Review

by

Dietary supplements, vitamins
and minerals as potential
interventions against viruses:
Perspectives for COVID-19

Muhammad Torequl Islam’, Cristina Quispe?, Miquel Martorell®**, Anca Oana Docea®,
Bahare Salehi®, Daniela Calina’, Zeljko Reiner®, and Javad Sharifi-Rad®'®

Department of Pharmacy, Life Science Faculty, Bangabandhu Sheikh Mujibur Rahman Science and Technology University, Bangladesh
Facultad de Ciencias de la Salud, Universidad Arturo Prat, Chile

Department of Nutrition and Dietetics, Faculty of Pharmacy, and Centre for Healthy Living, University of Concepcion, Concepcién, Chile
Universidad de Concepcién, Unidad de Desarrollo Tecnolégico (UDT), Concepcién, Chile

Department of Toxicology, University of Medicine and Pharmacy of Craiova, Romania

Medical Ethics and Law Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran

Department of Clinical Pharmacy, University of Medicine and Pharmacy of Craiova, Romania

Department of Internal Medicine, University Hospital Centre Zagreb, School of Medicine, University of Zagreb, Croatia
Phytochemistry Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran

10 Facultad de Medicina, Universidad del Azuay, Cuenca, Ecuador

Abstract: The novel coronavirus (SARS-CoV-2) causing COVID-19 disease pandemic has infected millions of people and caused more than
thousands of deaths in many countries across the world. The number of infected cases is increasing day by day. Unfortunately, we do not have
a vaccine and specific treatment for it. Along with the protective measures, respiratory and/or circulatory supports and some antiviral and
retroviral drugs have been used against SARS-CoV-2, but there are no more extensive studies proving their efficacy. In this study, the latest
publications in the field have been reviewed, focusing on the modulatory effects on the immunity of some natural antiviral dietary
supplements, vitamins and minerals. Findings suggest that several dietary supplements, including black seeds, garlic, ginger, cranberry,
orange, omega-3 and -6 polyunsaturated fatty acids, vitamins (e.g., A, B vitamins, C, D, E), and minerals (e.g., Cu, Fe, Mg, Mn, Na, Se, Zn) have
anti-viral effects. Many of them act against various species of respiratory viruses, including severe acute respiratory syndrome-related
coronaviruses. Therefore, dietary supplements, including vitamins and minerals, probiotics as well as individual nutritional behaviour can be
used as adjuvant therapy together with antiviral medicines in the management of COVID-19 disease.
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Introduction

Coronaviruses (CoV) are a large family of viruses that cause
diseases, from the common cold to more severe diseases,
such as the Middle East respiratory syndrome (MERS-
CoV) and severe acute respiratory syndrome (SARS-CoV).
COVID-19 is an infectious disease caused by the most
recently discovered coronavirus. The new virus was not
known before the outbreak in Wuhan, China, in December
2019. [1-3]. Asis the case with other viruses, bacteria or par-
asites that invade the body, the immune system is activated
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and performs a series of processes when it encounters the
SARS-CoV-2 virus. [4]. First, antigen-presenting cells
(APCs) incorporate the virus, digest it, and fragment the
proteins to obtain only the specific portions of SARS-CoV-
2, which actas antigens [5]. The APCs subsequently present
these antigens to cytotoxic T lymphocytes. There are two
types of immune responses to this antigenic presentation:
humoral and cellular. Details of these processes are extrap-
olated mainly from the knowledge of the SARS virus [6].
Several protective measures such as isolation, quaran-
tine, social distancing, avoidance of large gatherings,
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staying away from the people with lung infections, hand-
washing in a regular manner, and wearing personal protec-
tive equipment (PPE) have been suggested by the experts
around the world [7-9]. Respiratory and/or circulatory sup-
ports along with some other antiviral and retroviral drugs
have also been used, but there are no large trials to prove
their efficacy [10, 11]. However, along with the protection
and treatment strategies, immunostimulatory dietary sup-
plements and nutritional behaviour may help to manage
SARS-CoV-2 infection in humans [12].

Nutrition and pathogenic stress interact with the
physiological malfunctions in animals [13] and can cause
hepatic [14], cardiovascular [15], neurological [16] and
many other diseases. A diet that is rich in polysaccharides
(e.g., cereals, onion, garlic, ginger, and algae), proteins
and fats (e.g., fish, meat, and soy) is necessary for the health.
Natural antioxidants such as quercetin and alliin decrease
the incidence of inflammatory bowel disease [17,18]. A diet
containing a high amount of unsaturated fatty acids:
omega-3, omega-6 fatty acids (e.g., arachidonic acids,
docosahexaenoic, eicosapentaenoic, linolenic, linoleic
etc.) [19], and low glycemic index carbohydrates help to
maintain healthy metabolic profiles [20, 21]. Generally,
foods containing high carbohydrate and fat, and low fibre
have beneficial effects on the regulation of the immune sys-
tem [22].

Food supplements may potentially be beneficial to man-
age the infection with SARS-CoV-2 [12]. In a study food
additives such as phosphoric acid, citric acid, or fumaric
acid were found to reduce porcine delta coronavirus
(CoV) in infected pigs [23], while ascorbate (vitamin C,
Vit-C) increased resistance to CoV infection in chicken
embryo tracheal organ cultures [24]. Generally, vitamins
act as modulators of immunological functions. CoV infec-
tion causes stress in infected host cells. Therefore, it inhibits
protein synthesis [25]. SARS-CoV-2 infection increases
the levels of plasma pro-inflammatory cytokines [26].
Many vitamins (e.g., Vit-A, C, E) have antioxidant and
anti-inflammatory effects. On the other hand, dietary con-
tents, such as omega-3 [27] and omega-6 [28] also have
anti-inflammatory effects.

Wheeler, Sariol [29] demonstrated that healthy microglia
are required for the protection against lethal CoV encephali-
tis in mice. Specific natural dietary components, such as fla-
vonoids, phytoestrogens, polyunsaturated fatty acids as
well as vitamins have protective effects on glial cells [30].
Moreover, some anti-inflammatory drugs and dietary mod-
ifications, for example, methionine restriction and the
adoption of low-calorie or ketogenic diet, may prevent
gliomas in animals [31].

This review aims to sketch a scenario on the dietary con-
tents, including minerals and vitamins that may act as adju-
vant therapy against SARS-CoV-2 infection.
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Potential nutritional interventions
against human pathogenic viruses,
including SARS-CoV-2

Currently, various treatment options for coronaviruses and
particularly SARS-CoV-2 are being explored. Most of them
are pharmacological. The main goal is to cure clinical signs
such as severe pneumonia, which is responsible for most
deaths [32]. However, researchers are beginning to investi-
gate also other ways to manage COVID-19 disease. Many of
them are based on the administration of dietary supple-
ments and micronutrients in high doses (Figure 1).

Antiviral natural dietary supplements
other than vitamins and minerals:
possibilities for COVID-19 treatment

Nutritional supplements with antiviral effect inhibit the
development and spread of viruses. The most effective
extracts with antiviral effect act on the immune system,
which strengthens it to suppress the virus effectively.
Because antivirals activate the immune system, they are
also useful in mutating viruses which are resistant to con-
ventional treatments.

Nigella sativa L. or its oil is used as a regular dietary sup-
plement [33]. One study report that N. sativa can have anti-
CoVs effects [34]. In this study, the authors have also
reported an anti-CoV effect of Citrus sinensis (L.) Osbeck.
On the other hand, N. sativa and/or Zingiber officinale Ros-
coe ethanolic extracts were shown to inhibit hepatitis C
virus improving the altered liver function in the patients
with hepatitis C virus [35]. Ginkgolic acid has been reported
to be effective in acute infections caused by many viruses,
including CoVs, ebola virus, zika virus, influenza A virus,
measles, herpes simplex virus (HSV)-1 and -2, and
varicella-zoster virus [36].

The garlic (Allium sativum L.) is useful against common
cold [37]. In a study, garlic extract inhibited the infectious
bronchitis virus (one of the CoVs) in the chick embryo
[38]. In an in silico study, 17 organosulfur compounds from
essential garlic oil were found to inhibit angiotensin-
converting enzyme 2 (ACE2) and the main protease
(PDB6LUY) protein of SARS-CoV-2 [39]. Among the other
garlic compounds, carvone has been found to show an
immunostimulatory effect via modulating the CD3" T cell
infiltration and expression of mRNA coding for interleukin
1 beta (IL-1f), tumour necrosis factor-alpha (TNF-a), and
IL-6 cytokines. It can also increase interferon-gamma
(IFN-y) in BALB/c mice [40]. The human ACE2 receptor
(ACE2R) serves as the main entry point into cells for
nCoV-19 [41].
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Figure 1. Summarized scheme with potential adjuvant antiviral natural dietary supplements, vitamins and minerals and their possible
mechanisms of action. CoV coronavirus; IFN-y interferon-gamma; IL interleukin; ROS reactive oxygen species; SARS severe acute respiratory

syndrome; TNFa tumour necrosis factor-alpha.

Alpha-lipoic acid, a vitamin-like chemical and an antiox-
idant down-regulated ADAM17 and preserved ACE2 com-
pensatory activity in Neuro2A cells [42]. Dietary animal
proteins, such as dried animal plasma and milk proteins,
were found to increase immune response in experimental
animals [43]. They are also used as an alternative to antibi-
otics for farm animals [44].

Cranberries contain phytonutrients, such as antho-
cyanins with anti-oxidant and anti-inflammatory role [45].
Cranberries have anti-viral effects on influenza viruses
[46]. Soy flavonoids (e.g., isoflavones) are also known to
show anti-viral effects against many viruses [47]. In a study,
both cranberry polyphenol and enriched soy proteins were
found to inhibit influenza viruses (e.g., H7N1, H5N3,
H3N?2) replication as well as their infectivity more effec-
tively than the standard anti-viral drug [48]. Coumarins
(benzo-a-pyrone) are considered as potential anti-viral sub-
stances and can have high affinity and specificity to differ-
ent molecular targets [49].

Scientific evidence suggests that some substances, such
as miswak (Salvadora persica L.), which is used for teeth
hygiene, has many important therapeutic potentials,
including anti-bacterial, anti-fungal and anti-viral [50]. In
a study, benzyl isothiocyanate isolated from the root of S.
persica had an anti-viral effect on the herpes simplex
virus-1 [51].
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Curcuma longa L. extract with its main polyphenol, cur-
cumin, is the subject of a wide range of clinical studies show-
ing its antimicrobial and antiviral effects [52]. Curcumin
inhibits the replication of viruses, suppressing the action
of the nuclear factor kappa-light-chain-enhancer of acti-
vated B cells (NF-xB) necessary for virus multiplication
[53]. Besides, it has protective effects on infected cells, pre-
venting their death due to virus infection. The intense
anti-inflammatory action of curcumin influences directly
specific inflammatory cytokines that are detected in acute
respiratory and lung diseases [54]. Curcumin also reduces
serum concentrations of high-sensitivity C-reactive Protein
(hs-CRP). This C-reactive protein is associated with the
body’s inflammatory response to infection, injury, or
chronic disease [55].

A diet containing linoleic acid, a polyunsaturated
omega-6 fatty acid, downregulates NLRP3 in human
blood neutrophils [56, 57]. On the other hand, an omega-
3 polyunsaturated fatty acid-derived lipid mediator, pro-
tectin D1 effectively reduces the influenza virus replication
through RNA export mechanism and given together with
peramivir it protected the infected mice from influenza-
induced mortality [58].

Melatonin is a hormone that regulates the cycles of wake-
fulness and sleep. It has been shown that this substance can
preventinfluenza. Melatonin causes a decrease in cytokines
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production. Cytokines are proteins that can stimulate
inflammatory processes [59]. Globally, there have been
only a few deaths in patients with COVID-19 under the
age of nine years. It is essential to know that in SARS-
CoV-2 infection, the mortality rate increases linearly with
age, the highest being observed in patients over 80 years
of age. Therefore, experts are trying to find an answer to
the question of why COVID-19 does not affect or does not
have a severe clinical picture in young children. Melatonin
is well known for its chronobiotic effects, regulating the
body’s biological clock. Numerous studies have shown that
melatonin has effects beyond regulating the sleep-wake
cycle. In a patient, regardless of age, has an adequate level
of melatonin, the infectivity of SARS-CoV-2 can be signifi-
cantly reduced, and the risk of developing complications
will be substantially reduced as well [60]. Melatonin may
be one of the reasons why young children rarely have less
severe symptoms. Indeed, children may have mild or no
symptoms, even if they have been infected with SARS-
CoV-2 [61]. The highest concentration of melatonin occurs
between 2.00 and 3.00 in the morning, regardless of age.
According to a study published in 2016, the maximum
melatonin levels measured in healthy adults aged between
65 and 70 years appears to be around 49.3 pg/mL. Adults
over 75 years of age have a maximum melatonin level of
27.8 pg/mL [62]. Young children have an extremely high
level of melatonin compared to adults. Maximum levels in
children show a decrease as children grew older than 6
years. Children aged 1to 5 years have maximum melatonin
concentration 325 pg/mL, while those between 5 and 11
years have melatonin 133 pg/mL. The fact that young chil-
dren have such high levels of melatonin may be one of the
explanations for mild symptoms after COVID-19 infection
[63].

Specialists from all over the world are beginning to deci-
pher the mysteries surrounding the coronavirus, trying to
understand how it works in our body. Thus, they came to
probiotics. A new theory has been launched by some
researchers, who have thoroughly analyzed the behaviour
of microbial populations that colonize our body so that they
can explain the differences between the categories of peo-
ple atrisk of disease and those who manage to stay healthy.
Thus, it came to the surprising conclusion that probiotics
could be useful in therapy against COVID-19. Experts show
that the new coronavirus could infect certain bacteria in the
body and thus actually hide the virus. Specifically, the virus
is said to infect Prevotella bacteria, which cause further
inflammation that can be fatal. It is well known that infec-
tions involving Prevotella cause respiratory infections,
including acute ones. It is precisely from this aspect that
SARS-COV-2, the virus, could at some point in those people
who have a well-represented microflora determine this
coinfection, we could say, a bacterium with a virus, and so
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to explain why at some point those people take a severe
form. Children, with a less represented flora, make light
shapes, this could be a hypothesis, of course, it is difficult
to sustain, and it is difficult to know if this is the case, we
need studies that be represented by a large number of peo-
ple. It seems that probiotics can prevent Prevotella from
forming biofilms, which is one of how bacteria defend
themselves against our immune system and antibiotics.
The results of the studies are promising, but so far there is
no certainty. However, it should also be mentioned that
the research team of the University of Colorado intends to
use a genetically modified version of the bacterium lacto-
bacillus acidophilus, which is usually found in yoghurt [64].

Vitamins

Vitamins are the organic essential macromolecules that are
needed in small quantities for the growth, development and
proper functioning of the body [65, 66]. Generally, 13 vita-
mins are necessary - Vit-A, B (e.g., thiamine, riboflavin, nia-
cin, pantothenic acid, biotin, Vit B¢, Vit-B'?and folate), C, D,
E and K [67]. Scientific evidence suggests that vitamins act
against different species of viruses, including the SARS and
MERS CoVs. The antiviral effects of vitamins are presented
below.

Vitamin A

Vitamin A is a fat-soluble vitamin (fat-soluble), with an
essential role in the human body, which refers to several
substances, including retinol, retinal, retinoic acid, reti-
noids and cartenoids. The most important benefits and
functions of vitamin A are: antioxidant, role in night vision,
correct color distinction, role in the formation of antibodies
and supports the immune system, skin’s integrity [68]. Vit-
Alisalso called “anti-infective” vitamin as it can be efficient
against many infectious agents [69]. Vit-A supplementation
reduced the morbidity and mortality in different infectious
diseases, including pneumonia, human immunodeficiency
virus (HIV) and malaria [70, 71]. A low Vit-A diet may
reduce the effectiveness of bovine CoV vaccines and
increase the risk of infectious disease [72]. A similar result
was seen in Vit-A deficient diet on a chicken model [73].
Vit-A, as well as retinoids, were found to inhibit measles
virus replication by upregulating the elements of the innate
immune response in uninfected by stander cells, thereby
inhibiting viral replication [74].

Vitamin B

B vitamins (e.g., By, B, B3, Bs, B7, Bo, and By,) play essential
roles in the immune system [75-80]. Vit-B2 with ultraviolet
(UV) light significantly reduced the titer of MERS-CoV in
human plasma products [81]. On the other hand, Vit-B3
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had an anti-inflammatory effect and effectively inhibited
neutrophil infiltration in the lungs [82].

Vitamin C

Vitamin C (ascorbic acid, AA) as an immunostimulatory

substance has direct effects on the immune system by [83]:

i) increased IFN production, which prevents cells from
becoming infected with viruses;

ii) stimulates antibody activity;

iii) increases the function of phagocytosis, the natural
process by which the body eliminates harmful
pathogens;

iv) increases the production of immune cells T, B, NK;

v) inactivates virus RNA and DNA;

vi) decreases the action of pro-inflammatory cytokines.

Vitamin C and respiratory viruses: Vit-C is useful in the man-
agement of common cold in experimental animals [84]. A
Vit-C deficiency results with immune system dysfunction
and an increased risk of susceptibility to microbial infec-
tions [85, 86]. Vit-C supplementation appears to be able to
both prevent and treat respiratory and systemic diseases
[87, 88]. Prophylactic prevention of infection requires diet-
ary Vit-C intakes that provide adequate plasma levels (i.e.,
100-200 mg/d), which ensure optimal intracellular levels
[89].

Vit-C can be used to treat infections caused by the influ-
enza virus [90]. It inhibits influenza virus proliferation [91].
Vit-C inhibits different phases of the cell cycle of various
viruses and inhibits the integration of RNA viral genetic
material into the host genome [92, 93]. Therefore, this vita-
min may be effective against influenza, corona, or picorna
viruses.

Vit-C stimulates liver X receptor alpha (LXR-a) gene
expression, which downregulates c-myc gene, resulting in
cellcycle arrest at GOG1 phase, thusrestricting the entrance
of cellsin S phase and reducing the number of cellsata G2M
phase of viral genome integration [94, 95]. Vit-C also inhi-
bits viral replication of other RNA viruses such as the HIV
and avian tumour virus [96].

Vit-C combined with iron was shown to have a sustained
anti-viral effect against the influenza virus [97]. It may be
due to the pro-oxidant fact of this vitamin [98]. Dehy-
droascorbate has shown this effect better than the ascor-
bate form [99]. However, to show a pro-oxidant impact in
bronchial epithelium, the availability of iron and oxidants
such as H,0, should not be a limiting factor for locally avail-
able Vit-C because iron and H,0, are present in the vicinity
of the bronchial epithelium [100].

Influenza virus infection produces matrix metallopro-
tease (e.g., MMP-9) in epithelial cells, which is thought to
be a mechanism supporting the spread of the virus [101].
Vit-C reduced the gene expression of MMP-9 in peripheral
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blood-derived mononuclear cells [94] and MMP-9
synthesis induced by H,O, in an in vitro chorioamnionitis
membrane model [102]. MMPs have an essential role in
cancer metastasis, and Vit-C inhibited the migration of can-
cer cells [103]. Therefore, Vit-C may act against influenza
virus infection by inhibiting the mediator of inflammation,
MMP-9, and reducing the extent of damage to the respira-
tory epithelium. Vot-C 3 g/d was reported to prevent the
common cold and flu symptoms in human (18-30 years of
age) [104]. At a dose of 300 mg/d, Vit-C was found to help
influenza patients and reduced for 25% hospitalization
length when compared with the control group [105].

Vit-C has a beneficial effect not only on the common cold
but also on asthma and pneumonia [88]. In a study, C. sinen-
sis extract (rich in Vit-C) was found to inhibit the replication
of CoV in infected cultured cells [34]. Moreover, in 21 trials
with 1766 patients having high blood pressure, infections,
bronchoconstriction, atrial fibrillation, and acute kidney
injury, Vit-C (in oral dose 1-3 g/d) reduced the length of hos-
pitalization in intensive care unit on average by 7.8-18.2%.
Vit-C reinforces the maintenance of the alveolar epithelial
barrier and transcriptionally upregulates the protein chan-
nels (CFTR, aquaporin-5, ENaC, and Na*/K* ATPase) reg-
ulating the alveolar fluid clearance.

Clinical studies on the potential effect of Vit-C on SARS-
CoV-2infection showed that Vit-C could be used as an adju-
vant substance in COVID-19 pharmacotherapy. A clinical
survey of 140 participants is ongoing investigating the effect
of Vit-C against SARS-CoV-2. Vit-C was administered intra-
venously at doses 0f 12,000 to 24,000 mg/d. High doses of
Vit-C can stimulate the body’s natural defence system and
reduce the incidence and duration of viral diseases.
Besides, the increased intake of Vit-C causes the activation
of lymphocytes. But this is just a study that has only been
approved. Nevertheless, no definite anti-SARS-CoV-2
effects of Vit-C in COVID-19 patients have yet been
reported [106].

Other studies indicated that the use of hydrocortisone,
thiamine and Vit-C might be useful in the treatment of sep-
sis [107]. Sepsis and organ failure are the two leading causes
of death due to SARS-CoV-2 infection. Another function of
this combination of drugs is to repair the dysfunction of the
endothelial barrier of the lungs [108].

Vitamin D

Vitamin D is a fat-soluble vitamin and is found in the body in
two main forms: Vitamin D2 (ergocalciferol) and Vitamin
D3 (cholecalciferol). Vit-D is not a vitamin in the strict sense
as it can be synthesized in the human body following expo-
sure of the skin to ultraviolet radiation [109]. Pro-Vit-D
(7-dehydrocholesterol) is converted to pre-Vit-D which is
further modified by a series of reactions to the active form
- 1,25-dihydroxy vitamin D. A certain amount of Vit-D
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may be provided via some dietary sources like fortified cere-
als and milk [110]. Vit-D helps to develop the proper func-
tioning of the immune system [111]. Calcitriol (the active
form of Vit-D) modulated the expression of ACE2 in
lipopolysaccharide-induced lung injury in Wistar rats
[112]. In another study, this vitamin also attenuated angio-
tensin Il-induced nitrogen oxides (NOx) activation and
reactive oxygen species (ROS) production [113]. However,
a high glucose diet can activate ACE2R in human [114].

Vitamin D and immunity: Vit-D affects specific mecha-
nism in the immune system, namely the ability of dendritic
cells to activate T cells. Lymphocytes (T cells) that kill bac-
teria and viruses are less active in patients who have low
levels of Vit-D. These cells do not move unless their recep-
tors identify Vit-D in the circulation. In the absence of this
vitamin, lymphocytes remain at rest. The presence of
Vit-D activates them to move to the site of viral infection
[115].

Vitamin D and respiratory viruses: maintaining a concen-
tration of more than 50 ng/mL of Vit-D in the blood reduces
the risk of infection with a flu-like virus by 27% [116].
Moreover, the intake of Vit-D deactivates the production
of renin, an enzyme necessary for the production of angio-
tensin II. Angiotensin II has a vasoconstrictor effect, caus-
ing increased blood pressure and inflammation. CoV
infection is closely related to the increased production of
this enzyme [117]. Viral and bacterial pneumonia kills more
children than any otherillnesses (19% of total deaths of chil-
dren less than five years of age) and under-nutrition, which
includes Vit-D insufficiency/deficiency, has been impli-
cated in 53% of all these deaths [118, 119].

Vit-D deficiency has been linked to an increased risk of
viral upper- and lower- respiratory tract infections (espe-
cially during winter time), wheezing, and asthma-related
hospitalizations in infants and children [116, 120]. Normal
to high serum 25(OH)D appears to have some beneficial
influence on the incidence and severity of these infections
[121]. This vitamin has immunomodulatory actions [122].
On the other hand, it seems that its metabolites do not con-
sistently influence replication or clearance of rhinovirus,
respiratory syncytial virus or influenza A virus in humanres-
piratory epithelial cells. This is even though they modulate
expression and secretion of type 1 IFN, chemokines includ-
ing IL-8 or chemokine (C-X-C motif) ligand 8 (CXCL8) and
INF-y-induced protein 10 (IP-10) or CXCL10 and pro-
inflammatory cytokines, such as TNF and IL-6 [123]. Vit-
D is associated with less allergic disorders due to its anti-
inflammatory activity [124].

The effective supplementation of Vit-D needs to start
before the onset of respiratory tract infection [116, 125].
The explanation of the mechanisms that involve Vit-D defi-
ciency in viral diseases development is inconclusive [120].
Still, it seems that they include anti-viral immune induction,
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modulation of immunoregulatory defence, induction of
autophagy and apoptosis, and genetic or epigenetic regula-
tion [126]. Vit-D reduces the risk of viral infections [127].
The protective role of Vit-D in SARS-CoV-2 infection has
been shown by increased fatality rates in patients with
chronic disease comorbidity and older age, in which lower
concentrations of 25(OH)D have been reported [128]. This
is a cause of concern because of globally Vit-D deficiency
prevalence, particularly in the elderly [129], and may have
contributed to the first outbreak of COVID-19 during
winter 2019 [130]. For people at COVID-19 risk, the goal
should be to increase the concentrations of 25(OH)D above
40-60 ng/mL by Vit-D; supplementation 10,000 IU/d
for a few weeks, followed by 5000 IU/d [131]. Generally,
Vit-D is known to mitigate the scope of acquired immunity
and regenerate endothelial lining [132]. This may be bene-
ficial in minimizing the alveolar damage caused in acute
respiratory distress syndrome (ARDS) [133]. A rapid change
in ambient temperature is associated with increased risk of
SARS-CoVs [134]. Influenza transmission is often enhanced
inthe presence of cold and/or dry air [135]. In northern Eur-
ope, low temperature and low UV indexes were correlated
with peaks of influenza virus infections during 2010-2018
[136]. Vit-D receptor gene polymorphisms are associated
with diabetic nephropathy risk in diabetes mellitus patients
[137]. Therefore, these patients might be at higher risk if
they get COVID-19.

Vit-Dz acts on Timmune cells that are activated to defend
from viruses and bacteria. T cells have Vit-D; receptors,
which means that their effectiveness is achieved only in
the presence of this vitamin. As a result, Vit-D3 deficiency
is associated with an impaired immune system prone to
infections. Vit-D3 also activates a peptide with antimicrobial
effect and allows the elimination of bacteria before the
onset of disease [138]. Antiviral effect of Vit-D3 is supported
by the Vit-D3 on the inflammatory response triggered by a
viral infection. The virus causes the release of pro-
inflammatory cytokines, aggravating the disease. Vit-D3
decreases the secretion of these cytokines, diminishing
the effects of infection [139] (Figure 2).

In a recent clinical study, which proved the effectiveness
of high single or monthly doses of Vit-D3, monthly supple-
mentation of high-dose Vit-D; did not prevent acute respi-
ratory infections in older adults with low levels of Vit-D.
In this randomized, double-blind, placebo-controlled study
on 5,110 adults’ participants were given 200,000 IU of Vit-
D3, followed by 100,000 IU per month (in 2,558 patients) or
placebo (in 2,552 patients). The mean follow-up was 1.6
years [140]. The results of this study suggested that
monthly high-dose Vit-D3 supplementation did not prevent
acute respiratory infections in older adults with a low
prevalence of profound vitamin D deficiency at baseline.
[140].
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Figure 2. Summarized scheme of possible mechanisms of action of vitamin D in COVID-19.

Vitamin E

Vit-E plays many essential functions in the immune system,
including cell-mediated microorganism destruction and
antibody production [141, 142]. Vit-E deficiency stimulated
the myocardial injury in mice infected by the RNA virus and
coxsackievirus B3 [143,144]. Moreover, a decrease in Vit-D
and Vit-E significantly increased the risk of bovine CoV
infection in calves [145].

Minerals and trace elements

Zinc

Zinc is a dietary trace element which is important for the
immune system [146]. Deficiency of this element results
in dysfunction of the immune system, thereby, increasing
susceptibility towards the infectious agents [147]. Maxi-
mum tolerance limit for zinc ingestion is 40 mg/day, an
amount that represents the daily maximum zinc intake
which does not cause harmful effects for persons older than
18 years [148]. Acute zinc overdose is manifested by nausea,
vomiting, loss of appetite, fever, headache, and chronic
excessive intake causes a decrease in the concentration of
copper, hypochromic anaemia and a reduction in the effec-
tiveness of the immune system [148].

The role of zinc in immunity: Zinc is involved in over 300
enzymes, having a catalytic, regulatory and structural func-
tion. Zinc has arole in both -non-specific immune response,
as well as the specific one. Regarding the nonspecific
immune response, at the level of the epithelial barrier, zinc
plays an important role. Its low level causes the rupture of
intercellular junctional complexes and disorganizes the
cytoskeleton. [149]. Other negative effects of low zinc levels
on innate immune response: decreasing of natural activity
killer (NK) and natural killer T (NKT) cells; alteration in
phagocytosis and antigen presentation in macrophages;
decreased maturation and expression of the major complex
of histocompatibility class II by dendritic cells; change of
cytokine productionin mast cells are also [150]. The specific
immune response can be severely endangered by zinc
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deficiency. The presence of zinc is necessary for the activity
of thymulin, a polypeptide responsible for differentiating
immature cells with the formation of L (lymphocytes) TH1
(helper) [7].

Zinc deficiency causes an alteration of the formation of
immunocompetent LT at thymus and lymphatic tissue atro-
phy [8] associated with a decreased percentage of LT CD8"
CD73" which are considered precursors of cytotoxic CD8*
LTs [151]. Zinc deficiency causes an imbalance of the ratio
between LTHI, and LTH2, which is not influenced by zinc.
Zinc deficiency also causes a decrease in the concentration
of IFN-y, tumour necrosis factor TNF-a and IL-2 (synthe-
sized by the LTH1), compared to the constant maintenance
of the level of IL 4, 5, 6 and 10 (synthesized by LTH2). Zinc
also has antioxidant effects achieved by inhibiting nicoti-
namide adenine dinucleotide phosphate (NADPH) oxidase
responsible for producing the free radical of oxygen,
the superoxide ion O2. Zinc, together with copper, are
required for the functioning of superoxide dismutase
(SOD1) isoenzymes, located in the cytosol, mitochondria,
intermembrane space and SOD3, located extracellularly.
Superoxide dismutases are a family of metalloenzymes,
with antioxidant effects which are achieved by reducing
the superoxide anion to H,O, [152].

From all the above-mentioned data, it is clear that zinc is
essential for cell protection from the harmful effects of oxy-
gen radicals. In infections, zinc is introduced into the hepa-
tocyte by Zrt-Irt-like protein transporters 14 (ZIP 14) and
stored in the liver in the form of metallothionein (MT).
MT is considered to be an acute phase reactant. Its synthesis
is induced by zinc, glucagon, glucocorticoids, reactive oxy-
gen species, endotoxins, IL-1, IL-6, and TNF-a [153]. MT
has an antioxidant role since it removes nitric oxide, ion
superoxide and hydroxyl radical. At the cellular level, zinc
has an antiapoptotic role, protecting the cell from oxidative
stress with the reversible formation of a thiolate complex,
protecting the proteins against reactive oxygen species
and blocking the activation of caspase 3, within the caspase
cascade, responsible for cell death [154]. Zinc deficiency
causes an increase in the production of glucocorticoids,
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hormones which have a proapoptotic role for precursors of
lymphocytes. Zinc deficiency causes lymphopenia of
T and B lymphocytes. Zinc is required for DNA synthesis,
RNA transcription, cell division and activation of cells. Zinc
deficiency causes also a decrease of number and function of
T, B lymphocytes, macrophages, CD4" /CD8" ratio and
decreased NK cell activity [155].

Zinc and respiratory viruses: the antiviral activity of zinc
was first recorded 40 years ago, in 1980, when 5 mg of zinc
gluconate was administered to a three-year-old child with a
history of chronic respiratory tract infections This was done
with the idea to increase the resistance of the immune sys-
tem. Following oral administration of zinc gluconate
tablets, the symptoms of respiratory tract infections were
significantly reduced [156]. Zinc supplement was also
found to reduce measles-related morbidity and mortality
in children [157].

Many studies showed that zinc-based supplements might
be useful in reducing common cold and its symptoms. A sur-
vey of a small group of volunteers diagnosed with acommon
cold or flu, 50 of whom were treated with zinc acetate at a
dose of 13 mg every two or three hours, showed that the
duration of the disease was significantly shorter (4-5 days)
in patients who were given zinc acetate compared to other
patients who were not given zinc acetate (about 8 days).
Although the maximum daily dose of zinc acetate given to
these patients was 80 mg (well above the recommended
daily dose), no adverse effects were reported in this short
period [158].

The mechanism of action of zinc in respiratory tract infec-
tions is unknown. Some researchers claim that the adminis-
tration of zinc-based supplements prevents the virus from
entering the cells by forming a bond with a protein that facil-
itates this. Others argue that zinc causes a decrease in
inflammatory cytokines [159].

Zinc and SARS-CoV-2:in arecent study, anincreased con-
centration of intracellular zinc was reported to decrease the
replication of several RNA viruses [160]. Moreover, a com-
bination of zinc and pyrithione inhibited the replication of
SARS-CoV-2 even at low concentrations [160]. Zinc at a
dose of 150 or 2,500 mg/kg increased systemic transmissi-
ble gastroenteritis virus (a single-stranded RNA virus)
specific serum antibody response, thereby suppressing
infection with this virus in piglets [161].

Some researchers claim that zinc-based (zinc gluconate,
zinc acetate or zinc citrate) dietary supplements might
reduce the duration of the clinical syndrome caused by
COVID-19, mainly if administered with some drugs, but
no real data are confirming this [162, 163].

Zinc acts on three levels (Figure 3):

i) Zinc administration most probably inhibits virus repli-
cation (including SARS-CoV-2) and aggravation of
symptoms associated with a viral infection;
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i) Zinc increases mucociliary clearance by stimulating
the elimination of viral particles and bacteria by
improving ciliary morphology and increasing the
rhythm of the ciliary movement frequency;

iii) Zinc supplementation stimulates and activates the
natural antiviral response of the immune system,
especially in zinc deficiency.

Another recent study showed that hydroxychloroquine in
combination with zinc and Vit-A and Vit-D might have a
beneficial effect as an alternative therapy in COVID-19
[164]. Zinc promotes the penetration of hydroxychloro-
quine into infected cells helping to destroy the virus, and
Vit-C and Vit-D stimulate the function of the immune sys-
tem. Regarding the dose of zinc-containing preparations
and the duration of administration of these preparations,
current evidence indicates that a maximum dose of 150
mg/day of zinc administered for a short period, does not
cause zinc poisoning (clinicaltrials.gov, NCT04335084).

Copper

Copper has strong virucidal properties [165]. Copper at a
high concentration of chelating copper caused moderate
effects on influenza A/WSN/33 (H1N1) viral growth in cul-
tured human lung (A549) cells [166]. Copper-mediated
mechanisms are considered as a therapeutic target for
chroniclung inflammation [167] and defence against differ-
ent microorganisms, including bacteria [168, 169], fungi
[170] and DNA or RNA viruses such as influenza A [171],
norovirus [172], bronchitis virus, poliovirus, and HIV-1
[173]. Lymphocytic choriomeningitis virus-infected mice
treated with Mn(IIl) tetrakis(4-benzoic acid)porphyrin
chloride resulted in a significantly increased virus-specific
IgM and IgG antibody-secreting cells in animals [174].
Solid-state Cu,O was seen to disrupt host cell recognition
by denaturing protein structures on influenza A virus (A/
PR8/HIN1) surface, resulting in inactivation of viruses
[175].

Iron

Iron plays a key role in the immune system, and nutritional
iron deficiency can impair host immunity, while iron over-
load can cause oxidative stress to propagate harmful viral
mutations. [176]. Lack of this essential element increases
the risk of recurrent acute respiratory tract infections in
experimental animals [177]. Iron is required for the synthe-
sis of viral proteins in the host [178]. An overloaded of iron
was seen to increase oxidative stress and impair nutritional
immunity against pancreatic necrosis virus in Salmo salar
[179]. Chromium (III) (200-1000 uM) and iron (III)
(200-1000 pM) have a synergistic antiviral effect against
Herpes simplex virus type 1 and Bovine viral diarrhoea virus
HSV-1in Hep-2 cells [180].
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Figure 3. Potential antiviral mechanism of zinc in COVID-19. ACE2 angiotensin-converting enzyme 2; CoV coronavirus; D dendritic cell; M
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Selenium

Selenium has an important role in antioxidant defence,
redox signalling and redox homeostasis, which is crucial
since reactive oxygen species (ROS) are frequently pro-
duced during viral infections. [181]. Selenium deficiency
reduces the immune response and may also increase the
virulence of RNA viruses [182,183] as well as help to change
the coxsackievirus genome, resulting in a more virulent
genetic configuration of the virus [184]. Selenium has a pos-
itive synergistic effect with ginseng stem-leaf saponins on a
live bivalent Newcastle disease virus (NDV) and infectious
bronchitis virus (IBV) CoV vaccine in chickens promoting a
stronger antibody response [185].

Sodium chloride

Sodium chloride (NaCl) or ‘table salt’ is used as a coating
material on the fibre surface of the filtration unit of the sur-
gical mask effectively deactivating several influenza virus
species. This suggests a new strategy in protective measures
to avoid primary/secondary infection and transmission of
many viruses [186]. On the other hand, the natural adsor-
bents, including clay, charcoal, and clay minerals showed
99.99% adsorption of CoV in an ix vitro model [187].

Calcium chloride

Calcium chloride can be used to detect virus particles by
detecting the interaction of the surface of enveloped viruses
with DNA [188]. The protein kinase R (PKR), is an
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interferon-induced kinase, which plays a key defensive role
inthe innate immunity pathway against viral infection. Ade-
novirus encodes VAI (a highly-structured RNA inhibitor)
and binds with PKR.

Magnesium, Potassium, Calcium

Magnesium can modulate the interaction capability of VAI
with PKR, where two PKR monomers bind in the absence,
while a single monomer binds in the presence of this metal
ion (Mg”*) [189]. Low plasma Mg?* level was associated
with the high Epstein-Barr virus load in peripheral blood
in endemic Burkitt lymphoma in humans [190]. Moreover,
Mg**-dependent viruses such as retroviruses can be
detected by using Mg**-based reverse transcriptase assay
[191]. On the other hand, low pH (<6.0) and high potassium
ion (K*) influx is required for efficient uncoating of influ-
enza A virus and infection of the host cell [192].

Generally, potassium triggers a conformational change in
the fusion spike of an enveloped Ribonucleic acid (RNA)
virus. Blocking K* channel was found to be associated with
an inhibitory effect of Hazara virus infection in BHK and
A549 cells [193].

Calcium in a low pH surrounding caused fusion to an E1
membrane protein of rubella virus in the early endosome
compartment [194].

Table 1 summarizes the most relevant studies regarding
potential beneficial effects of dietary supplements, vitamins
and minerals in SARS-CoV-2 infection.
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Table 1. The most relevant studies regarding potential beneficial effects of dietary supplements, vitamins and minerals in SARS-CoV-2 infection

Name Antiviral Mechanisms of action = Common use and potential effects Potential uses in COVID-19 Ref
Dietary Supplements
Garlic (Allium sativum L.) Antiviral Preventing common cold In silico:JACE2, |main protease [39]
PDB6LU7 protein of SARS-CoV-2
In vivo: 1CD3* T, TMRNA, 1IL-1B, [40]
TTNF-a, 7IL-6, TIFN-y
Cranberries Inhibit influenza viruses H7N1, Antiviral Potential antiviral [46]
H5N3, H3N2
|Replication, |infectivity
Curcumin (Curcuma |Replication, |NF-«xB Antimicrobial Potential antiviral [54]
longa L.
linflammatory cytokines Antiviral
| C-reactive protein Antiinflammatory
Antioxidant
Polyunsaturated INLRP3 in human blood Cardioprotecive Potential antiviral [56]
omega-6 fatty acid neutrophils
linfluenza virus |replication
IRNA
Melatonin | Citokines Regulates the cycles of | Infectivity of SARS-CoV-2 [60]
wakefulness and sleep
|Risk of developing complications
Probiotics Prevent Prevotella from forming Beneficial effects for human potential adjuvant [64]
biofilms health: gastrointestinal disorders,
immunomodulation
Vitamins
Vitamin A | Morbidity and mortality in Antioxidant immunostimulatory Potential adjuvant [70] [71]
different infectious diseases,
including pneumonia, human
immunodeficiency virus and
malaria, viral replication
TFormation of antibodies
vitamin B |Titer of MERS-CoV in human Brain function cell metabolism Potential adjuvant [81]
plasma products
Vitamin C Immunostimulatory Tlron absorption Adjuvant substance in COVID-19 [84]
pharmacotherapy
lIncidence and |duration of viral  Antioxidant
diseases
TRecovery in convalescence
Vitamin D INOx Maintains normal levels of In vivo: |ACE2 in [112]
calcium, phosphorus in the blood lipopolysaccharide-induced lung
injury in Wistar rats
LROS TCalcium absorption Protective role of Vitamin D in [128]
SARS-CoV-2 infection
1T cells decreases Immunostimulatory Regenerate endothelial lining [132]
the secretion of these
cytokines, diminishing the
effects of infection
Minerals and Trace Elements
Zinc Resistance of the immune system Important role in: cell-mediated |Replication of RNA [160]
immunity
1Common cold symptoms Bone formation TMucociliary clearance by [164]
stimulating the elimination of viral
particles
Prevents the virus from entering  Tissue growth Potential alternative therapy
the cells
Selenium Role in antioxidant defence, redox Potential alternative therapy [181]

signalling and redox homeostasis

IROS

Abbreviations: ACE2 angiotensin-converting enzyme 2; CoV coronavirus; IFN-y interferon-gamma; IL interleukin; MERS Middle East respiratory syndrome;
NF-xB nuclear factor kappa-light-chain-enhancer of activated B; NOx nitrogen oxides; ROS reactive oxygen species; SARS severe acute respiratory syn-

drome; TNF-a tumour necrosis factor-alpha.
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Future perspectives and clinical
importance for COVID-19
pharmacotherapeutic management

Development of a vaccine is a priority in dealing with
COVID-19 and mass immunization of the population with
this vaccine is a very important goal [195]. Ensuring the
quality, safety and efficacy of COVID-19 vaccines is funda-
mental and requires time and testing on healthy volunteers
[196, 197]. However, besides protective and preventive
measures, effective curative treatment strategies will
always be needed.

Nutritional interventions play an essential role in the
treatment and management of various diseases
[198-203]. Dietary factors can modulate the environmental
influences as well as genetic predisposition which are
responsible for many diseases [204]. Moreover, the essen-
tial components of diet have direct (protective or harmful)
effects on the biological processes involved in many organs,
including lung, disease development, and outcomes [66,
205]. The impact of early-life and cumulative dietary
choices during the lifetime has been recognized as essential
factors for respiratory diseases, thus offering a greater win-
dow of opportunity for diseases prevention [206].

Ithas been shown that antihypertensive drugs - ACE inhi-
bitors and angiotensin receptor blockers (ARB) upregulate
ACE2R and increase ACE2. Since ACE2 is a protein that
facilitates coronavirus entry into cells, there was serious
concern that these drugs could increase the risk of develop-
ing a severe and fatal form of COVID-19. On the other hand,
this might be one of the potential targets to inhibit
SARS-CoV-2 invasion in lung cells [207]. Generally, ACE2
converts angiotensin II to angiotensin 1-7, results in vasodi-
lation and has protective effects on the cardiovascular sys-
tem [208]. ACE2 deficiency causes loss of normal
endothelial functions in the cerebral arteries and may
amplify endothelial dysfunction in older animals [209].
Therefore, ACE2-angiotensin 1-7 pathway might be a ther-
apeutic target in patients with cardiovascular disease, espe-
cially those who have an overactive renin-angiotensin
system [208, 210]. Kuster, Pfister [208] recommended
ACE1 and angiotensin II type 1 receptor blockers for the
patients having heart failure, hypertension, or myocardial
infarction with COVID-19.

However, it has been shown that the loss of nuclear fac-
tor-erythroid 2 p45-related factor 2 (Nrf2) upregulated
ACE2R expression in renal proximal tubular cells in Akita
mice [211]. CoV infection causes ER stress, and increases
unfolded protein response (UPR) in the infected cells,
which may be associated with pro-inflammatory responses
[212]. Nrf2 expression levels vary depending on the
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pathophysiological context. Therefore, the appropriate
manipulation of its expression might help to manage the
ACE2R expression in CoV infection [213]. Until today,
P4 and P5 peptides and N-(2-aminoethyls)-1-aziridine-
ethanamine (NAAE) have been marketed claiming that
they interact with ACE2 and block SARS-CoV-2 S-mediated
cell fusion [214, 215]. However, these drugs have a narrow
spectrum of activity. Therefore, they may change some
essential biological functions for worse, including regula-
tion of blood pressure. Emodin, an anthraquinone derived
from genus Rheum, and Polygonum blocks the S protein of
SARS-CoV-2 spike protein and ACE2 interaction in a
dose-dependent manner [216]. It also inhibited the infectiv-
ity of Vero E6 cells by the viral S protein. Kesic, Simmons
[217] found an inverse relationship between the levels of
Nrf2 expression and influenza A viral entry/replication in
human nasal epithelial cells. Moreover, melatonin (an anti-
inflammatory and anti-oxidative molecule) acts against
acute lung injury (ALI)/ARDS caused by viral and other
pathogens, which might be beneficial in SARS-CoV-2 infec-
tion management [59]. Nrf2 activated by melatonin through
the MT1/MT2 receptor pathway stimulates endoplasmic
reticulum-associated degradation, thereby inhibiting NF-
kB and endoplasmic reticulum mediated stress [218].

RNA viruses in cytoplasmic tweak divergent NF-kB
expression, reprogram the landscape of the host cellular
chromatin adequately, leading to orchestrate the legitimate
expression of genes involving various functions, including
immunoregulatory and metabolic activities [219]. ACE2
upregulation is associated with chronic liver injury [220,
221],inflammation and insulin resistance [222], myocardial
dysfunction [223], acute decompensated heart failure
[224], diabetes [225], while deletion or loss of its activity
causes atherosclerotic renal injury, kidney diseases [226],
heart failure [227], pulmonary arterial hypertension [228]
and stroke [229]. Therefore, targeting Nrf2 alone or Nrf2-
ACE2 might be helpful for these types of patients with
COVID-19. Natural products activate Nrf2, thereby improv-
ing diabetes in experimental animals [230].

More research should be performed on copper, iron, sele-
nium and zinc. Sodium chloride can be incorporated in the
PPE, especially on the mask. It can also be used towash PPE.
Adequate research is also necessary on the medicinal plants
N. sativa, C. sinensis, Cranberry, garlic, ginger, and S. persica
since they have shown potential anti-viral effects against
many viruses, including CoVs. Studies are also required
on substances like ginkgolic acids, linoleic acid, protectin
D1, dietary animal proteins (e.g., milk proteins), 2-deoxy-
D-glucose and soy flavonoids. Finally, Vit-A, B and E should
be taken into consideration because of their anti-CoV
effects. Moreover, combination therapy strategies can be
developed using these anti-viral substances.
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Conclusion

A diet containing substances, such as carbohydrates, pro-
teins, fats or their derivatives; minerals and vitamins may
be helpful to fight COVID-19 and other viral infections.

These substances can stimulate and strengthen the

immune system, which may help to suppress viral infec-
tions. Moreover, in this way antibodies produced in suffi-
cient quantities may act against viruses. Therefore, by
taking these substances in the daily diet or by modifying
food habits, the risk SARS-CoV-2 infection might be
reduced as well as the incidence of morbidity and mortality
in COVID-19.

References

. WHO. Clinical management of severe acute respiratory infec-

tion when novel coronavirus (nCoV) infection is suspected.
World Health Organization (WHO) Report [Internet]. 2020.
Available  from: https://www.who.int/publications-detail/
clinical-management-of-severe-acute-respiratory-infection-
when-novel-coronavirus-(ncov)-infection-is-suspected

. Goumenou M, Sarigiannis D, Tsatsakis A, Anesti O, Docea AOQ,

Petrakis D, et al. COVID19 in Northern Italy: An integrative
overview of factors possibly influencing the sharp increase of
the outbreak (Review). Mol Med Rep. 2020;22(1):20-32.

. Tsatsakis A, Petrakis D, Nikolouzakis TK, Docea AO, Calina D,

Vinceti M, et al. COVID-19, an opportunity to reevaluate the
correlation between long-term effects of anthropogenic pol-
lutants on viral epidemic/pandemic events and prevalence.
Food Chem Toxicol. 2020;111418.

. Calina D, Docea AO, Petrakis D, Egorov AM, Ishmukhametov

AA, Gabibov AG, et al. Towards effective COVID19 vaccines:
Updates, perspectives and challenges (Review). Int J Mol Med.
2020;46(1):3-16.

. Docea AO, Tsatsakis A, Albulescu D, Cristea O, Zlatian O,

Vinceti M, et al. A new threat from an old enemy:
Re-emergence of coronavirus. Inter J Mole Med. 2020;45
(6):1631-43.

di Mauro G, Cristina S, Concetta R, Francesco R, Annalisa C.
SARS-Cov-2 infection: Response of human immune system
and possible implications for the rapid test and treatment. Int
Immunopharmacol. 2020;84:106519.

Du Z, Wang L, Cauchemez S, Xu X, Wang X, Cowling BJ, et al.
Risk for Transportation of Coronavirus Disease from Wuhan to
Other Cities in China. Emerg Infect Dis. 2020;26(5):1049-52.
McCloskey B, Heymann DL. SARS to novel coronavirus — old
lessons and new lessons. Epidemiol Infect. 2020;148:e22.
Wilder-Smith A, Freedman DO. Isolation, quarantine, social
distancing and community containment: pivotal role for old-
style public health measures in the novel coronavirus (2019-
nCoV) outbreak. J Travel Med. 2020;27(2).

. Islam MT, Nasiruddin M, Khan IN, Mishra SK, Kudrat-E-Zahan M,

Riaz TA, et al. A perspective on emerging therapeutic interven-
tions for COVID-19. Front Public Health. 2020;8.

. Sarkar C, Mondal M, Torequl Islam M, Martorell M, Docea AO,

Maroyi A, et al. Potential therapeutic options for COVID-19:
current status, challenges, and future perspectives. Front
Pharmacol. 2020;11:1428.

Int J Vitam Nutr Res (2022), 92 (1), 49-66

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

lddir M, Brito A, Dingeo G, Fernandez Del Campo SS, Samouda
H, La Frano MR, et al. Strengthening the Immune System and
Reducing Inflammation and Oxidative Stress through Diet and
Nutrition: Considerations during the COVID-19 Crisis. Nutri-
ents. 2020;12(6):1562.

Rutter L, Carrillo-Tripp J, Bonning BC, Cook D, Toth AL,
Dolezal AG. Transcriptomic responses to diet quality and viral
infection in Apis mellifera. BMC Genomics. 2019;20(1):412.
Weiskirchen S, Weiper K, Tolba RH, Weiskirchen R. All You Can
Feed: Some Comments on Production of Mouse Diets Used in
Biomedical Research with Special Emphasis on Non-Alcoholic
Fatty Liver Disease Research. Nutrients. 2020;12(1).

Naude CE, Schoonees A, Senekal M, Young T, Garner P,
Volmink J. Low carbohydrate versus isoenergetic balanced
diets for reducing weight and cardiovascular risk: a system-
atic review and meta-analysis. PLoS One. 2014;9(7):e100652.
Estrada JA, Contreras |I. Nutritional Modulation of Immune
and Central Nervous System Homeostasis: The Role of Diet in
Development of Neuroinflammation and Neurological Dis-
ease. Nutrients. 2019;11(5).

Yu J, Guo H, Xie J, Luo J, Li Y, Liu L, et al. The alternate
consumption of quercetin and alliin in the traditional Asian
diet reshaped microbiota and altered gene expression of
colonic epithelial cells in rats. J Food Sci. 2019;84(3):678-86.
Salehi Sharifi R, Capanoglu Adrar, Catalkaya Shaheen, et al.
Cucurbita Plants: From Farm to Industry. Applied Sciences.
2019;9(16).

Sharifi-Rad M, Anil Kumar NV, Zucca P, Varoni EM, Dini L,
Panzarini E, et al. Lifestyle, oxidative stress, and antioxidants:
Back and forth in the pathophysiology of chronic diseases.
Front Physiol. 2020;11:694.

Oliviero F, Spinella P, Fiocco U, Ramonda R, Sfriso P, Punzi L.
How the Mediterranean diet and some of its components
modulate inflammatory pathways in arthritis. Swiss Med
Wkly. 2015;145:w14190.

Sharifi-Rad J, Rodrigues CF, Sharopov F, Docea AO, Can
Karaca A, Sharifi-Rad M, et al. Diet, lifestyle and cardiovas-
cular diseases: linking pathophysiology to cardioprotective
effects of natural bioactive compounds. Int J Environ Res
Public Health. 2020;17(7).

Martinez KB, Leone V, Chang EB Western diets, gut dysbiosis,
and metabolic diseases: Are they linked? Gut Microbes
2017;8(2):130-42.

Cottingim KM, Verma H, Urriola PE, Sampedro F, Shurson GC,
Goyal SM. Feed additives decrease survival of delta coron-
avirus in nursery pig diets. Porcine Health Manag. 2017;3:5.
Atherton JG, Kratzing CC, Fisher A. The effect of ascorbic acid
on infection chick-embryo ciliated tracheal organ cultures by
coronavirus. Arch Virol. 1978;56(3):195-9.

Fung TS, Liao Y, Liu DX. Regulation of stress responses and
translational control by coronavirus. Viruses. 2016;8(7).
Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical
features of patients infected with 2019 novel coronavirus in
Wuhan. China. Lancet. 2020:395(10223):497-506.

Calder PC. Fatty acids and inflammation: the cutting edge
between food and pharma. Eur J Pharmacol. 2011;668(Suppl
1):S50-8.

Song J, Kwon N, Lee MH, Ko YG, Lee JH, Kim OY. Association
of serum phospholipid PUFAs with cardiometabolic risk:
beneficial effect of DHA on the suppression of vascular
proliferation/inflammation. Clin Biochem. 2014;47(6):361-8.
Wheeler DL, Sariol A, Meyerholz DK, Perlman S. Microglia are
required for protection against lethal coronavirus encephalitis
in mice. J Clin Invest. 2018;128(3):931-43.

© 2021 Hogrefe


http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/

M. T. Islam et al., Dietary supplements, vitamins and minerals against COVID-19 61

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

Salehi B, Capanoglu E, Adrar N, Catalkaya G, Shaheen S,
Jaffer M, et al. cucurbits plants: a key emphasis to its
pharmacological potential. Molecules. 2019;24(10).

Kyritsis AP, Bondy ML, Levin VA. Modulation of glioma risk
and progression by dietary nutrients and antiinflammatory
agents. Nutr Cancer. 2011;63(2):174-84.

Tsatsakis A, Calina D, Falzone L, Petrakis D, Mitrut R, Siokas
V, et al. SARS-CoV-2 pathophysiology and its clinical impli-
cations: An integrative overview of the pharmacotherapeutic
management of COVID-19. Food Chem Toxicol. 2020;146:
111769.

Yimer EM, Tuem KB, Karim A, Ur-Rehman N, Anwar F. Nigella
sativa L. (black cumin): a promising natural remedy for wide
range of illnesses. Evid Based Complement Alternat Med.
2019;2019:1528635.

Ulasli M, Gurses SA, Bayraktar R, Yumrutas O, Oztuzcu S, Igci
M, et al. The effects of Nigella sativa (Ns), Anthemis hyalina
(Ah) and Citrus sinensis (Cs) extracts on the replication of
coronavirus and the expression of TRP genes family. Mol Biol
Rep. 2014;41(3):1703-11.

Abdel-Moneim A, Morsy BM, Mahmoud AM, Abo-Seif MA,
Zanaty MI. Beneficial therapeutic effects of Nigella sativa
and/or Zingiber officinale in HCV patients in Egypt. Excli J.
2013;12:943-55.

Borenstein R, Hanson BA, Markosyan RM, Gallo ES, Narasi-
pura SD, Bhutta M, et al. Ginkgolic acid inhibits fusion of
enveloped viruses. Sci Rep. 2020;10(1):4746.

Lissiman E, Bhasale AL, Cohen M. Garlic for the common cold.
Cochrane Database Syst Rev. 2014(11):CD006206.

Mohajer Shojai T, Ghalyanchi Langeroudi A, Karimi V, Barin A,
Sadri N. The effect of Allium sativum (Garlic) extract on
infectious bronchitis virus in specific pathogen free embry-
onic egg. Avicenna J Phytomed. 2016;6(4):458-267.

Thuy BTP, My TTA, Hai NTT, Hieu LT, Hoa TT, Thi Phuong Loan
H, et al. Investigation into SARS-CoV-2 resistance of com-
pounds in garlic essential oil. ACS Omega. 2020;5(14):8312-20.
Lasarte-Cia A, Lozano T, Perez-Gonzalez M, Gorraiz M,
Iribarren K, Hervas-Stubbs S, et al. Immunomodulatory
properties of carvone inhalation and its effects on contextual
fear memory in mice. Front Immunol. 2018;9:68.

Walls AC, Park YJ, Tortorici MA, Wall A, McGuire AT, Veesler D.
Structure, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein. Cell. 2020;181(2):281-92.e6.

de Queiroz TM, Xia H, Filipeanu CM, Braga VA, Lazartigues E.
a-Lipoic acid reduces neurogenic hypertension by blunting
oxidative stress-mediated increase in ADAM17. Am J Physiol
Heart Circ Physiol. 2015;309(5):H926-34.

Perez-Bosque A, Pelegri C, Vicario M, Castell M, Russell L,
Campbell JM, et al. Dietary plasma protein affects the
immune response of weaned rats challenged with S. aureus
Superantigen B. J Nutr. 2004;134(10):2667-72.

Moreto M, Perez-Bosque A. Dietary plasma proteins, the
intestinal immune system, and the barrier functions of the
intestinal mucosa. J Anim Sci. 2009;87(14 Suppl):E92-100.
Salehi B, Sharifi-Rad J, Cappellini F, Reiner Z, Zorzan D, Imran
M, et al. The therapeutic potential of anthocyanins: current
approaches based on their molecular mechanism of action.
Front Pharmacol. 2020;11.

Oiknine-Djian E, Houri-Haddad Y, Weiss El, Ofek I, Greenbaum
E, Hartshorn K, et al. High molecular weight constituents of
cranberry interfere with influenza virus neuraminidase activity
in vitro. Planta Med. 2012;78(10):962-7.

Andres A, Donovan SM, Kuhlenschmidt MS. Soy isoflavones
and virus infections. J Nutr Biochem. 2009;20(8):563-9.
Turmagambetova AS, Sokolova NS, Bogoyavlenskiy AP,
Berezin VE, Lila MA, Cheng DM, et al. New functionally-

© 2021 Hogrefe

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

enhanced soy proteins as food ingredients with anti-viral
activity. Virusdisease. 2015;26(3):123-32.

Hassan MZ, Osman H, Ali MA, Ahsan MJ. Therapeutic
potential of coumarins as antiviral agents. Eur J Med Chem.
2016;123:236-55.

Haque MM, Alsareii SA. A review of the therapeutic effects of
using miswak (Salvadora Persica) on oral health. Saudi Med J.
2015;36(5):530-43.

Al-Bagieh NH, Idowu A, Salako NO. Effect of aqueous extract
of miswak on the in vitro growth of Candida albicans.
Microbios. 1994;80(323):107-13.

Salehi B, Lopez-Jornet P, Pons-Fuster Lépez E, Calina D,
Sharifi-Rad M, Ramirez-Alarcon K, et al. Plant-derived bioac-
tives in oral mucosal lesions: a key emphasis to curcumin,
lycopene, chamomile, aloe vera, green tea and coffee prop-
erties. Biomolecules. 2019;9(3):106.

Chen TY, Chen DY, Wen HW, Ou JL, Chiou SS, Chen JM, et al.
Inhibition of enveloped viruses infectivity by curcumin. PLoS
One. 2013;8(5):e62482.

Ou JL, Mizushina Y, Wang SY, Chuang DY, Nadar M, Hsu WL.
Structure-activity relationship analysis of curcumin ana-
logues on anti-influenza virus activity. FEBS J. 2013;280
(22):5829-40.

Salehi B, Calina D, Docea AOQ, Koirala N, Aryal S, Lombardo D,
et al. Curcumin’s nanomedicine formulations for therapeutic
application in neurological diseases. J Clin Med. 2020;9(2).
Aggarwal N, Korenbaum E, Mahadeva R, Immenschuh S, Grau
V, Dinarello CA, et al. a-Linoleic acid enhances the capacity of
alpha-1 antitrypsin to inhibit lipopolysaccharide induced IL-
Tbeta in human blood neutrophils. Mol Med. 2016;22:680-93.
Brugliera L, Spina A, Castellazzi P, Cimino P, Arcuri P, Negro A,
et al. Nutritional management of COVID-19 patients in a
rehabilitation unit. Eur J Clin Nutr. 2020;1-4.

Morita M, Kuba K, Ichikawa A, Nakayama M, Katahira J,
Iwamoto R, et al. The lipid mediator protectin D1 inhibits
influenza virus replication and improves severe influenza.
Cell. 2018;153(1):112-25.

Zhang R, Wang X, Ni L, Di X, Ma B, Niu S, et al. COVID-19:
Melatonin as a potential adjuvant treatment. Life Sci.
2020;250:117583.

Shneider A, Kudriavtsev A, Vakhrusheva A. Can melatonin
reduce the severity of COVID-19 pandemic? Int Rev Immunol
2020;1-10.

Boga JA, Coto-Montes A, Rosales-Corral SA, Tan DX, Reiter RJ.
Beneficial actions of melatonin in the management of viral
infections: a new use for this “molecular handyman™? Rev Med
Virol 2012;22(5):323-38.

Tordjman S, Chokron S, Delorme R, Charrier A, Bellissant E,
Jaafari N, et al. Melatonin: pharmacology, functions and
therapeutic benefits. Curr Neuropharmacol. 2017;15(3):434—
43.

Herrera EA, Gonzalez-Candia A. Comment on Melatonin as a
potential adjuvant treatment for COVID-19. Life Sci.
2020;117739.

Sharifi-Rad J, Rodrigues CF, Stojanovié-Radi¢ Z, Dimitrijevié
M, Aleksi¢ A, Neffe-Skociriska K, et al. Probiotics: versatile
bioactive components in promoting human health. Medicina.
2020;56(9):433.

Duking P, Hotho A, Holmberg HC, Fuss FK, Sperlich B.
Comparison of non-invasive individual monitoring of the
training and health of athletes with commercially available
wearable technologies. Front Physiol. 2016;7(71):71.

Salehi B, Shivaprasad Shetty M, Anil Kumar NV, Zivkovié¢ J,
Calina D, Oana Docea A, et al. Veronica plants - drifting from
farm to traditional healing, food application, and phytophar-
macology. Molecules. 2019;24(13):2454.

Int J Vitam Nutr Res (2022), 92 (1), 49-66



62

M. T. Islam et al., Dietary supplements, vitamins and minerals against COVID-19

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Salehi B, Shivaprasad Shetty M, Anil Kumar NV, Zivkovic J,
Calina D, Oana Docea A, et al. Veronica plants - drifting from
farm to traditional healing, food application, and phytophar-
macology. Molecules. 2019;24(13).

lanosi S, lanosi G, Neagoe D, lonescu O, Zlatian O, Docea AO,
et al. Age-dependent endocrine disorders involved in the
pathogenesis of refractory acne in women. Mol Med Rep.
2016;14(6):5501-6.

Coombes JL, Siddiqui KR, Arancibia-Carcamo CV, Hall J, Sun
CM, Belkaid Y, et al. A functionally specialized population of
mucosal CD103+ DCs induces Foxp3+ regulatory T cells via a
TGF-beta and retinoic acid-dependent mechanism. J Exp
Med. 2007;204(8):1757-64.

Semba RD. Vitamin A and immunity to viral, bacterial and
protozoan infections. Proc Nutr Soc. 1999;58(3):719-27.
Villamor E, Mbise R, Spiegelman D, Hertzmark E, Fataki M,
Peterson KE, et al. Vitamin A supplements ameliorate the
adverse effect of HIV-1, malaria, and diarrheal infections on
child growth. Pediatrics. 2002;109(1):E6.

Jee J, Hoet AE, Azevedo MP, Vlasova AN, Loerch SC,
Pickworth CL, et al. Effects of dietary vitamin A content on
antibody responses of feedlot calves inoculated intramuscu-
larly with an inactivated bovine coronavirus vaccine. Am J Vet
Res. 2013;74(10):1353-62.

West CE, Sijtsma SR, Kouwenhoven B, Rombout JH, van der
Zijpp AJ. Epithelia-damaging virus infections affect vitamin A
status in chickens. J Nutr. 1992;122(2):333-9.

Trottier C, Colombo M, Mann KK, Miller WH Jr, Ward BJ.
Retinoids inhibit measles virus through a type | IFN-
dependent bystander effect. FASEB J. 2009;23(9):3203-12.
Mazur-Bialy Al, Buchala B, Plytycz B. Riboflavin deprivation
inhibits macrophage viability and activity — a study on the
RAW 264.7 cell line. Br J Nutr. 2013;110(3):509-14.

Bozic I, Savic D, Laketa D, Bjelobaba I, Milenkovic I, Pekovic S,
et al. Benfotiamine attenuates inflammatory response in LPS
stimulated BV-2 microglia. PLoS One. 2015;10(2):e0118372.
Kunisawa J, Sugiura Y, Wake T, Nagatake T, Suzuki H,
Nagasawa R, et al. Mode of bioenergetic metabolism during B
cell differentiation in the intestine determines the distinct
requirement for vitamin B1. Cell Rep. 2015;13(1):122-31.
Kuroishi T. Regulation of immunological and inflammatory
functions by biotin. Can J Physiol Pharmacol. 2015;93
(12):1091-6.

Zhang P, Tsuchiya K, Kinoshita T, Kushiyama H, Suidasari S,
Hatakeyama M, et al. Vitamin B6 prevents IL-1beta protein
production by inhibiting NLRP3 inflammasome activation. J
Biol Chem. 2016;291(47):24517-27.

Kruman I, Kumaravel TS, Lohani A, Pedersen WA, Cutler RG,
Kruman Y, et al. Folic acid deficiency and homocysteine
impair DNA repair in hippocampal neurons and sensitize
them to amyloid toxicity in experimental models of Alzhei-
mer’s disease. J Neurosci. 2002;22(5):1752-62.

Keil SD, Bowen R, Marschner S. Inactivation of Middle East
respiratory syndrome coronavirus (MERS-CoV) in plasma
products using a riboflavin-based and ultraviolet light-based
photochemical treatment. Transfusion. 2016;56(12):2948-52.
Jones HD, Yoo J, Crother TR, Kyme P, Ben-Shlomo A, Khalafi
R, et al. Nicotinamide exacerbates hypoxemia in ventilator-
induced lung injury independent of neutrophil infiltration.
PLoS One. 2015;10(4):e0123460.

Boretti A, Banik BK. Intravenous vitamin C for reduction of
cytokines storm in acute respiratory distress syndrome.
PharmaNutrition. 2020;100190.

Yakoot M, Salem A. Efficacy and safety of a multiherbal
formula with vitamin C and zinc (Immumax) in the manage-
ment of the common cold. Int J Gen Med. 2011;4:45-51.

Int J Vitam Nutr Res (2022), 92 (1), 49-66

85.

86.

87.

88.
89.
90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100

101.

102.

103.

104.

van Gorkom GNY, Klein Wolterink RGJ, Van Elssen C, Wieten L,
Germeraad WTV, Bos GMJ. Influence of vitamin C on
lymphocytes: an overview. Antioxidants (Basel). 2018;7(3).
Zlatian O, Balasoiu AT, Balasoiu M, Cristea O, Docea AO,
Mitrut R, et al. Antimicrobial resistance in bacterial patho-
gens among hospitalised patients with severe invasive infec-
tions. Exp Ther Med. 2018;16(6):4499-510.

Garaiova I, Muchova J, Nagyova Z, Wang D, Li JV, Orszaghova Z,
et al. Probiotics and vitamin C for the prevention of respiratory
tract infections in children attending preschool: a randomised
controlled pilot study. Eur J Clin Nutr. 2015;69(3):373-9.
Hemila H. Vitamin C and infections. Nutrients. 2017;9:4.
Padayatty SJ, Levine M. Vitamin C: the known and the
unknown and Goldilocks. Oral Dis. 2016;22(6):463-93.
Banerjee D, Kaul D. Combined inhalational and oral supple-
mentation of ascorbic acid may prevent influenza pandemic
emergency: a hypothesis. Nutrition. 2010;26(1):128-32.
KimY, Kim H, Bae S, Choi J, Lim SY, Lee N, et al. Vitamin C Is
an essential factor on the anti-viral immune responses
through the production of interferon-alpha/beta at the initial
stage of Influenza A Virus (H3N2) infection. Immune Netw.
2013;13(2):70-4.

Bissell MJ, Hatie C, Farson DA, Schwarz RI, Soo WJ. Ascorbic
acid inhibits replication and infectivity of avian RNA tumor
virus. Proc Natl Acad Sci USA. 1980;77(5):2711-5.

Harakeh S, Jariwalla RJ, Pauling L. Suppression of human
immunodeficiency virus replication by ascorbate in chroni-
cally and acutely infected cells. Proc Natl Acad Sci USA.
1990;87(18):7245-9.

Kaul D, Baba MI. Genomic effect of vitamin ‘C’ and statins
within human mononuclear cells involved in atherogenic
process. Eur J Clin Nutr. 2005;59(8):978-81.

Kaul D, Gautam A, Sikand K. Importance of LXR-alpha
transcriptome in the modulation of innate immunity. Mol Cell
Biochem. 2006;292(1-2):53-7.

Wang H, Mannava S, Grachtchouk V, Zhuang D, Soengas MS,
Gudkov AV, et al. c-Myc depletion inhibits proliferation of
human tumor cells at various stages of the cell cycle.
Oncogene. 2008;27(13):1905-15.

Furuya A, Uozaki M, Yamasaki H, Arakawa T, Arita M, Koyama
AH. Antiviral effects of ascorbic and dehydroascorbic acids
in vitro. Int J Mol Med. 2008;22(4):541-5.

Carr A, Frei B. Does vitamin C act as a pro-oxidant under
physiological conditions? FASEB J 1999;13(9):1007-24.
Uozaki M, lkeda K, Tsujimoto K, Nishide M, Yamasaki H,
Khamsri B, et al. Antiviral effects of dehydroascorbic acid. Exp
Ther Med. 2010;1(6):983-6.

. Jobsis RQ, Schellekens SL, Fakkel-Kroesbergen A, Raatgeep

RHC, de Jongste JC. Hydrogen peroxide in breath conden-
sate during a common cold. Mediators Inflamm.
2001;10:910914.

Yeo SJ, Kim SJ, Kim JH, Lee HJ, Kook YH. Influenza A virus
infection modulates the expression of type IV collagenase in
epithelial cells. Arch Virol. 1999;144(7):1361-70.

Hernandez Guerrero CA, Vazquez Vela ME, Herrerias Canedo
T, Flores Herrera H, Meraz Cruz N. Vitamin C decreases
MMP-9 synthesis induced by hydrogen peroxide in an in vitro
chorioamniotic membrane model. Ginecol Obstet Mex.
2006;74(1):3-12.

Wybieralska E, Koza M, Sroka J, Czyz J, Madeja Z. Ascorbic
acid inhibits the migration of Walker 256 carcinosarcoma
cells. Cell Mol Biol Lett. 2008;13(1):103-11.

Gorton HC, Jarvis K. The effectiveness of vitamin C in
preventing and relieving the symptoms of virus-induced
respiratory infections. J Manipulative Physiol Ther. 1999;22
(8):530-3.

© 2021 Hogrefe



M. T. Islam et al., Dietary supplements, vitamins and minerals against COVID-19 63

106.

106.

107.

108.

109.

110.

111,

112.

113.

114.

116.

116.

117.

118.

119.

120.

121.

122.

Kimbarowski JA, Mokrow NJ. Colored precipitation reaction
of the urine according to Kimbarowski (FARK) as an index of
the effect of ascorbic acid during treatment of viral influen-
za. Dtsch Gesundheitsw. 1967;22(51):2413-8.
ClinicalTrials.gov. Vitamin C Infusion for the Treatment of
Severe 2019-nCoV Infected Pneumonia [Internet]. 2020.
Available from: https://clinicaltrials.gov/ct2/show/
NCT04264533

Ungureanu A, Zlatian O, Mitroi G, Drocas A, Tirca T, Calina D,
et al. Staphylococcus aureus colonisation in patients from a
primary regional hospital. Mol Med Rep. 2017;16(6):8771-
80.

Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J.
Hydrocortisone, vitamin C, and thiamine for the treatment of
severe sepsis and septic shock: a retrospective before-after
study. Chest. 2017;151(6):1229-38.

Holick M, MacLaughlin J, Clark M, Holick S, Potts J,
Anderson R, et al. Photosynthesis of previtamin D3 in human
skin and the physiologic consequences. Science. 1980;210
(4466):203-5.

Ballard O, Morrow AL. Human milk composition: nutrients
and bioactive factors. Pediatr Clin North Am. 2013;60(1):49-
74,

Dimitrov V, White JH. Vitamin D signaling in intestinal innate
immunity and homeostasis. Mol Cell Endocrinol.
2017;453:68-78.

Xu J, Yang J, Chen J, Luo Q, Zhang Q, Zhang H. Vitamin D
alleviates lipopolysaccharide-induced acute lung injury via
regulation of the renin-angiotensin system. Mol Med Rep.
2017;16(5):7432-8.

Cui C, Xu P, Li G, Qiao Y, Han W, Geng C, et al. Vitamin D
receptor activation regulates microglia polarization and
oxidative stress in spontaneously hypertensive rats and
angiotensin Il-exposed microglial cells: Role of renin-
angiotensin system. Redox Biol. 2019;26:101295.

Hardtner C, Morke C, Walther R, Wolke C, Lendeckel U. High
glucose activates the alternative ACE2/Ang-(1-7)/Mas and
APN/Ang IV/IRAP RAS axes in pancreatic beta-cells. Int J Mol
Med. 2013;32(4):795-804.

Aranow C. Vitamin D and the immune system. J Investig
Med. 2011;569(6):881-6.

Aglipay M, Birken CS, Parkin PC, Loeb MB, Thorpe K, Chen'Y,
et al. Effect of high-dose vs standard-dose wintertime
vitamin D supplementation on viral upper respiratory tract
infections in young healthy children. JAMA. 2017;318
(3):245-54.

McMullan CJ, Borgi L, Curhan GC, Fisher N, Forman JP, The
effect of vitamin D on renin-angiotensin system activation
and blood pressure: a randomized control trial. J Hypertens.
2017;35(4):822-9.

Yakoob MY, Salam RA, Khan FR, Bhutta ZA. Vitamin D
supplementation for preventing infections in children under
five years of age. Cochrane Database Syst Rev. 2016;11:
CD008824.

Das RR, Singh M, Naik SS. Vitamin D as an adjunct to
antibiotics for the treatment of acute childhood pneumonia.
Cochrane Database Syst Rev. 2018;7:CD011597.

Esposito S, Lelii M. Vitamin D and respiratory tract infections
in childhood. BMC Infect Dis. 2015;15:487.

Shin YH, Yu J, Kim KW, Ahn K, Hong SA, Lee E, et al
Association between cord blood 25-hydroxyvitamin D con-
centrations and respiratory tract infections in the first 6
months of age in a Korean population: a birth cohort study
(COCOA). Korean J Pediatr. 2013;56(10):439-45.

Jagannath VA, Filippini G, Di Pietrantonj C, Asokan GV,
Robak EW, Whamond L, et al. Vitamin D for the management

© 2021 Hogrefe

123.

124.

1265.

126.

127.

128.

129.

130.

131.

132.

133.

134.

136.

136.

137.

138.

139.

of multiple sclerosis. Cochrane Database Syst Rev. 2018;9:
CD008422.

Greiller CL, Martineau AR. Modulation of the immune
response to respiratory viruses by vitamin D. Nutrients.
2015;7(6):4240-70.

Lin Z, Marepally SR, Goh ESY, Cheng CYS, Janjetovic Z, Kim
TK, et al. Investigation of 20S-hydroxyvitamin D3 analogs
and their Talpha-OH derivatives as potent vitamin D receptor
agonists with anti-inflammatory activities. Sci Rep. 2018;8
(1):1478.

Martineau AR, Jolliffe DA, Hooper RL, Greenberg L, Aloia JF,
Bergman P, et al. Vitamin D supplementation to prevent
acute respiratory tract infections: systematic review and
meta-analysis of individual participant data. BMJ. 2017;356:
i6583.

Gruber-Bzura BM. Vitamin D and influenza-prevention or
therapy? Int J Mol Sci 2018;19(8).

Zittermann A, Pilz S, Hoffmann H, Marz W. Vitamin D and
airway infections: a European perspective. Eur J Med Res.
2016;21:14.

Kakodkar P, Kaka N, Baig MN. A comprehensive literature
review on the clinical presentation, and management of the
pandemic coronavirus disease 2019 (COVID-19). Cureus.
2020;12(4):e7560.

Uro M, Beauchet O, Cherif M, Graffe A, Milea D, Annweiler C.
Age-related vitamin d deficiency is associated with reduced
macular ganglion cell complex: a cross-sectional high-
definition optical coherence tomography study. PLoS One.
2015;10(6):e0130879.

Choi R, Kim S, Yoo H, Cho YY, Kim SW, Chung JH, et al. High
prevalence of vitamin D deficiency in pregnant Korean women:
the first trimester and the winter season as risk factors for
vitamin D deficiency. Nutrients. 2015;7(5):3427-48.

Zisi D, Challa A, Makis A. The association between vitamin D
status and infectious diseases of the respiratory system in
infancy and childhood. Hormones (Athens). 2019;18(4):353—
63.

Kim DH, Meza CA, Clarke H, Kim JS, Hickner RC. Vitamin D
and endothelial function. Nutrients. 2020;12:2.

Dancer RC, Parekh D, Lax S, D'Souza V, Zheng S, Bassford
CR, et al. Vitamin D deficiency contributes directly to the
acute respiratory distress syndrome (ARDS). Thorax. 2015;70
(7):617-24.

Yang Y, Peng F, Wang R, Guan K, Jiang T, Xu G, et al. The
deadly coronaviruses: The 2003 SARS pandemic and the
2020 novel coronavirus epidemic in China. J Autoimmun.
2020;109:102434.

Thangavel RR, Bouvier NM. Animal models for influenza
virus pathogenesis, transmission, and immunology. J Immu-
nol Methods. 2014;410:60-79.

lanevski A, Zusinaite E, Shtaida N, Kallio-Kokko H, Valkonen
M, Kantele A, et al. Low temperature and low UV indexes
correlated with peaks of influenza virus activity in Northern
Europe during 2010-2018. Viruses. 2019;11(3).

Schiller A, Gadalean F, Schiller O, Timar R, Bob F, Munteanu
M, et al. Vitamin D deficiency—prognostic marker or mortality
risk factor in end stage renal disease patients with diabetes
mellitus treated with hemodialysis - a prospective multi-
center study. PLoS One. 2015;10(5):e0126586.

Di Rosa M, Malaguarnera M, Nicoletti F, Malaguarnera L.
Vitamin D3: a helpful immuno-modulator. Immunology.
2011;134(2):123-39.

Gui B, Chen Q, Hu C, Zhu C, He G. Effects of calcitriol (1, 25-
dihydroxy-vitamin  D3) on the inflammatory response
induced by HINZ2 influenza virus infection in human lung
AB49 epithelial cells and in mice. Virol J. 2017;14(1):10.

Int J Vitam Nutr Res (2022), 92 (1), 49-66


http://dx.doi.org/
http://dx.doi.org/

64

M. T. Islam et al., Dietary supplements, vitamins and minerals against COVID-19

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

158.

154.

155.

156.

157.

158.

159.

160.

Camargo CA, Sluyter J, Stewart AW, Khaw KT, Lawes CMM,
Toop L, et al. Effect of monthly high-dose vitamin D
supplementation on acute respiratory infections in older
adults: a randomized controlled trial. Clin Infect Dis. 2020;71
(2):311-7.

Salehi B, Rescigno A, Dettori T, Calina D, Docea AO, Singh L,
et al. Avocado-Soybean Unsaponifiables: A Panoply of
Potentialities to Be Exploited. Biomolecules. 2020;10(1).
Lee GY, Han SN. The role of vitamin E in immunity. Nutrients.
2018;10(11):1614.

Beck MA, Kolbeck PC, Rohr LH, Shi Q, Morris VC, Levander
OA. Vitamin E deficiency intensifies the myocardial injury of
coxsackievirus B3 infection of mice. J Nutr. 1994;124
(3):345-58.

Beck MA. Increased virulence of coxsackievirus B3 in mice
due to vitamin E or selenium deficiency. J Nutr. 1997;127(5
Suppl):966s-70s.

Nonnecke BJ, McGill JL, Ridpath JF, Sacco RE, Lippolis JD,
Reinhardt TA. Acute phase response elicited by experimental
bovine diarrhea virus (BVDV) infection is associated with
decreased vitamin D and E status of vitamin-replete preru-
minant calves. J Dairy Sci. 2014;97(9):5566-79.

Maares M, Haase H, Zinc and immunity: An essential
interrelation. Arch Biochem Biophys. 2016;611:58-65.
Tuerk MJ, Fazel N. Zinc deficiency. Curr Opin Gastroenterol.
2009;25(2):136-43.

Santos HO, Teixeira FJ, Schoenfeld BJ. Dietary vs. pharma-
cological doses of zinc: A clinical review. Clinical Nutrition.
2020;39(5):1345-58.

Skalny AV, Rink L, Ajsuvakova OP, Aschner M, Gritsenko VA,
Alekseenko Sl, et al. Zinc and respiratory tract infections:
Perspectives for COVID19 (Review). Int J Mol Med. 2020;46
(1):17-26.

Singh M, Das RR. Zinc for the common cold. Cochrane
Database Syst Rev. 2013;6:CD001364.

Ishida T. Review on the role of Zn%* ions in viral pathogenesis
and the effect of Zn?" ions for host cell-virus growth
inhibition. Am J Biomed Sci Res. 2019;2(1):28-37.

Suara RO, Crowe JE Jr. Effect of zinc salts on respiratory
syncytial virus replication. Antimicrob Agents Chemother.
2004;48(3):783-90.

Peroza EA, dos Santos Cabral A, Wan X, Freisinger E. Metal
ion release from metallothioneins: proteolysis as an alter-
native to oxidation. Metallomics. 2013;5(9):1204-14.
Ganatra HA, Varisco BM, Harmon K, Lahni P, Opoka A, Wong
HR. Zinc supplementation leads to immune modulation and
improved survival in a juvenile model of murine sepsis.
Innate Immun. 2017;23(1):67-76.

Hall SC, Smith DR, Katafiasz DM, Bailey KL, Knoell DL. Novel
role of zinc homeostasis in IL-23 regulation and host
defense following bacterial infection. J Immunol. 2019;62.6.
Larson C, Roy S, Khan A, Rahman A, Qadri F. Zinc treatment
to under-five children: applications to improve child survival
and reduce burden of disease. J Health Popul Nutr. 2008;26
(3):365.

Awotiwon AA, Oduwole O, Sinha A, Okwundu Cl. Zinc
supplementation for the treatment of measles in children.
Cochrane Database Syst Rev. 2017;6:CD011177.

Hemila H. Zinc lozenges and the common cold: a meta-analysis
comparing zinc acetate and zinc gluconate, and the role of zinc
dosage. JRSM Open. 2017;8(5):2054270417694291.

Prasad AS. Discovery of human zinc deficiency: its impact on
human health and disease. Adv Nutr. 2013;4(2):176-90.

te Velthuis AJ, van den Worm SH, Sims AC, Baric RS, Snijder
EJ, van Hemert MJ. Zn(2+4) inhibits coronavirus and

Int J Vitam Nutr Res (2022), 92 (1), 49-66

161.

162.

163.

164.

1665.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

arterivirus  RNA polymerase activity in vitro and zinc
ionophores block the replication of these viruses in cell
culture. PLoS Pathog. 2010;6(11):e1001176.

Chai W, Zakrzewski SS, Gunzel D, Pieper R, Wang Z,
Twardziok S, et al. High-dose dietary zinc oxide mitigates
infection with transmissible gastroenteritis virus in piglets.
BMC Vet Res. 2014;10:75.

Derwand R, Scholz M. Does zinc supplementation enhance
the clinical efficacy of chloroquine/hydroxychloroquine to
win todays battle against COVID-19? Medical Hypotheses
2020;109815.

Skalny AV, Rink L, Ajsuvakova OP, Aschner M, Gritsenko VA,
Alekseenko Sl, et al. Zinc and respiratory tract infections:
Perspectives for COVID-19. Int J Mol Med. 2020;46(1):17-26.
ClinicalTrials.gov. A study of hydroxychloroquine, vitamin C,
vitamin D, and zinc for the prevention of COVID-19 infection
(HELPCOVID-19) [Internet]. 2020. Available from: https://
clinicaltrials.gov/ct2/show/NCT04335084

Borkow G, Sidwell RW, Smee DF, Barnard DL, Morrey JD,
Lara-Villegas HH, et al. Neutralizing viruses in suspensions
by copper oxide-based filters. Antimicrob Agents Che-
mother. 2007;51(7):2605-7.

Rupp JC, Locatelli M, Grieser A, Ramos A, Campbell PJ, Yi H,
et al. Host cell copper transporters CTR1 and ATP7A are
important for Influenza A virus replication. Virol J. 2017;14
(M:11.

Liu L, Geng X, McDermott J, Shen J, Corbin C, Xuan S, et al.
Copper deficiency in the lungs of TNF-alpha transgenic
mice. Front Physiol. 2016;7:234.

Sun TS, Ju X, Gao HL, Wang T, Thiele DJ, Li JY, et al.
Reciprocal functions of Cryptococcus neoformans copper
homeostasis machinery during pulmonary infection and
meningoencephalitis. Nat Commun. 2014;5:5550.

Neumann W, Gulati A, Nolan EM. Metal homeostasis in
infectious disease: recent advances in bacterial metal-
lophores and the human metal-withholding response. Curr
Opin Chem Biol. 2017;37:10-8.

Wiemann P, Perevitsky A, Lim FY, Shadkchan Y, Knox BP,
Landero Figueora JA, et al. Aspergillus fumigatus copper
export machinery and reactive oxygen intermediate defense
counter host copper-mediated oxidative antimicrobial
offense. Cell Rep. 2017;19(10):2174-6.

Cypryk W, Lorey M, Puustinen A, Nyman TA, Matikainen S.
Proteomic and bioinformatic characterization of extracellu-
lar vesicles released from human macrophages upon
influenza A virus infection. J Proteome Res. 2017;16
(1):217-27.

Warnes SL, Keevil CW. Inactivation of norovirus on dry
copper alloy surfaces. PLoS One. 2013;8(9):675017.

Borkow G, Gabbay J. Copper as a biocidal tool. Curr Med
Chem. 2005;12(18):2163-75.

Crump KE, Langston PK, Rajkarnikar S, Grayson JM.
Antioxidant treatment regulates the humoral immune
response during acute viral infection. J Virol. 2013;87
(5):2577-86.

Minoshima M, Lu Y, Kimura T, Nakano R, Ishiguro H, Kubota
Y, et al. Comparison of the antiviral effect of solid-state
copper and silver compounds. J Hazard Mater. 2016;312:
1-7.

Wessling-Resnick M. Crossing the iron gate: why and how
transferrin receptors mediate viral entry. Annu Rev Nutr.
2018;38:431-58.

Jayaweera J, Reyes M, Joseph A. Childhood iron deficiency
anemia leads to recurrent respiratory tract infections and
gastroenteritis. Sci Rep. 2019;9(1):12637.

© 2021 Hogrefe


http://dx.doi.org/
http://dx.doi.org/

M. T. Islam et al., Dietary supplements, vitamins and minerals against COVID-19 65

178.

179.

180.

181.

182.

183.

184.

186.

186.

187.

188.

189.

190.

191.

192.

193.

194.

196.

196.

Hentze MW, Muckenthaler MU, Galy B, Camaschella C. Two
to tango: regulation of Mammalian iron metabolism. Cell.
2010;142(1):24-38.

Tarifeno-Saldivia E, Aguilar A, Contreras D, Mercado L,
Morales-Lange B, Marquez K, et al. Iron overload is asso-
ciated with oxidative stress and nutritional immunity during
viral infection in fish. Front Immunol. 2018;9:1296.
Terpilowska S, Siwicki AK. Chromium(lll) and iron(lll) inhibits
replication of DNA and RNA viruses. Biometals. 2017;30
(4):565-74.

Guillin OM, Vindry C, Ohlmann T, Chavatte L. Selenium,
selenoproteins and viral infection. Nutrients. 2019;11(9).
Beck MA, Nelson HK, Shi Q, Van Dael P, Schiffrin EJ, Blum S,
et al. Selenium deficiency increases the pathology of an
influenza virus infection. FASEB J. 2001;15(8):1481-3.
Harthill M. Review: micronutrient selenium deficiency influ-
ences evolution of some viral infectious diseases. Biol Trace
Elem Res. 2011;143(3):1325-36.

Beck MA, Shi Q, Morris VC, Levander OA. Rapid genomic
evolution of a non-virulent coxsackievirus B3 in selenium-
deficient mice results in selection of identical virulent
isolates. Nat Med. 1995:1(5):433-6.

Ma X, Bi S, Wang Y, Chi X, Hu S. Combined adjuvant effect of
ginseng stem-leaf saponins and selenium on immune
responses to a live bivalent vaccine of Newcastle disease
virus and infectious bronchitis virus in chickens. Poult Sci.
2019;98(9):3548-56.

Quan FS, Rubino I, Lee SH, Koch B, Choi HJ. Universal and
reusable virus deactivation system for respiratory protec-
tion. Sci Rep. 2017;7:39956.

Robson B. Computers and viral diseases. Preliminary bioin-
formatics studies on the design of a synthetic vaccine and a
preventative peptidomimetic antagonist against the SARS-
CoV-2 (2019-nCoV, COVID-19) coronavirus. Comput Biol
Med. 2020;119:103670.

Robb NC, Taylor JM, Kent A, Pambos 0J, Gilboa B,
Evangelidou M, et al. Rapid functionalisation and detection
of viruses via a novel Ca(2+)-mediated virus-DNA interac-
tion. Sci Rep. 2019;9(1):16219.

Launer-Felty K, Wong CJ, Wahid AM, Conn GL, Cole JL.
Magnesium-dependent interaction of PKR with adenovirus
VAI. J Mol Biol. 2010;402(4):638-44.

Ravell J, Otim I, Nabalende H, Legason ID, Reynolds SJ,
Ogwang MD, et al. Plasma magnesium is inversely associated
with Epstein-Barr virus load in peripheral blood and Burkitt
lymphoma in Uganda. Cancer Epidemiol. 2018;52:70-4.
Sears JF, Repaske R, Khan AS. Improved Mg2+-based
reverse transcriptase assay for detection of primate retro-
viruses. J Clin Microbiol. 1999;37(6):1704-8.

Stauffer S, Feng Y, Nebioglu F, Heilig R, Picotti P, Helenius A.
Stepwise priming by acidic pH and a high K+ concentration
is required for efficient uncoating of influenza A virus cores
after penetration. J Virol. 2014;88(22):13029-46.

Punch EK, Hover S, Blest HTW, Fuller J, Hewson R, Fontana
J, et al. Potassium is a trigger for conformational change in
the fusion spike of an enveloped RNA virus. J Biol Chem.
2018;293(26):9937-44.

Dube M, Etienne L, Fels M, Kielian M. Calcium-dependent
rubella virus fusion occurs in early endosomes. J Virol.
2016;90(14):6303-13.

Calina D, Sarkar C, Arsene AL, Salehi B, Docea AO, Mondal M,
et al. Recent advances, approaches and challenges in
targeting pathways for potential COVID-19 vaccines devel-
opment. Immunol Res. 2020;1-10.

Kostoff RN, Kanduc D, Porter AL, Shoenfeld Y, Calina D,
Briggs MB, et al. Vaccine-and natural infection-induced

© 2021 Hogrefe

197.

198.

199.

200.

201.

202.

203.

204.

206.

206.

207.

208.

209.

210.

211.

212.

213.

mechanisms that could modulate vaccine safety. Toxicology
Reports. 2020.

Calina D, Hartung T, Docea AO, Spandidos DA, Egorov AM,
Shtilman MI, et al. COVID-19 vaccines: ethical framework
concerning human challenge studies. DARU. J Pharm Sci.
2020;1-6.

Green N, Miller T, Suskind D, Lee D. A review of dietary
therapy for IBD and a vision for the future. Nutrients.
2019;11(5).

Scoditti E, Massaro M, Garbarino S, Toraldo DM. Role of diet
in chronic obstructive pulmonary disease prevention and
treatment. Nutrients. 2019;11(6).

Sharifi-Rad M, Lankatillake C, Dias DA, Docea AO, Maho-
moodally MF, Lobine D, et al. Impact of natural compounds
on neurodegenerative disorders: from preclinical to phar-
macotherapeutics. J Clin Med. 2020;9(4):1061.

Salehi B, Sharopov F, Martorell M, Rajkovic J, Ademiluyi AO,
Sharifi-Rad M, et al. Phytochemicals in helicobacter pylori
infections: what are we doing now? Int J Mol Sci 2018;19(8).
Sharifi-Rad J, Sharifi-Rad M, Salehi B, Iriti M, Roointan A,
Mnayer D, et al. In vitro and in vivo assessment of free
radical scavenging and antioxidant activities of Veronica
persica Poir. Cell Mol Biol. 2018;64(8):57—-64.

Imran M, Salehi B, Sharifi-Rad J, Aslam Gondal T, Saeed F,
Imran A, et al. Kaempferol: a key emphasis to its anticancer
potential. Molecules. 2019;24(12).

Whyand T, Hurst JR, Beckles M, Caplin ME. Pollution and
respiratory disease: can diet or supplements help? A review.
Respir Res. 2018;19(1):79.

Zhai T, Li S, Hu W, Li D, Leng S. Potential micronutrients and
phytochemicals against the pathogenesis of chronic
obstructive pulmonary disease and lung cancer. Nutrients.
2018;10(7).

Carraro S, Scheltema N, Bont L, Baraldi E. Early-life origins
of chronic respiratory diseases: understanding and promot-
ing healthy ageing. Eur Respir J. 2014;44(6):1682-96.
Lopes RD, Macedo AVS, de Barros ESPGM, Moll-Bernardes
RJ, Feldman A, D’Andrea Saba Arruda G, et al. Continuing
versus suspending angiotensin-converting enzyme inhibitors
and angiotensin receptor blockers: Impact on adverse
outcomes in hospitalized patients with severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) — The BRACE
CORONA Trial. Am Heart J. 2020;226:49-59.

Kuster GM, Pfister O, Burkard T, Zhou Q, Twerenbold R, Haaf
P, et al. SARS-CoV2: should inhibitors of the renin-
angiotensin system be withdrawn in patients with COVID-
19? Eur Heart J 2020;41(19):1801-3.

Pena Silva RA, Chu Y, Miller JD, Mitchell IJ, Penninger JM,
Faraci FM, et al. Impact of ACE2 deficiency and oxidative
stress on cerebrovascular function with aging. Stroke.
2012;43(12):3358-63.

Jiang F, Yang J, Zhang Y, Dong M, Wang S, Zhang Q, et al.
Angiotensin-converting enzyme 2 and angiotensin 1-7:
novel therapeutic targets. Nat Rev Cardiol. 2014;11(7):413—
26.

Zhao S, Ghosh A, Lo CS, Chenier I, Scholey JW, Filep JG, et al.
Nrf2 deficiency upregulates intrarenal angiotensin-convert-
ing enzyme-2 and angiotensin 1-7 receptor expression and
attenuates hypertension and nephropathy in diabetic mice.
Endocrinology. 2018;159(2):836-52.

Fung TS, Huang M, Liu DX. Coronavirus-induced ER stress
response and its involvement in regulation of coronavirus-
host interactions. Virus Res. 2014;194:110-23.

Dodson M, de la Vega MR, Cholanians AB, Schmidlin CJ,
Chapman E, Zhang DD. Modulating NRF2 in disease: timing
is everything. Annu Rev Pharmacol Toxicol. 2019;569:555-75.

Int J Vitam Nutr Res (2022), 92 (1), 49-66



66

M. T. Islam et al., Dietary supplements, vitamins and minerals against COVID-19

214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

Huentelman MJ, Zubcevic J, Hernandez Prada JA, Xiao X,
Dimitrov DS, Raizada MK, et al. Structure-based discovery of
a novel angiotensin-converting enzyme 2 inhibitor. Hyper-
tension. 2004;44(6):903-6.

Han DP, Penn-Nicholson A, Cho MW. Identification of critical
determinants on ACE2 for SARS-CoV entry and development
of a potent entry inhibitor. Virology. 2006;350(1):15-25.

Ho TY, Wu SL, Chen JC, Li CC, Hsiang CY. Emodin blocks the
SARS coronavirus spike protein and angiotensin-converting
enzyme 2 interaction. Antiviral Res. 2007;74(2):92-101.
Kesic MJ, Simmons SO, Bauer R, Jaspers |. Nrf2 expression
modifies influenza A entry and replication in nasal epithelial
cells. Free Radic Biol Med. 2011:51(2):444-53.

Fang J, Yan Y, Teng X, Wen X, Li N, Peng S, et al. Melatonin
prevents senescence of canine adipose-derived mesenchy-
mal stem cells through activating NRF2 and inhibiting ER
stress. Aging (Albany NY). 2018;10(10):2954-72.

Poppe M, Wittig S, Jurida L, Bartkuhn M, Wilhelm J, Muller
H, et al. The NF-kappaB-dependent and -independent
transcriptome and chromatin landscapes of human coron-
avirus 229E-infected cells. PLoS Pathog. 2017;13(3):
e1006286.

Paizis G, Tikellis C, Cooper ME, Schembri JM, Lew RA, Smith
Al, et al. Chronic liver injury in rats and humans upregulates
the novel enzyme angiotensin converting enzyme 2. Gut.
2005;54(12):1790-6.

Herath CB, Warner FJ, Lubel JS, Dean RG, Jia Z, Lew RA,
et al. Upregulation of hepatic angiotensin-converting
enzyme 2 (ACE2) and angiotensin-(1-7) levels in experimen-
tal biliary fibrosis. J Hepatol. 2007;47(3):387-95.

Zhong JC, Yu XY, Lin QX, Li XH, Huang XZ, Xiao DZ, et al.
Enhanced angiotensin converting enzyme 2 regulates the
insulin/Akt signalling pathway by blockade of macrophage
migration inhibitory factor expression. Br J Pharmacol.
2008;153(1):66-74.

Epelman S, Shrestha K, Troughton RW, Francis GS, Sen S,
Klein AL, et al. Soluble angiotensin-converting enzyme 2 in
human heart failure: relation with myocardial function and
clinical outcomes. J Card Fail. 2009;15(7):565-71.

Shao Z, Shrestha K, Borowski AG, Kennedy DJ, Epelman S,
Thomas JD, et al. Increasing serum soluble angiotensin-
converting enzyme 2 activity after intensive medical therapy
is associated with better prognosis in acute decompensated
heart failure. J Card Fail. 2013;19(9):605-10.

Gutta S, Grobe N, Kumbaji M, Osman H, Saklayen M, Li G,
et al. Increased urinary angiotensin converting enzyme 2 and
neprilysin in patients with type 2 diabetes. Am J Physiol
Renal Physiol. 2018;315(2):F263—f74.

Int J Vitam Nutr Res (2022), 92 (1), 49-66

226.

227.

228.

229.

Jin HY, Chen LJ, Zhang ZZ, Xu YL, Song B, Xu R, et al.
Deletion of angiotensin-converting enzyme 2 exacerbates
renal inflammation and injury in apolipoprotein E-deficient
mice through modulation of the nephrin and TNF-alpha-
TNFRSF1A signaling. J Transl Med. 2015;13:255.

Patel VB, Zhong JC, Grant MB, Oudit GY. Role of the ACE2/
Angiotensin 1-7 Axis of the Renin-Angiotensin System in
Heart Failure. Circ Res. 2016;118(8):1313-26.

Hemnes AR, Rathinasabapathy A, Austin EA, Brittain EL,
Carrier EJ, Chen X, et al. A potential therapeutic role for
angiotensin-converting enzyme 2 in human pulmonary
arterial hypertension. Eur Respir J. 2018;51(6).

Tsatsakis A, Docea AO, Calina D, Tsarouhas K, Zamfira L-M,
Mitrut R, et al. A mechanistic and pathophysiological
approach for stroke associated with drugs of abuse. J Clin
Med. 2019;8(9):1295.

230. Matzinger M, Fischhuber K, Heiss EH. Activation of Nrf2
signaling by natural products-can it alleviate diabetes?
Biotechnol Adv 2018;36(6):1738-67.

History

Received August 13, 2020
Accepted December 15, 2020
Published online January 13, 2021

Acknowledgement
This work was supported by CONICYT PIA/APOYO CCTE
AFB170007.

Conflict of interest
The authors declare that there are no conflicts of interest.

Author contributions

All authors contributed equally to the manuscript. Conceptual-
ization DC, MTl and J S-R.; validation investigation — data curation
writing — all authors; review and editing AOD, M.M., DC, Z.R., BS,
and J S-R. All the authors read and approved the final manuscript.

ORCID
Javad Sharifi-Rad
https://orcid.org/0000-0002-7301-8151

Javad Sharifi-Rad

Shahid Beheshti University of Medical Sciences
Tehran, Iran

javad.sharifirad@gmail.com

© 2021 Hogrefe


https://orcid.org/0000-0002-7301-8151


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


