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Abstract: A trace element is a chemical element with a concentration (or other measures of an
amount) that is very low. The essential TEs, such as copper (Cu), selenium (Se), zinc (Zn), iron (Fe)
and the electrolyte magnesium (Mg) are among the most commonly studied micronutrients. Each
element has been shown to play a distinctive role in human health, and TEs, such as iron (Fe), zinc
(Zn) and copper (Cu), are among the essential elements required for the organisms” well-being as
they play crucial roles in several metabolic pathways where they act as enzyme co-factors, anti-
inflammatory and antioxidant agents. Epidemics of infectious diseases are becoming more frequent
and spread at a faster pace around the world, which has resulted in major impacts on the economy
and health systems. Different trace elements have been reported to have substantial roles in the
pathogenesis of viral infections. Micronutrients have been proposed in various studies as determi-
nants of liver disorders, COVID-19 and T2DM risks. This review article sheds light on the roles and
mechanisms of micronutrients in the pathogenesis and prevention of chronic hepatitis B, C and E,
as well as Coronavirus-19 infection and type-2 diabetes mellitus. An update on the status of the
aforementioned micronutrients in pre-clinical and clinical settings is also briefly summarized.

Keywords: trace elements; micronutrients; hepatitis; COVID-19; diabetes; zinc; copper; magnesium;
selenium; iron

1. Introduction

Trace elements (TEs), also known as trace metals, are chemical elements with a con-
centration (or other measures of an amount) that is very low [1]. TEs are constituents of
every living organism and despite being present in relatively small amounts, they play
vital roles in the growth, development as well as the general well-being of the body’s
organisms [2]. The immune system requires a high supply of certain TEs to accomplish
the essential functions needed in defence and surveillance [2-7]. Some vitamins and trace
elements (TEs) are reported to have key roles to cope with viral infections, such as chronic
hepatitis [2-7], and COVID-19 [8-10], in addition to metabolic disorders, such as type-2
diabetes mellitus (T2DM) [9,11,12].

The essential TEs, such as copper (Cu), selenium (Se), zinc (Zn) and iron (Fe), are
among the most commonly studied micronutrients [13]. While every element has its own
distinctive role in human health, TEs, such as iron (Fe), zinc (Zn) and copper (Cu), are
considered essential for the organisms’” well-being due to their involvement in several
metabolic pathways where they play roles as enzyme co-factors, anti-inflammatory and
antioxidant agents [14]. The homeostasis of essential trace elements is maintained by the
liver [15]. Therefore, an impaired liver function usually results in certain disturbances in
the TEs metabolism, which leads to initiating oxidative stress and consequently results in
inflammatory and/or fibrotic alterations in the liver [4].
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Hepatitis is a viral infection that is characterized by an inflammation in the liver.
Although this inflammation could develop concurrently or result from alcoholic and non-
alcoholic steatosis, it can also be caused solely by a viral infection [16]. Recently, the im-
paired metabolism of a number of trace elements has been shown to have a role in the
hepatitis virus infection process. Some trace elements, such as copper (Cu), zinc (Zn), se-
lenium (Se) and iron (Fe), were shown to play a direct role in the infection and the immune
rejection against hepatitis C virus (HCV) [17].

Studies have been recently conducted and indicated the benefits of using micronu-
trients as a natural approach to manage the infectious diseases that affect the respiratory
system [18-21]. Given the current COVID-19 pandemic, which has a high mortality rate,
particularly in critically ill patients [12], many studies have been conducted to distinguish
the different clinical symptoms; however, the data concerning its pathology as well as the
cellular responses to this virus are still limited [22].

Therefore, studies with different interventions have been recently conducted to man-
age COVID-19, which includes the studying and assessment of micronutrients and their
roles in this viral infection [23]. Dietary management was recently proposed as a strategy
that minimizes the potential risks of COVID-19 infection [24]. The adjuvant supply of cer-
tain important micronutrients that function as positive modulators in the immune system
was shown to provide a further support to this strategy, in which some vitamins, such as
vitamin A, B6, B12, C, D and E, as well as some essential trace elements, including zinc
(Zn), iron (Fe), selenium (Se) and copper (Cu), as well as electrolytes, such as magnesium
(Mg), are considered promising [25].

On the other hand, trace element imbalances may have a negative impact on biolog-
ical processes that are related to fatal diseases, such as type-2 diabetes mellitus (T2DM)
[26]. Studies have been performed to evaluate the relationship between the serum levels
of various trace elements and metabolic disorders, such as T2DM [2,23]. Many studies
have observed a direct association between a number of micronutrients and type-2 diabe-
tes mellitus.

Some micronutrients, such as chromium (Cr), magnesium (Mg), vanadium (V), zinc
(Zn), manganese (Mn), molybdenum (Mo) and selenium (Se), were shown to potentiate
the insulin action by reducing the levels of blood glucose [26,27]. A number of mecha-
nisms were proposed in regard of the potentiation of insulin by trace elements, and these
include activating insulin receptor sites, acting as cofactors for some enzyme involved in
the metabolism of glucose, increasing the sensitivity of insulin and exerting their antioxi-
dant effects to prevent tissue peroxidation [28].

The Diabetes Prevention Program (DPP) has shown that a change in lifestyle, (i.e.,
weight loss, weight maintenance and physical activity) can decrease the incidence of
T2DM by 58% [29]. However, implementing these interventions in the real life has been
shown to be problematic. Thus, it is urgently needed to discover other preventive inter-
ventions that can be provided as real-world solutions [30]. Advances in the techniques
used in molecular biology have opened the doors for researchers to provide further clari-
fication to the novel mechanisms of TEs that cause these metabolic abnormalities [27].

Despite the recent reviews that have assessed the underlying mechanisms of TEs in
the prevention and/or development of metabolic abnormalities, clinical studies and labor-
atory analyses are still few, and the database available is limited [13]. Table 1 provides a
summary of the pathogenic pathways and roles of a number of micronutrients in the pre-
vention and/or treatment of chronic hepatitis, COVID-19 and T2DM [28-59]. This review
article assesses the roles and the importance of a number of micronutrients in chronic
hepatitis, COVID-19 and T2DM, while giving a brief summary on the therapeutic and
preventive mechanisms as well as the current status of zinc (Zn), selenium (Se), copper
(Cu), iron (Fe) and magnesium (Mg) in preclinical and clinical settings.
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Table 1. Pathogenic pathways and roles of a number of micronutrients in the prevention and/or treatment of chronic hepatitis, COVID-19 and type-2 diabetes
mellitus.

Chronic Hepatitis

Zinc (Zn)

. The two human zinc finger antiviral protein (hZAP) isoforms (i.e., h-ZAP S; h-ZAP L) inhibited the replication of HBV in human hepatocyte-
derived cells[31].

. Knock-down of the expression of ZAP increased the HBV RNA levels and caused a partial attenuation of the antiviral effect stimulated by IPS-1
in the cell cultures used [32].

o Zinc (Zn) serum levels were shown to rise significantly upon viral eradication using interferon (IFN)-based regimens or direct-acting anti-viral
(DAA) therapy [33].

o Zinc (Zn) treatment was shown to significantly inhibit the replication of the virus in the human hepatoma cell culture of genotype-1 and geno-
type-3 HEV by inhibiting the RNA-dependent RNA polymerase (RdRp) viral activity in vitro [7].

3 A decline in the serum levels of zinc following an IFN-«a treatment resulted in an increase in the baseline zinc (Zn) levels, causing a stimulation of
the metallothionein (MT) expression and the anti-viral activity [34].

Selenium (Se)

o CHC infection reduced the serum levels of selenium (Se) and the activity of glutathion peroxidase (GPx) [35,36].

o An enhancement in the progression of chronic HBV infection was related to the high iron (Fe) serum levels [37].

o The levels of serum iron (Fe) and serum ferritin were increased in patients with chronic hepatitis B (CHB) [38].

o Some inflammatory factors, such as liver injury, micro ribonucleic acid -122, viral activity, ROS, IL-6 could result in an iron (Fe) overload in pa-
Iron (Fe) . .

tients with CHB [39].

o The replication of HCV was shown to enhance in iron (Fe) overloaded macrophages as compared to the iron (Fe) physiological level due to the

high oxidative stress in the macrophages and the impairment in the immune function [40].

o Acute HCV infection increased serum copper (Cu) as it binds to MTs (Cu-MTs), hence leading to hepatic copper overload [6].

. HCV-mediated inhibition of the secretion of bile acid may cause a retention of the biliary copper(Cu) [41].

Copper (Cu) . Over-supplementation of zinc (Zn) could result in a copper (Cu) deficiency due to the inhibition of the copper absorption in the gut [4].
. Cuprous oxide nanoparticles (CO-NPs) inhibit the HCV cell cultures infectivity at a non-cytotoxic concentration [5].
COVID-19

o Zinc (Zn) inhibits replicase polyproteins proteolytic processing and inhibits the activity of RNA-dependent RNA polymerase (RdRp) [42].
Zinc (Zn) o Giving a high-dose intravenous zinc (HDIVZn) provides a protection to various body organs, such as the heart, liver and kidneys against the

hypoxic damage [43].

. The combination of zinc (Zn) with ionophore have a synergistic action, which could be powerful for elderly patients with COVID-19 [44].

. The provinces that have high concentrations of selenium (Se) in the soils showed lower fatality from COVID-19 as compared to other areas with

Selenium (Se)

selenium (Se) deficient soils [45].
. Selenium (Se) deficiency in patients with COVID-19 was shown to be related to mutations, replication, as well as virulence of RNA viruses [46].
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Low selenium (Se) levels were noticed widely in patients with a higher risk of developing a severe COVID-19 infection and, in particular in senior

individuals [47].

Severe selenium (Se) deficiency is associated with poor survival rates in COVID-19 [48].

Copper (Cu)

Zinc (Zn)

Serum levels of copper (Cu) were shown to increase in pregnant women with COVID-19 particularly in the first and the third trimesters [49].
Copper (Cu) serum levels are generally increased in patients with severe COVID-19 infection [20].

A decrease in copper (Cu) concentrations was seen at ICU admission [50].

Copper (Cu) supplementation has an important role in regulating IL-2 and plays an important role in managing the immune dysregulation in

critically ill COVID-19 patients [51].

Type-2 Diabetes Mellitus (T2DM)
Zinc (Zn) has a distinctive role in the regulation of glycemic control due to its antioxidant characteristics.
Zinc (Zn) stimulates glycolysis, decreases gluconeogenesis and inhibits the activity of alpha-glucosidase in the intestine [30].
Higher serum levels of zinc (Zn) are associated with an increased T2DM risk [52].
Higher serum levels of zinc (Zn) are associated with a decreased insulin resistance [53].
Pancreatic 3 cells have a high concentration of zinc (Zn) when compared to other cells types [54].
A negative correlation between plasma concentrations of zinc (Zn) and the onset of diabetes was reported [55].
Over-supplementation of zinc (Zn) may increase the levels of HbAlc and blood pressure [55].

Selenium (Se)

Selenium (as selenate) has anti-diabetic, as well as insulin-mimetic properties, at high doses [56].
Higher plasma concentration of selenium (Se) was associated with a higher T2DM occurrence [57].

Magnesium (Mg)

Magnesium (Mg) deficiency has been frequently reported in obese subjects and is observed in diabetic patients or in those with metabolic syn-

dromes [58].

Magnesium (Mg) deficiency increases the risk for T2DM [59].
T2DM is characterized with an altered homeostasis of magnesium (Mg) [60].
A high prevalence of hypomagnesemia in type-2 diabetic subjects was detected [61].
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2. Roles and Mechanisms of Trace Elements in Viral Infections

The epidemics of infectious diseases are becoming more frequent and spreading at a
faster pace around the world, which results in major impacts on the economy and health
systems [62]. Different trace elements were reported to have different roles in the patho-
genesis of viral infections, including the viruses’ survival, the attachment to their host as
well as the characterization of the viral infections that occur as a result of deregulating
metal homeostasis in the course of infection [9]. For instance, many studies have revealed
that zinc (Zn),[8] copper (Cu) [10], and iron (Fe) [63], are some of the metals that com-
monly bind to the proteins that were shown to have an association in the occurrence of
viral infections [21]. Therefore, this section highlights the biochemical mechanisms and
roles by which these trace elements act in the immune system against chronic hepatitis
and COVID-19 viral infections in particular.

2.1. Roles and Mechanism of Trace Elements in Chronic Hepatitis

Itis believed that the replication of the virus is considered as the driving force in viral
infections that cause liver damage [64]. International guidelines have shown that the pri-
mary therapeutic goal in the treatment of chronic Hepatitis B virus (HBV) is to perma-
nently suppress the replication of the virus [65]. Some publications have reported that
serum concentration of trace elements, such as zinc (Zn), selenium (Se), copper (Cu) and
iron (Fe), showed a high sensitivity for assessing hepatic disorders [66]. In addition, stud-
ies have shown that these aforementioned trace elements play key roles in liver diseases
and more specifically degenerative liver disorders [67].

Although the plasma concentrations of these trace elements were shown to change
during the majority of infections, it is still unclear whether the infected tissues (i.e., the
liver) experience the same alteration [65]. It is believed that the activity of HBV is altered
by the change of the serum levels of these major trace elements [19]. However, the varia-
tion of plasma levels of trace elements in viral infections and their effect on creating a
tissue injury is still unknown [3].

The mechanisms by which viral infections cause liver damage are presented through
extensive inflammation and oxidative stress, which result from producing excessive reac-
tive oxygen species (ROS) [68]. This section highlights a number of studies that addressed
the relationship between the development of chronic hepatitis and the effects that some
trace elements, such as zinc (Zn), selenium (Se), iron (Fe) and copper (Cu), may have in
the different types of hepatitis viral infection.

2.1.1. Zinc (Zn)

Zinc (Zn) is an essential trace element that was reported to increase the susceptibility
of developing many diseases due to its involvement in various metabolic processes that
have a vital role in the immune system [69]. Liver is the organ that has the main responsi-
bility of metabolizing zinc (Zn) [7]. Studies have shown that the levels of serum zinc (Zn)
are often lowered in patients who have chronic liver diseases [70]. Other studies have
shown that zinc (Zn) deficiency altered the functions of hepatocytes as well as the immune
responses in some inflammatory liver diseases [71], which as a consequence, initiated
some metabolic abnormalities that include insulin resistance [72], iron (Fe) overload [11],
hepatic steatosis [73], and hepatic encephalopathy in patients suffering from a chronic
liver disease [74].

On the other hand, data collected on the zinc (Zn) supplementation effect were con-
flicting [69], and even though the use of zinc (Zn) supplementation has been shown to
help in alleviating some of the symptoms detected in chronic liver diseases, in addition to
the positive effects it had on metabolic abnormalities as reported in some experimental
models, there is still no strong evidence confirming the beneficial effects of using zinc (Zn)
supplementation for patients with liver cirrhosis [75].
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Previous studies have suggested that the antiviral state that activates the innate im-
mune response involved the down-regulation of HBV mRNA [43,44,76]. In a study, it was
demonstrated that the two human zinc finger antiviral protein (hZAP) isoforms (i.e., h-
ZAP S and h-ZAP L) inhibited the replication of HBV in human hepatocyte-derived cells
via the viral pgRNA posttranscriptional down-regulation [77]. In a mechanistic manner,
the zinc finger motif-containing N-terminus of hZAP has the responsibility of reducing
HBV RNA, as well as altering the four zinc finger motifs’ integrity in order to facilitate the
binding of ZAP to HBV RNA and therefore fulfil the expected antiviral function [78].

The results of a similar study demonstrated that an upregulation of ZAP in cultured
primary human hepatocytes as well as hepatocyte-derived cells was detected as a result
of either IFN-a treatment or the activation of IPS-1. Knock-down of the expression of ZAP
was shown to increase the HBV RNA levels and cause a partial attenuation of the antiviral
effect stimulated by IPS-1 in the cell cultures used [31]. Consequently, ZAP was demon-
strated as an intrinsic host antiviral factor that is active against HBV and plays a major
role in the HBV replication innate control [79].

Another study has focused on analysing the roles and mechanisms of zinc (Zn) in the
pathogenesis of hepatitis C virus (HCV) and have reported that the oxidative stress causes
a disruption in zinc (Zn) homeostasis, in particular, in the signalling molecule and sec-
ondary messenger through the redox process, resulting in HCV-mediated mitochondrial
dysfunction [80]. It is worth mentioning that, upon viral eradication using interferon
(IFN)-based regimens or direct-acting anti-viral (DAA) therapy, zinc (Zn) serum levels
were shown to rise significantly, which reflects the hepatic inflammation’s resolution as
well as an improvement in the gut absorption [33].

Similarly, it was demonstrated in another study that a larger decline in the serum
levels of zinc (Zn) following an IFN-a treatment resulted in an increase in the baseline
zinc (Zn) levels, which in such conditions, zinc (Zn) was shown to mainly localize in the
liver, causing a stimulation of the metallothionein (MT) expression and the anti-viral ac-
tivity. The roles of serum zinc (Zn) and methallothionein in acute versus chronic hepatitis
C virus (HCV) [4], are shown in Figure 1.

Serum Serum

| IFNL genotype

Zinc ‘ Zinc . dependent

IL-6

INF

MT upregulation
Antiviral antioxidant

Persistent
inflammation

J

MTs _ MTs
Acute Hepatitis C Virus Chronic Hepatitis C Virus

Figure 1. Roles of serum zinc and methallothionein in acute versus chronic hepatitis C virus (HCV).

IFN-L3 is a proinflammatory cytokine, which has shown a potent antiviral activity
against both acute and chronic infections [81]. In a recent study, zinc (Zn) was found to
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cause an inhibition of the IFN-L3 binding to its receptor (IFNLR1). The results demon-
strated that zinc (Zn) enhanced the replication of both HCV as well as HIN1 (human in-
fluenza) in mammalian cells by causing an inhibition of the IFN-L3 function.[82] Reduced
plasma zinc (Zn) levels and a reduction in the hepatic metallothionein (MT) expression
were both detected in chronic HCV infection.[34]

Therefore, studies have suggested that the mediated modulation of zinc (Zn) in the
IFN-1 signalling pathway, has been shown to play a significant role in the determination
of disease outcome in patients with HCV.[82,83] A study that was conducted recently has
analysed the antiviral action of zinc (Zn) in patients with hepatitis E virus (HEV) infection.
In this study, zinc (Zn) treatment was shown to significantly inhibit the replication of the
virus in the human hepatoma cell culture of genotype-1 and genotype-3 HEV. The results
demonstrated that adding zinc (Zn) has inhibited the RNA-dependent RNA polymerase
(RdRp) viral activity in vitro.[7] However, these observed data of the antiviral effect of
zinc (Zn) could be related to direct and indirect actions of this trace element on multiple
virus or host targets or processes.[83]

2.1.2. Selenium (Se)

Selenium (Se) has been studied for its involvement in the liver pathology and studies
have reported that a deficiency in the serum levels of selenium (Se) was shown to induce
a systematic redox imbalance as well as an inflammation in the blood.[84] Several seleno-
proteins including thioredoxin reductases (TXNRD), selenoproteins P (SELENOP), SELE-
NOS and SELENOK and glutathione peroxidases 1 (GPX1) were studied and the results
demonstrated that selenocysteines have a unique chemical reactivity and the ability to
repair and mitigate liver damage caused by reactive oxygen species (ROS).[85]

Recently, an epidemiological study was conducted to assess the relationship between
the serum levels of selenium (Se) and the risk of developing chronic liver diseases. This
study reported that selenium (Se) serum levels are decreased when Se is at the optimal
level in patients with hepatitis, cirrhosis and liver cancer as compared to healthy individ-
uals.[86] However, these results were not shown to be consistent and the relationship in
chronic liver diseases with different severities was controversial.[87]

Furthermore, studies reported that a maintenance of an adequate amount of sele-
nium (Se) in the body or the use of selenium (Se) supplementation in the case of selenium
(Se) deficiency could have beneficial effects on patients who have chronic liver diseases,
when compared with the controls in the same region.[68,88] In the case of CHC, the effect
of selenium (Se) deficiency remains unclear. CHC infection has been reported in some
studies to cause a reduction in the serum levels of selenium (Se), which have also been
shown to decrease even more after the development of HCV-related cirrhosis.[35] These
data were further supported by other studies, which have reported a decline in serum
levels of selenium (Se) in proportion to the hepatic fibrosis degree.[89]

In addition, the activity of glutathion peroxidase (GPx) was shown to reduce along
with the serum levels of selenium (Se) in patients with CHC, which uncovered a possible
mechanism for stimulating oxidative stress by CHC due to the deficient selenium (Se)
levels.[36] However, the reduction of serum selenium levels in CHC patients was shown
to be insignificant, which suggested that the alcohol consumption is the major variable
affecting selenium (Se) levels.[4] HCV was reported in an in vitro study to inhibit gastro-
intestinal-GPx expression, which resulted in an increase in the replication of the virus.[90]

In addition, low serum selenium (Se) levels that were reported in CHC patients were
shown to have a positive association with the lowered GPx activity; however, this obser-
vation has not been detected in HCV genotype or HCV-RNA load.[91] While these data
do not give a direct indication that HCV results in a decreased selenium (Se) level, they
still are raising the possibility to replace selenium (Se) as a therapeutic supplement in or-
der to boost anti-oxidant as well as antiviral activities.[4] The role of dietary selenium (Se)
in viral infections,[92] is represented in Figure 2.
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Figure 2. The role of dietary selenium (Se) in viral infections.

2.1.3. Iron (Fe)

An enhancement in the progression of chronic HBV infection along with the patient’s
poor prognosis were related to the high iron (Fe) serum levels.[37] In a study that was
conducted in 2018, Gao et al. found that the levels of serum iron (Fe) and serum ferritin
were increased in patients with chronic hepatitis B (CHB). It was observed in the same
study that the levels of serum transferrin and the total binding capacity decreased while
the transferrin saturation increased.[38] Other studies suggested that some inflammatory
factors, such as liver injury, micro ribonucleic acid —122, viral activity, ROS, IL-6 as well
as other factors could result in an iron (Fe) overload in patients with CHB.[39]

In the case of chronic hepatitis C (CHC), iron (Fe) liver deposits were detected in 7—
61% of patients depending on the severity of the disease.[93] Recent studies have sug-
gested that elevated levels of iron (Fe) in the liver play a critical role in the liver disease
progression as well as increasing the risk for developing liver cancer.[94] Moreover, other
studies have concluded that giving iron (Fe) supplementation in the case of haemodialysis
for patients who have hepatitis C virus (HCV) infection resulted in a significant increase
in the levels of transaminase after only three months of therapy.[4]

Mesenchymal hepatic iron (Fe) overload in patients with HCV infection was reported
to result from the hepatocyte necrosis, which leads to releasing the ferritin and iron (Fe)
uptake of both macrophages and Kupffer cells.[95] This was suggested to have a contri-
bution to the release of the cytokine, which triggers liver inflammation and fibrosis.[94]
Other studies have focused on the role of the hemochromatosis gene (HFE) on the cellular
level and have concluded that it promotes iron (Fe) overload in patients with HCV infec-
tion.[96]

Further studies have concluded that homozygous and heterozygous mutations in
HFE C282Y have led to hepatic iron (Fe) overload, which promoted steatosis and fibrosis
in the liver of patients with HCV infection.[97] Nonetheless, the beneficial roles of iron
(Fe) on the translation of HCV in diverse HCV genotypes have been reported in recent
studies; however, it is still unclear whether iron (Fe) suppresses or promotes the replica-
tion of HCV.[39] It has been clarified in other recent discussions whether iron (Fe) pro-
motes the replication of HCV in liver cells,[98] and recent studies have reported that the
replication of HCV has been shown to enhance in iron (Fe) overloaded macrophages as
compared to the iron (Fe) physiological level.
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The results suggested that the reasons behind this might be due to the high oxidative
stress in the macrophages as well as the impairment in the immune function [40]. In a
study that was conducted by Fujita et al., it was reported that the hepcidin-to-ferritin ratio
showed a significant decrease in patients with HCV when compared to controls or HBV
patients [99]. In vitro, conflicting results have been generated concerning the antiviral role
of iron (Fe). In addition, the use of human hepatocyte cell lines has revealed that iron (Fe)
could either cause an enhancement or an inhibition of the HCV replication [99,100]. The
mechanism of action and expression of hepcidin is illustrated in Figure 3.

Iron status Inflammation

BMPS l \ 16
Erythropoiesis
HFE TFR2

IL-6R yd

BMPR

PSMAD1/5/3 ENTEROCYTE

FEN

Fa™

Figure 3. The mechanism of action and expression of hepcidin.

2.1.4. Copper (Cu)

The role that copper (Cu) plays in liver disorders can be recognized in Wilson’s dis-
ease, due to the tendency for copper (Cu) to accumulate, hence leading to the generation
of cellular reactive oxygen species [101,102]. In mammalian cells, ceruloplasmin, cyto-
chrome-c oxidase, hephaestin and copper-zinc superoxide dismutase are cuproenzymes
that depend on the availability of copper (Cu) to function properly and to be metabolized
[103]. A deficiency in the serum levels of copper (Cu) results in an iron (Fe) overload,
cytopenia, tissue fibrosis and an increase in the susceptibility to various infections
[102,103].

Acute HCV infection was shown to increase serum copper (Cu), which is then exac-
erbated in patients with CHC and fibrotic liver disease [6]. Hepatic copper (Cu) levels
were shown to increase in patients with CHC, as it binds to MTs (Cu-MTs), hence, leading
to hepatic copper (Cu) overload [4]. Cu-MTs were shown to cause a stimulation of the
hydroxyl radical generation in rat models, which results in liver damage and, in some
cases, fibrosis. As copper (Cu) can be solely excreted in the bile, HCV-mediated inhibition
of the secretion of bile acid may cause a retention of the biliary copper (Cu) [38,104].

Remarkably, the metabolism of copper (Cu) and zinc (Zn) has been shown to take
place in the liver. Studies have reported that over-supplementation of zinc (Zn) could re-
sult in a copper (Cu) deficiency due to the inhibition of the copper (Cu) absorption in the
gut [4]. Excess amounts of copper (Cu) upon inflammation increases oxidative stress, and
a high Cu/Zn ratio was observed in chronic inflammatory diseases, infections, as well as
malnutrition [105]. It can be concluded that copper (Cu) in its different forms can show
antiviral properties [106].
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Particularly, cuprous oxide nanoparticles (CO-NPs) [106,107], have been shown to
cause an inhibition of the HCV cell cultures infectivity at a non-cytotoxic concentration
[108,109].

2.2. The Roles and Mechanism of Trace Elements in Covid-19

Drugs repurposing strategy has been shown to have a positive impact on the immune
response and it is now widely applied in the COVID-19 pandemic [110]. The adjuvant
supply of some important micronutrients that function as positive modulators in the im-
mune system were shown to provide a further support to this strategy, in which some
vitamins, such as vitamin A, B6, B12, C, D and E, as well as some essential trace elements,
including zinc (Zn), iron (Fe), selenium (Se) and copper (Cu), were considered promising
[25]. However, currently, the database is still very limited, and it is not yet confirmed
whether some trace elements or vitamins are certainly deficient in COVID-19 patients and
whether their serum concentrations are linked to the severity of the disease or to the mor-
tality risk [48].

2.2.1. Zinc (Zn)

As mentioned previously, zinc (Zn) has a role in the modulation of antiviral immun-
ity, which affects the inflammatory response in both humans and animals. Information
provided by the current clinical studies has shown that modulating Zn status may be cru-
cial to patients with COVID-19 [47]. In coronavirus, zinc (Zn) was shown to inhibit repli-
case polyproteins proteolytic processing along with inhibiting the activity of RNA-de-
pendent RNA polymerase (RdRp) [42].

A study reported that giving a high-dose intravenous zinc (HDIVZn) can provide
protection to various body organs, such as the heart, liver and kidneys against hypoxic
damage [43]. It was observed that elderly people are the most vulnerable group to develop
severe COVID-19. Among the factors that have been considered is the weakening of the
immune system that is related to the old age, which results in a low serum levels of zinc
(Zn). In a recent study that was conducted on 3473 patients who have admitted to hospital
with a highly severe COVID-19, confirmed that administering zinc (Zn) has a relevant role
[111].

Moreover, the same study reported that the patients who were given Zn/ionophore
therapy showed a 24% reduced risk of in-hospital mortality, where 17% of those patients
who received Zn/ionophore survived while 12% died. Remarkably, the same study re-
ported that patients who were given zinc (Zn) only or the ionophore alone have not shown
significant improvement, which suggested that the combination of zinc (Zn) with iono-
phore have a synergistic action, which could be powerful for elderly patients with
COVID-19 [5,41].

2.2.2. Selenium (Se)

In a recent study that was conducted at the Surrey University, China, a statistically
strong correlation was observed between the serum concentration of selenium (Se) and
the percentages of recovery and fatality in patients with COVID-19. The results demon-
strated that the provinces that have high concentrations of selenium (Se) in the soils re-
ported a lower fatality rate from COVID-19 compared to other areas that have selenium
(Se)-deficient soils [45].

Selenium (Se) deficiency in patients with COVID-19 was shown to be related to mu-
tations, replication, as well as virulence of RNA viruses. Therefore, selenium (Se) was
shown to be helpful to recover the host’s antioxidant ability, decrease in the endothelio-
cytes apoptosis and damage, as well as a decrease in the thrombocytes aggregation [46].
Furthermore, low selenium (Se) levels were noticed widely in patients with a higher risk
of developing a severe COVID-19 infection and, in particular, in senior individuals [47].
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Studies have reported that the immune system relies on a number of selenoproteins
that contain selenocysteine in the active site and known to be dependent for a full expres-
sion and enzymatic activity on the abundant supply of selenium (Se). Thus, selenium (Se)
deficiency is considered a risk factor for viral infections [112]. It is worth mentioning that
the cure rate from COVID-19 has been recently linked to the basal selenium (Se) status in
studies that have been conducted in different areas of China [45]. Together, the available
published studies have shown a support to the conception that selenium (Se) may be rel-
evant to SARS-CoV-2 infection and COVID-19 disease course [113]. However, current
data on the status of selenium (Se) in individual patients who experience severe COVID-
19 symptoms are missing. Thus, it is hypothesized that a severe selenium (Se) deficiency
is associated with poor survival rates in COVID-19 [48].

2.2.3. Copper (Cu)

Copper (Cu) plays an important role in the regular immune response. A number of
cupro-enzymes were reported to have a direct effect on the general body’s developmental,
metabolic and adaptive pathways [14,112]. Years after the first viral pandemic, scientists
have estimated the detailed role of copper (Cu) in deactivating various viruses, including
coronavirus 229E and COVID-19. William Keevil and his team recently applied copper
(Cu) to fight coronavirus, where they have added copper (Cu) elements in a wide range
of public places.

COVID-19 was shown to be deactivated by copper (Cu) ions that were applied to the
surfaces within few hours only. The mechanism by which these ions deactivated the virus
was due to the copper (Cu) ions attacking the virus’s lipid membrane, invading it and,
hence destroying its nucleic acids [47]. The antiviral characteristics of copper (Cu) include
inactivating the single or double-stranded DNA or RNA viruses, blocking papain-like
protease 2, which is crucial for the replication of SARS-CoV-1 and destroying the viral
genomes [51].

There are limited clinical data on the serum levels of copper (Cu) in COVID-19 pa-
tients. Some clinical studies have focused on pregnant women with COVID-19 and have
observed a trimester-dependent increase in serum levels of copper (Cu), with only small
deviations as compared to healthy control pregnancies. Remarkably, serum levels of cop-
per (Cu) were shown to increase in pregnant women with COVID-19 particularly in the
first and the third trimesters; however, serum levels of copper (Cu) have not been shown
to increase in the second trimester [49].

Another recent study that was conducted in Wuhan, China indicated that copper
(Cu) serum levels are generally increased in patients with severe COVID-19 infection, and
no difference was observed in full blood copper (Cu) as compared to survivors and non-
survivors. However, the difference in the serum concentrations of copper (Cu) related to
the severity of COVID-19 was small [20]. Recently, it was reported that an increased oxi-
dative stress and an elevation in the lipid peroxide levels were detected in patients with
COVID-19 who also experience severe pneumonia and presented with a particular in-
crease in the copper-to-zinc ratio and a drop in the levels of circulating antioxidants, such
as vitamin C, selenium (Se), thiol proteins and glutathione [18]. In a study that was con-
ducted by Lee et al., an assessment of the serum concentrations of a number of trace ele-
ments along with an evaluation of their clinical significance in a number of critically ill
patients was conducted.

A decrease in copper (Cu) concentrations was seen at ICU admission. An increase in
copper (Cu) levels with its substitution for the duration of the ICU stay was associated
with a significant decrease in mortality as compared to lower concentration of copper (Cu)
(5.6 vs. 50.0%, p ¥4 0.013) [50]. Other studies have reported that copper (Cu) supplemen-
tation has an important role in regulating IL-2, which has a critical role in the proliferation
of T helper cell, the Th1l and Th2 cells balance and, the cytotoxicity of natural killer (NK)
cell, which altogether have important roles in managing the immune dysregulation in
critically ill COVID-19 patients [51].
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A closer understanding of the signalling of copper (Cu), its vulnerability, assessment
and interpretation methods, rout of administration as well as dosages are all needed to be
taken into consideration regarding the therapeutic administration of copper (Cu) as part
of treating critically ill COVID-19 patients. Increased attention has to be given to avoid
copper (Cu) toxic limits and further work is still required to estimate the adverse effects
of different copper (Cu) doses [114,115].

2.2.4. Iron (Fe)

Iron (Fe) is an essential trace element that was proven to play vital roles in both eu-
karyotic and prokaryotic cells [116]. Several studies were conducted to assess the regula-
tion of iron (Fe) in the defence mechanism of host cells, where they demonstrated that a
decrease in the levels of iron (Fe) will lead to resistance against viral infections [117],
whereas an increased level of iron (Fe) was shown to expand the virus population [118].
Recently, many studies have been conducted to analyse the status of iron in COVID-19
prognosis. In a study, it was found that the serum levels of iron (Fe) have decreased in
confirmed SARS patients [119].

Other studies on COVID-19 have revealed that a decreased level of serum iron (Fe)
was considered an independent risk factor for developing severe hypoxemic respiratory
failure and further death in patients who had COVID-19 [120]. Moreover, an increased
level of serum ferritin was found to be related to poor outcomes in COVID-19 patients
[121]. A number of studies have recently demonstrated that the levels of serum ferritin in
COVID-19 non-survivors have exceeded the serum ferritin levels in the survivors by two-
folds.

However, it is still unclear whether hyper-ferritinemia in COVID-19 patients is a sys-
temic marker or a modulator in disease pathogenesis. Increasing evidence has shown that
oxidative stress, inflammatory conditions as well as changes in the iron (Fe) homeostasis
are linked at a systemic level [122,123]. Iron (Fe) deficiency has been shown to be associ-
ated with weakened skeletal muscles and may cause a reduction in the respiratory capac-
ity. As a result, this may worsen the COVID-19 patient’s condition and hence leads to
death [124].

In a recent study that was conducted in Turkey to determine vitamin B12, vitamin D,
folate and iron (Fe) levels in patients with COVID-19, it was reported that the serum levels
of iron (Fe) were low. The results have also shown that that a deficiency in the serum
levels of iron (Fe), vitamin D and folate and excess levels of vitamin B12, were correlated
with ICU hospitalization, intubation and death [125]. Nevertheless, iron (Fe) supplemen-
tation was shown to enhance the immunity; however, it was also reported that iron can
exacerbate the infection [126].

Studies that analysed SARS-CoV-1 and MERS-CoV have suggested that iron (Fe)
plays a vital role in the replication of the virus [63]. In a study that was conducted by
Augustine et al,, it was found that oral iron (Fe) supplementation given to a patient who
has an inflammatory condition might lead to oxidative stress and hence adverse gut mi-
crobiome [127]. This has raised the concerns regarding whether iron (Fe) supplementation
programs are safe and effective during COVID-19 pandemic [128].

Kell et al. recently suggested that a lactoferrin supplementation could enhance the
immunity, reduce inflammation and modulate the production of cytokine and ROS,
which all result in a reduction in the iron (Fe) overload, due to the immunomodulatory
and anti-inflammatory effects of lactoferrin and its ability to bind to different receptors
especially the ones targeted by coronaviruses, hence, blocking their entry into the host cell
[129].

3. Roles and Mechanism of Micronutrients in Diabetes Mellitus

Type-2 Diabetes Mellitus (T2DM) is affected by a mixture of both internal and exter-
nal risk factors. Most studies have focused on studying the status of macronutrients as a
strategy for preventing T2DM. On the other hand, micronutrients and, in particular, some
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trace elements (TEs) were proposed in various studies as determinants of T2DM risk [130].
Particularly, the imbalanced levels of chromium (Cr), zinc (Zn), vanadium (V), copper
(Cu), selenium (Se) and iron (Fe) seem to have a role in the development and progression
of T2DM [26].

Recent studies have reported that the overload or deficiency of trace elements could
be related to oxidative stress, which is associated with insulin resistance and hence diabe-
tes [131]. Additionally, chromium, zinc, copper, iron and selenium have been observed in
many studies to have an antioxidant effect and might lead to an enhancement in the insu-
lin action by activating insulin receptor sites or increasing insulin sensitivity [26]. In this
section, the roles and mechanisms of two trace elements, zinc (Zn) and selenium (Se) and
the electrolyte magnesium (Mg) are discussed.

3.1. Zinc (Zn)

Zinc (Zn) has been reported in many studies to have a distinctive role in the regula-
tion of glycaemic control due to its antioxidant characteristics. The mechanisms by which
zinc (Zn) achieves this action are the stimulation of glycolysis, decreasing gluconeogenesis
and the inhibition of the activity of alpha-glucosidase in the intestine [30]. Studies that
used animal models to analyse and evaluate the role of zinc (Zn) in diabetes progression
have revealed that zinc (Zn) has shown a consistent role in the insulin secretion while
improving the sensitivity of insulin [132]. Other studies have also reported the roles that
zinc (Zn) plays to regulate the hepatic insulin clearance [133].

However, clinical studies have shown inconsistent results [134]. A study that was
conducted on Finnish men reported higher serum levels of zinc (Zn) to be associated with
an increased T2DM risk [52]. However, another study that was conducted on older predi-
abetic Australian men reported higher serum levels of zinc (Zn) to be associated with a
decreased insulin resistance [53]. Other randomized controlled studies have revealed
some beneficial effects of zinc (Zn) supplementation given to diabetic patients for glyce-
mic control [30].

Pancreatic 3 cells were shown to have a high concentration of zinc (Zn) when com-
pared to other cells types. Particularly, insulin secretory granules were shown to contain
the highest amount of zinc (Zn) within the pancreatic § cells [54]. In T2DM, due to the
antioxidative role of zinc (Zn), studies have shown that lacking zinc (Zn) could lead to the
damage of pancreatic {3 cells following oxidative stress. In a prospective cohort study that
was recently conducted in the United States, 82,000 women were analysed, and results
have revealed that low zinc (Zn) intake have resulted in a 17% increase in the risk of de-
veloping diabetes when compared to other women who took sufficient amounts of zinc
(Zn) [135]. In a recent study that was conducted in China, a negative correlation between
plasma concentrations of zinc (Zn) and the onset of diabetes was reported [55]. Although
these data have suggested that providing zinc (Zn) supplementation will prevent the glu-
cose homeostasis disruption in zinc-deficient patients, further studies should be con-
ducted for clarifying the role that zinc (Zn) supplementation play to prevent the onset of
diabetes. On the other hand, it is worth mentioning that over-supplementation of zinc
(Zn) may lead to deleterious effects, due to the unfavourable increase in the levels of
HbA1c and high blood pressure [54].

3.2. Selenium (Se)

As mentioned in previous section, selenoproteins have antioxidant and anti-inflam-
matory properties [136], which suggests the beneficial effects of selenium (Se) for patients
with T2DM as it is characterized by oxidative stress. Selenium (as selenate) was shown to
have anti-diabetic, as well as insulin-mimetic properties, at high doses [56]. However, the
observational epidemiological studies have shown that higher plasma concentration of
selenium (Se) was associated with a higher T2DM occurrence [57], which leaves the role
of selenium (Se) in diabetes a matter of discussion [59,122-124].
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Many studies have conducted different assessments to figure out the relationship be-
tween the plasma levels of selenium (Se) and the common conditions that involve an in-
creased oxidative stress and inflammatory reaction, such as T2DM [137-139]. A small ran-
domized controlled trial (RCT) was conducted in the United States and showed that the
administration of 200 pg/day of selenium (Se) for preventing non-melanoma skin cancer,
resulted in an incidence of T2DM in patients who were reported with the highest selenium
(Se) intake at baseline [140]. Several recent studies have given biological plausibility for a
diabetogenic effect of selenium (Se) and selenoproteins [61]. Moreover, studies are also
showing that minimized levels of environmental risk factors, such as trace elements die-
tary intake as well as exposure to contaminants, can affect diabetes aetiology [141].

Therefore, the chemical exposome as well as obesity, lifestyle and diabetic family his-
tory may be among the factors to be considered as additional determinants of this meta-
bolic disease [142]. Recent experimental to epidemiologic studies have suggested a posi-
tive relationship between selenium (Se) and the higher risk of diabetes; however, the ma-
jority of these studies were conducted among prevalent cases, rendering it hard to confirm
in a diabetes case whether selenium (Se) is the cause or the result [143,144].

3.3. Magnesium (Mg)

Magnesium (Mg) is the rate-limiting factor for a number of enzymes that are involved
in the metabolism of carbohydrate and energy, as well as being essential for the interme-
diary metabolism to synthesize macromolecules [145]. Magnesium (Mg) deficiency has
been frequently reported in obese subjects,[58] and is observed in diabetic patients or in
those with metabolic syndromes. Magnesium (Mg) deficiency has also been reported to
increases the risk for T2DM [59]. Magnesium (Mg) depletion was shown to promote direct
and indirect chronic inflammation by the modification of the intestinal microbiota [146].
T2DM has also been shown to be characterized with an altered homeostasis of magnesium
(Mg), and results of the studies conducted have shown an inverse relationship between
magnesium (Mg) intake and the risk of developing T2DM in a dose-response manner [60].
A recent epidemiologic study has shown a high prevalence of hypomagnesemia in type-
2 diabetic subjects [61].

Another recent study revealed that depletion of magnesium (Mg) in type-2 diabetic
patients is mainly a consequence of a low magnesium (Mg) intake in addition to the in-
creased magnesium (Mg) urinary loss, as a result of an impaired renal function [147]. Re-
cent studies have demonstrated that hypomagnesemia was associated with the develop-
ment of T2DM. The influence of magnesium (Mg) on the metabolism of glucose, insulin
action and sensitivity, may give an explanation to the negative association between T2DM
incidence and magnesium (Mg) intake [148,149]. The relationship between magnesium
(Mg) and insulin signalling and resistance is illustrated in Figure 4.
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Figure 4. The relationship between magnesium (Mg) and insulin signalling and resistance.
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Other studies have suggested that magnesium (Mg) deficiency could have other con-
tributions to the progression of T2DM, such as modulating Na+/K+—ATPase, which is
crucial for the maintenance of the membrane potential and low concentration of cytoplas-
mic sodium [150]. Studies suggested that the deficiency in magnesium (Mg) may not be a
secondary consequence of T2DM; however, it may be play a role in insulin resistance and
altering glucose tolerance, thus leading to the development of T2DM [151].

4. Current Status and Clinical Trials

Table 2 summarizes a number of clinical trials and their current status in hepatitis,
covid19 and type-2 diabetes mellitus and the roles of the trace elements zinc (Zn), slele-
nium (Se), copper (Cu) and iron (Fe) and the electrolyte magnesium (Mg) whenever ap-
plicable [152-170].
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Table 2. Database of clinical trials on zinc (Zn), selenium (Se), copper (Cu), magnesium (Mg) and iron (Fe) interventions against hepatitis, covid19 and type-2

diabetes mellitus.

ClinicalTials.gov Identifier Study Title Condition Intervention & Findings Status Reference
NCT05000762 Zinc S.uppl.emen’.tation Ir.nprovves Cardiov.ascular Diab?tes Mellitus,. Type 2 D.ietary Supplement: Zinc (Zn) Recruiting [152]
Morbidity in Patients with Diabetes Mellitus Cardiovascular Diseases Zinc gluconate 30 mg/day orally
. . . Dietary Supplement: Se-yeast
Effect of.Selen.lum (S?) Supplemer}tahon on Glycemic Type 2 Diabetes The participants will be asked to take Se-yeast tablet. .
NCT05320510 Control in Patients with Type 2 Diabetes or . . Not yet recruiting ~ [153]
. Pre Diabetes Dietary Supplement: Placebo
Prediabetes . .
The participants will be asked to take placebo-yeast tablet.
NCT04636411 Effe.:ct of O.ral Magnesu.lm Supplementation on Type2 Diabetes Dietary Supplement: Oral Magr}esmn? (Mg) Supplementation Recruiting [154]
Patients with Type 2 Diabetes Other: Standard Care for diabetic patients
Dietary Supplement: Magnesium (Mg) citrate Dietary
Supplement: Placebo
NCT03002545 Magnesium Supplementation in Type II Diabetes Effect of magnesium (Mg) in diabetesFindings: oral Mg citrate supplementation reduced HbAlc Completed [155]
levels and reduced BP in normomagnesemic persons with
MetS
Effect of Dietary Magnesium Supplementation vs. Kidnev Disea g;etzr)llvfslupipnl ir(r)l::t: EffCaMpg Citrate 480 mg Drug:
NCT05033054 Dapagliflozin in Patients with Diabetic Kidney cney Lisease, apagh 0% & . Not yet recruiting  [156]
. Chronic Diabetes Dietary Supplement: Placebo EffCaMg Citrate Drug: Placebo
Disease (DKD) R
Dapagliflozin
Selenium (Se) as a Potential Treatment for
NCT04869579 Moderately-ill, Severely-ill and Critically-ill COVID- Covid19 Drug: Selenium (as Selenious Acid)Other: Placebo Not yet recruiting ~ [157]
19 Patients.
NCT04877509 Mic.ronutri.ent Status Involved in Immunity in Elderly Covid19 Biological: Selenium (Se), Zinc (Zn? and Cf)pper (Cl..l), .Vita.min Completed [158]
Patients with COVID-19 A, D, E plasma concentrations during patient hospitalization
NCT04941703 CHANGE COVID-19 Severity COVID-19 Infection Drug: Magnesium Citrate plus probiotic Recruiting [159]
Evaluation of the Daily Intake of 0.5 L of Water SARS-CoV-2 Dietary Supplement: molecular hvdrogen Active not
NCT04716985 Saturated with Molecular Hydrogen for 21 Daysin = Covid19 Dieta y Szpplement: laceblz) ma ynesiim (Mg) recruitin [160]
COVID-19 Patients Treated in Ambulatory Care  AMBULATORY CARE Ty Supp P 5 5 5
Dietary Supplement: Vitamin D3 (cholecalciferol)
Vitamin D and Zinc Supplementation for Improving Dietary Supplement: Zinc (zinc gluconate)
NCT04641195 Treatment Outcomes Among COVID-19 Patients in  Covid19 Dietary Supplement: Zinc (zinc gluconate) & Vitamin D recruiting [161]
India (cholecalciferol)
Other: Placebo
Drug: H hl i
Hydroxychloroquine and Zinc with Either ng. AZ::;:)(I}: Cio;foqume
NCT04370782 Azithromycin or Doxycycline for Treatment of Covid19 & 4 Completed [162]

COVID-19 in Outpatient Setting

Drug: Zinc Sulfate
Drug: Doxycycline
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RCT,Double Blind, Placebo to Evaluate the Effect of
NCT04558424 Zinc and Ascorbic Acid Supplementation in COVID- Covid19 Dietary Supplement: zinc gluconate and ascorbic acid Not yet recruiting ~ [163]
19 Positive Hospitalized Patients in BSMMU
Can SARS-CoV-2 Viral Load and COVID-19 Disease . ..o g;etary guppiezeiz ﬁmc Prlcfrh?ate Active. not
NCT04542993 Severity Be Reduced by Resveratrol-assisted Zinc ov . ,e ary supp ement ,ESVE 'a (,) N VE,:', © [164]
. SARS-CoV Infection Dietary Supplement: Zinc Picolinate Placebo recruiting
Therapy (Reszinate) .
Dietary Supplement: Resveratrol Placebo
. . . . . Drug: Anakinra and Zinc (Zn) .
Trial of Anak Plus Z P Al
NCT04072822 r@ ° n.a inra (Plus mc)'or redr.u's onem Alcoholic Hepatitis Drug: Prednisone Ctlv?’ ,nOt [165]
Patients with Severe Alcoholic Hepatitis recruiting
Drug: Placebos
. . P . Drug: Anakinra
Efficacy Study of Anakinra, Pentoxifylline and Zinc Drus: Pentoxifvllin Completed. h
NCT01809132 Compared to Methylprednisolone in Severe Acute  Acute Alcoholic Hepatitis g ',3 oxifylline ompeted, has [166]
. - Drug: Zinc Sulfate results
Alcoholic Hepatitis .
Drug: Methylprednisolone
Comparison of Selenium (Se) Levels in HCV- Infected Hepatitis C
NCT01355107 Patients at Different Stages of Disease Liver Cirrhosis N/A Completed [167]
Carcinoma, Hepatocellular
Drug: Entecavir
Magnesium Isoglycyrrhizinate Followed by Chronic Hepatitis B Drug: Magnesium Isoglycyrrhizinate
NCT03349008 Diammonium Glycyrrhizinate and Combined with . patit’ Drug: Diammonium Glycyrrhizinate N/A [168]
. ; o\ Liver Inflammation ) o
Entecavir in Chronic Hepatitis B Drug: Magnesium Isoglycyrrhizinate Placebo
Drug: Diammonium Glycyrrhizinate Placebo
NCT03166280 Hepatitis c and Vitamin D and Iron (Fe) Status Hepatitis C Drug: Sofosbuv1.r 400 mg N/A [169]
Drug: Daclatasvir 60 mg/day
Effect of Spiruli LiverI F ion i
NCT02744560 ect of Spirulina on Liver Iron (Fe) Concentration in Beta Thalassemia Major Dietary Supplement: spirulina Completed [170]

Beta Thalassemic Children with Hepatitis C
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5. Conclusions

Several studies have been conducted to assess the roles of certain vitamins and trace
elements in coping with viral infections and other chronic diseases. The essential trace
elements, such as copper (Cu), selenium (Se), zinc (Zn), iron (Fe) and the electrolyte mag-
nesium (Mg), are among the most commonly studied micronutrients. Studies have re-
ported that an impaired homeostasis of these trace elements may lead to inflammatory
changes and/or metabolic abnormalities.

Zinc (Zn), selenium (Se), copper (Cu) and iron (Fe) have been studied for their in-
volvement in the liver pathology, in particular, chronic hepatitis. Several studies have
been conducted in the last decade to assess the roles and mechanisms of these trace ele-
ments in hepatic disorders. Moreover, extensive studies have focused on analysing zinc
(Zn), selenium (Se) and copper (Cu) for their antiviral activities against SARS-Cov2 virus;
however, the current database available remains limited, and it is not yet confirmed
whether some trace elements or vitamins are certainly deficient in COVID-19 patients or
whether their serum concentrations are linked to the disease severity or to the mortality
risk.

Additionally, Cr, Zn, Cu, Fe and Se have been observed in many studies to have an
antioxidant effect and might lead to enhancement in the insulin action by activating insu-
lin receptor sites or increasing insulin sensitivity. However, it is worth mentioning that
over-supplementation of some of these trace elements, for instance zinc (Zn), may lead to
deleterious effects due to the unfavourable increase in the levels of HbAlc and high blood
pressure. Recent advances in newly discovered molecular biological techniques have fa-
cilitated the discovery of the novel mechanisms by which an impairment in the metabo-
lism of these trace elements causes different metabolic abnormalities. Further studies are
still required for assessment of the dosing and toxicity of these trace elements.
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Abbreviations

CHC Chronic hepatitis C

CO-NPs Coprous oxide nanoparticles
COVID Coronavirus disease

Cu Copper

DAA Direct acting antiviral

DPP Diabetes prevention program
Fe Iron

GPX1 Glutathione peroxidase-1
HIN1 Human influenza

HBV Hepatitis B Virus

HCV Hepatitis C Virus

HDIVZn High dose intravenous zinc
HEV Hepatitis E Virus

Huh Human hepatoma

hZAP Human zinc finger antiviral protein
ICU Intensive care unit

IFN Interferon

IL Interleukin
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Mg Magnesium
mRNA Messenger ribonucleic acid
MT Metallothionein
NK cell Natural killer cell
PgRNA Pregenomic ribonucleic acid
RCT Randomized controlled trial
RdRp RNA-dependent RNA polymerase
ROS Reactive oxygen species
Se Selenium
SELENOP Selenoproteins
T2DM Type-2 diabetes mellitus
TEs Trace elements
TH cell T helper cell
TXNRD Thioredoxin reductase
Zn Zinc
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