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Abstract

Objectives: The development of polystyrene silver nanocomposite of multi-drug resistance through several microbial
bacteria has been a cause of real auspices to the medical world, shorter option of antibiotics. Contemplating that it may
take decades to synthesize new nanocomposite drugs that combat resistant pathogens the search for alternatives to
conventional antimicrobial agents has begun. Development of Ag nanoparticles was growing in neoteric years and is for
the time being considered for the user and medicalincomes. Methods: We review a novel phenomenon polystyrene silver
nanocomposite (PS/AgNCs) for the combination of green leaf being and their physical, chemical, biological, mechanical
and electrical attributes. The methods of action and potential use in medicine and research with special allusion to
antimicrobial application shall be discussed. Findings: The current review scouts about the huge plant variety to be
utilized towards rapid and single step protocol preparatory method with green principles over the conventional ones
and describes the germicide motions of the (PS/Ag NCs). Application: Nanoparticles were positively estimated for their
antimicrobial performances in the running study. Several properties, including powerful and stable materials, conductive
devices, sensors and biomedical (drug delivery) were used as vehicles for drug delivery to enable the effective entry to the
body.

Keywords: Biomedical Applications, Drug Delivery Systems, Green Synthesis, Nanotechnology, Silver, Polystyrene
Nanocomposites

1. Introduction

Nanotechnology is an emerging technology including
the development in new scale of range (1nm to 100 nm)
at the atomic, molecular and bulk materials'. The macro
levels in structures, devices, and systems that still pre-
pare good or better achievement and functions related to
their tiny size. Nanotechnology has now become world
request and interest’. A lot of research and developments
have been done in various fields including the solar cells
devices. Contemporary developments in nanotechnology
provide new exciting scope for further improvements in
cell realization and cost lowering in the manufacturing
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procedure of the solar cell’ nanotechnology synthesizes
also the (NPs) size result of (Inm to 100 nm) (Figure
1). Moreover, there is a unique class of nanotechnology
which is bio-nano. Those Mgmat essentials of biology
with physical and chemical methods to create nano-sized
particles with determined careers®.

Bio-synthesis approach has more indemnification high
anther traditional synthesis procedures due to the acces-
sibility of more biological structure and environmentally
friendly procedures. The opulent bio-variety and simple
availability of plant structure have been more discov-
ered for the nanomaterials synthesis®. Nanotechnology
is foreseeable to have evolution influence on health.
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Figure 1. Scale of nano particles.

Nanoparticles can be the main base in medical and essen-
tially in diagnosis and treatment of cancer cell, heart and
blood vessels sickness and contaminated diseases. For
more the application of nanoparticles in the drugstore,
it is necessary that the systems are steady, the ability to
being functionalized, biodiversity and directed to specific
goal stall in the body after systemic management®.

The idea of nanotechnology from the first suggested
by Feynman in 1959. The term nanotechnology was the
first original’. Where the term nano-medical was dis-
covered®. The beginning evaluation in this scope was
studied in the early 70s at the ETH Zurich when the first
controlled progressive system was advanced along with
other various drugs that showed the powerfully to cross
the blood-brain barrier with more enhancement phar-
macokinetics’. Despite, it was not until 2006 when the
one international journal in nano-medicine was intro-
duced named ‘International Journal of Nano-medicine’ to
cater to the emerging needs of nanotechnology in medi-
cine'®. Normally, there are three generaltips involved in
green preparation methods, i.e., response middle cho-
sen, biological decrease agent cross, and chosen of Non-
carcinogenic material for stabilization of nanomaterials.

Until now plenty-mediated Prepare of the nanomate-
rial can be useful on another bio-based structure because
the execution from look after, Cell cultures ability be to
edit and it is too durable extensive output under non-
aseptic milieu*". Nanomaterial, mostly silvery and gold
nanomaterial, using implant excerpt as nano-manufac-
tory is a substantial topic for researchers in the area of
nanomaterial. Silver nanomaterial has higher hesitancy
Plasmon reverberation than gold nanomaterial.

The review focusing on the green extract preparation
of nanoparticles is cheap, separated step and fast method.
The leaves are used clearly in the synthesis of various
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green nanoparticles such as copper, silver, gold and zinc
oxide. Siver nanoparticles are scope for many treatments
for different diseases such as paludism, cancer, human
immunodeficiency virus, hepatitis and other critical
diseases. The novel research (PS/Ag NCs) in this review
construction on the fast and easy biological synthesize
cooperation (PS/GA) to study drug delivery technologies,
modify drug liberate profile, absorbance, disturbance
and elimination for the benefit of improving production
activity and safeness, as well as patient status suitability
and compliance with the drug delivery system.

2. Syntheses of (Ag NPs) Byleaf
Extracts

Silver nanoparticles are entirely famed antimicrobial
operatives in surgically planted catheters in status to
minify the contagions occasioned during surgery'? and
offered to hold antifungal anti inflammatory anti-angio-
genic and anti permeability motions. Argentums is so
one of the major motifs in different kinds of medicament
gashes". However, Ag nanoparticles are presently being
pressed as introduced antibacterial tool replacing Ag
ions. Both Ag ions and Ag nanoparticles have restrained
and grave effects on bacterial types like Escherichia coli,
Staphylococcus aureus, and even leaven. But, the forma-
tion of complexes for Ag ions is restricted and the influ-
ence of the Ag ions somehow residues only for a low
period™. Yet, this hurdle has been determined by the
application of the right Ag nanoparticles which have
major antibacterial properties by promoting the synthesis
of interacting oxygen types like hydrogen peroxide®. In
additionthe antibacterial efficiency of the Ag nanopar-
ticles, a perfect disturbance of the bacterial membrane
of coli cell was spotted after few minutes in connect with
Ag nanoparticles beneath TEM analysis'®. The high com-
petence of Ag nanoparticles is fundamentally due to the
availability of bigger roof area to the size proportion for
interactions, sedative the breakthrough and disturbance
of nanoparticles in the cells of bacterial, as a contrast to
micro-sized Ag ions'””.

The employ of plants as the output assembly of Ag
nanoparticles has pulled interesting, because of its fast,
simple, convenient'®, eco-friendly, non-pathogenic, eco-
nomical protocol and providing a single step technique
for the biosynthetic processes. The lessening and firm-
ness of Ag ions by a group of biomolecules like proteins,
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Figure 2. Preparation of Ag nano particles plants method.

amino acids, enzymes, polysaccharides, alkaloids, tan-
nins, phenolics, saponins, terpenoids and vitamins which
are formerly confirmed in the plant excerptions having
medicinal worth’s and are environmental decent, yet
chemically gleaner structures'. A large numeral of plants
is reported to ease Ag nanoparticles synthesis are men-
tioned (Figure 2)*.

3. Nanoparticles in Drug Delivery

Nanoparticles drug delivery regulation isnon-metric
transporter utilized to carry drugs or molecule-bio.
Definitely, nanotechnology founded unique method
incorporate metal particles with a polymer template have
accomplished unique physical and mechanical prop-
erties that were not potential with the supplement of
micronized particles. These metal nanoparticles (NPs)
established in plenty polymer matrix have become the
concentrate of rising attention because of their applica-
tion in many domains contain optical fibers, subwave-
length waveguides, non-linear optical transitions,
super-lenses?, magneto-optical data store, directional
connector, electronics as nano-wires?® for bio-medical
materials. Moreover, these polymers are catchy materi-
als for applications in bio-sensors because of the signifi-
cant suppleness in their chemical structure and those
redox properties*. The scope of variations of the prop-
erties relies on the rule polymer size, disturbance, and
scuttle action of the NPs and adhesion at the filler-matrix
surface”. When the NPs are embedded or encapsula-
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tion in a polymer, the polymer work as a flatness cover
agent®!!.

In addition, the casting of the film be easily, and the
particle dimension is planned completely within the
required regime. Silver and gold are favorite NP coat-
ing materials because of their well-known properties of
shown optical reduction (absorption) in the scene area.
Silver has been exceedingly prepared because it is much
reactive than gold. Polymers are generally elastic, light-
weight, and capable to supply wanted immobilization of
the nanoparticles, avoiding their coherence or separation,
thus saving the narration size dependent characteristic of
the Nanomaterials is sub-micrometer magnitude parti-
cles (PNPs)?. In addendum, polystyrene (PS) show many
wonderful properties such as biocompatibility, nontox-
icity, height surface district, powerful adsorption capa-
bility, and chemical Idlein addition to?**. Polystyrene
spheres have been most applied®. The copolymer
of methyl methacrylate and styrene (PSMMA) is a task
polymeric substance that has a lot of usage in medicine®".

4. Polymeric Nanoparticles

Polymeric NPs can be specified as sub-micronic (extend<
Ium) colloidal transfer. Contrasted to other colloidal
carrier polymeric NPs contract important promise for
the programs of therapy sickness and troubles. They
have catching physicochemical property like as size, roof
effect, and hydrophilic-hydrophobic equilibrium and for
this reason; they have been famous as scope drug car-
rier for bio-active ingredients such as anti-cancer drugs,
virus, oligonucleotides and peptides. Their diffuse use for
oral delivery also goals to enhancing the bio-availability
of drugs with small absorption special, decreasing GI
mucosa excitement caused by drugs and confirm the
stability of drugs in the GI field. Consequently, all these
and more like feature of NPs reserve them as a hopeful
nominee in drug-delivery technology. Though different
bio-degradable NPs (Figure 3) of physical polymers like
starch, chitosan and liposomes, are generally in use as
drug transport in controlled Drug delivery technology™.
Many FDA-approved bio-degradable and bio-compatible
polymers have been used in NPs synthesis. These con-
tent polylactide-polyglycolide copolymers, polyacrylates
and polycaprolactones®. Recently the synthesis of NCs
of polystyrene (PS) and (PS/AGNPS) can be synthetic to
scope the target venue by a morality of their size and face
adjustment with a specific confession ligand. Their sur-
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Figure 3. Bio-degradable polymeric nano particles
applications.

face able to be easily modified and functionalized. From
the polymer chemistry point of view, the future an object
scope to make a new polymer suitable hydrophilic and
lipophilic property of upcoming drugs for smart formu-
larization.

5. Metallic Nanoparticles

Presently these nanoparticles are emerging as better drug
delivery and bio-sensor. For the property of metallic
NPs diverse metals have been discovered though Ag and
Au’s nanoparticle is of first significance for biomedicine.
Polymer molding has been extremely utilized as particle
stabilizers in preparing of metal colloids over this stop-
ping cluster of the particles. During the old contract,
mixture Ag nanoparticle into a polystyrene PS is more
enjoyable because of the result (NCs) shown the applica-
tions in catalysis, drug delivery, injury plaster, antimicro-
bial activity and optical pieces of information store**. It
is intractable to disperse (Ag NPs) homogeneously into
a polystyrene (PS) matrix by different methods because
of easy agglomeration of nanoparticle®. For the time it is
likely to getting nanomaterial of various forms and size in
a nano construct a polymeric climate where diverse poly-
meric order and various diversity can be applied, many
processes used sublime and potentially serious reactants.
Rising environmental worry have performed in a try to
take eco-friendly mode™.
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6. Technical Analysis of PS/AGNCS

Characterization of nanoparticlesis veryimportant to real-
ize and understand nanocomposite cooperation (PS/GA)
and implementation of the drug delivery techniques.
Characterizationis perfect to use the different types of
techniques such as Transmission Electron Microscopy
(TEM), Scanning Electron Microscopy (SEM), Atomic
Force Microscopy (AFM), X-Ray Diffractometry (XRD),
Fourier Transform Infrared Spectroscopy (FTIR) and
UV-Vis spectroscopy*. These techniques can be applied
to characters of varioustypes of vectors such as particle
size, shape, crystal, fractal dimension, small size and sur-
faces scope®. Moreover, nanocomposite could be specific
by these techniques, the morphology and particle size
could be determined by TEM, SEM, and AFM. The mor-
phology of polystyrene/silver (PS/Ag) nanocomposite
specific by scanning electron microscope SEM and TEM.

The AFM measures three-dimensional status. Moreover,
X-ray diffraction is using for the determination of crys-
tallinity. The UV-vis absorption and dynamic light scat-
tering methods have been used to characterize thecolloid
system.

7. Applications of Silver
Nanoparticles

Ag nanoparticles are of particular attention in the new
research of nanotechnology due to its unparalleled prop-
erty, which able to be not integrated into a domain area of
width application Optical resonators* agents in the medi-
cal industry, cosmetics, food packaging, bio-engineering,
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Figure 4. Different types of applications Silver nano
particles.
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electrochemistry, catalysis, and circumferential using
(Figure 4). As featured in their size materials, unique
nanoparticles showed various catalytic actions, and thus
nano-catalysis lately has obtained more active in this
a path of using NPs as catalysts in a different kind of
method*!. Prepare of silver nanoparticles (AGNPS) is of
frequently service to the scientific because of their vast
domain of purposes. This (AGNPS) are subsistence suc-
cessfully applied in the cancer diagnosis and therapy*>.

Silver nanoparticles (AGNPS) has been used more
closely in the health manufacture, food storage, woof coat-
ings and a number of environmental applications (Figure
5). The antimicrobial property of silver nanoparticles has
also been hard-done-by together in the medicament and
at home. Silver sulfadiazine creams use sometimes to
stop the infection at the burning position and at least one
devices company has united argentine into their lotion
instrument. Presently, Argentine is utilized in the extend-
ing area of nanotechnology. It is a well-known truth that
silver nanoparticles and their composites offer major
catalytic work on the section of dye decrease and their
elimination®.

8. Drug Delivery

Pharmaceutical manufacturers are continuously meeting
demands and expectations of different technologies and
possibilities for expansion of drug design due to medical
and healthcare item research. The exploitation of recipi-
ents in medicinal manufacture develop from their imita-
tive subsidiary occupation in the formula like ease flow
ability and matchmaking of the production along with
their biological part in the enhancement of drug render-
ing in particular firmness, emission, and bio-availability.
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For now, bio-based materials are beheld as key ingredients
for the pattern drug delivery regulation because of their
stabilization, availability, renewability and low toxicity*..
Appropriate chemical alterations of bio-materials much
necessary with single properties of they use in drug
delivery system actually than their customary bio-
degradability and bio-compatibility. Drug delivery is a
multidisciplinary area which comprises realization from
the domain of chemistry, pharmaceutical sciences, drug,
biological analyses® and engineering. It mostly depends
on the chemical formulation of medicine, form and
administration route.

Drug delivery method ameliorates the problems of
imitative section by reinforcing drug solubility, extend
period time, decrease part belongings and detained drug
bioactivity. Drug delivery method has increased bio-
availability better the uptake preserves drug focuses by
control the average of drug, liberation and minimizes part
wares by emission the drugs at aim cells***°.

Drug evolution and formulation experiment have
much low prosperity averages with a salutation to drugs
that get in the mart. These shortfalls are due to the agent
such as poison of the curative complexes, needy solubility
major to minimized bio-availability and decreased capac-
ity. These challenges are even much significant in poverty-
related sickness (PRS) essentially paludism, due to the
top diffusion of impedance and patient noncompliance
to obtainable drugs applied in malaria chemotherapy* .

Nanoparticles are applied to the site-specific to
drug delivery (Figure 6). In this technique, the wanted
drug dosage is applied and side effects are decreased
safely as the actual factor is deposited in the pathologi-
cal area only. This much elective path can minimize
costs and clinical practice of diagnostics®. Thus a vari-

Drug
| —

Nanoparticle Drug loaded nanoparticle

Figure 6. Drug delivery in nano particles.
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ety of nanoparticles such as dendrites, and nanoporous
materials find the applications. Micelles acquired from
block copolymers are applied for drug encapsulation.
They carry little drug molecules to the desired position.
Similarly, nano-electromechanical systems are used for
the active emission of drugs. Iron (Fe) nanoparticles
or gold (Au) shells are found important applications in
the cancer therapy. A targeted drug decreases the drug
consumption and treatment cost, working the therapy
of patients cost efficient™.

9. Drug Delivery Silver
Nanocomposite

Nanotechnology is presently utilized as the devices to
exploration the dusty avenues of the health science invari-
ous methods like imaging®, sensors®, target drug deliv-
ery”® and gene delivery™ and synthetic plants®. Hence,
nano-sized (organic and inorganic) particle are find ris-
ing interesting in health applications®*. The amenability
to biologically function increase effectiveness, the novel
era drugs are nanoparticles of polymer, metal or ceramic,
which able conflict condition such as cancer”. Ag has
been recognized to have a purifying impact and has found
application in conventional medicine and culinary sec-
tions. Different salt of Ag and their derivative are com-
mercially utilized as anti-microbial agent®. Consequently,
nanoparticles of silver have ability been inspected for
their antibacterial properties®. The commendable effort
has been synthetic to look these properties employ elec-
tron microscopy, which has detected the size-dependent
interaction of silver nanoparticle with bacteria® (Figure
7). (AGNPS) have thus been prepared as a middle for
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Figure 7. Drug delivery in polystyrene/ silver nano
composites (PS/Ag NCs).
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antibiotic delivery. And synthesize composite for employ
as sterilize filter and coating materials®.

10. Aim of the Present Paper

In this paper concentrate on the features and bio-medical
application of polystyrene/silver nanocomposites (PS/AG
NPS). An extended study is transported out based the new
signs of progress reported in the literature label category
of powerful and settled materials, conductive tools, sen-
sors and bio-medical production. Furthermore, the sev-
eral development applications are specified for the future
challenges in science and manufacturing community.

11. Conclusion

Green synthesis of silver/polystyrene nanocomposite
using plant extract it is most studies in the last. The leaves
extracts produce the fabrication of silver/polystyrene
cooperate in the fast and novelcooperate for the biological
work (drug delivery). The biosynthesis of nanoparticles
using plant wet extract and pure is novel cooperation PS/
AG for the great scale product. The plant extract nanopar-
ticles have the possibility to apply in the different areas
such as pharmaceuticals, human immunodeficiency
virus, hepatitis, critical diseases and other Drug delivery
technologies. The plant material/polymer nanoparticles
have plan effect on diagnosis and treatment of many dis-
eases with stripy side effects. In future, The plant extract to
prepare silver nanoparticles and incorporate with polysty-
rene PS/AGNCS need a more details study on more issues
such as taking the possibility of a different kind of activi-
ties of the PS/AGNCS at the cellular and molecular scales.

12. Recommendations and
Future Work

To funding and organizational searching for a large
amount of data for this cooperation polystyrene silver
nanocomposite its not toxicity to use in drug delivery
(cancer cell) and other medical and antibiological proper-
ties, that should be collected to conduct the review would
be of greater help rather than individual data searching
and self-funding Studies need to progress at a fast path-
way from being most useful in the biological work. In
the future, many biological fields such as (pharmaceu-
ticals, human immunodeficiency virus, hepatitis, criti-
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cal diseases and other Drug delivery) can also use same
green synthesis cooperation with polymer (polystyrene)
nanocomposite to observe weakness and hardness clearly
in this field.
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