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Abstract

Nanotechnology is the manipulation of material on an atomic and molecular scale; by changing its physical,
chemical and biological properties to produce novel materials, devices, and systems. Nanomaterials exhibit remarkable
characteristics such as high surface to volume ratio, catalytic activity, and biocompatibility which make them suitable
for various biomedical applications. Nanotechnology have prospective to improve the whole healthcare process for
patient; starts from diagnosis to treatment and follow-up monitoring. Medical diagnosis based on nanotechnology
provides two major advantages: rapid testing and early diagnosis. The potential contributions of nanotechnology
in the medical diagnosis are extremely broad and improve traditional diagnostic tools and methods in the field of
clinical diagnosis, imaging and electro- diagnosis. Emerging modalities such as biochip, microarray, nanobarcode,
micro-electromechanical systems, lab on chip and nanobiosensor have revolutionized the field of medical diagnosis.
Nanoscale materials and nano-enabled techniques are used for diagnosis of various diseases such as cardiovascular
diseases, cancer, diabetes, infectious disease, musculoskeletal and neurodegenerative disease etc. Among all
medical applications of nanotechnology, nanobiosensor especially enzyme nanobiosensor are sensitive, reliable,

robust, reproducible and cost effective diagnostic tool to meet the requirements of healthcare.
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Introduction

Diagnosis of a suspected disease is one of the most critical steps in
healthcare and medicine. Diagnosis is the act or process of identifying
or determining the nature and cause of a disease or injury through
evaluations of patient history, examination and review of a laboratory
data [1]. Medical diagnosis is one of the most challenging areas of
healthcare and medicine as giving treatment to the patient, careful
diagnosis of disease biomarkers is the deciding factor for the treatment
of patient. Medical diagnosis should be fast, reliable, specific, accurate,
and minimize possibility of ‘false positives’. Diagnosis methods
with high degree of sensitivity and specificity aid in early detection
of diseases and disorders; and hence can provide better prognosis.
Technology development for medical diagnosis is one of the important
fields of applied science as it straightforwardly affects healthcare of the
general population [2].

Many scientists have endeavored to develop more efficient
technologies for rapid and accurate diagnosis of diseases. One of the
first instances of medical diagnostic device was the stethoscope, which
has become the most widely used diagnostic device by clinicians to date.
Laennec invented the first medical device: stethoscope for diagnosis
which was essentially a simple wooden monaural tube and has been
developed over the past two centuries into a binaural flexible device
with integrated low pass filtration among other numerous advances. It
is responsible for the discovery of new diseases, the creation of criteria
for accurate and rapid diagnosis and the development of many new
treatments [3]. The subsequent most important tool was the discovery
and use of X-Rays by Wilhelm Conrad Rontgen in 1895. Admirably,
Rontgen won the first Nobel Prize in physics in 1901 for his discovery
which has affected innumerable lives and paved the way for new
medical discoveries and diagnostic techniques [4].

Medical diagnosis involves analyzing of symptoms of a disease,
determination of tissue type prior to organ transplantation, detection of
blood group of patient requiring blood transfusion and to monitor the
progression of disease. Numerous techniques and assays are available
for diagnosis such as immunoassay, genetic based tests, medical
imaging and biosensing. Bioassays commonly used in diagnosis are
enzyme linked immunosorbent assay (ELISA), polymerase chain
reaction (PCR) based genetic assay and staining assay such as Giesmsa

and Gram for viral and bacterial infectious diseases [5]. Conventional
diagnostic methods suffer from few limitations occurring as result of
low specificity and lack of efficacy. Nanotechnology enhances assays
by accomplishing all requirements to provide a platform that is more
sensitive than the current gold standard in protein detection, and
ELISA [6].

Most biomarker detection is takes place at centralized laboratories
using sophisticated automated analyzers, with large waiting time
and high costs. Robust, faster and economical devices are extremely
desirable for substituting these time-consuming laboratory diagnoses
and for diagnostic results available at the patient’s bedside i.e. point-of-
care diagnosis. Nanoscale structured materials and devices that can be
fabricated today hold great promise for advanced diagnostics and
biosensors. Nanotechnology integrates with genomics, proteomics,
and molecular machine systems, and attribute to fast, reliable, and
onsite effective medical diagnosis. Nanotechnology has revolutionized
these modalities by producing novel materials and devices for medical
diagnosis as outlined in Figure 1 [7].

Medical Diagnosis

Medical diagnosis has different modalities like bioassay, biosensors
and imaging. Current modalities of diagnosis have limitations such
as poor sensitivity, specificity and reproducibility. Diagnostic methods
should have greater sensitivity and also facilitate early detection of
diseases to provide better prognosis. The conventional diagnostic
techniques often cannot identify Alzheimer’s, many cancers, and
other life-threatening diseases early to offer an effective treatment. But
nanotechnology, which is revolutionizing electronics and other fields,
promises to similarly renovate medical diagnosis. Nanotechnology
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Figure 1: Diverse modalities of medical diagnosis with aid of Nanotechnology.

the engineering of systems at the atomic or molecular scale to
construct devices that are elegantly small allows researchers to develop
supersensitive nanomaterials that are capable of recognizing disease
biomarkers at much lower concentrations than traditional tools [8].

Clinical diagnosis

The aim of clinical diagnosis should be the rapid testing and
complete diagnosis at an earlier stage to provide the potential of curing,
possibly with less damage to the patient. It is possible with point-of-
care diagnosis which includes nanobiosensor and nano-scaled devices.
Bringing the diagnostic technique with patient ie. point-of-care;
reduces disadvantages of conventional diagnosis and overall cost
and time for health care process for patient is reduced extensively. In
clinical diagnosis especially in oncology, detection of tumor markers
in blood and cell lysates exemplifies the future of cancer diagnostics.
The capability to investigate all biomarkers, present at a wide range of
concentrations, will support physicians to make earlier diagnosis of
malignant diseases which are presently difficult to detect at a treatable
stage [9].

Point-of-care diagnosis are seen as integrated devices or tools that
can process clinical samples for numerous different types of biomarker
in a various settings, such as centralized clinical laboratories, doctor’s
clinics and at the patient’s home. At the hospitals diagnosis is based
on either large-scale automated analyzers or bioassays based on ELISA
techniques, which are unsuitable for bedside emergency. Present-
day home care of diabetic patients should follow self-monitoring in
a simple and cost-effective way. Consequently, biosensor technology
with new, intelligent, and radically enhanced detection abilities with
integrated sample handling to overcome the most common diagnostic
problems are greatly required. These devices must minimize sample
volumes and lower the limit of detection. Remarkably, such devices
could be employed for specific biomarkers viz. thrombin, C-reactive
protein, troponin, and so far. Moreover, this could reduce hospital
expenses and would be very beneficiary for treatment of patient [10].

Diagnostic imaging

In vivo imaging is most important in diagnosis of disease which
searches for the symptoms of the disease within live tissue suspected
of being infected. Medical diagnostic imaging includes MRI, PET,
CT, OCT, opto-acoustic or photo-acoustic tomography (OAT/PAT)
and NIR imaging [11]. Medical research has exploited the unique
properties of nanomaterials for in vivo imaging where tools and devices

are being developed by using nanomaterials. Nanotechnology is having
impact on this area, particularly by developing molecular imaging
agents. A nanoparticle enhances favorable distribution and improved
contrast in MRI and Ultrasound images. Nanomaterials containing
contrast agents can greatly improve sensitivity of diagnostic imaging
techniques. Nanomaterials can improve imaging techniques even at
single cell before any symptoms appear [12].

Super-paramagnetic nanoparticles are widely used as MRI contrast
agent, while liquid perflurocarbon nanoparticle and liposome are
examples of ultrasound contrast agent. Optically absorbing gold
nanoparticles can be used as contrast agent for opto-acoustic imaging as
well as gold nanoparticles used in NIR imaging due to their lumiscence
properties. Body cannot clear them due to their nanosize, which
prolongs the time span for imaging. Traditional fluorophores such
as organic dyes and fluorescent proteins suffer from several intrinsic
problems including rapid photo-bleaching, spectral cross-talking,
narrow excitation profiles, and limited brightness/signal intensity.
These shortcomings can be reverted by iron oxide nanoparticles
(MNP) coated with peptides specifically bind to the tumor cell which in
turn enhances the images of MRI owing to its magnetic properties [13].
MNP-MRI allowed noninvasive, real-time quantification of pancreatic
inflammation for diagnosis of autoimmune diabetes [14].

Electro diagnosis

Electrodiagnosis is field of diagnosis which encompasses
electrophysiology and electrical technology to study human
neurophysiology, neurodiagnosis, electromyography and evoked
potential. It is method of obtaining information about disease by
passively recording the electrical activity of body parts or by measuring
their response to external electrical stimulus. The most widely used
specialized diagnostic technique of recording spontaneous electrical
activity are electrocardiography (ECG) to monitor electrical activity
of heart and elctrocephalography (EEG) to assess electrical activity
of brain, electromyography (EMG) for monitoring nerve and muscle
cell activity [15], tonometry for measuring internal eye pressure and
spirometry to measure lung function. ECG electrodes with integrated
nanostructure conformal antenna used as wireless transmitter to send
data for remote health monitoring.

Nanotechnology for Medical Diagnosis
Nanotechnology

The prefix “nano” derived from Greek word “dwarf”, while the
term “nanotechnology” was coined by the Japanese researcher Norio
Tangiuch in 1974 [16]. However, the concept of nanotechnology
was realized by the famous physicist Richard Feyman in 1959 in his
landmark lecture in which he mentioned the possibility of manipulating
materials at the level of individual atom and molecules [17].

Nanotechnologyis promisingfield of research because ofits potential
to revolutionize each field as it deals with the properties of materials
at the nanoscale dimension between 1-100 nm. Nanotechnology
provides new materials with novel properties and function for various
biomedical applications such as diagnostics, drug delivery, therapy,
tissue engineering, hyperthermia treatment, and biosensors [18]. Asa
substantial branch of science, it has the most vital role in field of human
healthcare and medicine. Nanotechnology in medical diagnosis covers
all field of science for imaging, measuring, and manipulating matter at
the nanoscale and has important application in diagnosis, prevention
and treatment [19].

Biomedical application of nanotechnology has ability to enable
early detection, prevention, treatment and follow up of many life-
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threatening disease including cancer, cardiovascular disease, diabetes,
Alzheimer’s and AIDS as well as infectious disease [20]. The most
auspicious application of nanotechnology is in Alzheimer’s disease
because patients are diagnosed after they pass away and their brain is
examined for the telltale damage, scientists are investigating for tests that
would help make a diagnosis in living patients [21]. Nanotechnology
enables the development of novel therapies and improves traditional
treatment and diagnosis process by manipulating atom and molecules
to produce nanostructures of same size as biomolecules for interaction
with human cells. Interpreting, reproducing and modulating medical
diagnosis in assistance with nanotechnology in a bid to make lives
healthier is one of the aims of the modern nonscientists by diagnosis of
disease: nanotechnology will provide better diagnostic tools to look for
biomarkers that recognize possible complications before they occur.

Nanomaterials for medical diagnosis

Nanomaterials exhibit higher chemical reactivity, increased
mechanical strength, faster electrical and magnetic responses owing to
its high surface to unit volume ratio. The properties of nanomaterials
are very different than their bulk materials, so amenable to diagnostic
technique. Nanoparticles can attach to biomolecules, allowing
detection of disease biomarkers in a lab sample at a very early stage.
Nevertheless, nanomaterials possesses electrical conductivity, catalytic
properties, good stability and high loading of biomolecules owing to it
high surface to volume ratio. Because of their small size, nanomaterials
can readily interact with biomolecules and gaining access to so many
areas of the human body. Nanomaterials offer the opportunity to
interact with cells at the molecular scales in real time, and during the
earliest stages of a disease [22].

There is variety of methods to synthesize NPs such as physical,
chemical and biological synthesis. The common ways to produce
nanomaterials are top down and bottom up techniques. The top-
down technique is start with a bulk material and then breaks it into
smaller pieces using mechanical, chemical or other form of energy. An
additional way is to synthesize the material from atomic or molecular
species via chemical reactions, allowing for the precursor particles
to grow in size, which is called bottom-up technique [23]. Biological
synthesis is green; eco-friendly synthesis of NPs from microorganisms
has been greatly facilitated for biomedical applications [24].

Nanomaterials become a platform for fabrication of novel
diagnostic tool and revolutionized diagnostic process. The diverse
and enhanced properties of nanomaterials have been exploiting for
medical diagnosis e.g. increased relative surface area, the emergence

Nanomaterials

Nano-

of quantum effects and interactions with biological systems which
presents opportunities for scientists. Noteworthy, assets that mark
nanomaterials as exciting material, such as increased reactivity and the
potential to cross cell membranes have positive impacts on healthcare.
Overall process of application of nanotechnology from nanomaterials
to nano-enabled tools in medical diagnosis is summarized in Figure 2.

Magnetic Nanoparticles (MNP): MNPs are employed in multiple
disciplines such as biosensors, magnetic resonance imaging and nano-
electronics etc. MNPs commonly consist of magnetic element such
as iron, nickel, and their derivatives. MNPs are versatile diagnostic
tool as it is manipulated using external magnetic field. This ‘action
at a distance’ phenomenon combined with intrinsic penetrability of
magnetic fleld into human tissue enables their detection in vivo using
MRI [25].

Precise detection of protein biomarkers and pathogens in clinical
samples is vital early diagnosis of diseases, monitoring of treatment,
and design of personalized medicine. In general, biomolecules have
insignificant magnetic susceptibility. Hence, MNP for biosensor
enhance sensitivity and effectively reduce sample preparation
requirements. Magnetic sensors, such as magnetic relaxation switch
assay sensors, magneto-resistive sensors, and magnetic particle
relaxation sensors have been developed [26].

Super-paramagnetic iron oxide nanoparticles (SPION) are made of
an iron oxide core and coated by either inorganic materials like silica
or organic materials such as phospholipids, natural polymers such as
dextran or chitosan. SPIONSs are a versatile agent for early diagnosis
of cancer, atherosclerosis and other diseases. Moreover, SPIONs are
used as contrast agents for MRI imaging and as an in-vitro application
in bioassay by means of a vehicle for the detection of biomarkers
[27]. When SPION used in biosensors it improves the sensitivity and
selectivity of diagnosis.

Quantum Dots (QD): QDs are spherical, fluorescent nanocrystals
made up of semiconductor materials of intermediate size typically
between 2-8 nm in diameter; are indebted to unique properties such
as, narrow sized tunable emission spectra, broad excitation spectra,
negligible photo bleaching, high sensitivity and stable fluorescence
with simple excitation without the need of laser. QDs are widely used
as alternative to conventional flurophores and for development of
biosensors to detect biomolecules such as proteins, neurotransmitters,
enzymes and amino acids [28]. Bioconjugated QDs have the
potential to be used in cancer diagnosis due to its bright and stable
fluorescent light emission and sensitivity of fluorescence imaging.

Nano-enabled
tools

intermediates

Figure 2: Schematic representation for process of nanoscale materials in medical diagnosis.
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Moreover QDs are ideal candidate for biosensor application supports
continuous monitoring of signals [29]. QDs may be used in the
future for locating cancer tumors in patients and in the near term for
performing diagnostic tests in biological samples [30].

Carbon Nanotube (CNT): CNT have been most extensively
used nanomaterials in biosensors and diagnosis. CNT are long,
hollow cylindrical carbon structures composed of one, two or several
concentric graphite layers capped with fullerenes hemispheres which
are referred as single, double and multi-walled CNTs. They have
unique mechanical, optical, and electronic properties with high
electrical and thermal conductivity. Furthermore CNT have high
aspect ratio, unique optical property and small sizes exhibit potentials
for a variety of biomedical applications, including the diagnosis of
cancer, and infectious diseases. These prospective applications are
encouraged by their capability to penetrate biological membranes and
relatively low toxicity [31]. For diagnostics, CNT can help to detect
a protein biomarker of disease when fabricated on the surface of a
nanobiosensor. When it binds with a protein, the nanotubes change
their electrical resistance which can then be measured to determine the
presence of a particular protein, for example serum protein biomarkers
that can indicate breast cancer [32]. CNTs have potential to increase
the speed of biological sensors by reducing the biosensor response time
[33].

Graphene oxide (GO): GO is thin layer of sp? hybridized carbon,
extensively used for medical diagnosis due to its exciting properties viz.
tunable band gap, high elasticity, high mechanical strength, very high
room temperature quantum Hall effect, high electron mobility and
high thermal conductivity [34]. GO is a transparent material with low
production cost and minimum environmental impact; so extensively
employed in electrochemical biosensors. The sheets of GO, on which
attached antibody binds to the cancer cells which then tag the cancer
cells with fluorescent molecules to make the cancer cells stand out in a
microscope. Besides, it can detect a very low level of cancer cells, as low
as 3 to 5 cancer cells in a one milliliter of blood sample [35].

Gold Nanoparticles (AuNPs) and Silver Nanoparticles
(AgNPs): Gold and Silver metals are real jewels beyond that the nano-
sized AuNPs and AgNPs are more precious and in great demand
by scientists. AuNPs are most attractive and extensively studied
nanomaterials in bio-analytical field for medical diagnosis, owing to
its fascinating features such as ease of synthesis, high biocompatibility
and non-cytotoxicity. AuNPs have biomedical applications in the
areas: labeling and biosensing. For labeling, certain properties of the
particles are exploited to generate contrast. Their nano size and the

possibility of functionalization with biomolecules mean that they
also provide extremely high spatial resolution and specificity in many
labeling applications. Moreover, the properties viz. optical properties,
strong absorption, scattering and especially Plasmon resonance make
them of value for a large variety of light-based techniques including
combined schemes such as photo-thermal or photo-acoustic
imaging. Finally, gold nanoparticles can also be used in biosensors as
their optical properties can change upon binding to certain molecules,
permitting the recognition and quantification of analyte. The sensitive
DNA detection can be exploited by property to change absorption
spectra drastically of gold nanoparticles when several particles come
close to each other [36]. The Silver nanorods in a diagnostic system
are being used to separate viruses, bacteria and other microscopic
components of blood samples, allowing clearer Raman spectroscopy
signals of the components. This method has been demonstrated to
allow identification of viruses and bacteria in less than an hour [37].

Porous nanomaterial: The porous nanomaterials are particularly
promising for fabrication of optical biosensors as it possesses
wide range of physical characteristics such as high purity, tunable
porosity, nanoscale structuring, high photochemical, physical rigidity
and thermal stability. Moreover, optical transparency is the most
significant features offered by porous nanomaterials for creating highly
sensitive and selective matrices to integrate in biomedical applications.
Porous nanomaterials retain native conformation and reactivity of
biomolecules. The greater optical transparency makes it valuable in the
application of biosensor for medical diagnosis [38].

There are several efforts has been taken by scientist to develop
nanomaterials based disease detection systems which are summarized
in Table 1.

Emerging trends in medical diagnosis

Biochip: Biochips promised immense help in the field of medical
diagnosis as they are miniaturized laboratories that can perform
hundreds of simultaneous biochemical reactions. Biochip technology
has a promising perspective in the rapid diagnosis of clinical disease
with the features of high sensitivity and specificity. DNA biochips
are produced by in situ synthesis of oligonucleotides or peptide
nucleic acid (PNA) or spotting of DNA fragments on chip which
allows the monitoring of expression of mRNAs or the occurrence
of polymorphisms in genomic DNA due to the hybridization
of RNA or DNA derived samples. Basic types of DNA biochips are
the expression chip, sequencing chip, and chips for comparative
genomic hybridization [47]. The application of gold nanoparticles

Sensitivity, Linear range (LR), and limit of

Sr.No. Nanomaterial Nanoplatform and Significance detection (LOD) References
Magnet_lc multlp_lexed biosensor nappplatform: LR:10 ~ 100,000 pg/mL, LOD: CRP 0.6 pg/mL; 139]
. i Magnetic properties, robust, ultrasensitive

1 Magnetic nanoparticles S .
Magneto-DNA assay: Sensitivity ~ 1 bacterium 40]
improved accuracy, rapid and specific profiling of pathogens LOD: ~ 0.5 pM [DNA]
Potentiometric biosensor Sensitivity: 97 mV/decade, LR:1 x 10°°M - 1 x

2 Quantum Dots . . ) . ~ [41]
zero-dimensional electronic properties 10°M

) . ; Sensitivity:6 JAMM-'cm
3 Carbon Nanotube E:tr;?r;;egcfigizg/:;e loading, higher aspect ratio, and excellent electro- LR:0.02 to 6 mM, [42]
v LOD: 0.01 mM
4 Graphene oxide large surface-to-volume ratio and good electrochemical activity thﬂi g\/lﬂ\;o Uil [43]
. Electrochemical enzyme biosensor LR:0.0100 - 5.00mmol L™ [44]
5 Gold and $l|ver good catalytic properties LOD: 4.3 ymol L™
nanoparticles o

surface conductivity LR: 0.72 to 25.92 and 1.62 to 19.62 yM [45]

6 Porous nanomaterial FRET-based biosensor LOD: 10-5 ng mL™" [46]
Fluorescence property

Table 1: Nano-platforms and their significance in Medical Diagnosis.
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as oligonucleotide labels instead of fluorescence dyes and enzyme-
conjugation in DNA detection assays; provided new insight into the
application of nanoparticles in biochips. The gold- labeled probes were
compatible with gene-chip and can be used as an alternative marker
because of their high stability, high labeling density, superior sensitivity
and lower expense [48]. Biochips enable researchers to quickly screen
large numbers of biomolecules for disease diagnosis. The biochip uses
plasmonic interferometers and used to measure blood sugar levels
by measuring glucose concentrations in saliva instead of blood. This
technique takes advantage of a convergence of nanotechnology and
surface plasmonic, which explores the interaction of electrons and
photons to detect very low concentrations of glucose in saliva [49].

Microarray: Microarrays are promising for competent and
personalized approaches to human health care. Microarray offer
a powerful tool for screening thousands of proteins at a time,
where variety of biomolecules such as antibodies and enzymes are
immobilized in an array format on glass slide [50]. The surface of the
glass slide is then probed with sample of interest that binds to relevant
antibodies on chip which will be analyzed by detection method on
microarray. Profiling proteins on arrays will be used in distinguishing
the proteins of normal cells from early stage cancer cells and malignant
metastatic cancer cells. Likewise, it also helps to sensing of the vast
amount of genomic information and its application for early detection
of genetic diseases. The applications of antibody microarray to cancer
diagnosis are growing in scope and efficiency. Enhancement in
microarrays miniaturization with the aid of nanotechnology will
further contribute to molecular diagnostics and the development of
personalized medicine [51].

Nanobarcode: Nanobarcode act as encoded substrates in
multiplexed assays which are metallic, durable, encode-able and
machine-readable submicron-sized tags [52]. These are freestanding,
cylindrical nanoparticles with specific patterns of submicron stripes of
noble metal ions; produced by alternating electrochemical reduction
of the appropriate metals. The differential reflectivity of the adjacent
metals provides contrast black and white stripes which makes
them unique like conventional barcodes under light, or fluorescent
microscopy, or mass spectrometry [53]. Nanobarcode is advantageous
in coding in multiplexed assays for proteomics, Single-nucleotide
polymorphism (SNP) mapping, and in point-of-care handheld devices.

The nanobarcode assays are a nanotechnology-based technique for
detecting proteins which shows extraordinary sensitivity in detecting
certain antigens at extremely low concentrations, now devoid of the
use of the polymerase chain reaction (PCR). This assay uses disease
biomarkers that cannot be used in the conventional assays. ADDLs
are considered neurotoxins in Alzheimer’s disease (AD) pathogenesis
clinically detected by a new diagnostic approach for AD using the
nanobarcode assay [54].

Lab-on-chip: Lab-on-a-chip devices are ‘miniaturized integrated
laboratories’ that allow separation and analysis of biological samples.
These are composed of micro-fluidic systems including micro-pumps
and micro-valves integrated with microelectronic components [55].
Nanotechnology allows miniaturization of these devices which requires
high electrical fields strengths that can be obtained by using nanosized
electrodes and the membranes based on nanopore separation systems.
Lab-on-chip devices have rapidly evolved for applications in a number
of clinical analysis operations which is fabricated on silicon or glass
substrates using thin film technology and photolithography techniques.
The advantages of Lab-on-chip devices are the small sample and
reagent volume employed in these systems, rapid response time, less
sample wastage, and prospect of developing disposable devices.

Micro-electro-mechanical systems (MEMS): The difference
between MEMS and micro-fluidic systems are that MEMS do
not require reagents or a fluidity based substrate to react upon. Even
though MEMS are primarily used in drug-delivery systems, one
primary application of MEMS in diagnostics are the swallowed
capsule technology pills that allow doctors to visualize GI bleeding.
The patient swallows a capsule containing a light-emitting diode for
illumination, a CMOS (complementary metal-oxide semiconductor)
video camera and optics for taking images, a battery, and a
transmitter”. Implantable devices will be able to continuously sense
and adjust the body's chemical balance, in the bloodstream or in
specific tissues [56]. Furthermore, implanted sensors will be valuable in
acquiring a continuous record of the person's state of health and allow
more sensitive adjustment of the body's state, and earlier detection
of diseases. The MEMS allow separations, chemical reactions, and
calibration-free analytical measurements to be performed directly in
very small quantities of complex samples such as whole blood.

Nanobiosensor: Biosensors are widely used in medical diagnosis
to scrutinize or detect biomarker for diagnosis of various diseases
starting from diabetes to cancer. The recent progress in biosensor
fabrication allows diagnosis of life-threatening diseases more reliably.
Furthermore, miniaturization of biosensor meets the requirements of
potable and cheap diagnostic tool for resource poor settings for disease
such as HIV/AIDS. Nanotechnology provides great opportunities
to improve the sensitivity, stability and anti-interference ability
of the biosensor systems. With the progress in nanotechnology,
various novel nanomaterials have been invented and their novel
properties are being gradually reveals which greatly enhances
biosensor performance. The small sized nanoparticles overcome the
limitation of miniaturization, leading to lower detection limits, even
getting zepto-molar concentrations. Noteworthy, nanoparticles can
produce a synergic effect between conductivity, catalytic activity,
and biocompatibility to enhance the signal transduction. Most
prominently, nanoscale materials are used in biological sensors in the
detection of biomolecules. Nanomaterial based biosensing involve in
vivo diagnosis with high sensitivity, less cytotoxicity, and long-term
stability for early screening of biomarkers and reliable point-of-care
diagnosis [57]. Nanobiosensors have made a great deal of excitement
due to their capacity to sense a wide range of biomolecules at incredibly
small concentrations.

Nanobiosensor for Clinical Diagnosis

Biosensor

Among all biomedical applications of nanotechnology,
biosensor represents one of the most emerging field of research for
which nanomaterials provides enhanced sensitivity, stability and
miniaturization i.e. biosensor research received enormous benefits
from nanotechnology. Biosensors based on nanomaterials such as
nanoparticles, nanotubes, nanowire and nanocomposite have various
advantages such as sensitivity, stability, reproducibility as well as
continuous and insitu monitoring in matrix. A successful biosensor
should be small, cheap, reliable and portable, to reach the interest
of millions of patient for diagnosis of diseases and disorders. In this
context, minimize blood volume and avoid painful sampling are most
important challenges for biosensor fabrication [58]. Mostly disposable
biosensor ensures bypass of contamination and simpler fabrication
while implantable biosensors provide more accurate in-situ monitoring
of disease.

IUPAC proposed definition of Biosensor as, “A biosensor is self-
sufficient integrated device, which is capable of providing specific
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quantitative or semi quantitative analytical information using a
biological recognition element (biomolecules viz. Enzyme, DNA, and
Antibody), which is retained in direct spatial contact with a transducer
element” The biomolecules such as enzymes, antibodies, nucleic acids,
cell and bio-mimic component employed as biorecognition element
which is highly favorable owing to its specificity and catalytic activity.
These are in intimate contact with a physiochemical transducers in
biosensor system. The transducer element may be electrochemical,
piezoelectric, optical, and thermometric which enable to convert a
biochemical signal into an electric signal [59].

Principle of biosensor: Biosensor comprises of a biorecognition
elementin intimate contact witha proper transducer. The biorecognition
element gives rise to signal as the biochemical reaction of interested
analyte, which is detected by transducer to give electrical signal. This
reaction between the biomolecule and the substrates produces a
product in the form of electrochemical, heat, light or sound, and then a
transducer viz. electrochemical, semiconductor or thermistor changes
the product of the reaction into readable data.

Biosensor Components
Biosensor consists of three components:

i) The biorecognition element e.g. Enzymes, Antibodies, Nucleic
acids, cell lysates, Microorganisms, Cell receptors, etc.

ii) The transducer which acts as an interface, measuring the physical
change that occurs with the reaction at the biorecognition element and
then converting that energy into measurable electrical output. These
transducers are optical, electrochemical, opto-electronic, piezoelectric,
Thermal and Mass.

iii) The detector element which passed signals from the transducer
to a microprocessor where they are amplified and analyzed.

Generation of biosensor: One of the earliest research on the
concept of appeared in 1962 when first glucose biosensor developed
by Clark and Lyons based on amperometric glucose biosensor to
detect oxygen pressure [60]. Since then many biosensors have been
commercially exploited which offers a more sensitive, specific, rapid,
real and reproducible measurements. In recent times nanobiosensor,
implanted biosensors and integrated biosensors are in current
research and development.

Biosensors can also be classified based on their innovation order
into first generation which is the simplest approach involving direct
detection of either increase of an enzymatically generated product
or decrease of a substrate of a redox enzymes using natural mediator
for electron transfer e.g. glucose biosensor which uses enzyme
glucose oxidase and oxygen detecting decrease in oxygen level or
increase in hydrogen peroxide corresponding to the level of glucose.
First generation biosensor relies on the use of natural oxygen as co-
substrate, and detection of hydrogen peroxide produced in reaction
as shown in Figure 3. In second generation biosensor, oxygen gets
replaced with non-physiological electron acceptor or mediator which
is able to shuttle electrons from redox center of enzyme to the surface
of electrode. Such meditation is dependent on concentration of analyte
in real sample. The artificial redoxmediators like ferrocene, ferricynide
and quinones for electron transfer increases the reproducibility and
sensitivity. Finally, third generation in which the redox enzymes
are immobilized on the electrode surface in such a manner that
direct electron transfer is possible between the enzyme and surface
of electrode.

The prospects for biosensors based on a specific requirement in
clinical diagnostics are considered to be in the following areas [61]:

% Direct electron transfer in redox proteins and enzymes
% Optimization of molecular interactions

% Micrometer and nanometer scale performance of diagnostic
devices

% Device design for whole blood biosensors
%+ Biocompatibility studies for in vivo biosensors
% Packaging for in vivo biosensors

¢ Micro-fabrication
biosensors

techniques for mass production of

% Immobilization and protection of biomolecules on multi-
analytic devices

% Signal interference in biological samples

% Bed-site monitoring

% In home test kits

Types of nanobiosensor based on transducer mode

Biosensors can be generally classified into two criteria’s based
on sensing element and transduction modes. Transduction mode
depends on the physiochemical change resulting from sensing element.
Hence on the basis of different transducers, biosensors can be
electrochemical (amperometric, conductometric and potentiometric),
optical (absorbance, fluorescence and chemiluminense), piezoelectric
(acoustic and ultrasonic) and calorimetric [62]. The major types based
on transducer mode are discussed below:

Electrochemical biosensor

Amperometric nanobiosensor: Amperometric biosensor is
based on the electrochemical analysis in which the signal of concern
is a current that is linearly dependent upon the concentration of the
biomarker. The signal transduction process is accomplished at a fixed
potential between the working electrode and a reference electrode, and
measuring the current as a function of time which is a direct measure of

a
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Figure 3: Schematic representation of the three generation of biosensors (a)
first generation (b) second generation and (c) third generation.
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the rate of electron transfer. In most cases the biorecognition element
is immobilized on the working electrode. The analyte is oxidized
or reduced at the working electrode and the current flow directly
proportional to the concentration of the electro-active species [63].

Potentiometric nanobiosensor: In potentiometric sensors, the
potential difference between the reference electrode and the indicator
electrode is measured without polarizing the electrochemical cell. The
analytical information is achieved by transforming the biorecognition
process into a potential signal. A permselective ion-conductive
membrane and high impedance voltmeter is normally utilized to
measure the potential signal, which arises when the analyte interacts
with the surface. The electrical potential difference or electromotive
force (EMF) measured between two electrodes at near zero current.
The indicator electrode or an ion-selective electrode (ISE) develops a
change in potential as a function of analyte concentration in sample
[64].

Conductometric nanobiosensors: These are based on the
measurement of electrolyte conductivity, which varies when the cell
is exposed to different environments. Conductivity measurements
are generally accomplished with AC supply which is a linear function
of the ion concentration. Conductometric-based biosensors couple
conductance and a biorecognition event in which mostly reactions
involve a change in the ionic species concentration and this can lead
to a change in the solution electrical conductivity. The major problem
with this technique is that the sensitivity is generally lower compared
to other electrochemical methods [65].

Optical nanobiosensor: Optical biosensors (optodes), have
received considerable attention for diagnosis. The optical biosensors
involve direct detection of the analyte of interest or indirect detection
through optically labeled probes. In general, there are at least four types
of biosensors using the principles of optical technology. These are as
follows: absorption, reflection, chemiluminescence, fluorescence,
and phosphorescence. Optical biosensors are potent alternative to
conventional analytical techniques because these are highly sensitive,
reproducible, rapid, and simple-to-operate. The optical biosensor
design encompass direct detection of the interested analyte or indirect
detection through optically labeled probes, and the optical transducer
may detect changes in the absorbance, luminescence, polarization, and
refractive index [66].

Piezoelectric nanobiosensors: These biosensors are mass sensitive
detectors, which has the principle that an oscillating crystal resonates at
the natural resonance frequency. The piezoelectric materials are able to
generate and transmit acoustic waves. When a piezoelectric biosensor
surface is coated with a biomolecule (antibody) and placed in a solution
containing the pathogen, the attachment of it to the antibody coated
surface results in an increase in the crystal mass, and this shows a
corresponding frequency shift. This mechanism is relatively simple,
inexpensive, and offers direct label-free analysis [67].

Calorimetric nanobiosensor: Most chemical and biochemical
processes involve the generation of exothermic heat which is used
as a basis for measurement of rate of reaction and ultimately analyte
concentration. The fabrication of the Calorimetric biosensor normally
consist a thermistor or thermopile employed as a temperature
transducer to determine heat changes [60]. The device is covered with
the enzyme and when this interacts with the analyte it generates an
exothermic reaction, which is recognized as a heat change. Obvious
benefits of this biosensor are that it can be easily miniaturized, can be
used in turbid samples, and it is a label-free approach [68].

Types of nanobiosensor based on biorecognition element

Sensing elements include enzymes, antibodies (Immunosensor),
micro-organisms (whole cell biosensors), and DNA.The main types
based on are as follows:

DNA Nanobiosensor: The DNA nanobiosensor is based on the
conversion of the base-pair recognition event or hybridization event
(the complementarities of adenine-thymine and cytosine-guonosine
pairing in DNA) into a measurable electrical signal. DNA duplex
formation or hybridization event forms the basis of electrochemical
detection in which electrochemical signals are generated and enhanced
by covalent binding of nanomaterials to the DNA probe. DNA probe
is the known sequence of bases which can be synthesized and labeled
with optically detectable compounds. DNA biosensors are utilized as
suitable candidate for rapid and reliable diagnosis of genetic diseases,
the detection of pathogenic biological species [69].

Immuno-nanobiosensor: Biosensors which monitor antigen-
antibody interactions are referred to as immunosensor. Immunosensor
monitor antigen-antibody interaction in which either antigen or
antibody is immobilized on a solid-state surface of electrode and
participate in biospecific interaction with the other component,
allowing detection of desired biomolecule. Antigen-antibody reactions
are very specific and a very minute concentration of target molecule
in the body can be detected and easily screened [70]. Immunoreactions
are known for their high sensitivity and selectivity so most reliable tool
for clinical diagnosis. Optical and electrochemical detection strategies
are mostly used in immunosensor.

Enzyme nanobiosensor: Enzyme nanobiosensor plays a vital role
in diagnosis of various diseases which are composed of enzyme as
biorecognition component that uses their catalytic activity for detection
of analyte. The success of any enzyme sensor depends on enzyme
loading, the use suitable pH and type of immobilization method and
moreover, how well it retains its enzymatic activity on transducer. The
most important part of a biosensor fabrication is the immobilization
of a desired enzyme [71]. However, the usefulness of immobilized
enzyme on electrodes depends on factors such as the immobilization
method, the chemical and physical conditions (pH, temperature and
contaminants), thickness and stability of the membrane used to couple
the enzyme.

Whole cell nanobiosensors: Whole cell biosensors are utilizes
living cells or Microorganisms such as bacteria and fungi as the
biorecognition element which can detect the intracellular and
extracellular conditions, physiological biomolecules to produce a
response. The detection limit of these biosensors is mainly measured
by the environmental conditions in which the cells can remain alive
for long period. However the major drawback of whole cell biosensor
is the stability of the whole cell, which depends on several conditions
such as the lifetime, sterilization, and biocompatibility etc. Despite
these consequences the whole cell biosensor is still promising among
the researcher due to the advantages over the other biosensors [72].

Enzyme Nanobiosensor

Enzymes are used reliably in the medical field, such as in the
diagnosis and treatment of various diseases. For example, enzymes
are used in biosensors for the detection of various biomarkers such as
glucose, cholesterol, uric acid. Enzymes are most favorable candidate as
a biorecognition element in the fabrication of biosensor because of its
selectivity and sensitivity compared to conventional catalyst. However,
enzymes are prone to the microenvironment (pH, temperature) and
have a short operational lifetime. Moreover, in aqueous solution,
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enzymes lose their catalytic activity rapidly due to the oxidation
reaction or their tertiary structure can be destroyed in air-water
interface, these shortcomings can be avoided by immobilization of
enzymes. Immobilized enzymes are more robust and advantageous
such as convenient handling, more resistant to environmental changes
and increase the affinity for the substrate [73].

The detection limit of enzymatic biosensors is generally determined
by the enzyme’s activity. However, the major drawback with enzymatic
biosensors is the stability of the enzyme, which be influenced by
conditions such as temperature, pH and buffer etc. The capability to
conserve enzyme activity for a long period of time up till now remains
a major obstacle. Regardless of these pitfalls, the enzymatic biosensor
is still the most usually used biosensor, and this is essentially due to the
prerequisite for monitoring glucose, cholesterol, uric acid, lactate for
diagnosis of various diseases in blood.

Enzyme Nanobiosensors for clinical diagnosis

Glucose: The abnormal level of glucose related to diabetes and the
risk for renal, retinal, and neural complications. Thus the measurement
of glucose in human blood is important for diagnosis of diabetes and
other diseases. Glucose biosensors based on glucose oxidase have been
dynamically investigated as the potential biosensor with wide range of
analytical techniques [74].

Cholesterol: The increasing prevalence of cardiac arrest and
cardiovascular diseases are major reason of death in human worldwide.
The cholesterol level detection in human blood is of great significance
in clinical diagnosis as high cholesterol in blood is associated with
coronary heart disease, hypertension, myocardial infarction, brain
thrombosis, arteriosclerosis, lipid metabolism dysfunction, etc. [75].
In conventional assays, cholesterol determination is performed by
enzymes, such as cholesterol oxidase and cholesterol esterase which
can be used to monitor both free and esterified cholesterol levels.

Uric acid: A major nitrogenous compound of urine is uric acid
which is the product of purine metabolism in the human body. It is
correlated to many clinical disorders; high levels of uric acid in the
blood are associated with gout, hyperuricemia, Lesch-Nyhan syndrome
and other conditions including increased alcohol consumption,
obesity, high cholesterol, diabetes, high blood pressure, kidney disease
and heart disease.

Lactate: The level of lactic acid in blood is used in clinical diagnosis
of hypoxia, lactic acidosis, some acute heart diseases. Trustworthy,
blood lactate detection method would also be of interest in sports
medicine.

Urea: Urea is generally monitored in blood sample to obtain
evidence of kidney disease. It is the best biomarker for evaluating
the level of uremic toxins in body. Eggshell membrane is a natural
materials used as a membrane for immobilization of urease enzyme for
the development of a potentiometric urea biosensor and showed good
operational and storage stability [76].

Fabrication of enzyme nanobiosensor

The basic requirements for an enzymatic nanobiosensor are: (1)
an enzyme which acts on its substrate to produce a molecule which
is capable of being reduced or oxidized at an electrode surface; (ii) a
immobilization technique for the enzyme to ensure close proximity of
enzyme to the electrode which retains the functionality of the enzyme;
(iii) an electronic system proficient in controlling the potential of the
electrode and measuring the current produced in the redox reaction.
For the immobilization of enzyme chemical and physical methods
such as covalent binding, absorption, cross-linking, entrapment, and

encapsulation have been used. These techniques suffer from some
disadvantages like leaching of biomolecules and loss of activity.
Accordingly, choice of the immobilization materials and methods
should be carefully considered to maintain the enzyme activity for
a long time under various conditions. The fabrication of biosensor
is dependent on factors like prerequisite of analysis, techniques
employed and cell configuration. Conventionally, bulky electrodes and
“beaker-type” cells configuration have been utilized. But nowadays,
micro-fabrication permits the replacement of these traditional cells
configuration and bulky electrodes with appropriate sensing devices.
The innovative techniques such as thick and thin film technology,
Screen-printing technology and photolithography are used in
fabrication of biosensors for clinical diagnosis [77].

The fabrication technique which is well suited for mass production
and portable devices allow both in situ and real time monitoring.
Perhaps, disposable screen-printed strips are commonly used by
diabetic patients for self-monitoring of blood glucose levels. Such
fabrication method offers mass production of really inexpensive and
hitherto highly reproducible enzyme biosensor.

Conclusion

Nanotechnology is influencing more deeply on medical research;
new and safer diagnostic tools are available which are enabling us
to diagnose a disease very earlier as it onsets, and to develop diagnostic
strategy against it. Forthcoming years, nanotechnology will continue
to evolve and expand in many areas of human life and its achievements
will be applied in medical sciences for diagnosis and patient treatment.
Nanotechnology has revolutionary opportunities to fight against
many diseases such as diabetes mellitus, cancer, neurodegenerative
diseases; as well as identifying the microorganisms and viruses
associated with infections. Existing and conventional technologies
for medical diagnosis may be reaching their confines. Nevertheless,
nanotechnology would provide assistance to make diagnosis of diseases
more sensitive, rapid and create diagnosis tools easier to use, allowing
doctors to identify disease earlier and begin treatment earlier.

Nanotechnology for medical diagnosis is most innovative and
highly specific field, which will renovate the healthcare in near future
which would enhance quality of life of patients.The scientific vision
carried forward by nanotechnology is to open up opportunities for
developing new diagnostic tools to provide the ability for people to test
themselves and their health to be constantly monitored. Additionally,
medical implants could take advantage of the improved knowledge on
how materials like plastics and metals interact with the human body,
assisting doctors to replace worn out body parts with artificial ones.

Ambitious scientific progress in nanotechnology, medical diagnosis
will move to a phase in which straightforward disease diagnosis;
independent of physician visits and large centralized laboratories.
Indeed, further novel variations and innovation in nanotechnology
will continue to appear and produce new opportunities for medical
diagnosis. The ability of nanobiosensor to detect physiologically
relevant biomolecules viz. glucose, cholesterol etc. and pathogens in
the clinical samples with high sensitivity and specificity offers a benefits
for early diagnosis and treatment of diseases.
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