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ABSTRACT
Nanoscale particles and molecules are a potential different for the treatment of disease because they
have distinctive biologic property based on their structure and size, which is different from traditional
small-molecule drugs. The antimicrobial mechanisms of silver nanoparticles include the formation of
free radicals damaging the bacterial membranes, interactions with DNA, adhesion to cell surface alter-
ing the membrane properties, and enzyme damage. In this review, we focus on applications of silver
nanoparticles in inhibition of herpes simplex virus.
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Introduction

Nanoparticles are described as particles in the size range of
1–100 nm in diameter [1]. With the small size, NPs can simply
cooperate with biomolecules on the cell surface or inside
cells, and carry genetic materials such as DNA, RNA, or small
interfering RNA (siRNA) into target cells or tissues for gene
expression [2].

It is generally estimated that the use of nanoparticles will
increase in the future. Presently, silver nanoparticles (Ag-NP)
have one of the maximum degrees of commercialization
among the nanomaterials, principally due to their characteris-
tic antimicrobial properties [3].

Nanoscale particles and molecules are a potential different
for the treatment of disease because they have distinctive
biologic property based on their structure and size, which is
different from traditional small-molecule drugs [4].
Nanoparticle systems can be engineered to have a number of
attractive qualities for therapy, including (i) sustained and
controlled release of drugs locally and (ii) deep tissue pene-
tration due to their nanoscale size [2].

According to the recent progress in nanotechnology, it is
now possible to produce silver at the nanoscale [5,6]. The
application of nanoparticles in biology and medicine is in

fluorescent, biological labels, drug and gene delivery, bio
detection of pathogens, detection of proteins, probing of
DNA structure, tissue engineering, tumour destruction via
heating (hyperthermia, separation, and purification of bio-
logical molecules and cells), MRI contrast enhancement, and
phagokinetic studies [6–13].

Preparation of silver nanoparticle

The most universal advance for synthesis of silver NPs is
chemical reduction by organic and inorganic reducing agents.
In general, different reducing agents such as sodium citrate,
ascorbate, sodium borohydride (NaBH4), elemental hydrogen,
polyol process, Tollens reagent, N,N-dimethylformamide
(DMF), and poly (ethylene glycol)-block copolymers are used
for the reduction of silver ions (Agþ) in aqueous or non-aque-
ous solutions. Scientist discovered that by using the boiling
method at diverse citrate concentrations, AgNPs with a plas-
mon maximum absorbance at 420 nm were produced.

By increasing the relative concentration of sodium citrate
to silver cation i.e. [citrate]/[Agþ] from 1 to 5 times [14], the
elapsed time for the formation of AgNP was reduced from 40
to 20min, in that order, indicating that under equimolar con-
ditions, a division of the Agþwas not reduced (Figure 1).
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Antiviral properties of AgNPs

Resistance in human pathogens is a big challenge in fields
like pharmaceutical and biomedicine [15]. The biocidal activ-
ity of AgNPs depends on several morphological and physico-
chemical (e.g. size, shape, and surface) characteristics that
influence directly in the success of these compounds as anti-
microbial agents [16]. The advantage of using silver nanopar-
ticles for impregnation is that there is continuous release of
silver ions enhancing its antimicrobial efficacy. The burn
wounds treated with silver nanoparticles show better cos-
metic appearance and scarless healing [17]. Silver nanopar-
ticles inhibit HSV-1 infections by blocking the attachment and
thereby the entrance of the virus into the cells and/or by pre-
venting the cell-to-cell spread of the virus [18].

Viruses infect all cellular life forms: eukaryotes and prokar-
yotes. The infection of virus in prokaryotes is dominant in
the form of bacteriophages. Viruses form the most consid-
erable causes of disease and death in the world. Viruses are
also found in all forms of life i.e. air, water, and predomin-
antly in the soil [19]. There is a greater need to progress
new and distinctive treatment choices with antiviral agents,
which can also overcome the problem of antiviral resist-
ance [18].

A variety of viruses, such as influenza, hepatitis, herpes
simplex virus (HSV), and human immunodeficiency virus (HIV),
must have been life threatening [20]. AgNPs perform as a
broad-spectrum cause against a range of viral strains and are
not capable to increasing conflict [21]. The antibacterial activ-
ities of the AgNP depend on many factors such as particle
size, shape, absorption, and its aggregation/dissolution in
specific growth media.

In 1884, German obstetrician Crede introduced 1% silver
nitrate (AgNO3) as an eye solution for avoidance of gonococ-
cal ophthalmia neonatorum, that is too similar to the first sci-
entific-documented medical use of silver [22]. AgNPs take
many important biological activities [23]. Nano-silver have
been used in the treatment of wounds, burns, in water-disin-
fecting systems, dental materials, and as antibacterials, antivi-
rals, and anticancerous agents [24–26]. Although, a
comparative study of AgNPs, AgNO3, and silver chloride
(AgCl) found that AgNPs have higher antibacterial properties
than free silver ions [26] (Figure 2).

Viruses characterize one of the primary causes of disease
and death worldwide. Virus effects are so detrimental that
they can cause long-term suffering from persistent diseases
that can lead to immunodeficiency, cancer, and are some of
the most contagious diseases, infecting and killing as much
as 40% of the population in one area [27]. If the virus cannot
attach to the healthy cell, it cannot do anymore damage [28].
They are the most difficult infectious diseases to treat with
present medicine because the virus is neither alive nor dead.
They contain a nuclear capsid (microscopic cellular container)
that consists of short incomplete sections of genetic material
(DNA or RNA). Then viruses adhere to a healthy cell surface,
fusion between the cell and virus occurs, after which the
virus injects these incomplete segments of DNA or RNA into
the cell where they bind with normal DNA/RNA and interfere
with the normal replication of the cell [28].

Prevention from viral trouble is far better to attempt to
manage the virus after infection because there is so much
DNA that has been changed [29].

Viruses are the most complex infectious diseases to treat
with present medicine because the virus is neither alive nor
quiet. There are several ways to demolish, stop, or make
immunity against a virus. Much effort has been expended in
attempts to develop vaccines for these diseases [28].

On one hand, some of the numerous diseases have been
eradicated by vaccination programmes. Unless the patient
have an abnormal immune response leading to persistent
autoimmune syndromes like arthritis, inflammatory bowel,
lupus, MS, paralysis, or even death. On the other hand, the
virus may mutate and become a different virus describing
that the vaccination cannot to give defence from disease.
The most common non-approval way to stop viral attach-
ment is the use of silver liquid and gel [30].

Figure 2. Mechanism of antiviral effect of AgNPs on different stages of virus
replication: (1) interaction with viral surface, (2) interference with viral attach-
ment, (3) inhibition of virus penetration into the cell, (4) interaction with viral
genome, (5) inhibition of genome replication, (6) inhibition of protein synthesis,
and (7) inhibition of assembly and release of virions.

Figure 1. Representation of the nucleation and growth mechanisms for AgNP
obtained by the citrate method according to Ref. [14].
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The widespread use of broad-spectrum antibiotics has led
to struggle to standard antimicrobial agents for many bacter-
ial human pathogens and dead halt a major threat to the
global health care.

Silver has been unavailable since time immemorial.
However, the use of silver for medicine or as a local antibac-
terial agent was not known until the nineteenth century silver
was used to pure water. Following penicillin introduced. In
the 1940s, the use of silver for the management of bacterial
infections is wide spread [31]. Silver’s mode of action is sup-
posed to be dependent on Agþ ions, which powerfully
reduce bacterial growth through inhibition of respiratory
enzymes and electron transport components and through
interference with DNA functions [32]. The benefit of using sil-
ver nanoparticles for impregnation is that there is permanent
discharge of silver ions enhancing its antimicrobial value [18].

Silver compounds have already been used clinically to
decrease skin infections in the treatment of burns such as sil-
ver sulphadiazine and to prevent colonization of bacterial on
different surfaces [33].

They are among the emerging nanoproducts that have
gained increasing interest in the field of nanomedicine due
to their unique properties and obvious therapeutic potential
in treating a variety of diseases, including retinal neovascula-
rization, and acquired immunodeficiency syndrome due to
human immunodeficiency virus [33,34]. The advantage of Ag-
NP dramatically increased in the definite surface area for par-
ticles with a size in the range of a few nanometres [35].

In addition, the strong toxicity that silver shows in various
chemical forms to a wide range of micro-organisms is very
well known, and AgNPs have recently been shown to be a
capable antimicrobial material [36]. A group of problems are
related to herpes viruses; from shingles, genital herpes,
chickenpox, infectious mononucleosis, equal to herpes kera-
titis, neonatal distributed infections, and viral Encephalitis
[37].

HSV is the name of viruses that is divided into two sub-
groups: herpes simplex virus type 1 (HSV-1) and herpes sim-
plex virus type 2 (HSV-2). HSV is a double-stranded DNA virus
having genome size 152 kbp, which is the classic clinical
appearance of the primary. The connection and entrance of
HSV-1 into cells contain of interaction between viral envelope
glycoprotein and cell surface heparin sulphate [38]. This is
significant because of the damage that herpes virus can
cause on a long-term basis. In addition, there is no cure for
all herpes viruses [39]. HSV-2 is an extremely widespread
sexually transmitted infection [40–42]. There are 11 known
viral glycoproteins (B–M) and a 12th (gN) was forecasted [43].
HSV-1 or HSV-2 genital infection is featured by mutual clus-
ters of erythematous papules and vesicles on the external
genitalia, usually 4–7 d after sexual exposure [44].

HSV-1 is the most familiar infectious disease that occurs
worldwide and infects humans. They have no animal vector,
so spread is almost entirely person to person [37]. They are
the most serious human pathogens. HSV-1 is associated with
orofacial infections and encephalitis, whereas HSV-2 generally

Figure 3. Antiviral properties of AgNPs.
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causes genital infections and can be transmitted from
infected mothers to neonates. HSV-2 is a kind of a virus that
can cause a global trouble and the incidence of herpetic
infection can considerably amplify an individual’s likelihood
of becoming infected with human immunodeficiency virus
(HIV)-1 [45]. Both viruses found latent infections in sensory
neurons and, leading reactivation, creating lesions at or near
position of entry into the body. This latency increases the
pathogenicity of HSV and will facilitate these viruses to be
used as therapeutic tools [46].

Epidemiology and pathogenesis of mucocutaneous
HSV infection

There are more than 200 types of HPV. Based on the epide-
miologic and molecular biological studies, there are 15 geni-
tal HPV types [47,48].

The herpes virus family consists of more than 100 double-
stranded DNA viruses divided into a, b, and Ç, subgroups.
Symptomatic diseases caused by HSV-1 are commonly
restricted to cold sores of the mouth and keratitis in the
eyes, but HSV-1 is proficient of causing life-threatening dis-
eases in immunodeficiency persons, including newborns,
patients with HIV, or patients undergoing immunosuppressive
treatment [18]. HSV-1 adheres to and directly infects epithe-
lial cells. As viral replication progress, cytoplasmic membranes
get worse, and the damaged cells break up from one another
and make a blister-like vesicle. HSV-1 is able to migrate
through sensory nerve to the trigeminal cranial nerve gan-
glion in the brain and persists in absolutely in a quiescent
state in the nuclei of the neurons [48,49].

The advantages of HSV-1 include capacity of contamination
a extensive range of cells in both mitotic and non-mitotic
phases [50]. With regard to HSV-1, Ag-NPs are hypothesized to
target the virus and to compete for its binding to cellular hep-
arin sulphate through their sulphonate end groups, leading to
the blockage of viral entry into the cell and the prevention of
subsequent infection [30]. Useful inhibition of HSV-1 infection
in cell culture by the capped nanoparticles established that
the use of the soluble surfactant with mercaptoethane sul-
phonate was unsuccessful [51]. Ag-NPs were established to
reduce the HSV-2-induced cytopathic result on cells [27].

Conclusion

It is now clear that AgNPs possess a strong antibacterial and
antiviral activity, highlighted by several studies. Nonetheless,
for metal nanoparticles to be used in therapeutic or prophy-
lactic treatment regimens, it is critical to understand the in
vivo toxicity and potential for long-term sequelae associated
with the exposure to these compounds. Additional research
is needed to determine how to safely design, use, and dis-
pose products containing metal nanomaterials without creat-
ing new risk to humans or the environment.
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