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ABSTRACT

Therise of ongoing Covid SARS-CoV-2 drove pandemic disease has created the perpetual interest
for the assessment and improvement of reasonable progressed materials for controlling this and future
unexpected viral diseases. One of the fundamental worries about this pandemic situation is the analysis
and identification of infected patients. In this regard, the utilization of zinc-based nanomaterials to identify
the vital biological markers of the SARS-CoV-2 remains a prevalent bother, whereas the advancement
of particular and delicate devices is the essential objective. To obstruct virus proliferation, the expanding
interest for self-disinfected covering requires elective materials to satisfy this problem. In this unique
situation, zinc nanomaterials have given a fundamental commitment to the administration of Covid-19.
Zinc nanomaterials have displayed huge antiviral action against a few infections like flu and Covids. This
review delineates the importance of nanotechnology mediation in settling this tough condition.
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INTRODUCTION

Respiratory viruses address an extreme
general wellbeing hazard around the world, and the
research commitment to handle the ongoing epidemic
caused by the severe acute respiratory syndrome
coronavirus 2 is the fundamental focuses among the
various scientific organizations. To tackle this issue,
specialists from various fields have accumulated
to defy the devastating epidemic’. Up to this point,
broad procedures have been executed for the quick
determination, anticipation, control, and treatment
of the SARS-CoV-2 infection?. Because of the great
contagiousness rate and the need for sufficient personal
protective equipment, the severe acute respiratory
syndrome coronavirus 2 pandemic addresses a

significant test to the medicinal industry®®. In such a
manner, nanotechnology has been utilized to manage
the SARS-CoV-2 and other infections. Nanotechnology
is a type of biomimetic innovation. Viruses are
nanoparticle-sized. Therefore, fundamental knowledge
of nanotechnology is crucial. Nanotechnology can
be comprehensively characterized as the plan and
utilization of a few materials and devices of at least one
dimension should be under 100nm®*2, Throughout the
long term, nanoparticles have been widely utilized and
concentrated because of their extraordinary properties,
like small size, further developed dissolvability,
surface versatility, and multifunctionality, bringing
about the improvement of better and more secure
medications, tissue-designated medicines, customized
nanomedicines, and early conclusion and avoidance
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of diseases'™. In this way, it appears to be that
nano-based methodologies soon will be the best
option for the advancement of the best treatments
for a wide scope of diseases. Almost certainly,
nanotechnology composes immense capability in the
finding, medication, and avoidance of coronavirus
disease 2019. Metal and its oxide nanoparticles have
been helpful in such a manner. These have been
broadly concentrated because of their outstanding and
novel characteristics''®. Various utilization of these
materials has been accounted for in different industries,
including medication and drug stores. Metallic, metal
oxide, or other nanoparticles like gold, silver, copper,
copper (Il) oxide, and zinc (ll) oxide, can decrease
chances connected with the Covid-19 pandemic'”%.
Compared with other metal oxide nanoparticles, zinc
oxide nanoparticles definitely stand out because of
their benefit of having great biocompatibility with human
cells. Zinc oxide nanoparticles have direct antiviral
action against numerous viruses. Zinc has antiviral
activity as it can avert viral entry, viral replication, and
spreading to organs and in the end can set off reactive
oxygen species (ROS) prompting oxidative injury and
viral demise?'?2, In the course of a viral infection, Zn has
been discovered to increase both innate and adaptive
immunity. In addition, Zn supplementation (using
various nano Zn compounds) can help SARS-CoV-2
patients recover faster®®#. The main worry about the
severe acute respiratory syndrome coronavirus 2
is its high infectiousness, expanding the death rate
around the world. The fundamental transference, for
this situation, is through removed drops from infected
people or in a roundabout way by contact with polluted
surfaces. Because of these reasons, it becomes crucial
to recognize the infected people in the beginning phases
of the disease and furthermore the advancement of
disinfectant against SARS-CoV-2 infection. In such a
manner, zinc-based nanomaterials assume a huge part
Fig. 1.2%26 Thus, because of the capability of zinc oxide
nanoparticles to control the pandemic of infection around
the world, it is important to gather the most recent
techniques and new accomplishments in such a manner
and make them accessible to intrigued researchers.
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Fig. 1. Zinc based nanomaterials in detection
and prevention of Covid-19
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Zinc nanoparticles: a promising antiviral agent

This new Covid pandemic has shown
promising outcomes, looking for an integral treatment
to help avoidance, treatment, and retrieval. In this
specific situation, a few researches have explored
the functionalities of metal nanoparticles to expand
their specificity and viability as opposed to respiratory
infections because these nanoparticles can tie with
the proteins generated by a virus and can assist with
conducing its inactivation?”?8, Likewise, in twofold
stranded ribonucleic acid viruses, silver nanopatrticles
have revealed that after binding with the viral genome,
they hinder viral reproduction; similarly, copper
nanoparticles restrain virus-cell interaction and
connection and obliterate the viral genome, though iron
nanoparticles tie to the virus to avert it from binding to
a living cell that serves as a shelter and a food source
for this virus. However, selenium nanoparticles shield
from apoptosis brought about by the infection of the
virus?®. On account of zinc nanoparticles, it has been
seen that it disrupts viral deoxyribonucleic acid (DNA)
polymerase movement and ties to virions bringing
about restraint in viral replication and entry®. In spite
of the fact that the specific action of zinc nanomaterials
to go about as specialists for the cure of the intermittent
respiratory infection is as yet being scrutinized, cell
film nanoparticle electrostatic collaboration, ROS
generation, and intracellular Zn?* discharge are relied
upon to be liable for diminishing cell feasibility3'%".
Also, docking molecular investigations have been
executed to decide the association between zinc oxide
nanoparticles and the normal severe acute respiratory
syndrome coronavirus 2 targets. An investigation
hypothesized the conceivable cooperation between zinc
oxide nanoparticles and ACE2 receptor, SARS-CoV-2
RNA-dependent RNA polymerase (RdRp), and the
primary protease, advancing the consideration towards
the interaction of zinc oxide nanoparticles with the tried
targets and noticing an improved dose-dependent cell
take-up®. It was additionally observed that zinc oxide
could impersonate the hindrance conduct of GS-5734
and Invirase medicines by H-bond interactions with
the Arg555, Ser759 amino acids, and U10, U20 uracil
bases, respectively®. Antiviral activity of Zn NPs further
relies upon morphological parts of nanoparticles, for
example, molecule size, shape, fixation, aggregation,
colloidal detailing, and media pH*"28. In this unique
circumstance, PEGylated zinc oxide nanoparticles
have preferable antiviral action over uncovered zinc
oxide (ZnO) nanoparticles, essentially diminishing
H1N1 infection titer post-disease®®4%4!. Similarly, the
antiviral action of PEGylated zinc oxide nanoparticles
is dose subordinate compared with an antiviral
medication, seeing the best HIN1 antiviral impact
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with a restraint rate*'. In antiviral treatment, zinc oxide
nanoparticles offer benefits and efforts to challenge
the event of drug resistance. The consequences of
Zn-based nanomaterials for antiviral action
against the SARS-CoV-2 are summarized in
Table 15784243 The genuine pandemic circumstance
has underscored the critical requirement for new antiviral
remedial. From the above conversation, it tends to be
seen that extensive attempts have been directed on

creating zinc nanoparticles, and thus, these materials
have shown significant functionalities as prophylactic
agents, acting against viral deoxyribonucleic acid
polymerase action and viral reproduction, assisting
with restricting the disease obstruction handled by virus
mutations and binding to target proteins to diminish
entanglements*. Consequently, scientific proof
acquired through extra research can add significant
establishments to cure a viral infection.

Table 1: Antiviral activity by zinc based nanomaterials against SARS-CoV-2

Zn Nanomaterials ~ Cells/study Effects Comments Ref
ZnO NPs VeroES6 cells, ZnO NPs inhibit the Potent antiviral [37]
(Nano-Spray) antiviral activity virus activation by activity at a very
zinc () release and low concentration
ROS formation
ZnO NPs Severe acute respiratory The binding of zinc Interpret more [38]
syndrome coronavirus 2 oxide nanoparticles biological and
targets RNA dependent with the inspected helpful investigations
RNA polymerase and coronavirus diseases
ACE2 receptor in human 2019 targets through
lung fibroblast cells H- bond formation was
found.
ZnO/ BER VeroES cells, anti-Covid activity This complex hinders the. A significant anti-Covid [42]
virus entry through cooperating, agent because it inhibited
with the ACE2 enzyme on the cell the virus entry, replication,
complex surface, the spike protein interaction, and assembly
PLpro activity and reduces the
expression of RdRp
ZnO NFs SARS-CoV-2 spike protein and Significant denaturation Attachment of ZnO NFs [43]

(Nano Flowers) ACE2 receptor in human lung

epithelial cells

proteins on the zinc oxide
surface revealing removal
of the virus upon efficient
trapping

of the spike to cotton
develops the nanoceutical
fiber which can be used as
anti- CoV-2 washable dress
material

Implementation of zinc based nanomaterials in
fighting against sars-cov-2
Zinc Based Nanobiosensing Scaffolds for
Detection of SARS-CoV-2

Viruses are an ordinary illusion of intermittent
nanostructured materials in nature; for example, on
account of the severe acute respiratory syndrome
coronavirus 2, itis normally portrayed as a round shape
molecule whose width is from 100 to 120nm*. Thus, the
discovery of little biological markers has been improved
by executing nanomaterials into numerous biosensing
stages. Fostering a biosensing stage to handle the
current worldwide wellbeing crisis in the vicinity of
accessible nanomaterials and various bio-selective
methodologies remains a prevalent task (Figure 2).
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Fig. 2. The working of a biosensor for the detection of
SARS-CoV-25'

For biosensing, a few stages depend on
gold, selenium, iron, Graphene, and zinc*-2, In any
case, only the elements which have been read up for
biosensor stages is zinc because of its superb optical
and electronic functionalities, with the extra benefit
of being modest and plentiful in features. A diversity
of zinc-based nanomaterials keeps on being widely
explored for recognizing respiratory infections.
Zinc oxide nanomaterials have been utilized for the
specific discovery of other arising infections like
avian flus®%, In the space of discovery of respiratory
infections, the creation of an immunosensor in light
of designed zinc oxide nanorods (NRs) networks
for flu (HIN1 SIV) discovery has been accounted
for®3. Although an Au cathode was utilized in the
gadget, ZnO assumed an essential part in the
immobilization interaction of the caught immune
response. Besides, an electrochemical sensor stage
for finding highly pathogenic Asian Avian Influenza
A in view of graphene/ZnO nanocomposites
additionally has been accounted for®®. This work
has a fascinating methodology, as the outcomes
got from the amperometric study were contrasted
and the proficiency of a customary agarose gel
electrophoresis, at last proposing a vigorous approval
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for the utilization of these sorts of biosensors. A nano-
flow immunosensor in view of zinc oxide nanorods
become on a PDMS sensor for Avain flu infection
determination utilizing an electrochemical technique
has been accounted for®®. The zinc oxide nanorods
permitted the immobilization of various antibodies,
as well as expansion inhumanity. In the improvement
of fluorescent quaternary/ternary quantum dots
and AuNPs for the recognition of flu infection, ZnO
employs as a precursor®’. From these works, a
review is opened with regards to zinc nanomaterials
and their likely use in coronaviruses diseases 2019
recognition. These encouraging devices could
foster preliminaries to include explicit antibodies as
opposed to the notable spike protein S1. A practical
way to deal with upgrading the biosensing execution
of paper-based electrochemical impedance sensing
nano biosensors with working electrodes improved
with upward developed zinc oxide nanowires has
been accounted for®®. These nanobiosensors can
separate the centralizations of IgG neutralizer
(CR3022) to coronavirus 2019 in human serum
tests. As examined, to recognize various respiratory
infections, zinc presents a broad scope of qualities
in the different stages. At times, as a piece of a
nanostructured or in different conditions, it is even
utilized in the association of functional groups to
identify biological molecules. Consequently, it is
feasible to exploit signal transduction techniques
to foster various sorts of optical or electrochemical
biosensors (Fig. 3). The advancement of
immunosensors depends on the explicitness of the
antigen-immunizer reaction. Coronavirus infection is
accounted for to incite intense antibody (IgM, 1gG)
reaction, and the levels of antiviral antibodies are
leveled inside six days after seroconversion®. One
of the principal references for coronavirus disease
2019 location is the spike protein. This could work
as a sign of the infection even in the incubation time
frame and for symptomless conditions®'%. By the
way, it is proposed that other film or layer proteins
can be utilized to distinguish various SARS-CoV-2
variations. This could permit the creation of extra
specific biosensors in view of the information,
response signals, and described the conduct of
devices in light of nano zinc and related compounds.
The expanding information in this wellbeing crisis
proposes the examination of further developed
sensor surfaces from various nanomaterials,
for example, zinc nanomaterials to accomplish
quick location response and high selectivity and
sensitivity. Currently acquired data with zinc-
based biosensing scaffolds for other respiratory
infections could be excess and could go about
as a kind of perspective manual for planning new

powerful biosensors for preliminary identification of
diseases. As indicated by the data sets counseled,
there is a finite number of works connected with the
discovery of coronavirus diseases 2019 with zinc
nanomaterials, which provide the perspective for
future exploration and studies.
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Fig. 3. Zinc-based nanomaterial affinity towards
detection of SARS-CoV-2
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Zinc Nanomaterials in Disinfection Protocol
against SARS-Cov-2

Viruses are contagious specialists of little
aspects formed of two major parts: the hereditary
material, deoxyribonucleic acid or ribonucleic acid,
single-stranded or twofold stranded, and a capsid,
which secures and exemplifies the genome™. A
few viruses have an envelope framed by a twofold
layer of glycoproteins and lipids called pericapsid
or peplos. Non-encompassed viruses are extra
impervious to high temperatures, acids, sanitizers,
and drying, while wrapped viruses endure longer
in a muggy climate but are less resistant. Infection
SARS-CoV-2 is an encompassed infection portrayed
by four unique primary proteins: nucleocapsid (N),
spike (S), layer (M), and envelope (E) (Figure 4).
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Fig. 4. Structure of SARS-CoV-2

The spike, envelope, and layer proteins
fabricate the viral envelope, while nucleocapsid
protein holds the RNA genome”. SARS-CoV-2
transmission is for the most part connected with
the spike protein that advances the infection
staying on various surfaces. In like manner,
public space offices like medical clinics, libraries,
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and transports are additionally prescribed to be
disinfected consistently as the aberrant infectious
by fomites could prompt a viral infection locally™.
Consequently, the improvement of viable viral
sanitizer materials is critical, and a correlative
methodology that can handle the current epidemic
and potential flare-ups of arising infections
is of exorbitant interest. Synthetic sanitizers
active against an enormous range of microbial
specialists, among that encompassed viruses,
have been successfully utilized for sanitization and
disinfection of surfaces and personal protective
equipment”. Notwithstanding the all-around
exhibited viability of substance sanitizers, they
are regularly connected with a few detriments,
for example, high concentration prerequisites
to acquire hundred percent viral restraint, time
depending adequacy, and expected dangers to
human wellbeing and climate™. The advancement
of sterilization moves toward that can stay
overlong on surfaces, start impervious to washing
and erosion, with great security imperatives
is a bother. Another viewpoint is presented by
nanotechnology, self-cleaning surfaces, and
light-determined self-sterilizations. Metallic
antiviral nanoparticles are the most detailed and
examined frameworks because of their innate wide
scope of antimicrobial actions and adequacy at
a much lower dose than their bulk partners [10].
In any case, zinc nanomaterials have shown to
be effective antimicrobial materials that provide
assorted significant photocatalytic, surface,
and morphological functionalities to prevent
and inhibit the activity of microbes. Particularly,
zinc oxide nanostructures show controllable
antibacterial, antifungal, and antiviral limits. In
this unique situation, a sanitizer nano-spray for
the arising Covid (SARS-CoV-2) in light of zinc
(I1) oxide nanoparticles has been accounted
for. ZnO-NPs have a powerful antiviral action
against SARS-CoV-2 at an exceptionally low
fixation (IC,,= 526 ng/mL) and can set off many
free radicals that might make oxidative pressure
to SARS-CoV-2 and incite serious harm to its
cell films, which is a vital outcome in battling
against SARS-CoV-2%2. ZnO NPs have shown
elevated efficiency against a broad diversity of
Gram-positive, Gram-negative microbes, and
fungi”®78. The antimicrobial and antifungal action
is firmly impacted by boundaries, for example,
the nanostructures fixation, size, morphology, and
surface functionalization®'*”, which can be exactly
managed with the various affidavit strategies. In
this unique circumstance, the impact of various
morphologies of ZnO nanostructures over the
antimicrobial and enzyme deactivation movement
has been depicted. A biomimetic strategy of
pyramidal nanoparticles to function as opposed
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to super-resistant microbes (methicillin-resistant
S. aureus), which is introduced in many clinics
has been accounted for”. One another work
contrasting the antibacterial action of various
morphologies of zinc oxide nanomaterials has
been accounted for®. For this situation, an upgrade
in the microbial restraint of Escherichia coli and
Staphylococcus aureus by zinc oxide NTs is in
contrast with the one shown by commercial zinc
oxide nanoparticles. The zinc oxide nanotubes
morphology helps with an expansion in the
surface region have been noticed and furthermore
diminish the conglomeration in the framework,
in this way inclining toward antibacterial action.
Subsequently, Nanomaterials would significantly
advance the improvement of sanitizer against
SARS-CoV-2, and ZnO nanoparticles are relied
upon to make additional interesting commitments
in these fields (Figure 5).
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nanoparticles
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Fig. 5. Disinfection mechanism of ZnO nanoparticles™

Cytotoxicity of Zinc Oxide Nanoparticles
ZnO-NPs are one of the most widely used
nanomaterials today, with applications in nearly every
field. Because of their effects on the environment and
human health, ZnO-NPs' cytotoxicity is also a cause
for worry. ZnO-NPs antimicrobial activity is primarily
due to a series of processes that occur when ZnO-
NPs are activated by light. Hydrogen peroxide (H,O,)
and other intermediate reactive oxygen species
are produced as a result of these processes. The
buildup of zinc oxide nanoparticles in bacterial cells,
as well as the creation of reactive oxygen species in
the cell's internal and exterior environments, causes
damage to many of the cell's structures and, as a
result, cell death®3, The process of ROS formation
for cellular oxidative stress can be used to measure
the level of toxicity of NPs?. The cytotoxicity of bare
zinc oxide nanoparticles on HepG2 cells studied by
Elie et al., and discovered that cytotoxicity is dose
dependent®. Jevapatarakul et al., produced zinc oxide
nanoparticles using a green approach and tested their
cytotoxicity on skin cancer cells (A431). They also
came to the conclusion that zinc oxide nanoparticles
cytotoxicity is dose and concentration dependent®.
The cytotoxicity of zinc oxide nanoparticles on MCF-7
cells studied by Khorsandi et al. and they reported the
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same observations as in the earlier references®”. On
HepG2 cells, Chen et al. investigated the cytotoxicity
of bare zinc oxide nanopatrticles. They came to the
conclusion that cytotoxicity is dependent on NP
size and concentration®. The cytotoxicity of metal
oxide NPs coated with EDTMP was investigated
by Xiaoming et al., They determined that metal
oxide can cause the production of reactive oxygen
species (ROS) and cell death as a result of oxidative
stress but that the surface activity of metal oxide is
reduced by the coating layer. THP-1 and BEAS-2B
cells revealed low ROS production and oxidative
damage when exposed to EDTMP coated metal
oxide®®. The cytotoxicity of zinc oxide and copper
oxide nanoparticles coated with polyethylene glycol
and polyvinyl alcohol was also studied by Negvenkar
et al., They discovered that polymer encapsulation
of NPs reduced cytotoxicity toward bacteria®. The
same findings were reported by Luisa et al., who
found that coating of zinc oxide nanoparticles with
polyethylene glycol and polyethylenimine lowers their
cytotoxicity on lung cells®'. Khalid et al., also reported
the cytotoxicity of ZnO-NPs coated with folic acid
and polyethylene glycol. They found that folic acid
and polyethylene glycol capped ZnO NPs showed
a reduction in cytotoxicity as compared to individual
zinc oxide nanoparticles®.

CONCLUSION

With the epidemic brought about by
coronavirus diseases 2019, it is important to look

for procedures to contain this novel and dangerous
human disease. In this regard, Nanotechnology has
effectively been displayed to upgrade diagnosis,
security, and treatments in other viral infections;
hence, there is a decent opportunity that, with more
innovative work, it will reform the battle against
coronavirus diseases 2019, presenting processes,
materials, and apparatuses to improve awareness,
speed, and authenticity of detection, as well as
giving more adequate choices to treatments. From
the above studies, it is concluded that zinc-based
nanomaterials have intense antiviral action. There
is a finite number of works studied on zinc-based
nanomaterials utilized in disinfectant and diagnosis
of COVID-19 virus, which provide the perspective for
future exploration and studies It is also concluded
that the cytotoxicity of zinc oxide nanoparticles can
be reduced by coating them with suitable polymers.
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