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Abstract

Nanotechnology is one of the areas that have attracted much attention in all areas of scientific research.
Nanotechnology has inherent potential in the production of unique materials, new equipment and systems with
molecular level control and the usage of material features in nanometer scales. Therefore, the use of Nano-sized
objects such as a variety of natural nanoparticles as drug carriers and/or tumor detection agent can be considered
as a major achievement. The recent increase in the number of articles and publications in this field is due to the
same. Due to the complexity of this field, collaborative research teams with expertise such as medicine, engineering,
physics, chemistry, and biotechnology are necessary. This study focuses on the elements such as elementary
concepts, the application of nanotechnology in medicine, the structure, and form of operating nanosensors
and their use in detecting microorganisms and cancer. In other sections, various types of nanosensors such
as nano-chemical sensors, electrochemical nanosensors, and biosensors. As well as carbon-based materials in
nanosensors are described, and finally, it discusses the advancement and development of nanotechnology since
its inception and emergence until now, with emphasis on sensor technology and their application in biomedical

systems.
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Introduction

A device that can detect changes in the physical stimulus and
convert them into signals that can be measured or recorded is called
a sensor. The sensor initially acquires this physical value then converts
it to the desired signal for processing (for example, optical, electrical,
and mechanical). In the scientific term, the prefix "Nano" is considered
as one billionth of a single unit. For example, a billionth of a meter
is nanometer. On a nanoscale scale, one can use the natural spacing
of molecules and interactions between them. In Nanoscience and
nanotechnology Nano-scale objects are examined (National Science
and Technology Council 1999). One of the major differences in
nanoscale with larger scales is the properties and function of objects
on this scale. Generally speaking, Nanoscience studies the properties
of materials on an atomic, molecular and macromolecular scale, while
in nanotechnology, scientists design, construct, and use devices and
systems by controlling their shape and size on a nanometer scale (Royal
Society and Royal Academy of Engineering 2004). Nanomedicine
is the result of advances in Nanoscience and nanotechnology and is
generally referred to as biotechnology applications in Nanoscience
and nanotechnology. Nanomedicine can be considered as a boundary
between medical, physics, chemistry and biological sciences. Also,
the Nanomedicine development of fields of analysis and treatment in
biological systems at the cellular and sub-cellular levels has provided
revolutionary methods for the detection and prevention of certain
fatal diseases. For example, the National Cancer Institute of America
expects nanotechnology and Nanoscience to be used to control cancer
and thus reduce mortality. Because of the proximity of Nanoscience to
fertility, the US Department of the Food and Drug Administration has
been exploring the complex issues associated with nanoscale testing,
nanoparticles, and Nanosystems to improve human life. Nanoscale
materials can be described as a range of atoms up to 100 nanometers, and
virtually a nanoscale material is defined as a material with the smallest
dimensions of less than 100 nanometers (Figure 1). Nanomaterials
have unique properties compared to larger ones, and sometimes the
nanoscale range can increase to 1,000 nm. Since a number of biological

organisms, such as proteins, antibodies, viruses, and bacteria, arelocated
within the Nano range, they are often referred to as Nano-biological
materials. The high tendency to design non-biological Nano-materials
is due to their specific functions and the properties of nanoscale
biological materials. At the same time, nanoscale materials can be used
to access or manipulate non-biological Nanomaterials because they
have the right size [1]. Nanomaterials that are less than 50 nm in size
do not have the problem of entering many cells, while Nanomaterials
which are smaller than 20 nm can move beyond the blood vessels and
move around the body's circulatory system. Therefore, after special
treatments, Nanomaterials are widely used as drug delivery systems
whose role is to transfer chemotherapeutic materials or therapeutic
genes to malignant cells, while protecting healthy cells and store them.
As a momentous note it can be said that, in many practical sections
of literature, nanomaterials are commonly called as non-biological
nanomaterials, however, in the preparation and fabrication of non-
biological nanomaterials, organisms and biological methods have been
remarkably used [2].

One of the reasons for the emergence of nanotechnology is
the extraordinary knowledge-based and technical development in
diverse areas, such as pharmacy and biomedicine. One nanometer
can be described as one billionth of a meter and three times smaller
than micron [3]. Over the past few years, nanotechnology has been
instrumental in the field of medicine and its development. Studies show
that a wide range of Nanomaterials has emerged that have biomedical
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applications such as skin ulcer healing, bone tissue engineering, and
smart drug delivery systems [4-6]. Smart drug delivery systems relate
to successful and comprehensive examples of Nanomaterials with high
potential for imaging, sensitivities, or therapies. Over the past decade,
nanoscale materials have been reported with a good drug delivery
capability and cancer treatment ability [7].

Nanotechnologies in medicine

Molecular nanotechnology is formed on the measurement scale
in which it operates [8-11]. It indicates hundreds or thousands of
nanometers (in fact molecule size). It can be considered that 3 or 4
atoms are present in a nanometer. In nanotechnology, the size of viruses
can be assumed as 100 nanometers (Figure 2). Also, the diameter of
human hair is considered as almost 200 pm. Atom can be considered
as the main element of molecular nanotechnology structure. The
characteristics of the product result such as tension, conductance or
power are improved by groups of atoms. Conversion of graphite into
the strong and hard structure of diamond is a clear example of this
process. Also, reorganization and improvement of sand atoms can lead
to the formation of a medium silicone plate for building semiconductor
devices. Therefore, physicochemical conditions and biotic elements of
these nanostructures can be useful for improvement of biomedical
applications [12].

If comprehensive efforts are made for developing nanotechnology
and its completion, it is possible to make the world a safer place for
living. So, the sensors available in the industry are not excluded from
this rule. In the past decade, nanosensors have been used for conducting
researches. A nanosensor can be defined as a sensor that is built on an
atomic scale which is based on nanometer measurements. Advance
and evaluation of nanosensors can be observed in applications such as
medicine, native safety, aerospace, combined circuit, etc. In addition to
the variety of distinct usage for nanosensors, there are different kinds
of nanosensors and different methods for preparing and producing
them. There are challenges for construction of these nanosensors.
However, whenever they get advanced and improved for regular
use, their advantages are increased and their role in daily routine in
enhances. The purpose of nanosensors can be mainly considered as
achieving information on a nuclear scale and transferring them to the
information which can be simply inspected. Using nanocomponents,
usually in microscopic or submicroscopic scales, such sensors can be
known as “physical or chemical sensors”. One of the characteristics of
these particles is their powerful sensitivity. So, they have the capacity
of identifying subatomic of viruses or indeed very low concentrations
of the material which is naturally harmful [13,14]. Nanotechnology
usually has the ability to design and controlling a nano-size object.
However, according to the researchers’ opinions, it can be said that they
have different ideas about nanotechnology, and it seems that definitions
of nanotechnology are also varied as its applications. Some people
have focused on the study of microstructure materials by an electron
microscope and determining narrow sheets as nanotechnology. Some
others have investigated the synthesis method and building materials
as nanotechnology. Protein system, which is a nanotechnology,
is defined as a set for protein delivery to a specific position in the
body. The above definitions have meanings in specific research areas,
but none of them cover the whole range of nanotechnology. Since
nanotechnology covers a wide range of research areas and requires
interdisciplinary and multidiscipline efforts, different definitions
have been proposed for nanotechnology. According to the concepts
and definitions of nanotechnology, it can be inferred that the only
common feature of nanotechnology is its small size (Royal Society
and Royal Academy of Engineering 2004). In general, nanotechnology

Figure 1: Nanoscale and typical materials whose dimension ranges are
comparable to nanoscale [1].

Figure 2: Objects with dimensions from units to thousands of nm (see online
version for colours) [13].

is considered as a technology for designing, building, and using
nanomaterials and nanostructures. Nanotechnology covers the
fundamental understanding of physical properties and nanomaterial
and nanostructure phenomena and includes the fundamental study of
the relationship between physical properties and the size of materials
in nanometer scale. In order to propose a comprehensive definition,
nanotechnology is related to materials and systems whose structure
and components are new and their biological, chemical and physical
properties are significantly developed. This can be assigning to
nanoparticle size. Although the term “nanotechnology” is novel, the
study of nanometer scale is not something new. It is accepted that,
the research of biological systems and engineering of many materials
such as colloidal dispersion metal quantum dots and catalysts have
existed for many years. What is quite new about nanotechnology
can be considered as a combination of our ability to observe and
manipulate the material in nanoscale. Invention and development of
devices such as transmission electron microscopy (TEM), scanning
tunneling microscopy (STM), and scanning probe microscope (SPM)
have been used for developing new facilities for specifying, measuring
and manipulating nanomaterials and nanostructures. So, it can be
stated that by using these tools, it is possible to study and manipulate
nanomaterials and nanostructures at atom level. Iron-reducing
bacteria (IRB) can be introduced as one of the most beneficial micro-
organisms that present in different industrial and environmental
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activities. The ability of IRB to build iron nanostructures has made
the bacteria interesting in nanobiology technology [15]. According to
recent studies, it can be stated that these materials can also be used as
nanosensors, many application can be considered for them.

Mechanism and structure of action

Over the past decade, nanotechnology has dramatically increased
the development of medicine, grounding, and shaping Nanoscience.
Today, many of these improvements have entered the clinical field. The
improvement and development of composite Nanosystems are of great
importance to diagnosis and treatment of diseases. Such systems are
divided into parts such as 1) a carrier platform 2) disposable for sensor
imaging or therapeutic 3) optional target ligands. Exceeding such basic
systems, the breadth of design allows the development of complex
Nanosystems that can be very useful in medicine. After the advent of
Nano-based platforms of different basic materials, they were tested
for biological applications such as delivery of medication and cancer
treatment. Nanoparticles (NPs) are Nano-sized materials that can
carry various loads, such as imaging agents, proteins, small molecular
drugs, nucleic acids or other materials [16-19]. The goal of Nanocarrier
design is the promotion of efficiency of safety for the delivery of
drugs in general, and for non-viral drug delivery purposes [20,21].
The design of such nanoscale materials requires the ability to control
particle size, ensure biological compatibility and hidden properties,
optimize and achieve distribution and controlled performance [22,23].
As Nano-carrier platforms, liposomes, dendrimers, polymers, Carbon
nanotubes, metal NPs, organic NPs, quantum dots, Nano gels, and
nanoparticles have been used (Figure 3).

A Nano-sensor mainly consists of a biologically sensitive layer
that can contain biomedical diagnostic elements transmitted to the
converter. For creating physicochemical changes, the interaction
between the target analysis and the biological receptor has been made,
which can become a computable factor, for instance an electrical signal
[24]. Biological receptors are important and have been able to provide
properties for bio-sensor technologies. They provide the substrate for
attaching the ideal analyzer to the sensing element in order to quantify
with the lowest level of intervention from other pieces in the sampling
mix. Biologically sensitive components act as either a biotic molecular
genre (such as an antibody, an enzyme, a protein, or a Nucleic acid) or
a living biotic organization (such as cells, tissues, or entire organisms)
that is used to identify a biochemical procedure. Different electronic,
electrochemical or sensitive light detection methods employ in order
to discover biosensors. The group of receptor molecules from most of
the Nanosensors includes catalyzed and conjunction Nanosensors. In
order to bind desirable, non-reversible and non-catalytic molecules,
conjunction-based Nano-sensors can be used. For example, antibodies,
nucleic acids, and hormone receptors can be considered. On the other
side, catalytic-based sensing elements for instance microbiological cells
and enzymes can identify and couple the molecule, and subsequently the
catalytic chemical transformation of that molecule into a manufactured
which was subsequently identified [25]. This is done by transferring
the charges between the molecules and the sensitive materials, and at
the end, it can be understood that the visual and/or electrical signal is
depended on the kind and quantity of molecules [26].

Nanosensors

The sensing tools, that at least one of the dimensions of their
measurement are not more than about 100 nm are called nanosensors.
As a matter of fact, within the scope of nanoscience, nanosensors
are devices that can (a) administrate chemical and physical elements
in areas difficult to control and reach, (b) diagnosis biochemicals in

cellular tissues, as well as (c) measurement of particles with nanoscale
in the industry and surroundings. It can be understood from the title of
papers and journals that research has incremental trend in the sphere
of nanosensors as shown in Figure 4.

Frequently, progress in scientific understanding is intrinsically
driven by technological advancement. It can be said that Synthesis
of nanoparticles by metals were managed into two main stapes as
(a) nucleation and (b) expansion of nanoparticle. The presence of
biological compounds in the chemical reaction blend leads to inhibitory
effects on the growth and evaluation of particles [28-30]. Due to their
exclusive optical, physiochemical and catalysts properties of AgNPs,
they have been used to make considerable and effective applications
[31,32]. Because of the high attraction of AgNPs in medicine, industry,
and household, its use is increasing these days [33]. Green combination
of silver nanoparticles (AgNPs) was accomplished and enhanced,
through recovery Ag* ions with Alcea rosea flower extract. It can be
said that some properties such as flower oils, AgNO, concentration,
and reaction temperature are main components in this bio reaction.
Silver ions, as well as silver-based compounds, due to their powerful
antimicrobial effects have been used as antimicrobial agents for a long
time [34,35]. Because of the small size of AgNPs, they are exposed to
a large fraction of atoms, which can increase the silver‘s surface that is

Figure 3: Schematic picture, presentation fixed curative nanocarrier
platforms (NPs) in preclinical progress [7].

Figure 4: Precise search count on the expression “nanosensor” in the title of
journal papers within a 12-year period (1994-2005 inclusive) with estimation
up to 2010 [27].
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in connect with microorganisms. This point can be reminded that the
germicide characteristics of AgNPs result from the oxidation of silver
molecules and Ag+ ions release from the AgNPs surface [33]. There
are bioactive compounds in Alcea rosea flower which can influence
bioreduction of Ag+ ions. So, the AgNPs manufactured are covered by
hydrophilic biochemical compounds which have made them colloidal
stable. As a matter of fact the main factors in preparing quality-based
AgNPsinclude silver concentration, flower extractamount and reaction
temperature. Thus for making uniform particles these factors must be
manipulated and checked [36]. So, in order to diminution of Ag* ions
to AgNPs, an optimum quantity of the green source oil is necessitating.
For the time of AgNPs biogenesis, a useful diminishing and covering
factor was natural carbohydrates existing in average Ephedra [36]. It can
be said that absorbed nanoparticles to the outer surface of an organism
have the ability to damage cell walls or membranes or release of ions
that affect the performance of the organism. As shown in Previous
studies, the main toxicity of silver nanoparticles in the environment
is related to the free ion in the aqueous phase [37,38]. The bacterial
activity decreases, as the concentration of AgNPs increase [39,40].
AgNPs were synthesized using bark extracts of Ficus benghalensis and
Azadirachta indica without the use of any external reducing or capping
agent Ficus benghalensis (family Moraceae) commonly known as
‘banyan’ is an evergreen tree found all over India. It can be said that, for
the silver nanoparticles synthesized by bark extracts of F. benghalensis
and A. indica, the average size of particles was approx. 29 nm and 39
nm [41]. one of the most challenging and important issues in polymer
nanocomposites is the formation of bubble and cavities resulting from
it, which in practice can affect their electrical and mechanical properties
[42-47]. Therefore, in recent years, different methods have been
proposed to reduce the number of bubble cavities by the researchers,
which consist of molecular dispersion of bubbles in the polymer
matrix [44], simultaneous usage of vacuum and vibration, and vacuum
shock technique [42]. So as previously mentioned, some researchers
used vacuum shock technique in order to bubble reduction. They
combining DC electric field and improved vacuum shock technique, so
they generated electrified (highly aligned SWCNT) and non-electrified
(randomly aligned SWCNT) epoxy-based nanocomposites with low
void content, and their electrical conductivity and EMI shielding were
investigated as is shown in Figure 5, the detail of the nanocomposite
preparation explained.

From the electrical characteristics, one can find that the non-
electrified nanocomposites have lower electrical conductivity
and electromagnetic interference shielding than the electrified
nanocomposites. It shows that electrification can develop the level of
conductive network formation in the SWCNT/epoxy nanocomposites
[48]. Before strengthened with silica nanoparticles and sasobit
at various filler charges by multistage fabricating process, first
nanocomposites including phenol novolac epoxy resin (PNER) were
altered through unsaturated polyester resin (UPR). In the next step,
after recognizing the effective factors on the mechanical and thermal
features of nanocomposites, the effect of silica and sasobit loads on their
morphology was also analyzed. It can be said that with increasing the
loading of silica nanoparticles, the thermic and mechanical features are
increasing. However if this growth in load of silica exceeds 3%, it can
extend to a reduction in mechanical properties [49]. Moreover, When
some pure and non-synthetic fillers including nanobioceramic (the egg
shell nanoparticle) and also unmixed polymers (starch and glycerin)
added to PNER / UPR, then this action can cause a notable diminishing
below the soil and in order to progress absorption of water, presence
of egg shell nanoparticles in the treated PNER / UPR is required [50].
Furthermore, the addition of montmorillonite nanoparticles to the

ER not only can improve the general mechanical features also this
can cause development the thermal properties of nanocomposites
[51]. In fact some factors for instance the radiation of electron rays
to direct low-density-polyethylene (LLDPE), ethylene-co-vinyl acetate
(EVA) and clay nanoparticles can also affect the mechanical or thermal
properties of manufactured nanocomposites [52]. What can extremely
cause diminishing the general mechanical and electrical properties is
cumulus of fillers all over the matrix as well as formation of bubble based
holes in the matrix, thus in order to reach an appropriate composite
structure some agents such as elimination of bubbles before finishing
the treatment mechanism and also uniform diffusion of fillers over the
matrix are required [42]. Nanoparticles generated by microbiological
methods showed the slower rate of forming than when plant extracts
are used so nanosensors can be used. Although the sensors have
been widely used for many years, but the subject of nanosensors is
relatively new. Different nanosensors can be easily divided into three
categories: 1) optical nanosensors 2) electromagnetic nanosensors and
3) mechanical and/or vibrational nanosensors.

Optical Nanosensors

The first nanosensor used to measure PH was fluorescein-based
nanosensor which was trapped by polyacrylamide nanoparticle [53].
According to basic concepts, it can be said that fluorescent sensors are
particles including leastwise one substratum binding component(s)
and photoactive units(s) [54,55]. In fact, the luminescence phenomena
is a process performed by a fluorophore that takes light of a particular
wavelength due to the emission of a quantum of light with the energy
associated with the conflict between the earth and the stimulated states
[56,57]. As shown in Figure 6, a conceptual and comprehensible design
for a conventional luminescent sensor is provided, where the receiver’s
connection to the analyte is accompanied by impressive change
in color. As a point, it can be said that the change in the vibrational
properties of the photo depends on the meaning of the measurement.

An intracellular molecular colored arm [58] is considered as the
main kind of nano-optical sensor that can load fluorescent cells. Unlike
the fiber-optic arm, in this initial method, the physical impairment of
the cell is minimized which can be considered an important advantage.
On the other hand, such matters as toxicity, cellular degradation and
chemical interference are known as defects in free color method. The
specified nanoparticles, which include receptor molecules attached to

Figure 5: Manufacturing method for production of electrified and non-
electrified nanocomposites [48].
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the outer surface of nanoparticles, have a remarkable deviation from the
free color method [59,60]. The major difference between the specified
nanoparticles in comparison with the free color method of the receiver
molecules and labeled nanoparticles that move freely are respectively
the solid state and nature of the primary and secondary fluids. Optical
measurement includes absorption/ fluorescence/ phosphorescence/
Raman/ dispersion /refraction/ interference spectroscopy. Indeed,
amplitude, energy, polarization time or phase of failure are the
hallmarks of measurement [61,62].

Fiber optic nanosensors

Before acting the test, typical approaches for intracellular
examination require “fixing” of cell samples. It can be said that, in
addition to being able to destroy the cell’s bioavailability, it may
also be able to alter intracellular structure in large amounts. One of
the characteristics of optical fiber nanosensors is that it can examine
and test the essential cellular processes in the laboratory. If biology
processes can be controlled substantially at the molecular level, then
a better understanding of dynamic cellular activity can be obtained.
In order to create a physiochemical disorder that can change into
electrical or other measurable signals, a relation between the target cell
and the receptor cell is presented [63-67]:

R+A-> RA+ measurable signal

In the next step, the main signal is raised via the optical arm and
then conveyed into the database. Since the optical fiber arm can be
spaced between the surrounding and sensitive area, it may be stated
that the disadvantages associated with the chemical interference of
the color cell in the color free method are more that its advantages.
Another positive point of the optical nanosensors is that the invasion
of this method has reached its minimum level in comparison to typical
arm-wire methods.

Electromagnetic nanosensors

In order to divide nanosensors based on their physical mechanisms
there are two types of nanosensors:

(a) Finding via electricity measurement
(b) Finding by magnetism measurement.

First of all, we can review the class of electricity measurement for
two samples: finding by current enhancement and finding by current
inhibition. The label-free methodology throughout the usage of colors
is a distinguished positive point of this method. Geng et al. [68] worked
on analyzing fundamental interaction between hydrogen sulfide and
gold nanoparticles and finally found that hydrogen sulfide atoms have
high adsorption. By using the current and voltage across chromium
and gold electrodes in the existence of an applied electrical field, the
hopping of electrons was determined (Figure 7). Table 1 showed a short
summary of the different types of nanosensors with their applications.

Biosensors

One of the most important and useful types of nanosensors is
biosensor, because of its high ability to cancer diagnosis and even
severe disease. Also, it can be said that the biosensors can be utilized for
identification particular sorts of DNA. Dendrimers are the sensors made
layer-by-layer onto areas with a diameter of fewer than five nanometers
and produced by combinated polymers. Due to tiny dimension of these
sensors, it is allowed to organize them via epidermis. It can be said that
a nano-biosensor can be employed to uncovering asthma up to several
weeks.

Drug Discovery

The molecules that can hold together particularly to proteins
are organic molecules which are able to utilize for development and
detection of pharmaceuticals and they are also very important. An
appropriate example of this topic can be the diagnosis of molecular
inhibitors to tyrosine kinases. Proteins that intervene signal conveyance
in mammalian cells via phosphorylation of a tyrosine residue from a
substratum protein through adenonsine triphosphate (ATP) are called
Tyrosine Kinases. Many illnesses for instance cancer are caused by
deregulation of the phosphorylation procedure. It can be said that,
the kinase Abl adsorbed on the exterior part of Si nanosensors and
tested the bonding of ATP as well as keen prohibition of ATP bonding
with biological atoms, such as the drug Gleevec in order to manage
nanosensor tools in order to control and fix small-molecule inhibitors
to tyrosine kinases. As a rise or drop in the performance of the p-type
nanosensor tool, inhibition or binding to the bonding of the negatively
charged ATP to Abl was done. The bonding of negative charged ATP
to Abl was highly compatible with increased conductivity which could
be an interesting point for testing. Significantly it can be said that
conductivity decrease in low molecular concentrations, which also
shows a strong dependence of degree of inhibition on the molecular
structure [69,70]. What can use as the major means to treat diabetes
and a key peptide hormone that conjointly with its receptor regulates
blood glucose levels is Insulin. Factors such as various chemical
changes during industrial processing, pharmaceutical formulation, and
endogenous storage in the pancreatic $-cells can affect this therapeutic
hormone, highly sensitive to the environmental stresses and easily

Figure 6: Conceptual schematics of a luminescent dye for intracellular
sensing [27].

Figure 7: Discovering of analytes by inhibition of electron hopping (a) before
bonding and (b) after bonding [27].
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undergoes structural changes are related to Insulin, and also it has the
ability to unfold and aggregate. It can be mention that insulin may
have an important impact on the biological efficacy in relation to the
physiological and pharmacological activities of this hormone only by
small changes altering the structural integrity of insulin. In order to
improve its pharmaceutical properties, there must be a random or
planned chemical change. In a conceptual definition, gene therapy can
be considered as the delivery of DNA or RNA to cells, which can be
used to cure or obstruct genetic untidiness. Recently, many approaches
and gene-transporter have been advanced to getting better gene
transfer ability. In order to provide a novel approach to cure illnesses
and also merging gene therapy and chemotherapy, the usage of
Polyethylenimine (PEI) based transfer material is a smart choice [71].
It can be said that, when ketones is exist, improvement methods for the
chemoselective reduction of aldehydes are very important and gained
notable consideration or even via usage of some additives materials
such as thermoplastic thermoplastic, (PET, ABS, SAN) [49,51,72] nano
tube [42,48] resins [73,74] graphene oxide in polymer composite For
X-ray radiation shielding [75] and features of nanocomposites, linear
low density polyethylene, ethylene-co-vinyl acetate and nano-clay
particles through electron rays [52]. Due to the features mentioned,
nanosensors can also be used to do this [76].

Cancer diagnosis

Raman spectroscopy (RS) is a powerful analytical technique that
can be utilized in the identification of biological specimens, even an
individual cell [77] Surface enhanced Raman spectroscopy (SERS) is
an up to date approach that can increase the accuracy of identification
and is very useful. The most famous particles are gold and silver
nanoparticles which can be utilized in SERS, various nanostructures,
combination and synthesize with other nanoparticles, covering
substances, biomolecules in order to detect tumors (Figure 8) [78].
Raman can be exploited in various experiments, not only as a probe
instrument in the laboratory, but also for histological and pathological
diagnosis in clinical affairs RS and SERS in particular, is a powerful tool
which can be utilized for identification and tracking biological targets
which are cell and biochemical compounds [75]. So some of these
features can be attributed to nano sensors.

QD bioconjugates which are very luminescent and firm came
from recent progresses. It can be said that these bioconjugates have
the ability to provide novel facilities for tissue specimens, gene
therapy, proteins and drug aims in even single cells, and it is able to
identification of cancer cells in organisms. For investigating protein
analysts, one method has been improved which works based on
magnetic microparticle probes with antibodies that can particularly
match an aim of interest such as prostate-specific antigen (PSA) in case
of prostate cancer. In comparison with other fluorescent markers, the
labeling method has properties that are much better and more secure
In order to come behind cells at high lever plan in organisms, present
significant advantages throughout organic fluorophores for this
target, QDs are capable to merge with fluorescence microscopy [79].
A major burden in today’s life and one of the leading causes of death
in industrialised countries is cancer. There are various ways in order
to the diagnosis of cancer, which are comtaining histology, ELISA
and PCR. As a result, researchers concentrated on nanomechanical
biosensors taken by atomic force microscopy cantilevers. This new
technology can be used for many usage, and in some ways, it can be
said that it has surpassed exiting methods for instance microarray,
quartz crystal microbalance and surface plasmon resonance. It can be
mentioned that label-free biomarker detection, such as BRAF mutation
test in virulent melanoma can be provided by this technology while

it does not require strengthening the aim in a cellular context. The
search of basic dynamics of membrane proteins intercommunicate
to surface level alterations is an exclusive usage of the cantilever array
style. For example, it can be said that the properties of exhaled breath
which allows assessment of a patient's condition in a non-invasive
manner is another development. What is refers to the development
of the atomic force microscope (AFM) [80] is the application of
nanomechanical cantilevers, where in order to image surfaces on the
molecular and atomic scale, a cantilever with a sharp tip at one end is
utilized. From recent research and development it can be found that,
high rate AFM has come into the sphere of time at the nanoscale and
millisecond resolution in chemical procedure for instance imagination
of the motion of myosin on an actin filament in real time [81]. Figure
9 provides a clear illustration of biomolecular interaction on the
cantilever surface. some bonding methods are investigated either via
cantilever bending down to the nanoscale due to variations in surface
level based on molecular interactions on the cantilever surface (static
mode, Figure 9A) [82], or extracting variations in resonance frequencies
of a vibrating cantilever due to growth in mass upon binding of
biomolecules (dynamic mode, Figure 9B) [83]. The dynamic mode is
similar to the operation principle of a quartz crystal microbalance [84].
Recently, arrays of cantilevers manufactured from silicon or silicon
nitride have been batch-fabricated (Figure 9C). Different approaches to
measure cantilever bending or vibration have been progressed, among
them laser rays deflection (Figure 9D) [85], interferometry [86] and the
usage of piezo resistive cantilevers [87]. Functionalization by gold-thiol
chemistry allows the formation of a self. As shown in (Figure 10A), the
deflexion of the cantilever is because of adsorption and cellular relations
between the SAM and supplementary molecules. For the first time this
action was demonstrated in DNA hybridisation tests [89,90], where the
binding of a 12 base long oligonucleotide at a concentration of 80 nM
to its complement immobilised on the cantilever surface was studied
with single base-pair specificity [86]. More researches concentrated
on antibody antigen activitis on cantilevers. These factors illustrated
sensitivity in the higher nanomolar to micromolar limited area,
when using whole antibodies (Ab) functionalised on the surface [91].
Through oriented individual chain antibody fragments of the variable
limitation (scFv), more progress in antigen identification sensitivity
was gained that because of their tiny dimension and unmixed direction
on the cantilever surface, which expanded the sensitivity about 500
times to low nanomolar concentrations [92]. Many applications rely
on the field of structural variations in proteins. It can be said that this
field and subject especially is appropriate for static measurements.
Constructional variations for protein mechanisms are usually required
for instance perform certain functions like enzymatic transformation
or binding of ligands. What can raise the surface level in a monolayer

Figure 8: A typical Raman spectrum of a chemical compound and related
peaks [78].
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Figure 9: Two common utilized modes of cantilever sensor performance.
The first one (A) indicates the static mode where surface stress results in
cantilever bending. The second mode (B) shows the operation in dynamic
mode. Here the cantilever is actuated and vibrates at its specific resonance
frequency. Upon binding of a ligand to the surface the resonance frequency
changes and the adsorbed mass can be calculated from that shift. The two
modes can also be used simultaneously. (C) Shows an electron microscope
image of an array with eight 750 um long cantilevers. (D) lllustrates the liquid
handling system and the beam deflection read out of a cantilever setup. In
order to determine cantilever deflections, a total of 8 Vertical Cavity Surface
Emitting Lasers (VCSEL) are used. The laser beam is deflected at the end of
the cantilevers to a Position Sensitive Detector (PSD). Below the cantilever
array is a peltier element which produces a heat pulse to test the mechanical
properties of the cantilevers. Syringe pump and multi valve systems allow
a constant flow of samples to the cantilever measurement chamber [88].

Figure 10: (A) The example of DNA hybridisation to immobilized
oligonucleotides illustrates the molecular crowding, which creates a surface
stress resulting in cantilever bending. A differential deflection (Ax) can be
measured with the help of a reference cantilever. (B) Measurement of total
RNA from a BRAF mutated melanoma cell line (red) and from a cell line
(black) that does not contain the BRAF mutation. Injection is indicated with
a red and black bar at the bottom of the graph. The measurement device
is washed with buffer before and after injection. The two cell lines can be
clearly distinguished [88].

making mixture of a cantilever are these variations [93]. In order to
identify the binding of transcription agents, an incorporating of of DNA
and protein detection was utilized [94]. Here in order to functionalize
the gold surface of a cantilever, a thiolated double stranded hairpin
structured oligonucleotide (dsOligo) was utilized. The dsOligos
contained binding sites specific for the transcription factor NF-kB or
SP1. These agents are essential in cancer diagnosis and treat and also
they play a vital role in this action [95] and in tumour response to
treatment [96]. For investigate virus adsorption, the dynamic state can
be utilized [97]. As a point it can be mentioned that viruses are able to

attach surface immobilized ligands and as a result when the resonance
frequency changes, mass on the cantilever surface changes too. Figure
10B illustrates an essential stage for simplifying cancer identification
with nanomechanical cantilevers was gained [98].

Microorganism Detection
Identification of bacteria

The high speed and accurate diagnosis of pathogenic bacteria
is very necessary in medical identification. Some limitations of most
of the typical discernment approaches include low sensitivity or
holdup in getting results. Effective methods like ferrofluid magnetic
nanoparticles and ceramic nanospheres have already been investigated.
For example, in order to detect a single bacterium, a bioconjugated
nanoparticle-based bioassay for in situ pathogen quantification
requires only 20 min. In a biorecognition condition of molecule, the
nanoparticle can be simply utilized due to their great fluorescence
property. Because quantum dot provides qualitative information
but does not give quantitative information, this can be considered a
limitation. In comparison with the previous searches reported, the
nanoparticle-based colorimetric test could enhance the sensitivity of
the identification via more than several times. Identification of a low
amount of Salmonella enteric bacteria is gained due to the variation
in the surface level on the silicon nitride cantilever surface in situ
upon binding of bacteria. It can be seen from an electron microscope
that absorption of less than 25 organisms is sufficient to identify. For
investigate the variation of electricity, and in next step detection of
the bacteria, a nanotechnology-based technique, Sensing of Phage-
Triggered Ion Cascade (SEPTIC), utilizes a nano equipment which has
two antenna that act like electrodes [99]. Iron reducing bacteria (IRB) is
one of the most effective categories of bacteria which are exits in every
place. One of their features is that they can act in reverse direction in
contrast to iron oxidizing bacteria. While IRB convert this reaction and
reduce ferric ions to ferrous, Iron oxidizing bacteria transform ferrous
ions to ferric (Figure 11) [15].

Starkey and Halvorson have founded the meaning of IRB in 1927.
One of their studies was to determine the significance of microorganism
in the natural conversion of iron from solutes to precipitates and vice

Figure 11: The role of Iron Oxidizing Bacteria (IOB) and Iron Reducing
Bacteria (IRB) in natural iron transformation [100].

Med Chem (Los Angeles), an open access journal
ISSN: 2161-0444

Volume 8(8): 205-217 (2018) - 211



Citation: Mousavi SM, Hashemi SA, Zarei M, Amani AM, Babapoor A (2018) Nanosensors for Chemical and Biological and Medical Applications. Med
Chem (Los Angeles) 8: 205-217. doi: 10.4172/2161-0444.1000515

versa [100,101] In two environments such as aerobic and anaerobic
can oxidize iron microbials. On the other hand the iron-reducing
metabolic rout is done under anaerobic and or microaerobic situations
[100,102] Because IRB is capable to combine iron nanostructures, it
can be very much considered in nanotechnology. It can be said that
a significant and effective portion of iron minerals in the geological
subsurface is supposed to be presented as nano-sized colloids including
iron oxides (hematite, magnetite) iron oxyhydr oxides (goethite,
akaganeite, lepidocrocite, feroxyhyte) and iron hydrous oxides
(ferrihydrite, hydro hematite maghemite). Iron nanoparticles play an
essential role in biochemical mechanisms, due to their extensive event,
inclination to nucleated and provide the surfaces of other phases,
essential redox potential and also high reactivity [103]. Furthermore
iron nanostructures have been widely utilized by many applications
especially biomedical sciences [14]. Figure 12 is showing the intense
activity of AgNPs against bacterial growth and Figure 13 indicates
antimicrobial agents of AgNPs against E. coli and S. aureus.

Detection of viruses

Factors such as the effective and sensitive selection of viruses for
implementing the effective reponse are very is very important and
vital. Several methods like plaque and immunological experiments,
transmission electron microscopy, and PCR- based testing of viruses
are presented for more essential search. These methods generally
require a high level of control, which is not suitable for infectious

Figure 12: Antibacterial agent of AgQNPs against E. coli and S. aureus [36].

Figure 13: Antimicrobial effects of AgNPs against E. coli and S. aureus
[124].

agents, nor is detected quickly. Real-time electrical diagnosis has been
gained by usage of nanowire field effect transistors single virus particles
[104]. Electrical and optical measurements by fluorescently labelled
influenza at the same time were utilized to illustrate undeniably
which the conductance variations related to single viruses at the level
of nanowire tools. In a past few years, magnetic nanoparticles act as
a new antimicrobial agent and material. Effective agents of listeriosis
are Listeria monocytogenes and play an essential role in public health
fields. One of the main features of this bacterium is that, it is capable to
fix to the host cell membrane and stimulate molecular [105].

Carbon based materials in nanosensors

Because of its magnificent applications in many areas, carbon is
called as a unique element. This black substance has some characteristics
such as low water solubility and weak fluorescence. It can be found
in many forms including graphite, diamond, fullerenes, and graphene
so it can be said that carbon is an astonishing element [106-114].
The carbon that acquires various properties can be used for different
purposes, based on how the atoms are organized. Figure 14 illustrates
the timeline of carbon-based materials started with the discoveries of
fullerene [106,107], carbon nanotubes [108-110] and then graphene
[111,113].

Carbon can forms many different chains with different length,
and electronic configuration as stated in Figure 15. This hybridization
property gives the possibility carbon to form more than hundred million
compounds with different properties. Carbon based nanomaterials are
common forms with hollow spheres, ellipsoids, or tubes. Spherical and
ellipsoidal carbon nanomaterials are referred to as fullerenes and the
cylindrical ones are called as nanotubes.

Nanowires are wires with a very small diameter; sometimes
their size can be equal to 1 nanometer. Carbon nanowires are single
nanoparticles or highly ordered arrays of nanoparticles that are being
used independently as the electrode. The structure of a nanowire is so
simple that there’s no room for defects, and electrons pass through
without any obstacle [117-120]. In the last years, carbon nanotubes
have overshadowed nanowires (Figure 16).

Recent applications on pharmaceutical analyses using carbon
based nanosensors

The most destructive factors during the manufacture of composite
materials are bubbles and cavities derived from them. Finally, because
of an increase in gas concentrations of bubbles can cause a significant
reduction in some properties and variations in the anatomy of the
models. As a result, nanosensors may be used to reduce bubbles and
improve properties and structure. The presence or absence of voids
represents smooth and non-smooth surfaces in the composite samples
as shown in SEM images. It can be said that in Figure 17 part A indicates
the surface of sample B and the upper part of bubble based voids.

Figure 14: Timeline of major milestones in the field of carbon nanomaterial
based biomedical imaging and therapy. Reprinted with permission [115].
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Figure 15: Carbon nanomaterials such as the fullerene C;, CNT, graphene
and nanodiamond for advanced technological applications Reprinted with
permission [116].

Figure 16: (a) Low resolution and (b) high resolution SEM images of carbon
nanowires. (c) TEM image of carbon nanowires, and (d) HRTEM image
of carbon nanowires synthesized at the current of ~10 A. Reprinted with
permission [120].

It can be found from the results that, if there is a bubble in the
composite, it can affect some properties such as electrical conductivity
and Electromagnetic waves absorption. Moreover, it is accepted
that bubbles have a great desire to combine with each other that can
cause the emergence of huge size bubbles, by optical examination.
Due to the growth in their internal gas concentration and dimension,

enormous size bubbles can make serious destruction in the composite
construction and also diminish the overall features of composite
models. Furthermore, bubbles attend to move from high concentration
areas to lower places which can lead failure in the surface of composite
models. In addition, Bubble based voids can lead to expansion of
fracture in their direction that can cause the reduction in the mechanical
features of composite models as is shown in SEM images [40]. In recent
years carbon-based nanosensors have great use in pharmaceutical
analyses application, further for real sample applications like tablets,
human serum etc. In their work, Cheemalapati et al. developed an
electroanalytical resolution of anxiolytic Buspirone hydrochloride
using multi-walled carbon nanotubes on glassy carbon electrode
was achieved. They used MWCNTs with the lengths of 0.1-10 _m
which was prepared in dimethylformamide. Zhai et al. developed an
electrochemical nanosensor using sulfonated graphene sheets/oxygen-
functionalized multi-walled carbon nanotubes for the determination
of P2-adrenergic agonists, Clenbuterol. After characterization of
sulfonated graphene sheets/oxygen-functionalized multi-walled
carbon nanotubes, Clenbuterol was detected with the differential pulse
voltammetric method, with a detection limit 0of 0.0046 uM between 0.01-
5.0 uM [121]. Fakhari et al. suggested reduced graphene oxide modified
screen-printed electrode for the determination of NMDA receptor
antagonist Dextromethorphan in urine and plasma. Using differential
pulse voltammetric technique Dextromethorphan was detected
with the limit of detection 1.5 ng mL" [122]. For the determination
of Rivastigmine, Kalambate et al. developed the adsorptive stripping
differential pulse voltammetric method using graphene nanosheet-
gold nanoparticle/carbon paste nanosensor. The preparation of the
nanosensor is shown in Figure 18. In the range of 2.0 x 10-7-6.0 x 10°
‘M with a detection limit of 5.3 x 10M Rivastigmine was well detected
with the suggested [124].

Conclusion

Recently, nanosensors have taken a lot of applications in the fields
of pharmacy, medicine, industry and etc. Nano sensors can be utilized
to solve many human problems and treat disease as they can easily
be adapted to the environment. In this review article, the effects of
nanotechnology on everyday life and its application in pharmacy and
medical sciences were investigated. In addition sorts of nanosensors

Figure 17: SEM images from surface of composite samples, (A) sample-B,
(B) sample-A (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article) [42].
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Figure 18: lllustration of the preparation procedure for GNS-AuNP nanocomposites. Reprinted with permission [123].

Subset
Fiber optic

PEBBLE (direct)
PEBBLE (ion-correlation)  K*, Na*, CI
Current measurement
Magnetism measurement )
sensing
Vibrational
Inertial

Pressure, acceleration, yaw rate

Resonance frequency, spring constant

Measured samples or Physical properties

Benzopyrene tetrol, benzo[a]-pyrene, caspase-9 (an apoptosis protein), cytochrome c (a protein involved in
producing cellular energy), pH, K*, Ca?*, NO, NO%, CI, Na*

H*, Ca?, Mg?, Zn?, glucose and dissolved O?

H,S, GOx, lactase oxidase, dehydrogenase, peroxidase, hydrogen peroxide, catalase, organophosphorus pesticides,
organophosphorus substrates of organophosphorushydrolase, DNA, ATP

Molecular interactions, oligonucleotide sequences, enzymatic activity, viral particles, magnetic field, speed, position

Table 1: An abstract on different kinds of nanosensors and their usage [27].

has been introduced and categorized by their working mechanism.
In general, the prominent properties of nanosensors were studied
and it was also accepted that their electromagnetic species are used
for chemical evaluation and also optical nanosensors are very useful
for detection of intracellular chemicals. Finally, in this review article,
the specificity of the diagnosis of cancer and microorganisms was also
addressed.
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