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The pandemic of SARS-CoV-2 stimulates significant efforts and approaches to understand its global spread.
Although the recent introduction of the vaccine is a crucial prophylactic step, the effective treatment for SARS-
CoV-2 is still undiscovered. An in-depth analysis of symptoms and clinical parameters, as well as molecular
changes, is necessary to comprehend COVID-19 and propose a remedy for affected people to fight that disease.

The analysis of available clinical data and SARS-CoV-2 infection markers underlined the main pathogenic
process in COVID-19 is cytokine storm and inflammation. That led us to suggest that the most important
pathogenic feature of SARS-CoV-2 leading to COVID-19 is oxidative stress and cellular damage stimulated by
iron, a source of Fenton reaction and its product hydroxyl radical (¢OH), the most reactive ROS with t; /2—10’95.

ROS Therefore we suggest some scavenging agents are a reasonable choice for overcoming its toxic effect and can be

8-Oxo-guanosine
Lycopene

regarded as a treatment for the disease on the molecular level.

1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is
responsible for developing coronavirus disease 19 (COVID-19). COVID-
19 is an infective-inflammatory disease and has so far affected more than
45 million people and killed more than 1.2 million people worldwide,
with most deaths (74%) occurring in the population over the age of 65
[11.

SARS-CoV-2 is an RNA virus of ca. 30 000 nucleoside genome length.
It shows a low substitution per site in the range of 1.5-10"%. Sequence
substitutions are characterized by a preponderance of cytosine to uracil
transitions, which can be ascribed to pyrimidine deamination. The
excess of U over C is almost 2-fold, giving 32% of uracil and 18% of
cytosine. SARS-CoV-2 shows some interesting features, e.g., all over-
represented codons end with A/U, and low codon usage bias, which is
an effect of mutational pressure and natural selection. Nucleotide
composition analysis revealed that SARS-CoV-2 Wuhan-Hu-1 strain has
the highest compositional value of uridine (32.2%), which was followed
by adenosine (29.9%), and similar composition of guanosine (19.6%)
and cytidine (18.3%) [2].

SARS-CoV-2 is transmitted through respiratory droplets or by direct

contact. The virus enters through the nose, mouth or eyes, and then
spreads to the back of the nasal passages. It binds to and enters the
airway epithelial cells via the dimerized angiotensin-converting enzyme
2 (ACE2) on the surface. From there, it spreads to the mucous mem-
branes of the throat and bronchial tubes, eventually entering the lungs,
where it infects type 2 alveolar epithelial cells called pneumocytes [3].

Recently it has been shown that to infect cells, in addition to ACE2,
SARS-CoV-2 uses another receptor called neuropilin-1 (NRP1) (Fig. 1).
Because ACE2 is expressed at a very low level in most cells, some entry
cofactors on the surface of host cells are necessary. Such function is
played by neuropilin-1, which binds furin-cleaved substrates, facilitates
SARS-CoV-2 entry and infections [5,7].

Severe acute respiratory distress syndrome (ARDS) is characterized
by a loss of beneficial lung surfactant and increased oxidative stress and
inflammation [8]. The severity and outcome of COVID-19 largely
depend on a patient’s age, but not only. In severe cases of COVID-19, the
virus enters the bloodstream and infects kidneys, esophagus, bladder,
ileum, heart, and central nervous system (CNS). Extra-pulmonary
manifestations of COVID-19 are associated with a much higher mortal-
ity rate [9].
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2. COVID-19 symptomatology

The common clinical symptoms of COVID-19 are fever and cough,
sputum production, sore throat, headache, myalgia, arthralgia, rhinor-
rhoea, and diarrhea [10]. In laboratory tests, COVID-19 patients present
with cytokine storm and high systemic inflammatory parameters as
elevated C-reactive protein, ferritin, bradykinin, increased white blood
cell counts, and lymphopenia. Inflammation and immunosenescence
contribute to the development of cytokine storm. Tightly controlled
activation of the innate immune system is essential for viral recognition
and clearance. Cytokine storm results from the sustained activation of
the inflammatory signaling cascade, which results in hypercoagulation
in small blood vessels, leading to tissue damage and multi-organ failure
[10,11]. D-dimer, a fibrin degradation product, as well as prognostic of
disseminated intravascular coagulation, and elevated levels of the
cytokine IL-6, are associated with the increased clinical fatality of the
disease [12]. During viral infections and inflammation, anemia, caused
by pro-inflammatory cytokines, is frequently observed. Some of them,
like IL-1f, TNF-a, and IL-6, directly affect iron homeostasis [13]. The
release of cytokines, particularly IL-6, results in the upregulation of the
iron regulatory hormone hepcidin produced by hepatocytes and
released in the blood flow to regulate systemic iron homeostasis [14,15].

On the contrary, there are also data showing that, compared to other
inflammatory diseases and sepsis, the levels of cytokines in severely ill
COVID-19 patients are low, and the virus does not cause cytokine storm
in those cases. That can suggest other factors have to be considered to
explain the virus’s impact on organ dysfunction [16].

A high reactivation of the immune system affected by SARS-CoV-2
induces a surge of pro-inflammatory factors resulting in host cells and
organ damage through hypercoagulability, oxidative stress, and altered
iron metabolism [17]. Coagulopathy increases morbidity and mortality
of patients with COVID-19. They show low hemoglobin levels and
increased total bilirubin, as well as ferritin. The level of this protein is an
indirect marker of the total amount of iron in the body [14]. In addition
to ferritin, other serum biomarkers as D-dimer, CRP, IL-6, and lactate
dehydrogenase have been suggested to identify high-risk COVID-19
patients [18].

3. Iron and ferritin
An increased ferritin level induces immunological dysregulation and

contributes to the cytokine storm, increasing the severity of COVID-19.
Immune dysregulation is observed in extreme hyperferritinemia
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through immune-suppressive and pro-inflammatory effects. High serum
ferritin is due to the dissociation of iron from the 1 beta chain of he-
moglobin. Viral ORF8 binds to the porphyrin of heme and displaces iron
[19,20]. Hemoglobinopathy and iron dysmetabolism seriously
compromise erythrocytes’ capacity to perform oxygen transport [13].

Iron is a crucial element in all organisms. It has unique properties due
to its redox potential, which makes it an essential cofactor for several
proteins and enzymes involved in critical cellular functions like energy
production, DNA replication, and transcription. Also, most viruses need
iron since they require the host metabolic apparatus to replicate their
genome and produce mRNAs to translate functional viral proteins [17,
21,22]. 1t is evident that cellular iron repletion boosts viral replication
and spread, but iron deficiency may interfere with a viral life cycle.

Ferritin is the main iron storage site in its ferric state (Fe+3) and binds
4500 iron molecules. An increased serum ferritin level is associated with
systemic inflammation. Many data show that high serum ferritin levels
accompany many diseases like acute respiratory distress syndrome,
atherosclerosis, or cancer. Serum ferritin leaks from damaged cells and is
losing most of its iron on the way. Leaving that iron in an unligated form
stimulates further oxidative cell damage [23]. The iron-induced hy-
droxyl radical formation leads to oxidative damage, which is likely to be
a contributory factor in many if not all diseases. Therefore one can
suggest that hyperferritinemia is associated with a state of iron toxicity
resulting from damaged tissue releasing free iron [13].

4. Reactive oxygen species (ROS)

Oxidative stress is accompanied by cytokine storm leading to ROS-
dependent apoptosis of endothelial cells and the release of coagulation
factors and clot formation [24]. Excess of intracellular ferric (Fet®) ion
(unligated) interacts with molecular oxygen generating ferrous (Fet?)
ion, which further down reacts with hydrogen peroxide (H02) pro-
ducing extremely reactive hydroxyl radical ¢OH in the Fenton reaction
[22,25]. The Fenton reaction is the most common source of ¢OH in the
cell [26]. Reactive oxygen species derived from molecular oxygen show
highly reactive superoxide radical (Oz), hydroxyl radical (¢OH), and
also nonradical hydrogen peroxide (H»03). Among ROS, Hy0O- is of
particular interest because it is relatively stable and can diffuse freely
through the cellular membranes. It can generate the hydroxyl radicals
locally by an iron-mediated Fenton reaction. ROS play a critical role in
several physiological functions like proliferation and signaling path-
ways. In cellular (redox) systems, ROS level is tightly regulated to avoid
excessive damage to cellular macromolecules. An imbalance of redox

Fig. 1. The scheme of SARS-CoV-2 entry to
the cell with indicated possible ways of pre-
vention with natural products. The virus in-
vades the cell through binding of its spike
protein the cell’s angiotensin converting
enzyme 2 receptor. Spike protein, after
cleavage by host proteases, binds to cell
surface receptor - neuropilin-1. Moreover, S1
domain of SARS-CoV-2 spike glycoprotein
interacts with human CD26, for the viral
entry into the host cell. CD26 is expressed on
the membrane of many cells, including T and
NK cells of the immune system, as well as is
present in the blood plasma and cerebrospi-
nal fluid in a soluble form [4-6].

CCR2/MCP1
ROS
Apoptosis
Senescence
p38 MAPK
NF-kB
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equilibrium leads to persistent oxidative stress favouring senescence,
inflammation, and carcinogenesis. Reactive oxygen species cause a
release of iron from storage in ferritin as well as damaging DNA, lipids,
and proteins [Edeas et al., 2020]. Cellular damage involves reduced
redox-active metal ions (ferrous and cuprous) that react with metabol-
ically produced hydrogen peroxide HyO,. Hydroxyl radical (eOH)
formed in the Fenton reaction is the site-specific product because of
metal ions close to or bound to DNA [27].

Oxidative stress during viral infection involves multiple interactions
between host and virus [22,28]. The activated phagocytes may also
release pro-oxidant cytokines such as tumor necrosis factor and
interleukin-1 [29]. The organism infected with various viruses (e.g. HIV,
hepatitis, influenza and SARS-CoV-2) activates the phagocytes, associ-
ated with ROS production.

During SARS-CoV-2 infection, the interaction with iron metabolism
and oxygen supply is also linked to the Fenton reaction, like other vi-
ruses [28]. SARS-CoV-2 induces hemoglobin degradation and iron
(Fe*z) release, a cofactor of Fenton reaction in which hydroxyl radical
(eOH), the most reactive oxygen species, is produced [22].

One should also mention that hydroxyl radical formation correlates
with products of cellular oxidative stress such as 8-hydroxydeoxyguano-
sine in DNA as well as 4-hydroxynonenal and malondialdehyde guanine
adducts of DNA [23,30,31]. These last two aldehydes are the products of
radical oxidation of phospholipids, related to COVID-19 dyslipidemia
[301.

8-hydroxyguanosine (8-OH-G), a primary oxidized base lesion
formed by ROS, particularly eOH, induces G to T transversion mutations
that lead to cell death in mammals if it accumulates in DNA [32].

5. Epigenetics of brain diseases

Epigenetics is defined as heritable changes in gene expression asso-
ciated with modifications of DNA (methylation) or chromatin proteins
(methylation and acetylation) that are not due to any alteration in the
DNA nucleotide sequence [33]. DNA methylation is a significant control
program that modulates gene expression in a plethora of organisms.

The excess of ROS triggers epigenetic machinery in the cell by
damaging 5-methylcytosine, which results in total DNA (genome)
hypomethylation. The lowering/decreasing of 5-methylcytosine con-
tents is the origin of many pathologies, like cancer and cardiovascular
diseases [34-38]. Global DNA hypomethylation is also observed during
cellular senescence [39]. Aging and age-related diseases include defined
changes in 5-methylcytosine content are generally characterized by
genome-wide  hypomethylation and promoter-specific  hyper-
methylation [40]. The relation of the 8-OH-G contents showed a clear
increase with subjects of older age [41]. The clear link between
increased oxidative stress, monitored by 8-OH-G, and total DNA deme-
thylation, provides background on oxidative 5-methylcytosine degra-
dation, not necessarily the enzymatic one (Fig. 2) [37].

Epigenetic dysregulation, immune defects, advanced biological age,
and other factors increase the risk of cytokine storm and COVID-19 fa-
tality. Epigenetic dysregulation of the immune system and of the renin-
angiotensin system may increase fatality risk. A variety of biological
clocks has been shown to predict human health and longevity more
accurately than chronological age. An individual with a biological age
more advanced than their chronological one is thought to be undergoing
accelerated aging, which may increase the risk of COVID-19. Individuals
with comorbidities such as cardiovascular disease, diabetes, obesity, and
COPD, are at greater risk for COVID-19 fatality [1].

Testing COVID-19 patients for total DNA methylation and 8-oxo-gua-
nosine contents, which is the marker of oxidative DNA damage, could be
a step initial for follow-up MRI scans combined with a neurological
examination. That suggests the epigenetic route of SARS-CoV2 infection
in the central nervous system as the background for further and delayed
pathologies. The brain is especially susceptible to the damaging effects
of ROS because of its high metabolic activity, oxygen consumption, and
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Fig. 2. DNA is one of the main cellular targets to be damaged through reactive
oxygen species. Hydroxyl radical (eOH), that arises in Fenton reaction, is the
most reactive ROS and modify guanosine in DNA to 8-OH-Gua, which is a
marker of oxidative damage as well as a hot spot for mutations. m°C, the
epigenetic element of DNA, can be also oxidized forming 5-hydroxymethylcyto-
sine [37].

low capacity for cellular regeneration [29]. The central nervous system
is highly vulnerable to oxidative stress due to several factors such as
great energy demand and mitochondrial activity, restricted cell renewal,
and a large quantity of iron and polyunsaturated fatty acids. These
features increase CNS susceptibility for typical neurodegenerative hall-
marks linked with oxidative stress such as impaired mitochondrial
function, increased oxidative damage, defect in ubiquitin-proteasome
system, changes in iron metabolism, presence of abnormal, aggregated
proteins, inflammation, and cytotoxicity. It has been shown that ROS
may play an important role not only in physiological senescence but also
in the development of neurodegenerative diseases [42,43]. A various
degree of DNA hypomethylation in four major neurodegenerative dis-
eases: Alzheimer’s disease, Parkinson’s disease, Huntington’s disease,
and amyotrophic lateral sclerosis has been already observed [42-44].
Oxidative stress is heavily involved in several multiple sclerosis patho-
logical hallmarks such as myelin destruction, axonal degeneration, and
inflammation [45].

The SARS-CoV-2 infection showed a strong influence on the central
nervous system. Many data have already been collected presenting its
acute manifestations in the brain. However, chronic consequences are
still unknown. Because brain is the top receiver of blood per cardiac
output, and therefore especially prone to redox imbalance. The already
detected MRI changes in COVID-19 patients include FLAIR intensity
disturbances, typically found in brain tumors, neurodegenerative dis-
orders, and neuroinflammation [46,47]. The most common were
cortical FLAIR signal abnormalities, as well as white matter hyperin-
tense lesions on FLAIR and diffusion with variable enhancement, asso-
ciated with hemorrhagic lesions, and extensive and isolated white
matter microhemorrhages [48,49]. FLAIR hyperintensity is not very
specific and can appear in various CNS disorders, like demyelination,
neurodegeneration, inflammation, and neoplasms, as well as being a
sign of ischemic events [43,46]. Hyperintense white matter lesions on
T2/FLAIR brain MRI are prevalent findings in elderly cohorts, and their
prevalence increases from 15% at the age of 60-80% at the age of 80
[471.

6. Anti-oxidative therapeutics in COVID-19
Currently, there are no drugs approved for efficient treatment of

COVID-19. Many supporting therapies were implemented because of the
pandemic, like remdesivir and ivermectin, which reduce viral RNA
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activity. Several drugs are under investigation, and some of them are
thought to restrict SARS-Co-2 entry into the cytoplasm. For example,
nafamostat mesylate, inhibits coronavirus entrance into human epithe-
lial cells (ECso 10 mM), as well as hypercoagulopathy [50]. There are
also drugs that were shown to improve COVID-19 clinical symptoms,
like convalescent plasma, corticosteroids, favipiravir, ribavirin, galide-
sivir, sofosbuvir, hydroxychloroquine (HCQ), azithromycin, doxycy-
cline, lopinavir, heparin, tissue plasminogen activator, stilbene, ebelsen,
metformin, tocilizumab, aculizumab, interferon p and v, interleukinin 1
inhibitors, mesenchymal stem cells, nitric oxide, cannabidiol, N-ace-
tylcysteine, calcifediol, vitamin C and D [14,51-60]. Up to now, the
most promising one is remdesivir, which is approved for emergency use
by FDA [92], but the clinical trials are ongoing [60,61].

It is obvious that new specific therapies against severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) are urgently required.
Because there is no specific therapy against SARS-CoV-2 infection, some
drugs have been repurposed. The anti-malarial drugs chloroquine (CQ)
and the less toxic hydroxychloroquine, used to treat autoimmune dis-
eases for their immunomodulatory and anti-thrombotic properties, have
been proposed. Although in some recent studies a clinical improvement
in COVID-19 patients has been observed, the clinical efficacy of CQ and
HCQ in COVID-19 has yet to be proven in randomized controlled studies,
many of which are currently ongoing, also considering pharmacoki-
netics, optimal dosing regimen, therapeutic level and duration of
treatment and taking into account patients with different severity de-
grees of disease [62].

Older people are more prone to develop severe forms of COVID-19
[1]. Oxidative stress results in deleterious effects in both aging and
SARS-CoV-2 infection. It is also linked to the comorbidities that pre-
dispose to poor outcomes with SARS-CoV-2 infection. Oxidative stress
diminishing not only slows aging, but also reduces the comorbidities
placing individuals at high risk of poor outcomes from SARS-CoV-2
[Zarafabian et al., 2020]. Individuals who live healthy lifestyles and
consume geroprotectors such as metformin, resveratrol, and NAD +
boosters may have a decreased risk of COVID-19 fatality [1,63,64].

As mentioned before, oxidative stress during viral infection causes
various interactions with the host leading to severe clinical syndromes,
including the decrease of hemoglobin quote, iron increase, the release of
toxic heme, and feroptosis. They are described as key players in the
pathology of SARS-CoV-2 infection, and important triggers of inflam-
mation disturb lung function. In such cases, antioxidant supplementa-
tion can ameliorate the consequences of infection. Although positive
effects have been observed in infected cells and animals, there are no
accurate clinical data for many antioxidants and diet supplements
(Fig. 1). On the other hand, various nutraceuticals and functional foods
have a wide potential for preventing viral infection and modulation of
immune responses [4].

Recently it has been shown that SARS-CoV-2 spike (S) glycoprotein
receptor binding domains tightly bind linolenic acid. If so, the fatty acid-
binding pocket offers a promising target for the development of small
molecule anti-COVID-19 inhibitors, which block binding of S protein to
ACE-2 receptor [65]. Free fatty acids show a broad spectrum of activ-
ities, making them attractive agents for various medical applications.

Some potential therapies in hemoglobin dysfunction and COVID-19
pathophysiology can be found in natural compounds with antioxidant
properties. Generally, an antioxidant is a substance that delays, pre-
vents, or removes oxidative damage to a target molecule (the cell). Still,
oxidative stress is defined as an imbalance between oxidants and anti-
oxidants, leading to a disruption of redox signaling and control, and
molecular damage [66]. The other natural compounds, for example
curcumin, quercetin, phloretin, berberine, sulforaphone and many other
show a preventive potential towards SARS-CoV-2 infection [14,66,67].
They may act as ROS scavengers or through epigenetic mechanisms
(Fig. 1).

Among the plethora of antioxidants, there is a huge group of carot-
enoids (700 compounds). Carotenoids are a family of natural
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compounds, plant pigments that provide much of the color we see in
nature. They occur in fruits and vegetables and give plants their bright
yellow, orange and red colours. They are synthesized by plants and
microorganisms but not in humans. They are well recognized as diet
supplements with multiple health benefits. Carotenoids are recognized
for their anti-oxidative and anti-inflammatory effects. They have also
been proposed as anti-viral agents, based on the indirect contribution of
the anti-oxidative and anti-inflammatory activities to the function of the
immune system overall strength of the body [68]. One of the best-known
carotenoids is lycopene, the red pigment of tomato [69].

7. Therapeutic properties of lycopene

As discussed above, various data that support the association of
oxidative stress and ROS with SARS-CoV-2 infection and pathogenesis
(Fig. 2). It seems that there is a possibility to restrict the effects of ROS in
COVID-19 patients with lycopene [69]. Knowing the therapeutic po-
tential of lycopene in various diseases as a strong antioxidant and
epigenetic modulator, we would like to suggest the significant potential
role of lycopene in the treatment of COVID-19.

Lycopene is a red-pigmented polyunsaturated hydrocarbon (linear
carotenoid) with chemical formula C40Hse and a molecular mass of
536.85 Da. It contains 11 conjugated and 2 non-conjugated double
bonds (Fig. 3). It is lipophilic and therefore more soluble in fat. Due to
double bonds, cis-trans isomerization takes place [70]. The mean plasma
level of lycopene varies from 0.2 to 1.1 nmol/ml [71]. Lycopene has a
half-life of ca 2-3 days when consumed [72]. It has been recognized as a
safe product for daily dietary intake, which does not show any adverse
effects on an individual’s health even at the highest intake level of 3
g/kg/day [73,74]. Humans absorb ca 10-30% of lycopene present in
their diet. It is absorbed in the small intensive where, together with
lipids, contributes to the formation of micelles, which are transported
into mucosal cells and the gastrointestinal tract [75].

Lycopene has been proposed as a compound that can reduce oxida-
tive stress-mediated human diseases like cancer, metabolic and neuro-
degenerative diseases, as well as viral infections [72,75,91]. It also
shows antidiabetic, cardioprotective, antiinflammatory, hep-
atoprotective, neuroprotective, and bone protective properties. Its
mechanisms of action can be divided into oxidative and non-oxidative.

Lycopene most likely acts through the oxidative mechanism. Because
of 11 conjugated double bonds, through many electrons, it can
neutralize (scavenge) free radicals, therefore reducing oxidative stress,
and preventing lipids, proteins, and DNA damage [76]. ROS are elec-
trochemically imbalanced molecules and therefore highly reactive and
capable of modifying cell components [77,78]. Thus, it prevents the
potential transformation of normal cells to cancer cells [79]. It has been
shown that lycopene consumption of 30 mg/day could alleviate the
lymphocyte DNA damage and urinary 8-OH-G contents compared to
control levels [80].

Lycopene also modulates gene functions, carcinogen-metabolizing
enzymes, apoptosis, and immune function [79]. It increases gap junc-
tion communications, anti-proliferation, pro-differentiation, and
anti-lipid peroxidation activities. With the induction of cytochrome
P450 and hepatic quinine reductase, it promotes the removal of car-
cinogens and foreign substances from the body. It inhibits anti--
oncogenes‘ phosphorylation, GO/G1 and S-phase of the cell cycle, as well
as the activities of platelet-derived growth factor-BB, and matrix
metalloproteinases-2 and -9, what results in the decreased tumor
growth, invasion, and metastasis [79].

Lycopene shows great beneficial effects in the treatment of several
diseases. It showed potential efficacy in the treatment of high-grade
gliomas [81], lung cancer [82], and prostate cancer [83]. CNS tumors
were proven to arise from oxidative state imbalances [37], as were the
other cancers [82,83].

In the CNS, lycopene also acts as a prophylactic and therapeutic
agent in other disorders, such as Alzheimer’s disease, Parkinson’s
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Fig. 3. Chemical structure of lycopene [69]. It is a highly unsaturated open straight chain hydrocarbon consisting of 11 conjugated and 2 unconjugated double
bonds. Through that it has a strong single-oxygen quenching ability and is a potent antioxidant.

disease, Huntington’s disease, cerebral ischemia, epilepsy, and depres-
sion. Lycopene also improves the cognition and memory ability of ro-
dents in such pathologies as diabetes, colchicine exposure, high-fat diet,
and aging. Moreover, it can prevent neuro-toxicities induced by mono-
sodium glutamate, trimethyltin, methylmercury, tert-butyl hydroper-
oxide, and cadmium [84]. All of the mentioned disorders are caused by
oxidative stress [85].

Lycopene is also active in viral infections [86,87]. Increased oxida-
tive damage has been found in HCV infection. Administration with
lycopene caused HCV clearance and reduced hepatic fibrosis in chronic
hepatitis C [Seren et al., 2015]. Lycopene is a powerful antioxidant and
counteracts liver damage. It also has a role in the prevention of hepa-
tocellular carcinoma. It seems that lycopene may also enhance the
overall response rate to anti-viral therapy and delay the progression of
the disease [Seren et al., 2015]. Therefore, it can be applied for the
treatment of COVID-19 because of some similarities between HCV and
SARS-CoV-2 (Fig. 1).

Moreover, people observed that after drinking a tomato shake, the
blood levels of lycopene were significantly lower in participants who
had also taken an iron supplement [88]. That only supports the
above-mentioned facts that excess of iron ions results in higher ROS
production. Lycopene absorbs that excess, is used out, what results in
lower body fluids concentration. That state resembles SASR-CoV-2
infection, which is connected with increased iron levels [89].

All the above-mentioned arguments and examples suggest lycopene
can be used for the treatment and prevention of COVID-19 [90].

8. Perspectives

There is still along way to go before we fully understand SARS-CoV-2
action and pathogenesis of COVID-19, but we know already that
inflammation, as well as natural compounds, are elements of the equa-
tion, and natural antioxidants should be considered as promising can-
didates for effectively treating patients with SARS-CoV-2.
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List of abbreviations

ACE2 angiotensin-converting enzyme 2

ARDS acute respiratory distress syndrome

CNS acute respiratory distress syndrome

COVID-19 coronavirus disease 19

CcQ chloroquine

FLAIR  Fluid-attenuated inversion recovery (MRI sequence)
HCQ -  hydroxychloroquine

NRP1 neuropilin-1

ROS reactive oxygen species

SARS-CoV-2 Severe Acute Respiratory Syndrome Coronavirus 2
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