Asian Pac J Trop Dis 2015; 5(10): 767-771 767

Contents lists available at ScienceDirect

Asian Pacific Journal of Tropical Disease

journal homepage: www.el sevier.com/locate/apjtd

Review article

doi: 10.1016/S2222-1808(15)60929-X

©2015 by the Asian Pacific Journal of Tropical Disease. All rights reserved.

Nano particles: An emerging tool in biomedicine

Muhammad Shoaib Amjad"?, Nazish Sadig?, Huma Qureshi?, Ghazala Fareed®, Sidra Sabir®

'Department of Botany, Women Unviersity of Azad Jammu and Kashmir, Bagh, Pakistan

*Department of Botany, PMAS-University of Arid Agriculture, Rawalpindi, Pakistan

*Department of Biotechnology, Women Unviersity of Azad Jammu and Kashmir, Bagh, Pakistan

ARTICLE INFO

Article history:

Received 10 Jun 2015

Received in revised form 15 Jun, 2nd
revised form 22 Jun 2015

Accepted 14 Sep 2015

Available online 9 Oct 2015

Keywords:

Nanoparticles

Biomedicine

Application potential
Pharmaceutica delivery systems

ABSTRACT

Nanotechnology is an emerging scientific discipline with numerous applications in the field of
biomedicine and manufacturing new materials. They hold potentia to be applied in different
biological fields and most strictly focused in medical applications, e.g., tools for noninvasive
imaging, diagnostic test assays for early disease detection, drug development and targeted
drug delivery systems to reduce secondary systemic negative effects. Nanoparticles have
contributed a lot to the advancement of the medical arena. To extract gold nanoparticles with
different techniques, green biosynthesis is under exploration due to its cost-effective, eco-
friendly preparations with controllable shape, size and disparity, great physica and chemical
inertness, optical properties related with surface plasmon resonance, surface modification,
surface bio-conjugation with molecular probes, excellent biocompatibility and less toxicity. A
significant potential of nanoparticles in biomedical applications including imaging of tissues
and cells, sensing of target molecules, drug delivery is among recent efforts in their synthesis
and functionalization e.g., Feridex (iron oxide nanoparticles) have been clinically administered
asacontrast agent in MRI.

1. Introduction

Nanoparticles (NPs) are solid, spherical particles of size ~100 nm,
prepared from polymers (natural or synthetic). Hydrophobic and
hydrophilic drugs, vaccines and macromolecules can be delivered
by using NPs which may also allow controlled drug delivery or a
targeted administration to specific cell or organ[1,2]. Metallic NPs
(e.g., gold/silver NPs), among the variety of NPs, are the most
prominent in biology and medicine[2]. During the last decade,
noteworthy breakthrough was made in the field of biotechnology
especially for application in biomedcine. Currently, dendrimers
are investigated as pharmaceutical delivery systems owing to their
abilities to facilitate drug delivery and release, improve the solubility
of drugs, and target delivery to specific sites34]. Silver NPs are
widely used as a colloidal suspension for their biological activity
reported to be associated with different components e.g., carbon
nanotubes and manganite(5.6]. Gold NPs are used enormously
for a variety of applications such as ultrasensitive chemical,
separation science, optoelectronic devices, biological sensors,
catalysts, biomedical applications (nucleic acid analysis, drug
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delivery, antibacterial agent, cancer treatment and gene therapy)
[71. Interaction of NPs upon their uptake by cells is also influenced
by their surface charges. Relatively higher extent of internalization
by positively charged NPs seems apparently as a result of the
ionic interactions established between negatively charged cell
membranes and positively charged particles(8]. Numerous research
groups have recently diverted their attention toward the synthesis of
biofunctional NPswhich result in constant evolve of this area.

2. Application potential of NPs: A brief overview

Biosynthesized gold NPs have remarkable applications in different
areas such as separation science, biological and chemical sensors,
catalysts, heavy metal ion detection, electrical coatings, etc.[9].
Currently there are a number of synthetic techniques and materials
that are being investigated for biomedical applications (Table 1).

Particles of nanosize have significantly different characteristics
from macro particles which have often been applied in medical
research[10]. During the last two decades, NPs have been
extensively investigated and developed in imaging applications
due to the superior narrow range of emission, photo stability, broad
excitation wavelength, quantum dots and multiple possibilities of
modification and have attracted the attention from scientists and
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engineers interested in drug targeting, biomarkers and sensorg[11].
Recently techniques developed for conjugation of particle surface
with biomolecules which allowed the targeting of cell with the
help of quantum dots[12]. Using plant extract, the synthesis of
gold NPs (AuNPs), is advantageous over the biological process by
eliminating the sophisticated process to maintain cell culture and
also suitable for large scale nanoparticle synthesis[13]. The NPs
are capped by natural proteins and can be directly attached with
multiple receptors such as luteinizing hormone releasing hormone,
epidermal growth factor receptor and epithelial cell adhesion
molecule without targeting agent involvement. These NPs can also
bind with integrins and vascular endothelial growth factors for the
development of novel anti-angiogenesis strategy for a wide range of
tumor treatment[14]. Various surveys have shown that consumption
of either antigens or adjuvants by antigen presenting cells could be
enhanced by the delivery nanosystems and provide better immune
responses as compared to systems which are obtained with the
soluble counterparts[15]. The in vitro release of entrapped antigens
can be made by poly(lactic-co-glycolic acid) NPs for long periods of
time{16].

Table1

Application(s) of some important NPs.

Nanoparticles Applications Reference

Ag Home appliance as antimicrobial agent [6]
Clothing for odor resistance

TiO, Paints and coating for antimicrobial property [4]
Cosmeticsasa UV absorber

Carbon nanotubes  Consumer €lectronics [6]

(CNT) Sports equipment for light weight and durability

Fe,O, Contrast agent for targeted tumor imaging [7

Fullerenes Drug delivery [1]

Fe Environmental remediation [1]

Au Medical diagnostics [2]

3. Types of NPsin biomedicine

Various types of NPs have been recognized with various
biomedical applications as described below (Figure 1).

Inorganic
NPs Au
Gold NPs QDs Superparamagnetic Paramagnetic
ironoxideNPs  lanthanide lons
Organic NPs
Dendrimers Micelles Liposomes Ferritin

Figure 1. Different types of NPs used in biomedicine.
QDs: Quantum dots.

3.1. Composite (multimodal) NPs

Composite or multimodal NPs have variety of combinational
functionalities enabling them to be analyzed by number of
techniques, thus broadening their domain of applications. The
applications of these NPs in biomedicine have been reviewed[17].

3.2. Magnetic NPs

The applications of magnetic NPs in biomedicine have been
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studied earlier{18]. The a-hydroxyacids such as tartaric or citric acid
was received by high temperature hydrolysis of chelated iron(l1)
and (111) and diethylene glycol akoxide complexes while ultra-
small superparamagnetic iron oxide NPs by a post synthesis ligand
exchange step enabling their high colloidal stability[19].

3.3. Noble metal NPs

A broad scope of synthetic approaches have been applied to
seek the synthesis of noble metal NPs. A general method has been
developed for synthesis of NPs based on the diminution of the
metal ions transferred by dodecylamine from an aqueous phasg[20].
Monodispersed AuNPs (50-175 nm) were obtained by using
reducing agent especially hydroxyquinone{21]. One of the recent
researches reported the folic acid as reducing agent for synthesis of
water soluble AUNPs (18 nm)[22]. The one-pot green synthesisin the
presence of chitosan allowed AuNPs to be justifiable in morphology
and size depending on the temperature of the reaction[23].

3.4. Semiconductor NPs

Synthesis of semiconductor NPs and their applications in medicine
have been reviewed[24]. Open air synthesis of 3-mercaptopropionic
acid functionalized cadmium selenide QDs was reported by using
a hydrazine hydrate-Se complex as a source of highly reactive
selenium ions; subsequently, further reaction occurred in solution in
the presence of cadmium. The resulting water soluble and air stable
particles enabled quantum yield of 40%[25].

4. Uses of NPsin biomedicine

Nano particles have anumber of usesin biomedicine (Figure 2).
4.1. Dendrimers

During last decade, this NPs are extensively used as pharmaceutical
delivery systems because of their ability to facilitate drug delivery

and release of drugs, improvement in their solubility and target
delivery to specific siteg3] (Figure 2).

Targeted
therapy
Gene Drug
delivery delivery
Nanoparticles
Detection Molecular
diagnosis imaging
Biomarker
mapping

Figure 2. Application potential of NPsin biomedicines.
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4.2. Gold nanoshells

Physicochemical and optical properties make nanoshells ideal
for medical biosensing, cellular imaging and in cancer detection
and treatment. In addition, photothermal cancer is possible by
nanoshells tuned to absorb near-infrared radiation[26].

4.3.QDs

QDs are presently used for cytogenetics molecular diagnostics
and multiplex diagnostics. They have extensively used in
cancer diagnosis and diagnostics. A recent research reported
that QDs covalently linked to antibodies against human
epidermal growth factor receptor 2 to visualize tumorcells by
immunofluorescence27].

4.4. Mesoporous silica nanoparticles

Mesoporous silica nanoparticles are currently used for
theranostic purposes. For example, they can be used as carriers
for therapeutic agents and functionalized with different molecular
or polymer moieties, which facilitate controlled drug delivery and
releasef28].

5. Function of NPs
5.1. NPs as vaccines

A strong immune response was created by treating it inside
animal noses with a “nanoemulsion” (a suspension of alcohol,
oil, soybean and surfactant) to create droplets of 200 to 300
nm in size. The oil particles can be used as key particle to react
with protein and initialize an immune response which fights off
infection. These particles bypass the use of needles as well as can
be used where refrigeration is not available. The method of using
anthrax vaccine may result in spreading of anthrax microbes by
terrorist. Thus researches conclude that if nasal hanoemulsion
proves to be an ideal vaccine in humans, it can be give to patients
exposed to anthrax attack. Vaccines which are given after the
exposure are used to boost the speed the immune response.

5.2. Role of silver nanoparticles as anti-microbial agent

Silver NP playsit role as anti-microbial as well as anti-bacterial
agent. Particle size is very important because the smaller the
particle size the greater the surface area which leads to higher
inter-action with the bacteria. Microbes are found everywhere
and they are dangerous to human body because of the existence
of antibiotic resistant microbes. NPs are being used to restrain the
effect of microbes. They are used in the prevention of bacterial
colonization on surface of prostheses, catheters, dental materials
and food processing surfaces such as stainless steel[29].
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5.3. Role of pH-responsive NPs for targeted drug delivery

One application of NPs in medicine currently being developed
involves employing NPs to deliver drugs, heat, tight or other
substances to specific types of cells (such as cancer cells). Particles
are engineered so that they are attracted to diseased cells, which
allow direct treatment of those cells. This technique reduces
damage to healthy cellsin the body and allows for earlier detection
of disease. Nanotechnology offers another challenge to come to
this goal a hit closer, to deliver the drug in the right place at right
time{30].

5.4. Nanoparticlesin stem cell therapy

Nanoparticles have been used successfully by chemical engineers
to enhance stem cells ability to regenerate the damaged vascular
tissue and reduce muscle degeneration in mice. This alows the use
of NPs in gels, paints, polymers composites and high tech foams,
living cells.

5.5. Gold NPs for the treatment of cancer

Cancer cells adong with other organisms such as bacteria, viruses
and DNA can be damaged by atechnique like nanophotothermolysis
with lasers and gold NPs. Gold NPs are probes for application in
biomedical field because they can be easily prepared unlike other
fluorescent probes. Cancer cell is invasive because one cell left
over can lead to the regrow. The NPs will create bubbles in contact
with cells due to extreme temperature change. These bubbles burst
sending out the shockwaves which damage and cause them to lyse.
This technique alows selecting only the cancer cells or abnormal
cells. However, this technique has less efficiency in case of solid
tumor, bones, and atherosclerotic plaques31].

5.6. Role of respirocyte in human

Medical diagnosis with appropriate and effective delivery of
pharmaceuticals is the medical areas where practical applications
of nanosize particles have been found[32]. Nanodevices in medical
sciences could function to replace defective or improperly
functioning cells, such as the respirocyte proposed by Freitag33].

5.7. Nanodiagnostics

Nanodiagnostics devices can be used for early disease
identification at the cellular and molecular levels. Nanomedicine
could increase the efficiency and reliability of in vitro diagnostics,
through the use of selective nanodevices to collect human fluids
or tissue samples and to make multiple analyses at the sub cellular
level. From an in vivo perspective, nanodevices might be inserted
into the body to identify the early presence of a disease, or to
identify and quantify toxic molecules, tumor cells, and so forth[34].
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Figure 3. NP efficiency in cancer treatment.
5.8. Carbon nanotubes as NPs for orthopaedic implant

NPs may prove effective tools for improving orthopaedic implants.
In our day-to-day life orthopaedic implants are used in many surgical
procedure to achieve better quality of life and to replace the damage
bone or joint everything has a drawback likewise. Orthopaedic
implant can result in loosening of the implant failures and
complicated revision surgeries according to Spear and Cameron[35].

Give multifunctional capability—NPs with dual functionality can be
used for diagnostic and therapeutic purposes (e.g., Fe,0,-Pt NPs).

5.9. Cancer diagnosis and imaging

Tumor imaging plays akey rolein clinical oncology by helping to
identify solid tumors, determine recurrence and monitor therapeutic
responses. The development of non-invasive molecular imaging
systems able to detect tumors at early stages would represent a
significant improvement over the current available clinical diagnostic
methods. The development of NPs for the delivery of contrast agents
has emerged in recent years since the possibility of the production
of multifunctional NPs which are able to specifically target the
tumor(36]. It has been reported that nanomachines could administer
drugs within a patient’s body. Such nanoconstructions could
deliver drugs to peculiar sites making treatment more accurate and
precise(37]. The detail mechanism and efficiency of nanoparticle in
cancer treatment isgiven in Figure 3.

NP concentration, culture conditions for in vitro studies, cell
lines, introduction strategy of particles in in vivo studies, size and
duration of exposure are key factors influencing the cytotoxicity
of a nanomaterial[(38]. Using a chemical and thermal constant
protein extracted from Populus tremula as template, Pd NPs have
been obtained. There was no effect reported for template after NPs
deposition. Therefore further bio-functionalization for site-specific
targeting can undergo[39].

Reactive oxygen speciesindependent way of particle-induced cytotoxicity
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6. Conclusion

NPs present highly attractive applications in the field of medicine.
They have the potential to be used in various medical and biological
applications e.g., diagnostic tests assays for disease early detection,
targeted drug delivery systems to minimize secondary systemic
negative effects and tools for noninvasive imaging and drug
development. For a given biomedical application, a wide range of
chemical, physical, biological and physiological factors have to be
established for successful preparation and bio-functionalization of
NPs. Recently, in biomedical and material science, the toxicity of
the nanoparticle is a critically important topic. Moreover, to increase
colloidal stability in biological media, biomolecules incorporation
into the synthesis of NPs have gained the attention that will also
enable specific targeting in living tissues.
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