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Abstract

The coronavirus disease 2019 (COVID-19) pandemic is the largest health crisis ever faced worldwide. It has
resulted in great health and economic costs because no effective treatment is currently available. Since infected
persons vary in presentation from healthy asymptomatic mild symptoms to those who need intensive care
support and eventually succumb to the disease, this illness is considered to depend primarily on individual
immunity. Demographic distribution and disease severity in several regions of the world vary; therefore, it is
believed that natural inherent immunity provided through dietary sources and traditional medicines could play
an important role in infection prevention and disease progression. People can boost their immunity to prevent
them from infection after COVID-19 exposure and can reduce their inflammatory reactions to protect their
organ deterioration in case suffering from the disease. Some drugs with in-situ immunomodulatory and
anti-inflammatory activity are also identified as adjunctive therapy in the COVID-19 era. This review discusses
the importance of COVID-19 interactions with immune cells and inflammatory cells; and further emphasizes
the possible pathways related with traditional herbs, medications and nutritional products. We believe that
such pathophysiological pathway approach treatment is rational and important for future development of new
therapeutic agents for prevention or cure of COVID-19 infection.
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Introduction

The coronavirus disease 2019 (COVID-19) and active surveillance of high-risk population, along
outbreak is the greatest major threat experienced by = with taking appropriate preventive measures, has
the human race in living memory [1, 2]. As of October =~ become critical. Compared to previous coronaviruses,
2020, over 44 million reported cases of COVID-19 and  severe acute respiratory syndrome (SARS)-
over 1 million deaths around the world have been  coronavirus (CoV)-1 and Middle East respiratory
noted and are still rapidly increasing. As this syndrome (MERS)-CoV, SARS-CoV-2, which is
COVID-19 pandemic continues, the understanding  responsible for COVID-19, has higher transmissibility,
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even in those with milder or no symptoms [3]. The
number of secondary cases per infected individual
varies among different regions and is estimated to
range from 2.0 to 2.5 [4]. This has been suggested to be
related to different viral epidemiologic characteristics,
viral viability and infectivity in aerosols and
surroundings [5].

Patients with SARS-CoV-2 experience a clinical
spectrum, from mild/asymptomatic forms to acute
respiratory distress syndrome (ARDS) requiring
ventilator support and admission to an intensive care
unit (ICU). Clinical symptoms vary and include
respiratory involvement to damage to multiple
organs, including the heart, liver, and kidney and
organs of the gastrointestinal tract, among others. Ten
to twenty percent of symptomatic patients experience
disease progression and 3-5% require intensive care
unit (ICU) admission [6]. Elderly patients more than
60 years of age and those who are male, obese and
have underlying comorbid conditions (e.g.,
hypertension, diabetes mellitus, chronic respiratory
disorders, etc.), tend to have poor clinical outcomes
[7]. Unfortunately, SARS-CoV-2 infection is still out of
control, and no effective drug or vaccine is currently
available. In this review, we discuss the
pathophysiology of COVID-19, possible adjunctive
therapies for COVID-19 and reasonable therapies for

different comorbid conditions beyond the antiviral
medications.

Novel pathophysiological pathways
associated with COVID-19

SARS-CoV-2 enters the human lung, heart and
kidney cells through the binding of its spike (S)
proteins to angiotensin-converting enzyme-2 (ACE2)
receptors on host cells [13, 14]. It has been
demonstrated that SARS-CoV-2 has 10- to 20-fold
higher affinity for ACE2 than SARS-CoV-1, which
might be related to its higher contagiousness [15].
ACE2 downregulation after the binding of
SARS-CoV-2 to ACE2 impairs downstream
angiotensin-Il (Ang-1I) metabolism. The resultant
Ang-II accumulation induces pulmonary vaso-
constriction, acute lung injury, lung edema and
eventual lung fibrosis [16-18]. Severe COVID-19 cases
are characterized by endothelial dysfunction and
hypercoagulability states, resulting in thrombosis and
pulmonary embolism [19]. Progressive pulmonary
microvasculature damage further enhances viral
invasion and destruction [20]. Possible pathological
pathways after SARS-CoV-2 entry are depicted in
Figure 1.
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Figure 1. Possible pathophysiological pathways after SARS-CoV-2 entry. When SARS-CoV-2 enters cells, its surface spike (S) glycoprotein must be cleaved at two
different sites by host cell proteases. ACE2-dependent entry at the cell membrane is triggered by S protein cleavage performed by host proteases furin and/or TMPRSS2.
Intracellular activation of S protein is mediated by cathepsins in lysosomes and/or by furin in the trans-Golgi network (TGN) [8, 9]. SARS-CoV-2 replication is inhibited by the
synthetic furin inhibitor [10]. After entry into the host cell, the virus downregulates ACE2 expression, which in turn upregulates Ang Il. Upregulated Ang Il interacts with its
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receptor, ATIR, and modulates the gene expression of several inflammatory cytokines via NF-kB signaling. This Ang [I/ATIR interaction also promotes macrophage activation,
which produces the inflammatory cytokines that may cause ARDS or MAS. Some metalloproteases, such as ADAM17, shed these proinflammatory cytokines and ACE2 receptors
to the soluble form, which aids in the loss of the protective function of surface ACE2 and may aggravate SARS-CoV-2 pathogenesis [11]. SARS-CoV-2-infected monocytes and
macrophages produce large amounts of numerous types of proinflammatory cytokines and chemokines, which contribute to local tissue inflammation and a dangerous systemic
inflammatory response known as a cytokine storm. Both local tissue inflammation and the cytokine storm play fundamental roles in the development of COVID-19-related
complications, such as acute respiratory distress syndrome (ARDS), which is a main cause of death in COVID-19 patients [12]. Abbreviations: Angll: angiotensin |l, ARDS: adult
respiratory distress syndrome, ATG: angiotensinogen, MAS: macrophage activation syndrome, MODS: multiple organ dysfunction syndrome.

Patients with severe CoV-19 infection further
experience a systemic inflammatory response and
acute respiratory distress syndrome (ARDS), which
results from “cytokine storm syndrome” [21], an
aberrant interaction among interferons, interleukins,
chemokines, etc. As a result, severe COVID-19
patients express higher amounts of proinflammatory
cytokines, including interleukin (IL)-6, IL-10, IL-1p,
monocyte chemoattractant protein 1 (MCP1) and
tumor necrosis factor (TNF)-a [22, 23]. In addition,
SARS-CoV-2-infected lung epithelial cells produce
IL-6 and IL-8, potent chemo-attractors for both
neutrophils and T cells [24], resulting in further
destruction.

A principal defense against SARS-CoV-2
involves both cell and antibody mediated immunity.
Although serum antibodies are detected for
approximately 2 weeks in all patients [25], their
longevity and long-term protection is still unknown.
T-cell responses against the SARS-CoV-2 spike
protein correlate well with serum antibody titers in
COVID-19 patients and are being clinically applied
for the development of novel vaccines [26, 27]. The
infiltration of these cells into the lungs and other
organs further destroys and exaggerates COVID-19
severity [28, 29]. Innate immunity is conferred
primarily by epithelial cells, alveolar macrophages
and dendritic cells (DCs), which fight against the
virus as first line immunity [24] until adaptive
immunity is activated. The infiltration of neutrophils
potentiates innate immunity [30, 31] and induces lung
injury. T regulatory lymphocyte (Treg) levels were
demonstrated to be significantly reduced in severe
COVID-19 patients [32]. As infection progresses, the
activation and tissue infiltration of T cells with
concomitant reduction in circulating T cells (CD4+ T
cells, CD8+ T cells) occurs, which determines the
severity of COVID-19 [33]. Interestingly, aberrant
pathological cytotoxic T cells derived from CD4*T
cells are noted among severe COVID-19 patients [34].
The infiltration of these cytotoxic T cells and
inflammatory monocytes exaggerates lung
destruction [35]. The expression of IFN-y by CD4+ T
cells also tends to be lower in severe cases than in
moderate cases [32]. Apart from known
anti-inflammatory pathways, drugs and traditional
medicines with immunomodulatory, antiviral,
antithrombotic, anti-cytokine and antifibrotic
properties are being studied for possible use in

COVID-19 patients.

Heme oxygenase (HO-1) is an antioxidant
enzyme that cleaves heme into carbon monoxide,
ferrous iron and biliverdin, and these downstream
products limit inflammation and oxidative stress [36,
37]. Patients with comorbid conditions related to
metabolic syndrome (diabetes, obesity, hypertension,
cardiovascular disease) generally have lower HO-1
levels and increased susceptibility to inflammation
[38-41] and are more prone to the triggering of
cytokine storms related to COVID-19 [42]. This might
explain the increased susceptibility and higher
mortality and morbidity among these patients. A
Taiwanese study revealed an association between
higher HO-1 expression in the HO1 (—497A/*)
genotype and lower susceptibility to SARS
coronavirus infection [43]. Clinically, medications and
herbs that exert anti-inflammatory and cytoprotective
effects by increasing HO-1 include resveratrol (RESV;
tri-hydroxyl stilbene), pterostilbene [44-46], curcumin
[47, 48], HMG CoA reductase inhibitors (statins) [49,
50] and melatonin [51, 52].

Generally, therapeutic options for SARS-CoV-2
infection should focus on vaccines to enhance
immunity and medications to modulate the immune
system, suppress inflammation, disturb virus-cell
interactions, inhibit viral replication, etc. At present,
no vaccine is available against COVID-19. Infected
patients are currently treated with antivirals,
anti-inflammatories, herbal medicines, plasma
exchange, etc. (Table 1). The possible underlying
mechanisms regulated by these medicines during the
COVID-19 era are depicted in Figure 2.

Table 1. Potential Adjunctive Therapies for COVID-19

Role Compound

Antiviral activities Resveratrol, curcumin, vitamin D (ACE2)

Statins (cholesterol-lowering activity in virus cell membrane)
Anti-inflammatory Vitamin D
activities Resveratrol and stilbene-based natural compounds
Indomethacin

Iron chelators

Antioxidant Resveratrol and stilbene-based natural compounds
activities Vitamin C and zinc
Antithrombotic Statins
activities
Immuno- Vitamin D
modulatory Vitamin C
activities Statins
Melatonin
Zinc
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Figure 2. Potential pathways regulated by medications and/or herbs in treatment/prevention of COVID-19 infection. Resveratrol (stilbene-based natural compounds), curcumin
and statins inhibit the viral entry and destruction, improve the cell/tissue damage by preventing inflammatory cells infiltration and reduce cytokine storm related with COVID-19
infection. N. sativa (black seed) and Zinc (Zn) inhibit viral entry and NF-kb related inflammatory pathways. Melatonin inhibits monocyte/ macrophage activation and inflammatory
cytokines release. Indomethacin and iron chelators responsible for blocking NF-kb and NLRP3 related inflammatory pathways and inhibiting inflammasome formation. Vitamin D
inhibits COVID-19 viral entry, activates ACE2 and cathelicidin production, decreases inflammatory pathways, reduces inflammatory mediators release and improves cytokine
storm. Ascorbic acid (Vitamin C) acts as a potent antioxidant with immunomodulatory actions especially by activation of immune cells. Zinc enhancing the Zinc (Zn) uptake by
cells and enhancing human immunity. Abbreviations: HMBGI: High mobility group box 1, NF-kb: nuclear factor-kB, NLRP3: NOD-, LRR- and pyrin domain-containing protein 3.

Possible adjunctive therapies for
COVID-19

Medications and Herbs with Antiviral,
Anti-inflammatory and Antioxidant activities

Resveratrol and stilbene-based natural compounds

Plant  polyphenols, nonflavonoids and
flavonoids are found abundantly in grapes, red wine,
mulberry and peanuts and are used as health
remedies for their antioxidant, antitumor and
antiviral properties [53]. Resveratrol (RESV) is a
stilbene based nonflavonoid polyphenol that
modulates inflammation and exerts reno- and
neuroprotective effects through its antioxidant and
anti-inflammatory properties [54-57]. RESV is
demonstrated to be neuroprotective in several ways,
including stimulating the Nrf2 pathway and reducing
NF-kB activity [58], activating Sirtl signaling in
neurons [59], etc. Nrf2, a member of the cap’n’collar
(CNCQ) basic-leucine-zipper transcription factors, and
its signaling are also of interest for COVID-19 patients
because Nrf2 serves as an anti-inflammatory, anti-
apoptotic, and antioxidant factor through different
pathways [60].

In addition, RESV exerts antiviral effects in viral
infections through several mechanisms, such as the
activation of ERK1/2 signaling [61], the promotion of

cell proliferation and the enhancement of SIR1
signaling [62], which subsequently improve cellular
survival and DNA repair [63]. RESV also reduces
Middle East respiratory syndrome coronavirus
(MERS-CoV) viral-induced apoptosis [64, 65] and
decreases inflammation by interfering with the NF-xB
pathway [66, 67]. A recent study demonstrated the
novel use of RESV in the treatment of COVID-19 [68],
indicating that the effects of RESV may occur through
the disruption of the SARS-CoV-2 spike protein and
the inhibition of the human ACE2 receptor complex
[68]. Although RESV in supplemental doses is
considered safe, future clinical and experimental
studies are still needed to evaluate the dose, efficacy,
and safety of resveratrol in fighting against
COVID-19.

Curcumin

Another natural phenol mostly studied for its
antiviral effects is curcumin, a phenolic acid extracted
from the rhizome of Curcuma longa Linn (family
Zingiberaceae). It is a yellow pigment of turmeric and
a primary component of curry and the flavanol found
in green tea. Curcumin improves neurodegenerative
disorders by increasing NF-E2-related factor 2
(Nrf2)/heme oxygenase 1 (HO-1) protein expression
and decreasing the apoptosis of PC12 cells [69].
Similar to other plant phenols, curcumin possesses
anti-inflammatory and immunomodulatory activities,
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as well as anticancer, anti-arthritic and anti-
atherosclerosis effects [47]. Previous data have shown
that curcumin exerts antiviral activities against the
human immunodeficiency virus (HIV), herpes
simplex virus, Chikungunya virus, Zika virus,
hepatitis and adenovirus [70-72]. From molecular
docking studies of SARS-CoV2 viral proteins and
potential antiviral agents, curcumin inhibits the entry
of SARS-CoV2 by binding to the viral S protein and
the viral attachment sites of the ACE2 receptor protein
[73]. Similarly, the antithrombotic, anti-cytokine and
antifibrotic properties of curcumin may benefit severe
COVID-19 patients [74, 75]. Further, intranasal
application of curcumin may effectively prevent
SARS-CoV2 infection through inhibiting the local
ACE2 receptor. Despite robust preclinical data, there
is still no known safety dose or availability of
cucurmin among COVID-19 patients. Therefore,
well-controlled studies are crucial for assessing any
possible curcumin benefit in COVID-19.

N. sativa (black seed) and zinc (Zn)

N. sativa L. (black seed) has been used primarily
as a traditional medicine for a variety of diseases,
including skin diseases, bronchial asthma, gastro-
intestinal disorders, toothache, diabetes mellitus,
hypertension, etc. [76-78], for more than 2000 yr (16).
Recently, many studies have demonstrated that N.
sativa seeds not only have antioxidant [79], anti-
inflammatory, immunomodulatory and antitumor
properties [80, 81] but also possess antimicrobial [82],
antidermatophytic [83] and anti-cytomegalovirus [84]
properties. It has been demonstrated that N. sativa L.
improves lung inflammation by promoting a balance
between pro- and anti-inflammatory pathways
through modulatory actions on interleukin-4 (IL-4)
and interferon-y [85]. N. sativa oil exhibits antiviral
effects by promoting the upregulation of both innate
immunity (splenic M & phi expression) and adaptive
immunity (the stimulation of the CD4+ T
lymphocytes) in a murine cytomegalovirus model
[84]. Black seed oil supplementation also decreases
viral load and improves biochemical parameters in
individuals with hepatitis C virus (HCV) infection
[86]. From these findings, the possible therapeutic
potential of N. sativa seed and its active compounds
are being extensively studied in COVID-19 patients. A
recent molecular-docking-based study [87] revealed
that active ingredients of N. sativa, nigellidine and
a-hederin, serve as natural inhibitors of SARS-CoV-2
[87].

Recently, N. sativa and Zn combined
supplementation in COVID-19 patients was proposed
on the basis of the hypothesis that the bioactive agents
of N. sativa, thymoquinone and nigellimine block

SARS-CoV-2 entry into pneumocytes, enhance zinc
(Zn) uptake by cells and enhance human immunity.
The immune-boosting activities of Zn are pleiotropic
and participate in the activation of adaptive and
acquired immunities, as well as intracellular anti-
oxidant activities. On the other hand, the availability
of Zn to pneumocytes is crucial in COVID-19 patients
because Zn inhibits viral entry, blocks polyprotein
processing [88], and inhibits recombinant SARS-CoV
virus RNA-dependent RNA polymerase (RdRp)
activity [89]. Thus, combined N. sativa and Zn
supplementation might represent a complementary
approach to antiviral treatment against COVID-19
and needs additional clinical trials.

HMG CoA reductase inhibitors (statins)

Since patients at greater risk for SARS-CoV-2
infection have common comorbidities, whether their
routine medications are associated with COVID-19
severity is an interesting topic. Among these, statins,
which are lipid-lowering drugs, are considered
possible agents for their pleiotropic anti-inflammatory
effects. The cholesterol within lipid rafts in the viral
envelope is important for viral entry of coronaviruses,
including SARS-CoV, and depleting cholesterol
results in a significant reduction in viral mRNA [78].
Lipid rafts play an important role in developing new
therapies, and statins disturb viral binding by
decreasing cholesterol and disrupting lipid rafts.
Moreover, statins exert an anti-inflammatory effect by
inhibiting the toll-like receptor (TLR)-MYD88-NF-kB
pathway [90]. This anti-inflammatory effect is
independent of the cholesterol-lowering effect and is
also supported by clinical studies [91]. However, the
efficacy of statins as an immunomodulatory treatment
for viral infections is still controversial. Earlier
observational studies suggested that statin therapy
reduced mortality in influenza viral infections [92]. It
also demonstrated that statin therapy was related to
reduced H1IN1 severity in hospitalized patients [93].
However, sensitivity analysis concluded that the
mortality improvement in response to statins was
related to unmeasured confounding factors [94]. On
the other hand, a multicenter clinical trial revealed
that patients with infection-induced ARDS on statin
therapy exhibited higher IL-18 levels, related
deterioration due to ARDS and increased mortality
[95].

Another consideration for statin therapy in
COVID-19 patients is its antithrombotic activity.
Markedly elevated D-dimer levels and a high risk of
thrombogenicity were noted among critically ill
COVID-19 patients [96-98]. In the JUPITER trial,
statins have been demonstrated to significantly
decrease the rate of deep vein thrombosis [99]. Statins
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exert antithrombotic actions through various
mechanisms, such as reduced tissue factor expression,
decreased platelet aggregation, and increased
endothelial cell thrombomodulin expression [100].
However, reliable evidence for statin use in
COVID-19 is still lacking, and more clinical trials,
focusing on patient population, drug effectiveness,
type, dosage, etc., are required.

Melatonin

Melatonin, the primary pineal gland hormone, is
a regulator of circadian and seasonal rhythms that is
known for its anti-inflammatory and immuno-
modulatory actions [101, 102]. Melatonin influences
neutrophils, CD4 T cells, CD8 T cells, and B cells
through membrane melatonin receptors [103] and
modulates the production and release of various
cytokines [101]. Geng-Chin et al. [104] revealed that
melatonin protected against ventilator-related lung
injury through the upregulation of IL-10 production.
Similar studies on protective effects in the lung were
also related to melatonin related circadian immunity
and anti-inflammatory effects [105, 106].

Based on recent data, COVID-19 most severely
affects those aged 60 years’ and above, males, and
those with comorbid conditions [7]. Since lower
plasma melatonin concentration is noted in
individuals at approximately age 60, in males and in
different comorbid conditions [7, 107, 108], the
susceptibility of these populations to severe
COVID-19 might be related to their increased
melatonin requirement. Melatonin is generally safe
for both short- and long-term use at a
pharmacological oral dose of 2 mg once a day in the
early evening. A recently proposed prophylactic
protocol for melatonin use in COVID-19 patients is 2
mg oral melatonin once a day immediately after
contact with an infected person. Combined use with
other long-term medications, such as anti-
hypertensive agents, oral hypoglycemic agents and
anti-inflammatory drugs, appears safe [109].

Indomethacin

Indomethacin is a potent anti-inflammatory
agent that non-selectively inhibits cyclooxygenase
(COX)-1 and -2 enzymes and is mostly used to treat
inflammatory conditions. Indomethacin exerts anti-
inflammatory actions through the inhibition of TNF,
IL-6 and superoxide free radicals [110]. Since
indomethacin inhibits COX-2 and viral protein
synthesis [111], antiviral activities against different
viruses have been explored, including herpes virus 6
[112], cytomegalovirus [113], hepatitis B virus [114],
etc. Thus, recent in vivo and in vitro studies consider
the use of indomethacin in COVID-19 era. Amici et al

revealed that in in vitro studies of monkey VERO cells
(SARS-CoV) and in in vivo studies of dogs (canine
coronavirus, CCoV), indomethacin significantly
reduced both SARS-CoV and CCoV by inhibiting viral
RNA synthesis [115]. In contrast, other authors
revealed potential severe and late complications
related to the use of ibuprofen in COVID-19 patients
[116, 117]. Thus, novel use of indomethacin in this
COVID-19 era should be balanced with its
gastrointestinal, renal, and hematological side effects.
Given the cost and availability of indomethacin, RCT
trials on outpatients or on patients with documented
SARS-CoV-2 infection without cytokine storm should
be further studied.

Iron chelators

Excess intracellular iron may promote excessive
oxidative and nitrosative stress, which may correlate
with ARDS and pulmonary fibrosis [118, 119].
Generally, hyperferritinemia is common during
systemic inflammation. A biological protein sequence
study found that SARS-CoV-2 protein sequence forms
a complex with porphyrin within hemoglobin and
dissociates the heme iron, resulting in increased free
iron levels among severe COVID-19 patients [120].
Increased serum ferritin levels may represent a
marker of disease progression or a key modulator of a
vicious cycle of events that contributes to a
hyperinflammatory condition and further tissue
damage [121]. Iron chelators, including deferoxamine
(DFO), not only reduce iron overload but also possess
immunomodulatory and anti-inflammatory actions
[122]. In addition, DFO decreases IL-6 and endothelial
inflammation [123], the most important mechanism
related to multiorgan damage and failure among
COVID-19 patients [123]. Therefore, iron-chelating
agents are believed to improve clinical outcomes and
systemic manifestations of COVID-19. However, large
RCTs are needed to evaluate the dosage, efficacy, and
safety of iron-chelating agents as adjunctive therapy
in COVID-19.

Vitamins and minerals associated with
immunomodulatory activities

Vitamin D

Vitamin D deficiency is a known pandemic and
global public health problem that varies based on age,
ethnicity, and latitude. Aged, obese, and dark-skinned
populations have higher risk for vitamin D deficiency.
Environmental factors, including a lack of or reduced
r sun (UV-B) exposure, living with air pollution and
smoking, are attributed to vitamin D deficiency. The
presence of comorbid conditions, such as sepsis,
diabetes mellitus, chronic respiratory disease, and
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cancer, are closely related to vitamin D deficiency
[124]. Interestingly, in this COVID-19 pandemic, a
similarity in prevalent areas and the nature of
SARS-CoV-2 infection and vitamin D deficiency was
observed [125], which might explain the importance
of vitamin D supplementation in COVID-19 [7].

An analysis of community outbreaks of
COVID-19 has revealed that regions with certain
latitude, temperature, and humidity are more prone
to the spread of infection. The virus is thermolabile,
and less sunlight, lower temperatures and decreased
humidity seem to be favorable for COVID-19 [126,
127]. Clinical studies found a close relationship
between vitamin D deficiency and vulnerability to
COVID-19 in various populations. A negative
association was noted between mean vitamin D levels
and COVID-19 mortality in European countries.
Regional variation was also noted with the parallel
increase in vitamin D deficiency and COVID-19
severity. Inhabitants of southern European countries
have lower vitamin D levels than inhabitants of
northern countries, where a higher number of
COVID-19 cases and higher fatality have been noted.
In the United States, a disproportionately higher
mortality from COVID-19 has been noted among
African Americans (AAs) [128, 129], and the top 3
comorbid conditions among patients who died of
COVID-19 are hypertension, diabetes, and chronic
kidney disease. It has been demonstrated that a higher
prevalence of vitamin D insufficiency is noted among
AAs than other Americans [130, 131] due to reduced
vitamin D production and insufficient
supplementation. This population also tends to have a
higher incidence of comorbid conditions, including
cardiovascular disease, diabetes, osteoporosis and
certain cancers, than whites [130]. This calls attention
to the relationship between vitamin D deficiency and
the severity of COVID-19 and the importance of
vitamin D supplementation as possible adjuvant
therapy.

Our previous study demonstrated that vitamin
D supplementation efficiently increased serum
antimicrobial cathelicidin levels, which paralleled
increased serum 25-hydroxyvitamin D (25D) levels in
uremic hyperparathyroidism patients [132]. In other
words, vitamin D supplementation increased
circulating 25D levels, which improved innate
immunity by entering circulating monocytes,
increasing local 1,25 dihydroxy-vitamin D (1,25D)
production and inducing the production of the
antimicrobial peptides cathelicidin and [-defensin
[133]. Cathelicidin inhibits viral entry and elicits an
antiviral status in infected host cells in inhibiting viral
replication [134]. Defensins directly inhibit viral
particles and indirectly inhibit viral entry [135].

Mounting evidence suggests that defensins are also
responsible for innate immunity, including the
activation of T cells, the recruitment and
differentiation of macrophages and dendritic cells,
and the release of proinflammatory cytokines [136].
Vitamin D supplementation also modulates adaptive
immunity in individuals with COVID-19 through
different pathways. First, vitamin D suppresses the
maturation and antigen presentation of dendritic
cells. Second, vitamin D increases cytokine
production by T- helper cells and promotes the
efficiency of T-reg lymphocytes. Last, vitamin D
suppresses the cytokine storm and related tissue
destruction. This suggests that adequate vitamin D
supplementation both attenuates COVID-19-induced
immunosuppression and enhances anti-inflammatory
actions.

Adequate vitamin D supplementation is also
required for reducing RAS activity and increasing
ACE2 concentrations in acute lung injury. In other
words, adequate vitamin D supplementation induces
the ACE2/Ang-(1-7) axis and suppresses the renin
and ACE/Ang II/ATIR axis [137]. Similarly, the
increased ACE2 was responsible for viral entrapment
and inactivation. Clinically, vitamin D deficiency was
found to be associated with an increased incidence of
COVID-19 [138]. Linking the supplementation of
vitamin D to improved COVID-19 outcomes is still
impossible in this pandemic. Since vitamin D in
therapeutic doses is unlikely to harm and may even
prevent disease progression in these patients, it
should be recommended to all COVID-19 patients.
Vitamin D deficiency might be correctable, and
supplementation is considered safe and is easily
accessible [139]. People at risk of COVID-19 should
consider supplementation with high doses of vitamin
D 10,000 IU daily for a few weeks to rapidly achieve
therapeutic levels of 25(OH)D, followed by 5000
IU/day, with the goal of a 25(OH)D concentration of
~40-60 ng/ml [140]. Future randomized studies are
needed to examine vitamin D doses in COVID-19
patients with different underlying conditions.

Ascorbic acid (vitamin C)

Vitamin C, especially at higher doses, acts as a
potent antioxidant with immunomodulatory actions
and significantly accumulates within immune cells
[141]. Possessing such a powerful antioxidant to clear
ROS-related cellular toxicity may indicate the use of
vitamin C as adjuvant therapy in symptomatic
COVID-19 patients. For example, vitamin C decreases
the duration and severity of cold symptoms
[142]. Several studies are underway to understand the
possible mechanisms of action and dose of vitamin C
supplementation in individuals with COVID-19. A
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phase II study is evaluating whether high-dose IV
vitamin C infusion (12 g infusion over 4 hours every
12 hours for 7 days) ameliorates the symptoms and
progression of severe COVID-19 pneumonia [143].

Zinc

As previously described, Zn supplementation is
considered important for its immune-boosting
activities against various viral infections. However,
oral supplementation alone is not sufficient to
promote Zn availability in infected pneumocytes.
Chloroquine and active ingredients of N. sativa should
be used in combination with Zn to enhance Zn entry
into and its effects within pneumocytes. However, it is
not clear how to use such a combination or the doses
to use in different COVID-19 populations. Black seed
oil at doses of 40-80 mg/kg/day is used safely as an
adjunctive therapy; however, the Zn recommended
daily allowance (RDA) varies according to age, sex,
and general health conditions. Zn doses above the
RDA are also dangerous because of toxicity.
Therefore, future clinical studies on the effects and
doses of Zn combined with chloroquine or N. sativa in
different COVID-19 populations is needed.

Conclusions

The demographic distribution and severity of the
COVID-19 outbreak vary around the world. Whether
such distribution is associated with dietary habits, the
use of traditional and herbal medicines, differences in
geographical distribution or vitamin or mineral
deficiencies is still unknown. In this brief review, we
discussed traditional health remedies, drugs,
vitamins, and minerals with possible use as
adjunctive therapies in the COVID-19 era. This is
important since we are still experiencing
uncontrollable COVID-19 spread and currently have
no vaccine or curative medicine. Current evidence
does not support the use of such adjunctive
treatments in COVID-19; however, we eagerly await
results of the rigorous clinical trials on the efficacy
and safety of therapies that slow viral spread and
improve outcomes.

What does this article add?

o The treatment of COVID-19 is still unclear until
now. However, people can boost their immunity
to prevent them from infection after COVID-19
exposure and can reduce their inflammatory
reactions to protect their organ deterioration in
case suffering from the disease. This review
discusses the herbs, medications and nutritional
compounds possibly improve their immune
systems and regulate the inflammatory reactions
related with COVID-19 infection. Although

many topics saturated with possible COVID-19
treatments, in this review, we want to convince
our readers the importance of COVID-19
interactions ~ with  immune cells and
inflammatory cells; and further emphasize on
the possible pathways related with traditional
herbs and nutritional products. Definitely, we
need randomized clinical studies to prove the
effectiveness of mono or combined therapies. To
conclude, we Dbelieve that such patho-
physiological pathway approach treatment is
rational and important for future development
of new therapeutic agents for prevention or cure
of COVID-19 infection.
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