 2020)
(Fig. 3). Although large amounts of NO lead to the formation of toxic
peroxynitrite (Forstermann, 2010), a decrease in the amount of cellular
NO leads to the development of oxidative damage. It is also known that
during a COVID-19 infection, ferritin, along with free iron radicals, is
released from ruptured cells. As a consequence, concentrations of the
respective substances are increased in the blood of patients (Cola-
francesco et al., 2020). NO, binding to Fe2+, prevents the formation of
OH radicals (Sahni et al., 2018), and triggers the guanylate cyclase
antioxidant defense mechanism and S-nitrosylation of proteins, which
protects them from oxidative damage (Otani, 2009). The decrease in NO
levels which occurs during a COVID-19 infection leads to impaired
vasodilation, which the body is forced to compensate via an increase in
heart rate and respiratory rate (Buinitskaya et al., 2020). To prevent the
virus from entering cells, the use of ACE2 blockers, such as hydroxy-
chloroquine and chloroquine phosphate, has previously been proposed
(McKee et al., 2020). However, the suggestion was later withdrawn. At
the same time, other researchers propose to inhibit ACE rather than
ACE2 (South et al., 2020), which, in the context of data regarding the
role of ACE2, is a convincing approach. The use of short peptides the
structure of which mimics ACE2 and blocks the viral S protein that binds
to ACE2 has also been proposed (Li et al., 2020). Clinical data has shown
an increase in LDH concentration and decrease in erythrocytes and he-
moglobin in the blood of COVID-19 patients, which indicates the pres-
ence of hemolysis (Cavezzi et al., 2020). Damage and break-down of
erythrocytes may be linked to the above mentioned mechanisms of
oxidative stress development (Fig. 3). Erythropoietin has been suggested
for restoring erythrocyte level in the blood (Soliz et al., 2020). The most
often suggested antioxidant treatment for COVID-19 is intravenous
administration of vitamin C. Clinical trials of its effectiveness are already
underway, with an approximate end date in September 2020 (Carr,
2020). During a viral infection, the blood level of vitamin C can drop
significantly, to counteract which in the abovementioned study, large
doses of vitamin C are administered to patients intravenously: 24 g/day
for 7 days (Carr, 2020). Wang et al. suggest using vitamins C and E as
antioxidant therapy for patients with COVID-19, and imply that mole-
cules such as Curcumin and Baicalin may also be effective (Wang et al.,
2020) (Fig. 3).
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4. Thrombosis

Multiple pulmonary thrombosis, accompanied by damage to blood
vessel walls, leads to a severe course of the infection, and is in most cases
lethal. To understand the development of thrombosis, it is necessary to
turn to the mechanism of action of the SARS-CoV-2 in the early stages of
infection. As mentioned above, the virus binds to ACE2 on the cell
surface, which leads to pyroptosis and the chaotic release of death-
associated molecular patterns (Fehr and Perlman, 2015), which are
recognized by neighboring epithelial cells, endothelial cells and alveolar
macrophages, which respond with the generation of pro-inflammatory
cytokines that attract monocytes, macrophages and T-cells, which, in
turn, contributes to further inflammation (Vénéreau et al., 2015). This
can lead to the accumulation of immune cells and the overproduction of
proinflammatory cytokines that circulate in the bloodstream and enter
other organs, leading to their damage. Viral invasion of endothelial cells
leads to localized foci of inflammation in small vessels, which, in turn,
causes the activation of the endothelium, leading to abnormal vasodi-
lation and the formation of blood clots (Leisman et al., 2020) (Fig. 4).
The binding of the viral S protein to ACE2 causes Angiotensin II, which
possesses a vasoconstrictor effect, to no longer be metabolized. Nor-
mally, it is metabolized by endothelial ACE2 to produce angiotensin,
which has vasodilatory and anti-inflammatory effects. The localized
increase in angiotensin II concentration (in patients with COVID-19, the
level of angiotensin II is two times higher than in healthy individuals
(Liu et al., 2020) also contributes to the activation of the endothelium
and the release of pro-inflammatory cytokines. Angiotensin II can also
activate platelets, contributing to their aggregation in the area of
inflammation (Duprez, 2004). At the same time, activation of the
endothelium leads to the so-called “shedding” of ACE1 and a subsequent
temporary sharp increase in concentration of angiotensin II, thus
forming a positive feedback loop which further promotes local inflam-
mation and coagulation (Verdecchia et al., 2020). The specific mecha-
nism of the occurrence of coagulation and spontaneous sedimentation of
cells, as well as the occurrence of platelet aggregates in the blood of
patients observed in severe infections, is not fully understood. Never-
theless, there is reason to believe that coagulation activation and inhi-
bition of anticoagulant factors are observed in patients with COVID-19,
as evidenced by the increased D-dimer content in the blood of severe
case patients (Violi et al., 2020). Interestingly, in severe COVID-19
cases, thrombocytopenia is also observed. One of the proposed mecha-
nisms of its occurrence is based on the aggregation of platelets in the
lungs, which leads to a decrease in oxygen uptake and circulating
platelets (Xu et al., 2020). Antiplatelet drugs, such as heparin (Cattaneo
et al., 2020), and losartan, which reduces platelet aggregation and has
an antihypertensive effect, have been proposed as potential treatment
strategies for COVID-19 (Kouhpayeh et al., 2020) (Fig. 4).

5. Aspirin

Aspirin (acetylsalicylic acid) is the most widely used antiplatelet
agent in clinical practice (Fiolaki et al., 2017). It can inhibit the
pro-inflammatory cascade and the development of oxidative stress (van
Gijn et al., 1993). These effects are due to the antioxidant properties of
salicylates, which include the neutralization of OH radicals, chelation of
transition metals, activation of nitric oxide, and inhibition of the
“oxidative explosion” of neutrophils (Dinis-Oliveira et al., 2007).
Aspirin is rapidly absorbed from the human gastrointestinal tract, and
within 20 min is deacetylated by esterases to form salicylic acid. Its
half-life in plasma depends on the dose, ranging from 2 to 30 h (Needs
and Brooks, 1985). Thus, most of the biological activity of aspirin can be
attributed to its primary metabolite, salicylic acid.

Currently, aspirin is proposed for use as an antithrombotic drug for
the treatment of COVID-19, but only if the patient has confirmed
hypercoagulation, with markers such as soluble P-selectin or Iib/Illa
used to evaluate it (Violi et al., 2020). Data on the use of low doses of
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aspirin for the prevention of preeclampsia in pregnant women with
COVID-19 is contradictory: one group (Mathilde et al., 2020) suggests
canceling the treatment if a coronavirus infection is detected due to the
risk of bleeding during cesarean section, the other group (Kwiatkowski
et al., 2020) suggests continuing administration of low doses of aspirin
due to insufficient data to draw conclusions. However, antiplatelet
drugs, including aspirin, have a number of side effects, including in-
ternal and prolonged bleeding, gastrointestinal irritation, and intracra-
nial hemorrhage in more serious cases (Adam et al., 2016) (Fig. 5).

6. Salicyl-carnosine

Currently, the efforts of biomedical researchers are aimed both at the

SOD-like activity

on, or drug action. Greyed out arrows represent processes which are inhibited by

development of new drugs with a specific effect against the SARS-CoV-2,
and the search for already known substances that could reduce the
damage to the body during infection. Our team, together with the
Institute of Molecular Genetics of the Russian Academy of Sciences, had
recently synthesized a new compound - salicyl-p-alanyl-L-histidine
(salicyl-carnosine). Salicyl-carnosine was synthesized from carnosine
and acetylsalicylic acid (aspirin) [Tanashyan M.M., Fedorova T.N.,
Stvolinsky S.L. and others. A tool with antiplatelet, cytoprotective and
antioxidant activity. Patent RU 2694061 C 1, Date of registration: 07/
09/2019. Patent RU 2694061 C 1]. The description of the synthesis
procedure has been previously published (Kulikova et al., 2020). The
natural dipeptide carnosine (f-alanyl-L-histidine) is characterized by
high antioxidant activity (Prokopieva et al., 2016). Its effectiveness as an
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antioxidant and cytoprotective agent has been shown both on neuronal
cultures and in various experimental models of parkinsonism and ce-
rebral ischemia in animals (Berezhnoy et al., 2019; Boldyrev et al.,
2013). In addition, the efficacy of carnosine has been demonstrated in
the treatment of mice infected with swine flu HON2 (Xu et al., 2015).

However, to achieve a stable protective effect in humans, the intro-
duction of excessive doses of carnosine is required to compensate for its
hydrolysis under the action of a specific dipeptidase - serum carnosinase
(Wolos and Piekarska, 1975. Binding carnosine to a different molecule,
and thus making it inaccessible to the enzyme, would keep the protec-
tive effect while negating its hydrolysis in the human body. This was
done successfully by our team (Kulikova et al., 2020). Salicyl-carnosine
was synthesized from acetylsalicylic acid and carnosine in accordance
with the procedure presented in our published work. Salicyl-carnosine
was not susceptible to hydrolysis over the course of 2 h while incu-
bated in human serum at 37 °C, unlike carnosine, which underwent
complete hydrolysis in the same conditions (Kulikova et al., 2020).
According to our unpublished data, salicyl-carnosine remains in rat
blood in a concentration over 10 p/ml within 2 h after a single intra-
venous injection (dosage: 100 pg/ml). Thus, salicyl-carnosine remains
stable while circulating in the blood for a significant period of time,
which is necessary for the manifestation of its effects. As mentioned
previously, inflammation is a key component of severe cases of
COVID-19. Oral administration of 50 mg/Kg salicyl-carnosine over the
course of 10 days post operation has been shown to decrease ulcer
surface area in the Wistar rat gastric ulcer model by 77%. Meanwhile,
aspirin administered in the same conditions led to a four-fold increase in
ulcer surface area (Kulikova et al., 2020). Although at the present time
research concerning the effects of salicyl-carnosine on systemic in-
flammatory processes is still underway, this data allows us to conclude
that salicyl-carnosine possesses anti-inflammatory effects, since the
gastric ulcer model is one of the most widely used models for testing
anti-inflammatory drugs (Okabe and Amagase, 2005). Salicyl-carnosine
has also been shown to decrease ADP-induced human thrombocyte ag-
gregation by 48%, which, as demonstrated in our experiments, was
analogous to the value of this parameter for aspirin and ticlopidine,
which are utilized in clinical practice as antithrombotic drugs (Kulikova
et al., 2020) (Fig. 5).)

Salicyl-carnosine also has antioxidant properties, as shown in various
models of oxidative stress, and can stabilize erythrocytes, which is
especially important in the context of tissue damage in COVID-19 cases.
We have shown that superoxide scavenging activity of salicyl-carnosine
is 2.5 times higher (Kulikova et al., 2020) than that of carnosine, which
is considered to be an established antioxidant (Prokopieva et al., 2016).
In addition, unlike aspirin, salicyl-carnosine prevented iron-induced
lipid peroxidation, similarly to carnosine and trolox (Kulikova et al.,
2020). It is known that secretion of pro-inflammatory cytokines leads to
leukocyte respiratory burst, accompanied by oxidative stress and tissue
damage (Mittal et al., 2013). In a model of BaSOg4-activated leukocyte
respiratory burst it was shown that salicyl-carnosine decreases
BaSO4-induced chemiluminescence by one fourth. Aspirin and carno-
sine, meanwhile, failed to demonstrate such an effect. In this model, the
only drug to possess a higher antioxidant activity than salicyl-carnosine
was trolox (Kulikova et al., 2020). Thus, it was shown that sali-
cyl-carnosine’s antioxidant effect decreases leukocyte respiratory burst,
which is relevant for decreasing both oxidative stress and inflammatory
tissue damage during a COVID-19 infection. Furthermore, 25 pM
salicyl-carnosine decreased human erythrocyte hemolysis speed
two-fold in a model of 0.2 mM sodium hypochlorite-induced oxidative
stress. This effect is comparable to that of carnosine. At the same time,
our experiments did not show the same effect for trolox (Kulikova et al.,
2020) (Fig. 5).

We suggest that Salicyl-carnosine use in the treatment of COVID-19
patients may resolve the issue of blood clots, the formation of which
causes ischemia and tissue microinfarctions, as well as thrombocyto-
penia, oxidative stress, and inflammation. Moreover, salicyl-carnosine

European Journal of Pharmacology 886 (2020) 173457

does not exhibit side effects characteristic of aspirin and is stable in
human blood, in contrast to carnosine (Kulikova et al., 2020). Thus,
salicyl-carnosine can decrease the severity of three pathogenetic factors
of COVID-19 at once and can be administered in large doses safely
(Fig. 5).

7. Conclusion

Three of the key pathogenetic factors in severe cases of COVID-19 are
inflammation, oxidative stress, and thrombosis. It has previously been
shown that salicyl-carnosine is capable of attenuating these factors in
various models, while lacking the side effects of aspirin. Thus, we sug-
gest that salicyl-carnosine may be a promising drug for the treatment of
patients with COVID-19.
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