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PREFACE

History has revealed that innovations in “Voltammetry for Sensing Applications” have been
the significant approach in the advancement of electrochemical analysis in various platforms
such as drug testing and analysis, sensors for point-of-care devices, sensors for diverse
analysis, advanced energy storage devices, clinical sample analysis, sensors for the detection
of heavy metals, nanomaterials, disease detection, immune sensors, food sample analysis, and
anti-inflammatory and anticancer drug detection. The high significance, stability,
repeatability, reproducibility, high performance, inexpensive, less time consuming, lower
detection limit and quantification, and so on are the most appropriate applications for the
sensing tools and methodologies and which portray an imperative character in the
environment, biological, medicinal, and food safety-related analysis. Recently, a new era was
commenced in voltammetry for sensing applications through the expansion of large-scale,
sensitive, selective, and lower concentration level detection to create new sensing devices for
giving a kinetic and electrochemical reaction phenomenon. Current advancements in sensing
technology will authorize an advanced control in material physical and chemical
characteristics and behavior. Hereby contributing an opportunity for new sensory materials in
voltammetric analysis with progressive characteristics, such as greater reliability, low-cost,
and improved steadiness.

J.G. Manjunatha

Department of Chemistry, FMKMC College, Madikeri,
Constituent College of Mangalore
University, Karnataka, India
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CHAPTER 1

Advanced Sensor Materials for Drug Analysis

Hanaa S. El-Desoky"”

! Analytical and Electrochemistry Research Unit, Department of Chemistry, Faculty of Science,
Tanta University, 31527 Tanta, Egypt

Abstract: Nanomaterials play an important role in the fabrication of many devices and
modified materials, due to their unique properties, such as large surface area/volume
ratio, conductivity and high mechanical strength. In the present chapter, the
applicability of nanomaterials in drug analysis is well investigated. The recent trends in
the development of the electrochemical sensor platforms based on state-of-the-art
nanomaterials such as metal nanoparticles, metal oxide nanoparticles, carbon
nanomaterials, conducting polymer and nanocomposites are discussed. The unique
synthetic approaches, properties, integration, strategies, selected sensing applications
and future prospects of these nanostructured materials for the design of advanced
sensor platforms are also highlighted. Various kinds of functional nanocomposites have
led to the enhancement in voltammetric response due to drug - nanomaterials
interaction at the modified electrode surface. So, different mechanisms for the
extraordinary and unique electrocatalytic activities of such nanomaterials will be
highlighted. Potential applications of electrochemical sensor platforms based on
advanced functional nanomaterials for drug analysis are presented. High sensitivity and
selectivity, fast response, and excellent durability in biological media are all critical
aspects which will also be addressed. It is expected that the chemically modified
electrodes with various nanomaterials can be easily miniaturized and used as wearable,
portable and user friendly devices. This will pave the way for in-vivo onsite real
monitoring of single as well as multi-component pharmaceutical compounds. The
significant development of the nanomaterials based electrochemical sensor platforms is
giving rise to a new impetus of generating novel technologies for securing human and
environmental safety.

Keywords: Analysis of drug, Biological fluids, Carbon nanotubes, Conducting
polymer, Electrochemical sensor, Graphene, Hybrid nanostructure, Imprinted
polymers, Metal nanoparticles, Metal oxide nanoparticles.
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INTRODUCTION

Nanotechnology involves the synthesis and application of materials having one of
the dimensions in the range of 1-100 nm. The recent accomplishments in
nanotechnology mainly nano-material-based electrochemical systems have led to
the development of unique platforms that have significantly improved the sensory
characteristics of conventional electrochemical systems. The combination of
nano-materials of distinct nature and exceptional properties has notably
contributed to fundamental biological research, environmental monitoring, drug
and food safety, pharmaceutical procedures, healthcare diagnostics, and drug
quality control. The interdisciplinary feature of such a synergic platform has not
only extended the scope of sensor systems but has opened new pathways for the
development of flexible and portable personal care and field applicable devices.
Superior surface area to volume ratio and higher active site availability allow
higher sensing response and catalysis as well as better magnetic, optical and
electrical properties for biological, pharmaceutical and biomedical applications.
This chapter mainly focuses on the modern advances in the growth of
nanomaterials based electrochemical sensor platforms for the detection of potent
biological analytes such as drugs and their ability for analysing complex samples
such as urine, blood and pharmaceutical preparations.

NANOMATERIALS APPLIED FOR NANOSENSORS

Nanomaterials have unique physical and chemical properties as compared to their
bulk materials due to their high surface area and electronic properties as well as
the controlled morphology. The commonly used nanomaterials in electrochemical
nanosensors are mainly carbon-based nanomaterials and metal oxide
nanoparticles. Meanwhile, many emerging materials are explored to modify the
surface of the working electrodes, such as conducting polymers [1], metal-based
nanomaterials [2 - 4], carbon nanotubes [5 - 7], graphene [8 - 11], and metal-
organic framework nanomaterials [12].

This leads to the development of electrodes with good stability, huge specific
area, improved redox performance, and recyclability. The fabrication of the
nanocomposites with many combinations such as; metal nanoparticles, metal
oxide nanoparticles, carbon nanotubes (CNTs), graphene (GR), quantum dots, and
conducting polymer further improve the electrochemical sensing properties of
such electrodes [13]. Fig. (1) shows the schematic representation of the most
important nanomaterials employed for biological and biomedical applications,
especially drug analysis.
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Fig. (1). Nanomaterials based electrochemical sensor platforms for drug analysis application.

CLASSIFICATION OF NANOMATERIALS

A simple classification of nano-materials based on their structures includes zero,
one, two, and three dimensions. Fig. (2) presents some examples of various
morphological structures of nano-materials. These nano-materials have many
applications in electrochemistry, photochemistry, and biomedicine [14]. Nano-
materials have many functional platforms which can be utilized for therapeutic

functions.
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Fig. (2). Nanomaterials with various morphologies.

NANOPARTICLES SYNTHESIS

Several methods have been used for the synthesis of nanoparticles (NPs),
including physical, chemical and biological methods [2, 4, 15 - 18] (Fig. 3). There
are two different approaches for preparing the NPs; the bottom-up approach and
the top-down approach. In the bottom-up approach, the atoms are assembled in
nuclei and then grown into NPs. The top-down approach starts with bulk material
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CHAPTER 2

Functionalized Nanomaterial-Based
Electrochemical Sensors for Point-of-Care Devices

Ismail Mert ALKAC'?, Ramazan BAYAT"?, Muhammed BEKMEZCI'? and
Fatih SEN"’

" Sen Research Group, Department of Biochemistry, University of Dumlupinar, 43000 Kiitahya,
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Abstract: Electrochemical sensors used for the detection of specific biomolecules have
attracted great attention in recent years due to their high sensitivity, selectivity, simple
preparation, and fast response. In recent years, the integration of biological components
into analytical tools, especially in biomedical research, has become a prerequisite for
the early diagnosis of many diseases. In addition, enabling early diagnosis and
treatment of diseases provides improved health outcomes and rapid medical decision-
making. Here, we present the classification of biosensors and general concept,
materials used in electrochemical sensors, their advantages, disadvantages, and main
strategies in electrochemical biosensor technology such as electrodes and supporting
substrates, materials for the bioreceptor materials for improved sensitivity and
selectivity. This book chapter is focused on the functionalization of nanomaterials
developed in recent years aimed at electrochemical biosensors and their
functionalization for point of care devices. The various point of care device examples
have been tried to form an idea about the usage areas.

Keywords: Diagnosis, Electrochemical Sensors, Nanomaterial, Point-of-Care
Devices.

INTRODUCTION

Stable, cost-effective, and reliable detection of specific biomolecules or chemical
products is of great importance in medicine, the environment, and industry [1].
Electrochemical sensors are frequently studied and used for their fast response,
high sensitivity, specificity, and accuracy. They are also used in the production of
miniaturized portable systems for point of care [1].
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The production of electrochemical sensors is of great interest due to their high
selectivity and sensitivity. It is increasingly used in industrial process monitoring,
clinical diagnosis, analytical chemistry, environmental analysis, and food
industries [2].

Biosensors are of interest to biomedical and pharmaceuticals due to their
sensitivity, high selectivity, high cost/benefit ratios, specificity, simple use, fast
data collection, and analysis [2].

The main advantages of biosensors over traditional analytical methods, which will
lead to even more pronounced use in the biomedical field soon, are: analyte
detection is often performed without prior separation; flexibility and simplicity of
preparation; easy to use allows in-field or point-of-care (POC) measurements.;
short possible response times of biological real-time monitoring and production
processes; miniaturization and automation possibility; possibility of low
production costs and mass production. The use of biosensors as components in
medical devices has improved reliability in POC analysis and accessibility,
portability, and real-time diagnosis [2].

Point of care testing facilitates disease diagnosis by providing rapid detection,
monitoring, and management of analytes. Early diagnosis of the disease allows
patients to start treatment early, allowing rapid medical decisions. Recently,
several potential POC devices have been developed, leading to a new generation
of POC tests [3].

Biosensors are directly responsible for bioanalytical performance and are critical
components for POC devices because of these properties. They have therefore
been investigated for forward-looking POC applications necessary for
personalized healthcare management, as they predict and hence detect levels of
disease-causing chemical reactions or biological markers, such as body fluids, by
generating signals often associated with the concentration of an analyte. Their
high sensitivity and selectivity allowed treatment of targeted diseases and early
diagnosis. Therefore, in combination with timely treatment decisions,
nanotechnology can improve the diagnosis and assessment of disease progression
and facilitate treatment planning for many diseases [3].

Recently, various electrochemical biosensing methods have been miniaturized
devices for in situ analysis and developed for simplicity. Besides, the high
repeatability and sensitivity of the biosensor remain a challenge. The use of
functional nanomaterials for a matrix to amplify signal amplification and high-
performance electrochemical analysis draw attention [4]. Nanomaterials (NMs)
have a wide surface area, resulting in a synergistic effect for signal amplification
by supporting increased loading capacity and bulk transport of reactants [5].
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Taking advantage of exceptional features such as being easy to use, economical,
sensitive, portable and simple to make, great importance has been focused on the
integration of recognition elements with electronic elements to develop
electrochemical biosensors. Besides, the high repeatability and sensitivity of the
biosensor remain a challenge. The use of functional nanomaterials for a matrix to
amplify signal amplification and high-performance electrochemical analysis
gained much attention.

The creation of new transmission networks of NMs, biosensors (sub-class
electrochemical sensors) provide superior catalytic activity and strong
paramagnetic properties and signal enhancement capabilities.

NANOMATERIALS

In the last decade, there has been a great development in nanotechnology due to
the improvement in nanomaterials (NMs), including metallic and magnetic
nanoparticles and carbon nanomaterials [6]. NMs commonly defined as materials
with dimensions less than 100 nm have a large application area due to their small
size properties (improved chemical reactivity, electrical conductivity, and tensile
strength) achieved with increased surface area per unit weight [2].

Nanoparticles (NPs) are high sensitivity (thousands of atoms can be released from
a nanoparticle), very stable (compared to enzyme labels), have large varieties of
NPs, and are available on the market. NMs are mainly used as biomolecule tracer
or electrode making. Nanoparticles are used today as electrochemical tags, as
tools with hundreds or thousands of electroactive labels, reducing the limits of
detection to several hundred biomolecules [7].

Carbon Nanotubes

As effective electrode materials, carbon nanotubes (CNT) have been used
extensively for electrochemical sensing platforms. CNTs have a high electro-
catalytic operation due to excellent electron transfer capabilities, ideal structural
characteristics, wide surface areas, mechanical, electrical properties, and high
sensitivity. NTs exhibit a high degree of immobilization of bio-recognition
elements such as enzymes, aptamers, antibodies, imprinted polymers [8].

There are two types of CNTs; the first one is multi-walled carbon nanotubes
(MWCNTs) and the other one is single-walled carbon nanotubes (SWCNT).
Graphene, a 2-D hexagonal carbon atom model, is also used as an electrode due to
its higher specific surface area than CNTs [9]. Graphene oxide (GOx) resolves
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CHAPTER 3

Voltammetric Sensors for Diverse Analysis
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Abstract: Voltammetric techniques are widely used in detecting and diagnosing the
electrochemical properties of electrode systems. These techniques adopt sensing
devices that find relevance in analyzing water, studying biological systems, tracing
poisonous chemicals, efc. These sensors have different compositions that aim at
carrying out different functions in diverse systems. The sensors would be useful in
biological, environmental, and chemical systems. In-depth knowledge of voltammetric
sensors will be discussed. This chapter will also highlight different sensors,
independent features, sensor classifications, voltammetric electrodes, and their areas of
application.

Keywords: Electrochemical properties, Electrode, Sensors, Voltammetry.
GENERAL INTRODUCTION

Voltammetry is an electrochemical process that involves measuring current when
an alternating voltage passes through the working electrode [1]. The potential
applied depends on time because the current is measured with respect to the
potential. It is a commonly used method in detecting and diagnosing the
electrochemical characteristics of a system of electrodes. The use of biological
and chemical sensors in determining contaminants within an environment has
become an interesting study area. Such sensors have a quick response time, a
small limit for detection, and on-site usage [2]. The conductivity of the working
electrode is an important element that increases the electron mobility and sensiti-
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vity of the biosensor. Voltammetry significantly minimizes the number of harmful
chemicals obtainable from the use and disposal of materials. Voltammetry
incorporates materials like silver, nickel, platinum, copper, and gold because of its
wide potential range and increased electron mobility. Platinum is commonly used
as the auxiliary electrode while silver/silver chloride serves as the reference
electrode. The shape of cyclic voltammograms is affected by anions present.
Introducing surfactants reduces the amount of faradaic current available. Stripping
is an important class of voltammetry that is useful in electroanalytical chemistry,
involves relatively cheap pieces of equipment, is capable of analyzing different
elements, and is highly sensitive [3]. It has low detection limits due to the
accumulation of the analyte on the working electrode. Metals can be analyzed by
stripping method in the absence of contaminants obtainable from electrolytes.
Anodic stripping voltammetry (ASV), cathodic stripping voltammetry (CSV),
adsorptive stripping voltammetry (ADSV), and catalytic ADSV are advanced
forms of stripping voltammetry that effectively and quantitatively analyze
inorganic anions, transition metals, organic molecules, efc [2]. For Anodic SV;
anodic currents are obtained by undertaking a preconcentration step at the cathode
and taking a voltage scan towards the positive range [3]. The reverse occurs for
the cathodic stripping voltammetry. Voltammetry of microparticles is a valuable
method to study the corrosive nature of archaeological metals by understanding
their source and authenticity [4]. Studying nanoparticles using voltammetry can
also be useful for data collection and mapping. Electrochemical cells used in
voltammetry can be produced in various sizes and give room for solutions to be
analyzed. They include a working electrode, auxiliary electrode, reference
electrode, optional bar for stirring, and a nitrogen purge line for oxygen removal,
as shown in Fig. (1). At the working electrode, oxidation of the analyte occurs and
minimizes the solvent by transporting the resultant electrons to the auxiliary
electrode through the potentiostat. Reducing the quantity of analyte at the working
electrode causes current (Faradaic current) to flow to the cathode from the
auxiliary electrode. Diffusion, migration, and convection are important factors
that affect the rate of mass transport. The current flowing through voltammetric
cells is affected by the rate of mass transport and electron mobility.

Coulometry and amperometry are useful forms of voltammetry, with coulometry
exhibiting better sensitive capabilities [5]. A steady voltage is applied to the
working electrode in amperometry as the current is measured with time, as
represented in Fig. (2). The kind of voltammetric technique to be adopted depends
on properties of the material like its position and concentration, kind of precision
and accuracy required.
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Fig. (1). Schematic diagram for a voltammetric electrochemical cell.
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Fig. (2). Schematic representation of the amperometric sensor used to determine dissolved oxygen.

Cyclic voltammetry is a common form of voltammetry that records cyclic
voltammograms through a scan in both directions and is carried out within a short
time frame [6 - 11]. It estimates the activities of biocatalysts at the anode when
subjected to various operating conditions [1]. Another measurement approach
known as hydrodynamic voltammetry measures current as a differential pulse or
linear scan, as mercury drops grow without oscillation. Voltammograms (current
and applied potential plot) obtained from voltammetry provide meaningful
information on the species undergoing reduction or oxidation [12, 13]. During the
adsorption of redox species on an electrode, cyclic voltammograms, as seen in
Fig. (3) [14], could be obtainable. The redox centers in Fig. (3A) get reduced at
electrode potentials that are lower than E°. At higher potential values, oxidation
occurs as the electrode and reduction potentials meet (Fig. 3B). At increased
potential, a measured positive current reduces to zero and oxidation occurs (Fig.
3C). The manner of current measurement and inclusion of convection in mass
transport affects the shape of the voltammogram.
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Sensor for the Electrochemical Determination of
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Abstract: Riboflavin (RB) is a vital B group water soluble vitamin. RB is essential for
all animals and humans. This essential constituent of flavoenzyme, which plays an
important role in biochemical reactions, is investigated by Cyclic voltammetry (CV)
and Differential pulse voltammetry (DPV) using Poly methyl orange modified
composite carbon paste electrode (PMOMCCPE). RB exhibits an oxidation peak with
the highest anodic current of 54.82 pA at a potential of — 0.4360 V in 0.2 M phosphate
buffer solution (PBS) with a pH value of 7.5. The surface topography studies of
fabricated PMOMCCPE were carried out by CV, Field emission scanning electron
microscopy (FE-SEM) and Electronic impedance spectroscopy (EIS). Optimization of
pH and polymer cycle was carried out, and the effect of scan rate was also studied. The
anodic peak current obtained is linearly related to the variations in the concentration of
RB in the range 4 to 50 pM. Other features include a detection limit of 1.67 X107 M,
and good reproducibility, repeatability and stability. Simultaneous determination of RB
with dopamine (DA) was done and interferences by some potentially interfering
compounds were tested. PMOMCCPE was successfully used for determining RB in
pharmaceutical formulations which gave recoveries in the range from 96.50 to 99.
53%.

Keywords: Anodic peak current, Composite carbon paste electrode, Cyclic
voltammetry, Differential pulse voltammetry, Dopamine, Riboflavin.
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INTRODUCTION

RB is found in a variety of foods and dissolves in water. In 1879, RB was first
isolated from milk as an impure form and it was named lactochrome. It
crystallises as orange-yellow crystals and has a low water solubility in its pure
form [1]. RB or vitamin B, is a B group vitamin and an important constituent of
flavoenzymes, which plays a significant role in the biochemical reactions in the
human body. It's the major component of flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN), and it's required for a range of flavoprotein
enzyme activities, including vitamin activation. Its deficiency is connected with
eye lesions and skin disorders. RB cannot be formed in the human body, so it
must be obtained from food like liver, cheese, fruits, vegetables and
pharmaceutical products [2]. RB is commonly used in combination with other
members of the vitamin B group in B-complex products. In organisms, RB serves
as a hydrogen carrier during redox reactions that affect carbohydrate, protein, fat
and haemoglobin synthesis, as well as enables the preservation of visual function

[3].

Several researchers have worked hard to analyse RB using various analytical
processes, with the electroanalytical method proving to be the most advantageous
due to its simple, quick, and cost-effective instrumentation. Chemically modified
carbon-based electrodes are an excellent method for improving sensor
performance. Carbon nanotubes (CNT), also known as buckytubes, are composed
of a concentric arrangement of several cylinders, which have unique properties
with promising applications in the field of nanotechnology. CNTs have unique
electrical and optical features that distinguish them from other carbonaceous
materials and nanoparticles of other sorts due to their outstanding one-
dimensional nanostructures. CNTs are widely used in electronic and
optoelectronic, biomedical, pharmaceutical, energy, catalytic, analytical, and
material fields [4 - 6]. Carbon paste electrodes (CPE) have been widely utilised
for many years due to their non-hazardous behaviour, low cost, and ease of
availability. It is used for the fabrication of various biosensors and
electrochemical sensors. CPEs are the most preferred electrode material due to
their advantageous qualities such as low mass density, heat resistance, chemical
tolerance, low residual current throughout the entire potential range, and ease of
electrode surface modification [7 - 9]. Hence, in the present work CNTs and
carbon powder in the composite form are homogenised in silicone oil as the
sensitive sensing material. These composite electrodes, due to their beneficial
properties like enlarged surface area and ability to boost the rate of electron
transfer, improvise the electrocatalytic nature of the sensor.
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Surface modification of these composite electrodes by azo dyes is effectually
done using electro polymerisation technique, where the polymer forms a
consistent deposition of polymer film on the composite carbon paste electrode
[10, 11]. Azo dyes, which are commonly used in science, medicine, food, and the
textile industry, can be used to modify electrode surfaces in a variety of ways.
Methyl orange is an organic dye which has both hydrophilic as well as
hydrophobic groups, and a molecular cavity. It's an acidic, aromatic synthetic dye
that's widely used in textiles, leather, petroleum, the food industry, and
pharmaceuticals as a colouring agent [12, 13]. In this chapter, methyl orange is
electropolymerized on a composite carbon paste electrode surface for the
enhanced voltammetry determination of RB.

MATERIALS AND METHODS

Instrumentation

Electrochemical work station CHI-6038E model (CH Instrument-6038
electrochemical workstation-USA) was used to conduct -electrochemical
experiments at lab temperature. The electrochemical cell was set up with an ideal
tri electrode system consisting of BCCPE and PMOMCCPE as working
electrodes, KCI saturated calomel and platinum counter electrode. The instrument
working at 5.00 kV from DST-PURSE Laboratory, Mangalore University, was
used to perform FE-SEM.

Chemicals and Solutions

Carbon nanotube (30-50 nm and a length of 10-30) was bought from Sisco
research laboratories, Mumbai. Carbon powder, Silicone oil and Potassium
chloride were procured from Nice Chemicals (Cochin) India. Mono sodium
dihydrogen phosphate, disodium hydrogen phosphate and I-leucine were obtained
from Himedia chemicals (India), RB and DA were obtained from Molychem
laboratory, India. 25x10* M RB was prepared by dissolving the required quantity
in sodium hydroxide and DA stock solution was prepared by dissolving the
essential amount of solute in double distilled water. 25 mM stock solution of MO
was prepared by suspending the required amount of solute in double distilled
water. Appropriate quantity of 0.2 M Na,HPO, and 0.2 M NaH,PO, were
intermixed to prepare 0.2 M Phosphate buffer solution (PBS) of different pH
values. Real sample solution was prepared by weighing the appropriate quantity
of RB samples commercially available and was dissolved in an amber coloured
volumetric flask with double distilled water to get a standard solution of 25x10™*
M strength.
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Abstract: Perovskite electrodes can be a pertinent method to enhance electrochemical
voltammetric sensing performances. In the present research, Gd, WO, (x =2, 5, 10 wt.
%) nanostructures (NS) are synthesized by a facile co-precipitation method, calcinated
at 750-800 °C and subsequently fabricated using electron beam deposition method over
glass substrate used for electrochemical voltammetric determination. Scanning electron
microscopy and X-ray diffraction were employed to examine the crystal phase and
morphology of the gadolinium doped nanostructures thus prepared. Surface chemical
composition, chemical bond analysis, dispersion of Gd into WO, were confirmed by
XPS (X-ray photoelectron spectral) studies. SEM (scanning electron microscopy)
micrographs showed flake-like surface morphology can act as sensing interface for
facile transfer of electrons over NS of Gd, WO, and SEM cross section micrographs
revealed agglomerated densely packed rod like structure. Gd, WO, nanostructure
showed ~ 89 nm grain, ~ 110 nm grain boundary distances, UV-visible absorptivity
maxima observed between 280 nm to 340 nm for Gd, WO, NS. Electrochemical cyclic
voltammetry performance was tested in three electrodes assembled for high
performance energy storage applications, involving cyclic voltammetric charge
discharge cycles and sensing interface between fabricated NS, and cyclic voltammetry
carried out in 6M KOH solution. Gd, WO, demonstrates a specific capacitance of 450
F/g at a current density of 0.1 A/g. Gd-WO, NS has a capacitance retention rate of
88.5% after 5,000 cycles (cyclic stability). Voltammetric characteristics indicate that
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Gd, WO, NS is a promising electrode material for energy storage devices and can be
used as high-performance super capacitor applications.

Keywords: Agglomeration, Charge-Discharge, Co precipitation, Cyclic stability,
Cyclic Voltammetry, Electrochemical voltammetry, Energy storage devices, Gd-
WO,, Inorganic Nanostructures, Morphology, Nanoparticles, Nanostructures,
Sensing, SEM, Specific Capacitance, Super capacitor, Synthesis, UV-Visible,
XRD, XPS.

INTRODUCTION

In recent years, damage has been done to the environment and their subsequent
causes such as gas greenhouse gas emission, air pollution, this necessitates better
eco-friendly, cleaner energy sources. In this perspective, batteries and fuel cells
were investigated and made use of as a viable options. However, disadvantages
(lower power efficiency, high cost, low-rate capabilities, etc.) in the energy
sources of batteries and fuel cells are envisaged for the development of new
energy storage devices. Increasing demand for high energy devices in consumer
electronics, portable electronics, electric vehicles, efc., to fulfil the void and
unleash energy storage super capacitors are widely attempted [1 - 3]. In general,
super capacitor segmented into two main categories one is (EDLC) and another is
pseudo capacitor [4]. EDLCs commonly use carbon containing materials such as
graphene, carbon nanotubes (CNTs), reduced graphene oxide (rGO), having a
large surface area, higher charge discharge cycles and high-power density.
Structural morphology is maintained for a quite long period of time, which is due
to adsorption and desorption of ions over the surface of the electrode. On the other
hand, pseudo capacitors consist of transition metal oxides (ZnO, Gd,0;, Y,0;,
CeO,, etc.) and charge discharge cycles appear due to redox reactions occurring in
the system. Electrochemical approaches offer practical benefits in addition to
satisfactory sensitivity, wide linear concentration range, operation simplicity, the
possibility of miniaturization, low expense of instruments, suitability for real-time
detection and less sensitivity to matrix effects in comparison with spectral and
separation methods. Recently, rare earth elements used as dopants have shown
many potentials in enhanced microwave absorption, photoluminescence and
photocatalytic activity.

Tungsten oxide (WO,) is one of the interesting materials because it is highly
stable, low-cost, eco-friendly, less toxic, and widely used as a pseudo capacitor
material which has grasped much attention of the scientific community due to
unique characteristic features such as being used in electrochromic devices,
energy harvesting devices, enhanced I-V/C-V characteristics, photovoltaic, etc.
[5 - 9]. Tungsten oxide (WO,) as high-performance energy storage materials and
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their characteristic features published in recent years [10]. More recently,
numerous reports were published for synthesis, characterization of WO,
nanostructure, which includes chemical co-precipitation, vapour deposition, spray
pyrolysis, efc [11 - 14]. Due to the small radius and desirable crystal structure of
the hexagonal WO, NS, a prominent influence on the desired electrochemical
performance was observed. The structural and morphological changes in the WO,
NS were successively studied for photochromic properties by Huang ef al. [15].
Similarly, Nagy et al. studied the effect of structural morphology variations and
characterized them with respect to dependency in pH of the solution. Many
researchers studied the photo catalytic efficiency of the WO, nanoparticles [16,
17]. Kalhori et al. synthesized flower shaped two different phases of WO, NS, one
is orthorhombic and another is monoclinic by varying hydrothermal temperature.
The precursor used was ammonium oxalate and WO, NS was studied for gas
chromic responses [18]. WO, NS in crystalline nature possesses greater stability
due to slower dissolution rate and denser accumulation of nanoparticles. As for
WO,, doping elements reported were mainly focused on transition metals such as
Mo, Ni, Ti, V, Nb, Fe, Ru, etc., by which the improvements both in ionic
conductivity and high energy storage devices have been obtained mainly because
of the introduction of oxygen vacancies. More recently, we have shown that
gadolinium (Gd) doping can effectively improve the high energy storage device of
the sputtered amorphous WO,. Luminescent properties of Ta doped WO, NS
having smooth crystallinity, moderate band gap and blue line emission in
photoluminescence spectra. All the films showed 80% optical transference in the
wavelength of 400 nm to 900 nm with increased optical reflectance [19]. A novel
set of Ag doped WO, NS synthesized by hydrothermal method, heterostructure
showed increased gas response towards 100 ppm of formalin (HCHO) almost 3.5
times higher response and recovery time was 3s/3s respectively [20]. PtCl, coated
WO, NS deposited by hydrogen reduction of metal salts finds gas chromic
application at 90 °C and becomes insignificant at temperatures below 90 °C [21].
Photocatalysis of nitrite ions under visible light performed for the Zn doped WO,
nanostructure Enhanced Photo electrocatalysis illustrated highest degradation of
nitrite ions for 2% Zn-WO, NS annealed at 400 °C [22]. A novel class of Tb-WO,
NS fabricated using Radio Frequency (RF) magnetron sputtering technique shows
porous nature of Tb" ions heavily doped exhibit strong blue, green and red
emissions under UV excitation which suggest the possibility of using these
luminescent films in white light emitting devices [23]. Enhanced photo electro-
chemical properties of Bi doped WO, NS synthesized through hydrothermal
method, displayed remarkable enhancement in photocurrent values from 0.401
mA cm’ for undoped [24] WO, to 1.511 mA cm’. Electrochemical sensor
properties of PANI/Cellulose/ WO, NS used in acetone gas detection at room
temperature [25]. In the present work, the author envisaged that doping
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Abstract: Extraordinary properties of nanomaterial lay a broad prospect for its
application in various fields. Biosensors are a kind of special sensor which consists of
biomolecule recognition element and transducer. Advances in biosensors with the use
of micro/ nanomaterials are capable of detecting and analyzing living and chemical
matter with high specificity, fastness, sensitivity, accuracy and low cost for the
determination of proteins, hormone, enzyme, nucleic acid and other biological
compounds in blood and urine samples. The basics of biosensors and optimized
approaches for voltammetric clinical analysis are studied in this chapter. Exosomes are
small extracellular vesicles (EV) involved in extracellular communication between
cells, and are recognized as potential markers of human health and diseases. An
extensive molecular characteristic comparison of the exosomal components of healthy
and disordered cells or tissues reveals the differences.

* Electrochemical approaches for the analysis of clinical samples are developing at an
incredible rate with advances in nanotubes and nanomaterials as biosensors.
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* Exosomes play a crucial role in cell-to-cell communication in normal health and
disease. They are potential biomarkers exploited for emerging non-invasive diagnosis.

* CNT sensors are capable of precise quantitative and qualitative detection of analytes.

Keywords: Affinity biosensor, Clinical analyte, CNT, CPE, Enzymatic biosensor,
Exosome, Immunosensor, Voltammetric biosensor.

INTRODUCTION

The analysis of bodily fluids, especially urine, for the diagnosis of disease or
disorder dates back to pre-3000 BC; writings and drawings serve as evidence.
Chang Chung-Ching (AD 229), Charaka and Susruta (5th century) observed that
individuals with sugar metabolism disorder presently termed as Diabetes mellitus
are likely to be diagnosed by analyzing the urine of an individual for the presence
of sugar. For this, dogs and ants served like sensors [1].

The chemical analysis of metabolite started with analyzing the urine for glucose
and albumin in the 18th century. The knowledge of analysis has grown to an
extent that the molecular characterization for diagnosis of a genetic disorder in a
fetus is possible. The advances in sensors technology have resulted in the
development of Point Of Care diagnosis, which is most convenient, faster and
reliable [2 - 4].

The basics of a general biosensor are graphically represented in Fig. (1).

SENSORS SENSORS
ANALYTES BASED ON

IONS OR SALTS

PROTEN ENZYME 1) ELECTO-
HORMORE AFFINITY CHEMCAL
BNDYME 2)CHEMICAL
IMMUNO-
NUCLECACDS | pRecipATION 3 opTicAL
(DNA/RNA)

TRANSDUCER

Fig. (1). General elements of a Biosensor.

CLINICAL ANALYTES

Cells are the product of millions of years of evolution; tissues are a step forward
complex than cells with the capability of maintaining different chemical and
physical conditions yet capable of performing a prefixed function.

The features of intracellular and intercellular signalling play a crucial role in
homeostasis and disease. Cells communicate via a free or bound form of ions and
biomolecules such as protein, hormone, enzyme, nucleic acid, efc.
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Exosomes are 30-100nm vesicles that are released by most of the tissue systems
in the body. The enclosed cargo of proteins, enzymes, and RNAs from the cell of
origin renders exosomes the capability for intercellular signaling [5 - 10].

They are abundant in blood, which contributes to relay the function from proximal
to target tissues. The ability to access exosomes from mostly any biological fluid
offers a minimally invasive window for biochemical diagnosis [11 - 15].

Cell-to-cell communication is not only essential for repair and growth but also
required for cell survival, cells failing to receive enough survival factor enter into
the stage of apoptosis, possibly avoided by the use of many pharmaceutical drugs
[16 - 25]. Signaling systems are initiated at the early stage of the differentiation of
cells in the fertilized egg (Fig. 2) [26, 27].
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Fig. (2). Representative diagram of intercellular communication between organ systems.

Analysis of Clinical Analytes using Voltammetric Biosensor

Voltammetric biosensor is based on electrochemical techniques in which
quantitative analysis of analyte is made by varying the potential and measuring
the resulting current as an analyte reacts electrochemically with the surface of the
working electrodes [28, 29]. Cyclic voltammetry (CV) and differential pulse
voltammetry (DPV) are the most commonly applied techniques for the

determination of redox potential and electrochemical reaction rates of analyte
solutions (Fig. 3) [30, 31].
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Abstract: Since the beginning of modern civilization, heavy metals have been used in
various industrial, domestic, technological, medical applications, efc. Often, if not all
the time, the uncontrolled release of sewage to the water resources and emission from
the industrial plants in the environment raises alarms over their potential impacts on
human health and the environment. These metallic elements, being potentially toxic,
are known to cause multiple organ impairment, even at extremely low exposure limits.
Thus, it is highly imperative to develop simple and sensitive methods for their
detection. Electrochemical techniques are one of the most promising methods for heavy
metal sensing because of their short analytical time, easy accessibility, and high
sensitivity for in-situ measurements. In this chapter, we discuss heavy metals and their
potential adverse effects on human health and the environment, strategies for the design
of materials for sensing the heavy metals/ions and their mechanisms, and the recent
developments of electrochemical sensors in heavy metal detection. The chapter puts
more emphasis on materials than methods.

Keywords: Biochemical detection, Biomaterials, Electrochemistry, Electro-
chemical detection, Electrochemical sensing, Enzyme, Fuel cells, Heavy metal
ions, Inorganic nanomaterials, Microorganism, Organic nanomaterials, Photo-
catalysis, Recognition, Redox reactions, Screen-printed electrochemical sensors,
Self-powered electrochemical sensors, Sensors, Toxicity, Voltammetry,
Wastewater analysis.

INTRODUCTION

What are electrochemical sensors? The word sensor originated from the Latin
word sentire, meaning ‘to feel.” Sensors have become progressively more
important with the advancement of modern civilization. The invention of the
Internet of Things (IoT) has taken the importance of sensors to an even greater
level, and basically, human life these days is as dependent on man-made sensors

* Corresponding author Monima Sarma: Department of Chemistry, KL Deemed to be University (KLEF), Green
fields, Vaddeswaram, Andhra Pradesh 522502, India; Email: monima.22@gmail.com

J.G. Manjunatha (Ed.)
All rights reserved-© 2022 Bentham Science Publishers


mailto:monima.22@gmail.com

178 Voltammetry for Sensing Applications Monima Sarma

as it is on the biological ones to sustain life. Sensors are mechanical devices that
respond to a physical or chemical perturbation such as light, temperature,
magnetism, pressure, electric field, movement, pH, chemical reactions, etc. which
is understood by a computer after a converter converts these analog responses into
digital electrical impulses and an amplifier amplifies them. In nature, each sensor
is different and operates by different target-specific mechanisms. Chemosensors
are the type of sensors that analyze and provide information on the qualitative and
quantitative chemical composition of their environment [1]. The basic operating
principle of a chemosensor is recognition of the analyte by the receptor fragment
prompting a chemical change, followed by generation of the output signal by the
transducer, which is then read by the built-in computer. These chemical sensors
have widespread importance whereby the key parameters of such sensors are
selectivity, sensitivity, detection limit, response time, and lastly, the size of the
device. Ideally, the sensor should have great selectivity and sensitivity, a faster
response time, and acceptable packaging size [2]. Since the boom in
microelectronics and microengineering, devices have been miniaturized without
compromising selectivity and sensitivity. Alike the physical sensors, the chemical
sensors also have target-specific operating principles where the sensing
mechanism could be one of the various possibilities such as absorption or
emission of light, electrochemical responses, absorption or release of heat, etc.

Of the various types of known chemical sensors, electrochemical sensors have
gained popularity due to some obvious advantages, as we shall discuss in this
chapter. All these sensors contain electrodes that act as the transducer. These
sensors have far-reaching applications in modern life, such as (a) gas sensors to
detect the level of carbon monoxide, (b) water analysis for heavy-metal pollutants,
(c) automobile exhaust analysis, (d) environmental monitoring, (e¢) food and
health monitoring, (f) medical diagnostics (for example, blood glucose
monitoring) and so on [3]. Perhaps the most common type of electrochemical
sensor is a typical pH meter where an electrode assembly (the glass electrode)
selectively responds to the change in acidity or alkalinity of water causing a
fluctuation of the cell potential which is converted into the pH scale by a built-in
computer.

The electrical response and introduction to the electroanalytical techniques:
The electrochemical sensors work mainly based on the variation of one of these
properties in the presence of an analyte: potential difference (potentiometry),
current (amperometry and voltammetry), resistance (conductometry), and
capacitance. The potentiometric method involves the interface between an
electrode surface and a solution and is an example of the interface method. On the
contrary, the conductance of the solution is directly measured using two
electrodes, and this is a non-interface method [3]. A common electroanalytical
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method is potentiometry which involves a change in electrode potential in the
presence of the analyte according to the following Nernst equation:

RT a RT  [ox] 0.0591 [ox]
Ecen = Ecou ——n a::; ~ Egey — n_Flnm ~ Egen — n log [red]
where, E_, is the cell potential (formal potential), E’,, is the standard cell

potential, R is the universal gas constant (~ 8.314 J mol' K"), T is the temperature
in Kelvin, # is the number of electrons involved, ' is Faraday constant (~ 96485 C
mol "), and those in bracket are the concentrations (more accurately, activity) of
the oxidized and reduced species in solution, respectively. The concerned
instrument is called a potentiostat which also uses a reference electrode, for
example, saturated calomel electrode, silver-silver chloride electrode, etc. The
electrode potential of the reference electrode is usually insensitive to the chemical
composition of the solution and remains constant throughout the experiment. The
traditional electrochemical cells are three-electrode assemblies and consist of a
working electrode on the surface of which occur the redox reactions, the reference
electrode, and a counter electrode (usually a platinum wire) to complete the
electric circuit [4].

Besides potential difference, the current is another electrical response that is used
as a sensory mechanism; the concerned technique is known as
chronoamperometry which measures the current flowing through the working
electrode as a function of time. The concentration of the redox-active species is
then calculated by correlating with the current flow using the following Cottrell
equation:

B nFAchg/2

— htl/2

o= gz -

where /, is current at time 7 (s), » is the number of electrons, F' is Faraday constant
(96485 C mol ™), 4 is the area of the electrode (cm?®), ¢, is the concentration of the
oxidized species (mol L"), D, is the diffusion coefficient of the oxidized species
(cm® s7') [5]. This method allows processes to be studied in which the current is
directly measured as a function of a constant potential applied to the
electrochemical system.

The most used electroanalytical technique is based on voltammetry, which
measures the flow of current (I) between two electrodes as the potential difference
(E) between them is varied [6]. The two popular voltammetry-based techniques
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Electrochemical, Sensing and Environmental
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Abstract: The CuFe,0,/ZnO nanocomposite (CZO NCs) has been successfully
synthesized by a facile one-pot green assisted approach using Azadirachtaindica
extract. These synthesized nanocomposites were characterized by different techniques;
Powder X-ray diffractometer (PXRD) confirms the formation of nanocrystalline
composite material with crystallite size in the range 15-30 nm. The surface morphology
of prepared nanocomposite materials was changed due to the plant extraction action as
reducing and capping agent studied by Scanning electron microscope (SEM), which
shows porous and spongy like structure. The photocatalytic performance of CZO NCs
was examined for their potential role in the photodegradation of Methylene Blue (MB)
dye under UV light. The result shows that the 1:2 molar CZO NCs is suitable for
excellent photocatalytic degradation performance of MB dye (98%). Electrochemical
analysis of prepared material was conducted with graphite electrode paste in 0.1 M KCl
electrolyte, which showed excellent performance in redox potential measured by Cyclic
Voltammetry and extended their sensor activities towards chemical and bio-chemicals
(Paracetamol and Glucose). These studies open a new platform to utilize a simple
approach for the preparation of multifunctional CZO NCs for their potential
applications in wastewater treatment and electrochemical studies.

Keywords: CuFe,0,/ZnO, Cyclic Voltammetry, Green combustion, Photo-
catalysis, Sensor, Wastewater treatment.
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INTRODUCTION

Nowadays, wastewater treatment practices have gained more priority in the world
by the effect gradually increasing contamination of water from various sources
like industries, laboratories, paper and pulp production, etc. causes a serious
adverse effect to the environmental issues [1 - 5]. The wide utilization of synthetic
dye products such as garments, leather trimmings, furniture equipment, chemical
laboratories, efc, excludes approximately 10-12% of these dyes and departs into
the surroundings. Therefore the efficient degradation of such toxic chemicals is a
great task for water treatment in different fields of science and technologies. The
final degraded products should be eco-friendly and their experimental practices
must be sustainable are the solution things that are anticipated [6]. Generally, dyes
are the major organic pollutants present in wastewaters, creating severe problems
and thus, lead to developing effective methods for wastewater treatment [7].
Nanomaterials are the modern field of science which plays a vital role in all
aspects of human activity such as electronic devices, telecommunication
equipment, magnetic fluids, drug delivery, sensors, etc. with low cost and
environmentally friendly approaches. Presently, the semiconductor nanomaterials
have been employed as Photocatalyst, which can be used to degrade the pollutants
as an ecological approach [8 - 11]. The heterogeneous catalysis process is
extensively employed for the bleaching of such dye pollutants [12].

The ferrite nanomaterials are a common type of spinel tetrahedral and octahedral
crystalline structures, which has attracted great attention due to their extensive
technological applications and key subject in environmental contamination
remediation via photocatalysis examination [13 - 15]. The copper based ferrites
and their composites are recognized as semiconductor photocatalysts for efficient
degradation of toxic chemicals through photocatalysis [16, 17]. The exposure of
semiconductor materials to light of energy not less than electrons and holes
generated from the band gap. In the conduction band, oxygen molecules accept
the electrons and transforming into superoxide radical ion. Hydroxyl radicals
generated from the oxidation of adsorbed water molecules on the surface of
semiconductor in the valence band, which converts the organic pollutants to
carbon dioxide and water [18, 19].

Recently, few works confirmed the functionality of green preparation of
nanoparticles/nanocomposites using various plant extracts for domestic/industrial
waste-water treatment [20]. The non-edible biomass resources (Neem
(Azadirachtaindica), Jatropha, Pongamia, etc.) are the most abundant and
alternative source of fossil diesel, offers several benefits for the environmental
and economical needs. Various synthesis methods are applied to prepare nano
metal oxides [21, 22] and among those, solution combustion approach is a
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potential, economical and versatile methodology. This method involves a self-
sustained reaction in homogeneous mixture of reactant oxidizers (e.g., metal
nitrates) and green fuels (Neem (Azadirachtaindica) extract). Thus, this process
has more assistance due to the advantage of ecological friendliness, easy for
synthesis with cost effective, energy efficient approach etc [23 - 28]. CZO NCs
have been preferred for this research work due to its activity towards
anodic—cathodic potential properties. Also, the important movement has been
achieved for the prepared nanocomposite in the sensor measurements. Therefore,
the sensor activities of prepared material monitoring chemical and biochemical
sensing applications are of great importance for sustaining human health and also
in different detection practices [29 - 35]. As a result, CV analysis was carried out
for CZO NCs to illustrate the modified graphite-composite electrode paste and
extended their sensor activities towards chemical and biochemical such as
Paracetamol and Glucose, respectively. With such outcomes, the present research
work reported that the excellent performance of CZO NCs towards UV light
induced photocatalyst for degradation of MB dye. The composition of
nanocomposites has been synthesized methodically by varying the ratios of both
the CuFe,O, and ZnO oxides.

EXPERIMENT

Synthesis of CuFe,O, nanoparticles and ZnO oxide

CuFe,O, nanomaterials were synthesized by green combustion method using
Cu(NO,),.3H,0 and Fe(NO;),.9H,0 as oxidizers. The stoichiometric ratios of
oxidizer and fuel were taken in silica crucible with a small amount of water and
subjected to stirring to attain homogeneity. Further, this homogeneous mixture
was subjected to combustion in a muffle furnace at 55010 °C.

Similarly, the same procedure was adopted for the preparation of ZnO
nanoparticles mentioned above; instead of Cu(NO,),.3H,0 and Fe(NO;);.9H,0,
Zn(NO,), was used.

Synthesis of CuFe,O,-ZnO Nanocomposite

The CZO NCs photocatalysts were synthesized from mixing up of
Cu(NGO,),.3H,0, Fe(NO;),.9H,0 and Zn(NO,), (NICE chemical (P)Ltd.) with
various ratios (1:1, 1:2 & 2:1) by green combustion method. [Cu(NO,),.3H,0,
NICE chemical (P)Ltd.; Fe(NO;),.9H,0, NICE chemical (P)Ltd.]. Analytical
grade was used without further purification. The specific amounts of copper and
ferric nitrates in stoichiometric ratios were used as initial precursors and
Azadirachtaindica extract was used as a green fuel. Finally, the product was
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Abstract: Antihypertensives are one of the most consumed drugs worldwide. To
reduce pill burden, more than one class of antihypertensive drugs can be found in the
same tablet in a fixed-dose combination. In this chapter, an overview of about 35
papers reporting on the advanced sensor materials for the voltammetric simultaneous
determination of antihypertensive drugs will be presented. Special attention is given to
the strategies the authors used for enabling simultaneous determination. Several types
of carbon-based electrodes were considered as a voltammetric sensor platform for the
development of simultaneous determination procedures. The samples analyzed were
fixed-dose tablets, preferentially, but human fluids and water samples were also
analyzed. Voltammetric methods used for the simultaneous determination of
antihypertensive drugs revealed very sensitive approaches reaching limits of detection
in the micro-and nanomolar levels with analysis lasting less than one minute and
consuming very low or even no organic solvents.
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INTRODUCTION

Antihypertensive drugs are widely used by the population to reduce arterial
hypertension on a daily and continuous basis [1]. Pharmaceutical formulations
containing these drugs must undergo strict quality control in the pharmaceutical
industry for human consumption.

Electroanalytical methods based on voltammetric techniques and advanced sensor
materials have been considered for this purpose. The use of these techniques in
the development of new analytical protocols for the simultaneous determination
of antihypertensive drugs has increased in recent years [2 - 5]. The analytical
advantages of the various voltammetric methods include high precision, accuracy,
simple sample preparation, short analysis time, and minimal or no use of organic
solvents, which makes them low cost and environmentally friendly procedures for
large scale applications [2 - 7]. Additionally, several types of carbon-based
materials, nanostructured or not, have been considered as a sensing platform for
the simultaneous determination of different chemical species.

Considering these aspects, in this review, we have comprehensively summarized
papers reporting the use of advanced sensors materials for the simultaneous
determination of antihypertensives. The methods were categorized according to
the type of material employed as the sensing element, and tables present the
analytical characteristics towards the simultaneous determination of
antihypertensives.

THE CURRENT APPLICATION OF ANTIHYPERTENSIVE AGENTS ON
CARDIOVASCULAR EVENTS

Cardiovascular diseases are considered the major cause of death in the world, and
hypertension is an important risk condition for the occurrence of cardiovascular
events, as stroke, coronary disease, peripheral disease, cardiac insufficiency, and
chronic kidney disease [8, 9]. Hypertension can be assigned to several causes,
including behavior, genetic, metabolic, and unknown factors [10]. Besides the
recommendation of a healthy lifestyle as the first strategy to reduce blood
pressure, pharmacological intervention plays an essential role in the effectiveness
of hypertension treatment. Antihypertensive agents consist of a diverse group of
drugs that are classified according to their mechanisms and locals of action [1].

Blood pressure control with antihypertensives can be achieved by monotherapy of
one drug or combined therapy with simultaneous administration of two or more
drugs. Despite the divergence about the topic, the combined-therapy approach has
become increasingly popular in the medical field, supported by the many favour-
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able features. However, a suitable antihypertensive treatment must be prescribed,
considering each patient individually [11, 12].

In combined therapy, low dosages result in reduced incidence of drug-related side
effects, while the different drug properties act synergistically on different
antihypertensive mechanisms for a more effective blood pressure lowering.
Furthermore, this approach can be managed with separate products or a fixed-
dosage combination product, which consists of a more appreciated way because it
improves patient compliance with the treatment [11 - 13].

The antihypertensive classes available for medical practice nowadays are
diuretics, B-blockers, angiotensin-converting enzyme (ACE) inhibitors, calcium
antagonists, and angiotensin receptor blockers.

Diuretics have been an important class of antihypertensive agents since the 1950s.
These drugs act on the renal system, increasing Na" and H,O excretion, and are
effective for reducing blood pressure in monotherapy or enhancing the efficiency
of other antihypertensives when used as an association. They are subclassified in
thiazide diuretics (e.g. hydrochlorothiazide), loop-diuretic (e.g. furosemide), and
potassium-sparing diuretics (e.g. amiloride and triamterene). Thiazide-types are
the primary choice in pharmacological treatment due to their efficacy, but
differently from the other diuretics, potassium-sparing ones are prescribed in
association with another diuretic to attenuate the excessive excretion of potassium
(kaliuresis) [1, 8].

The B-blocker drugs were introduced in clinical medicine as antihypertensive
agents in the 1960s. This group is divided into three generations, according to its
B-adrenergic receptor selectivity and vasodilatory properties. The first-generation
or non-selective B-blockers (e.g., propranolol and pindolol) have similar affinities
for B, and B,-adrenergic receptors. The second-generation or selective B-blockers
(e.g., metoprolol, bisoprolol, and atenolol) present a higher affinity for f3,-
receptors. Consequently, they reduce the incidence of adverse effects from the
blockage of B,-receptors. The third generation (e.g., carvedilol and nebivolol) are
vasodilators [14, 15].

The renin-angiotensin-aldosterone system (RAAS) expresses an important
relationship with the homeostatic control of arterial pressure; therefore,
hypertension can be related to dysregulation in this system. In this sense, RAAS
blockers have been used as antihypertensive agents and include angiotensin-
converting enzyme (ACE) inhibitors (e.g., captopril, ramipril, enalapril, and
lisinopril) and angiotensin receptor blockers (e.g., valsartan, losartan, and
telmisartan) [8, 16].
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Abstract: The past few years have seen substantial development in electrochemical
sensors. The fundamental challenge in the construction of reliable analytical techniques
for the quantification of anti-inflammatory drugs has been conveniently overcome by
electrochemical methods. Voltammetric sensors have applications in biological,
environmental, and chemical structures. Owing to their high sensitivity, selectivity,
ease of preparation, and fast reaction, voltammetric sensors for detecting specific
biomolecules have received significant attention in recent years. Polarography, cyclic
voltammetry (CV), Differential Pulse Voltammetry (DPV), and Squarewave
Voltammetry (SWV) are examples of electrochemical techniques that are classified.
Non-steroidal anti-inflammatory drugs (NSAIDs) such as 4-amino antipyrine (4-AAP),
Indomethacin (IND), and Diclofenac (DCF) are widely used in the treatment of
inflammatory conditions such as musculoskeletal disorders, dental pain, menstrual
pain, postoperative pain, and migraines. This chapter discusses the details and usages
of the different voltammetric methods for the determination of NSAIDs.

Keywords: Anti-inflammatory drugs, Classifications of voltammetric techniques,
Diclofenac, Indomethacin, Voltammetric applications, 4-Aminoantipyrine.

INTRODUCTION

The advancement of the human race can be witnessed with improved
technologies, new inventions, and new paradigms being developed every day

* Corresponding Author S. Sandeep: Department of Chemistry, SJICE, JSS Science and Technology University,
Mysuru, India; E-mail: sandeeps@jssstuniv.in

J.G. Manjunatha (Ed.)
All rights reserved-© 2022 Bentham Science Publishers


mailto:sandeeps@jssstuniv.in

260 Voltammetry for Sensing Applications Sanjay et al.

using cutting-edge technology [1]. However, in contrast, there is an increase in the
number of illicit drugs and trafficking uses, which causes problems for society,
health, criminality, and the environment [2]. In addition, the number of
unpredictable health issues in humans compels researchers worldwide to
investigate accurate analytical techniques for drug detection in seized street
samples, biological fluids, and wastewater [3]. Drug detection plays a vital role in
the modern pharmaceutical industries involving tedious and cumbersome
processes like formulation and stability studies, quality control (QC), and
toxicology and pharmacological testing in animals and man. In clinical industries,
drug detection is carried out using biological samples like blood, urine and saliva
in support of clinical trials, i.e., bioavailability and pharmacokinetic studies, and
in the monitoring of therapeutic drugs and drug abuse [4]. These investigations
require simple, novel, rapid, and reliable analytical methods to measure drugs in
complex media such as formulation and biofluids. In this background,
electrochemistry takes center stage by fulfilling all the criteria for an efficient
analytical tool [5]. In particular, voltammetric methods for the determination of
drugs have received enormous attention in recent years. This is due to the
sensitivity and selectivity they provide on qualitative and quantitative aspects of
the electroactive analyte under study [6]. This chapter, will explore the commonly
used voltammetric techniques, electrodes utilized, modification procedures for the
electrodes, solvents, and supporting electrolytes highlighting their electrochemical
performances and limitations. Finally, we devote special attention to outlining the
future trends of the electrochemical methods for drug analysis [7]. Voltammetry is
part of electrochemistry, which was known after the discovery of polarography in
1922 by the Czech chemist Yaroslav Heyrovsky, for which he received the Nobel
Prize in 1959 [8]. The techniques utilized in early voltammetry encountered
several challenges, making them less applicable for routine analysis. However,
around the 1960s and 1970s, considerable advances were made in all the fields of
voltammetry, which expanded its application in different areas. Voltammetry
gives data about oxidation, adsorption, and thermodynamic properties of solvated
species [9].

CLASSIFICATION OF VOLTAMMETRY TECHNIQUES

Polarography

The concept of pulse polarography was introduced by the English chemist G.C.
Barker (Fig. 1 A-C). Initially, the theory relied on the results of Barker’s work on
square wave polarography [6]. Barker and colleagues explored the principle of
pulse polarography in various correspondences, adapted a portion of the
hypothetical aspects of square wave polarography to pulse polarographic
methods, and presented the overall instrumentation [10]. Polarography is also part
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of the electrochemistry procedure, which examines liquid solutions containing
oxidizing or reducing substances. It is one of the most broadly utilized
voltammetric methods. In this procedure, the estimations are directed based on
diffusion mass transport [11]. It is accepted that mercury terminals are the most
basic anodes with smooth surfaces and a high cathodic potential window, which is
utilized to determine the reducible substances [12]. The ongoing investigation
demonstrated noteworthy points of interest over the recently revealed strategies,
including high affectability and brief time frame devouring. Moreover, they do
not need a pretreatment of samples before analysis.
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Fig. (1). (A) Schematic Diagram of Lykken-Pompeo-Weaver Polarograph. (B) and (C) graphs of
Polarograms [13].

Cyclic Voltammetry

Cyclic voltammetry (CV) is one of the most efficient electroanalytical methods
for the investigating of electroactive species. The use of CV is versatile, with
applications in electrochemistry, organic chemistry, materials science, natural
science, etc. CV is efficacious because of its ability to observe redox activity
quickly across a large possible range. The resulting voltammogram is similar to a
normal range because it propagates information as part of an energy channel [14].
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Abstract: The application of electroanalytical techniques plays a very important role in
the field of medicinal and pharmaceutical research. These techniques have been
routinely used by analytical, inorganic, organic physical as well as biological chemists.
In recent years the various voltammetric methods such as Differential pulse
voltammetry, Cyclic voltammetry, Linear sweep voltammetry, Square wave
voltammetry, Stripping voltammetry efc have gained enormous attention for the
determination of different classes of drugs. Electroanalytical techniques gain supreme
importance over other techniques in terms of the quantization of trace and ultra-trace
components of biological fluids as well as pharmaceutical substances. Therefore, these
techniques are alternative in detection and analysis due to their sensitivity,
reproducibility and selectivity in terms of qualitative as well as quantitative aspects of
the analyte under investigation. The present review focuses on the application of
various voltammetric techniques for the analysis of analgesics, antibiotics,
anthelmintic, anti-tubercular and anticancer drugs covering the period from 2015 to
present.

Keywords: Analgesics, Anthelmintics, Antibiotic, Anticancer, Antitubercular,
Cyclic voltammetry, Drug detection, Electroanalytical techniques.

INTRODUCTION

Voltammetry technique was developed in 1920s by Jaroslav Heyrovsky a
Czechoslovakian chemist and in that year, an important electro analytical techni-

* Corresponding authors G. Krishnaswamy and S. Sreenivasa: Department of Studies and Research in Organic
Chemistry, Tumkur University, Tumakuru-572 103, Karnataka, India and Deputy Adviser, National Assessment and
Accreditation Council, Bengaluru-560 072, Karnataka, India; E-mail:drkrishna23org@gmail.com, drsreenivasa@
yahoo.co.in

J.G. Manjunatha (Ed.)
All rights reserved-© 2022 Bentham Science Publishers


mailto:drkrishna23org@gmail.com
mailto:drsreenivasa@yahoo.co.in
mailto:drsreenivasa@yahoo.co.in

282 Voltammetry for Sensing Applications Krishnaswamy et al.

que for the analysis of different pharmaceutical substances was developed [1].
Generally, Voltammetry technique is widely used because it provides both
qualitative as well as quantitative information of electroactive sample based on
the applied electric potential and current, respectively. Simple modified electrodes
have been used as sensors for the electrochemical characterization of various
bioactive moleculeslike riboflavin [2 - 5], Tyrosine [6], Dopamine [7], Uric acid,
Ascorbic acid [8 - 10], Estriol [11, 12], Isatin [13], Phloroglucinol [14, 15], L-
tryptophan [16], Vanillin [17] and also dyes such as Alizarin Red-S [18] and
Indigotine [19].

ANTITUBERCULAR
ANTIBIOTICS ANTICANCER
Voltammetric
Application

Current

in Drug Detection

ANALGESICS < Petential | ANTHELMINTIC

Voltammetry Techniques such as:

- Cyclic Voltammetry (CV) and Linear Sweep Voltammetry (LSV) were used to
study the kinetics of electrochemical reactions, reversible and irreversible
reactions as well as determination of formal redox potentials of the analyte since
these techniques provide linear continuous changing potential with time.

- In Differential Pulse Voltammetry (DPV), the cell current is measured as a
function of time and potential between the indicator and reference electrodes.
DPV improves detection limits and is highly sensitive for the quantitative
determination of electroactive drug compounds.

+ Square Wave Voltammetry (SWV) is a large amplitude differential technique in
which a waveform composed of symmetrical square wave compared with DPV.
It requires a small amount of electroactive species and a very fast response is
obtained due to an effective high scan rate.

- Stripping Voltammetry (SV) can be called as a sub division of voltammetric
techniques and classified into four types namely, anodic (ASV), Cathodic
(CSV), Adsorptive (AdSV), and Potentiometric Stripping Voltammetry (PSV).
This technique uses a step of preconcentration to accumulate the analytes on the
electrode surfaces for dilute samples, followed by the measurement of electroch-
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emical response leading to trace level determination of pharmaceutical
compounds.

Inspired by the important applications of the various voltammetric techniques.
Here in the following section, we present the electrochemical characterization
studies of antibiotics, analgesics, anthelmintic, anti-tuberculosis and anti-cancer
drugs highlighting mainly electrode material, techniques employed and detection
limit.

ELECTROCHEMICAL CHARACTERIZATION OF ANTIBIOTICS

Penicillin is a group of antibiotics, which are used to treat different bacterial
infections in humans, livestock, and poultry.

Zhao et al. [20] in 2016 reported an electrochemical APTA sensor for highly
sensitive detection of penicillin at GNS nanocomposite (GR-Fe,O, NPs) and a
poly (3, 4-ethylenedioxy-thiophene)-AuNP composite (PEDOT-AuNPs) using
modified glassy carbon electrode (GCE) employing differential pulse
voltammetry (DPV) method with a limit of detection (LOD) of 1.70x10"° M. Li
and co-workers [21] in 2015 reported an immuno sensor for detection of penicillin
based on supported bilayer lipid membrane (s-BLM)-AuNP modified glassy
carbon electrode (Au-sBLM/GCE) employing Cyclic Voltammetry (CV) with a
limit of detection (LOD) of 8.07x10"® M. Salihu et al. [22] in 2019 reported
Nickel nanoparticle (Ni-NP) modified screen-printed carbon electrode (SPCE) for
the electrochemical detection of penicillin in bovine milk samples with a limit of
detection (LOD) of 0.00031 uM. Wizral et al. [23] in 2019 reported boron doped
diamond electrode for determination of penicillin G in aquatic samples using
differential pulse volatmmetric (DPV) method with detection limit of (LOD) 0.23
uM. The limit of detection for penicillin G detection using various voltammetric
methods were compared in Table 1.

Table 1. Comparison of different electrochemical sensors for voltammetric determination of pencillin
G.

Chemical Structure

JOH
o o
Electrode Method of Analysis LOD (M) | Refs.

GR-Fe,O, NPs/ PEDOT-AuNPs/ GCE DpPV 1.70x107¢ | [20]
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Abstract: From the past few years the development of electrochemical sensor has
gained more attention due to the fact that these methods have high sensetivity, less
expensive and easy to handle when compared to other conventional methods. Cancer is
one among the serious disease faced by the human race in the current era. Presently, It
is treated with various treatments like chemotherapy, surgery and radiotherapy. Since
the impressive growth of these prime treatments, ample of anticancer drugs have been
developed. Alongside in recent years, the synthesis of nanomaterials and their
application in medicinal (biomedical) field has gained quite a focus in the research
field. Due to smaller size, improved solubility. surface tailor ability, electrocatalytic
activity, sensible detection and multifunctionality the nanomaterials are found to
possess greater applications in the growing field of pharmaceutical research. The
present chapter gives the reprots on the electrochemical detection of various anticancer
drugs like Methotrexate (MTX), 5-Flourouracil, Doxorubicin and Etoposide.

Keywords : Anticancer drugs , Doxorubicin , Etoposide , Methotrexate , Nano
materials , Voltammetric methods , 5-Flourouracil .

INTRODUCTION

In the present era, cancer is termed as a major global issue causing many annual
deaths. The impact of this issue has led to the development of variety of expensive
drugs and treatments [1]. One such drug is methotrexate which is a derivative of
folic acid antagonists, that finds application as an anticancer and anti-
inflammatory agent [2].
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In the last few decades, chemotherapy is employed as one among the best main
major medical advancements in cancer care [3]. However, the medications
employed for this practice possesses a limited therapeutic index and the response
obtained are often soothing and unpredictable [4]. Though biomacromolecules are
the components which are pointed by these approaches, the drawback found by
these are failure in discriminating among swiftly splitting non-malignant and
tumour cells [5]. In recent years, targeted therapy has been aimed toward tumour-
specific targets and signalling pathways, and therefore has relatively more limited
nonspecific mechanisms [6]. A number of studies have shown a key role for
epigenetic pathways in the development of cancer. Genetic alteration alone is
incapable of explaining carcinogenesis; thus, it includes epigenetic processes
(DNA methylation, histone modifications and non-coding RNA deregulation) [7].
The chromatin decondensation which is asserted by condensins and interactions
between histonesis caused by H3 and H4 histones lysine deacetylation which are
part of the Histone decondensation [8].

The advancement of chemotherapy has led to the maximal cure of many cancer
cells by the utility of numerous anti-cancer drugs [9]. However, this progress has
attributed to the further establishment of innovative treatment techniques i.e.,
surgery and radiation therapy. The keen draw back of the chemotherapeutic
treatment is their cause of harmfulness on normal tissues of the body [10]. The
bone marrow, gastrointestinal tract, hair follicle etc are the vital points that are
majorly affected by the acute toxicities of chemotherapeutic treatment [11].

The common toxicities encountered are haematological, gastrointestinal, skin and
hair follicle toxicity, nervous system toxicity, local toxicity, metabolic
disturbances, hepatic toxicity, urinary tract toxicity, cardiac toxicity, pulmonary
toxicity, gonadal toxicity, etc [12].

The cancer victims are frequently examined with various drug therapies which not
only include chemotherapeutic agents but also includes non-chemotherapeutic
drugs. The care should be taken in such a way that, the treatment should not
encourage the growth of the tumour or cause toxicity to other tissues [13].

The anticancer drugs that can be detected using various methods are as follows:
1. Methotrexate (MTX)

2. 5-Flourouracil

3. Doxorubicin

4. Etoposide
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METHOTREXATE

MTX differs structurally from folic acid by two sites:

« hydroxyl group replaces amino group in one site.
- methyl group replaces an amino at another [14].

MTX (amethopterin, 2,4-diamine-N10-methylpteroyl-glutamic acid) being a folic
acid counterpart varies from that by an amino group being replaced by the
hydroxyl group at the C4 region on the pyrimidine ring (Fig. 1). It finds its
application in treatment of various illness. However, the usage of this drugs
results in effects like marrow suppression, gastro-intestinal lesions, renal
insufficiency, hepatic failure, hypoalbuminemia, and pancytopenia [15]. It is
therefore, very important to establish a responsive and versatile method for the
assessment of MTX [16]. The structure of MTX is shown in below Fig. (1).

H,N N N
T XX
N / / N
N (0]

H

NH, N

Oﬁ‘/ OH
0

(0] OH

Fig. (1). The structure of Methotrexate.

Deng, Z et al. synthesised stearyltrimethylammoniumbromide (STAB)/novel
acetylene black (AB). The modified sensor showed lower detection limit of 3.07
nM with linear range of 0.005 uM to 7.0 pM which showed application in
determination of MTX [17]. Deng, Z et al. fabricated acetylene black (AB) on
glassy carbon electrode which resulted in the development of novel sensor. The so
designed sensor showed linear relationship within range of .005 pM to 3.0 uM
with detection limit of 3.81 nM for MTX [18]. Chen, J et al. reported glassy
carbon electrode (GCE) modified with graphene oxide (GO) for sensitive
detection of MTX. This showed higher range of 5.5x107* to 2.2x107° mol L™ with
a lower limit of detection 7.6x10” mol L™ [19]. Ensafi, et al. constructed an
electrochemical sensor by modifying glassy carbon electrode with CoFe,O,/
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Abstract: Synthetic dyes are very commonly seen in commercial products nowadays.
Synthetic dyes are commonly used to give a variety of colors and shades in several
commercial products. The occurrence of synthetic dyes in water after certain levels can
significantly affect living beings by causing toxicity and mutagenicity.
Electroanalytical methods can detect these dyes with high sensitivity and selectivity. It
is also interesting to note that, commercial dyes like calmagite, rhodamine, Congo red,
and many more have shown significant applications as electrode modifiers. In the
current chapter, we are going to discuss the use of electrochemical methods to sense
commercial dyes and applications of dye-modified carbon paste electrodes in the
voltammetric analysis.

Keywords: Carbon paste, Dyes, Real samples, Sensors, Voltammetry.
INTRODUCTION

In the past century, synthetic dyes have become more common in industrialization
and they have been extensively used as colors and shades in many commercial
products like textile, foods, paper, and cosmetics [1-5]. The organic dyes are
typically complex aromatic compounds with substantial structural diversity.
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Most organic compounds, dyes possess color because they absorb light in the
visible spectrum (400-700 nm); have at least one chromophore (color-bearing
group); have a conjugated system i.e., a structure with alternating double and
single bond and exhibit resonance of electrons, which is a stabilizing force in
organic compounds. When any one of these features is lacking from the molecular
structure the color is lost. In addition to chromophores, most dyes also contain
groups known as auxochromes (color helpers), examples of which are carboxylic
acid, sulfonic acid, amino, and hydroxyl groups. Increasing the number of
electron-attracting groups conjugated with the electron-donor has a bathochromic
effect.

The utilization and release of dyes into the ecosystem have received great
attention since approximately 9% (40,000 tons) of the dyes produced worldwide
(450,000 tons) are discharged as textile waste water [6-7]. The occurrence of
synthetic dyes in water after certain levels can significantly affect living beings by
causing toxicity and mutagenicity. Therefore, analytical methods able to
determine these synthetic dyes in industrial effluents, food, and water are of great
interest to the research community.

Methods such as spectroscopy and chromatography [8-10] are tested to detect the
dyes in the commercial samples. Unfortunately, these methods are laborious and
time-consuming. In this context, electrochemical techniques, especially the
voltammetric techniques, have been used as an alternative method due to the high
selectivity, sensitivity, low cost, use of low-quantity sample, little or no sample
treatment, and low waste generation, which contribute to reduced environmental
impact [11-24].

Carbon paste electrodes (CPEs) belong to promising electrochemical or bio-
electrochemical sensors with wide applicability for detecting various organic and
inorganic molecules. In 1958, it was exactly 63 years before Ralph Norman
Adams from the University of Kans published a short one-page report in which he
introduced CPE, initially, experiments were designed to develop a new electrode
as an alternative to the dropping mercury electrode [11]. The first carbon paste
was prepared by mixing 1 gram of carbon with 7 ml of bromoform1. In the last
decade variety of research had been done to improve the electrochemical
performance of CPE and expand its application to detect a wide variety of
analytes. In the below-mentioned table (Table 1), we are mentioning different
working electrodes with their advantages and disadvantages.

The current form of CPE is quite different from Adams's work. The most widely
used carbon material to prepare CPE is graphite powder apart from its variety of
materials like graphene, carbon nanotube, and fullerene was also tested.
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Currently, researchers are modifying CPE to further improve their properties like
kinetics and stability. CPE can be modified mainly using three different methods
like grinding, surface immobilization, and electro-deposition [19-24]. In the
current chapter, we will mainly discuss the utilities of organic dyes modified
(electro-deposited) CPE for sensing utilities.

Table 1. Advantages and disadvantages of different electrodes.

Electrode Advantage Limitation

Materials

Pt Available in dimension (as wire flat| Expensive.
plate & tube). Low hydrogen overvoltage socathodic potential
Large range of sizes. range limited.
The rigidity can be improved (Pt-Rh
alloy).

Au Configurations same as Pt. The larger cathodic potential range.
The larger cathodic potential range. |The anodic window is limited by surface

oxidation.Expensive.

Carbon Many types and configurations. Quality varies greatly.Hard to give shape.
The good cathodic potential range.

Carbon-paste Wide potential range. Unstable in flow cellsCannot use in organic
Low background | solvents.
currentlnexpensive.

Hg Excellent cathodic window. Limited anodic window due
Easy to “refresh”’Forms amalgams. |tomercuryoxidationToxic.

PREPARATION OF ELECTRODES

To prepare an organic modified carbon paste modified electrode, CPE was placed
in some electrolyte (buffer or bases like NaOH and KOH) solution. Electro-
deposition can be (polymerization) was achieved by applying a potential of
between to fixed potential (negative and positive) at a suitable scan rate for a few
cycles using a method like cyclic voltammetry. After the electro-deposition,
modified CPE was thoroughly washed with distilled water before electroanalysis.
The electro-deposition process was pictorially represented in Fig. (1).
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Abstract: Electroanalytical methods are beneficial in investigating the electrochemical
characteristics of chemicals and macromolecules. The innovation of electrochemical
sensors has been of tremendous interest owing to their high sensitivity, fast analysis
and capability to analyse intricate samples; these properties make electrochemistry
significant for its use in medical applications, especially in disease detection. The
appropriate target analytes must be identified to recognize any diseases by
electrochemical techniques and their interplay with biological cells needs to be
investigated. In this chapter, we have explained an electrochemical approach and
techniques for several disease detection.

Keywords: Biosensors, Disease detection, Electrochemical sensors,
Voltammetry.

INTRODUCTION

Voltammetry is an electroanalytical technique derived from voltamperometry,
which gives information about the analyte that helps measure the current by
varying the voltage, i.e., the electrode's potential. A voltammogram produces the
plot by the change in the current produced by voltage variance. An
electrochemical cell requires two electrodes, one electrode is made considerably
smaller than the other so that the moving current is restricted only by this
electrode, which is called the active electrode, and the second (larger) electrode is
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called the auxiliary electrode [1]. Voltammograms vary largely with measurement
time and thus, it is important to pay attention to time variables. The voltage is a
controlled variable in conventional voltammetry, and the current is measured as a
function of the applied voltage at a specific point in time [2].

Types of Voltammetry: Linear sweep, cyclic, square wave, stripping, alternating
current (AC), pulse, steady-state microelectrode, and hydrodynamic voltammetry
are the various types of voltammetry, characterised based on the mode of potential
control. The cyclic voltammetry technique is widely used and operates on a time
scale of seconds (CV). In contrast, the voltammetry currently in use is AC
voltammetry at only a time scale of milliseconds. Here, we describe the
hypothesis and tips for the practical application of mainly the two types of

voltammetry (Fig. 1) [1].
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Fig (1). Schematic representation of cyclic voltammetry (Joshi PS et a/, 2018) [3].

Biosensors: Analytical devices that transform biological reactions into electrical
signals are termed as biosensors. Biosensors should typically possess several
properties such as reusability, precision and should not be affected by pH and
temperature. The word “biosensor” was coined by Cammann [4] and [UPAC has
introduced its definition [5 - 7].

The application of biosensors in the detection of blood biomarkers and proteins
has received a lot of attention in diagnosing multiple diseases over the last decade
[8, 9]. Biosensors with inexpensive advanced technology and low consumption of
clinical samples are considered along with laboratory-based devices as a simpler
clinical diagnostic tool [10, 11]. The invention of a genosensor for the detection of
extremely sensitive DNA is currently of enormous interest in the discovery of
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pathogenic diseases, clinical diagnostics and forensics with genomic DNA
sequences/probes.

Voltammetric biosensors for cancer biomarkers detection: The electro-
chemical biosensors and the sort of electrochemical technique are employed to
detect cancer biomarkers.

For example, 3D gold nanowire electrodes embedded in polypyrrole are used in
Differential Pulse Voltammetry to detect prostate specific antigen concentrations
of less than one femtogram per ml. Neuron-Specific Enolase (NSE) is a biomarker
of lung cancer that can be detected by Glassy Carbon Electrodes (GCE) modified
with gold nanocrystals at a concentration of 0.3 picograms per ml using cyclic
voltammetry [12].

To detect HER2, a breast cancer biomarker by using Electrochemical Impedance
Spectroscopy (EIS) at nanogram per ml, with a Carbon lonic Liquid Electrode
(CILE) [12]. This electrode is updated with multi-walled carbon nanotubes which
enhances the biological recognition element's stability. Redox mediators such as
the ferro/ferricyanide ion are used to maximise the efficiency of the biosensors.
For a better prognosis, multiple biomarkers have to be analysed concurrently.
Therefore, the use of multiple working electrodes or a single electrode with
multiple labeling of antibodies is convenient [13].

The Human Epidermal growth factor Receptor 2- Extra Cellular Domain (HER2-
ECD) is a breast cancer biomarker, which can be quantified by electrochemical
molecularly imprinted polymer (MIP) sensor. The MIP is developed by
electropolymerisation with a solution containing phenol and HER2-ECD on a
screen-printed gold electrode (AuSPE) by using cyclic voltammetry. In addition,
analysis of human serum samples by cyclic voltammetry and electrochemical
impedance spectroscopy for the precise result is mandated. Thus MIP sensor
could be useful in the analysis of HER2-ECD in breast cancer patients [14].

Lung cancer is gene associated disease; the genosensor is required to detect single
point EGFR (Epidermal Growth Factor Receptor) gene variation. In the detection
of DNA hybridisation, voltammetry detection was recognised as one of the
strongest detective methods. When the genomic biomarkers bear, the charge was
translated into a readable signal. In comparison to other sensing techniques,
voltammetry genosensor is chosen because of its fast response, minimal effort in
the invention with affordable prices and is less time consuming [15, 16].

The limit of detection and enhanced sensitivity by immobilising the least quantity
of DNA samples on the sensing surface are the two primary problems in the
development of the genosensor. For the excellent hybridisation and immobi-
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Abstract: The chapter outlines the trends in the rapid development of
biofunctionalized hybrid nanomaterials for application as immune sensors to detect
biomarkers, thehallmarks of diseases. Biofunctioanalized advanced materials
incorporate biological macromolecules/biomaterials with high specificity and
selectivity, such as proteins with unique binding properties which are combined with
the electronic, optical or photonic properties of nanostructures, enabling them to
function as sensors. Functionalization materialises due to similarity in dimension scale
allowing functional coupling leading to an effective signal transduction in these
sensors. A variety of nano objects metals, carbon nanotubes are coupled with
proteins/immunoglobulins or antigens to yield biofunctionalized advanced materials
leading to the development of promising novel immune biosensors with many
advanced features, like ergonomic, time saving, sensitivity, point-of-care cost
economy, feasibility and reproducibility.

Keywords: Antibody, Antigen, Diagnostics, Functionalization, Immunosenors,
Nanomaterials.

INTRODUCTION

Biosensors are advanced diagnostic tools that measure and give quantitative
output signals about the concentration of the target analyte in the sample.
Analytes are components to be detected in the biological sample. They have a
biological origin, range from genetic material (DNA or RNA), have proteins of
pathogenic bacteria or viruses, proteins or other biological molecules secreted
during pathological conditions and immunoglobulins (proteins) synthesized from
the immune response of the infected person. Simple molecules like glucose and
ions also can be detected. In some cases, the analyte is also known by the term
biomarker. The recognition and detection of an analyte in a biosensor occur due to
the specific recognition of the target analyte with the immobilised biomolecule
often termed as bioreceptor. The bioreceptor is usually the complementary comp-
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onent of the analyte which is often an enzyme, monoclonal antibody, DNA, RNA,
lectin, glycan or whole cell. Bioreceptors are very crucial elements in designing
biosensors, as they provide high sensitivity and specificity in recognising the
biomarker present in the sample. Bioreceptor specifically interacts with the target
analyte either through covalent or non-covalent interactions generating a signal in
the form of heat, charge or change in pH or mass change. The signal generated by
these biorecognition events between the biomarker/ analyte and the bioreceptor is
converted into a quantitatively measurable signal by transducers. The recorded
signal allows the detection and identification of pathogen or disease conditions. A
schematic diagram of the principle and design of biosensor is given in Fig. (1).
Biosensors are very sensitive devices allowing the analyte to detect sub-micro
molar concentration, hence requireing a sample in minute amounts. A sensor that
is specifically used to detect the immune components comprises the
immunosensor. These are ligand based sensing devices which recognise
biological molecules by specific affinity interactions. Immunosensors work on the
general principle based on the specific immunochemical recognition of antigens
or antibodies immobilized on the transducer to antibodies or antigens respectively
present in the sample.
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Fig. (1). Schematic diagram of the principle and design of biosensor.

IMMUNE COMPLEX

The cells and molecules responsible for protecting from foreign substances or
infectious diseases constitute the immune system. The collective and co-ordinated
physiological response of the immune system against foreign substances is called
an immune response. Immune response mechanism normally protects individuals
from infectious agents and eliminates foreign substances; however, under certain
conditions, the same mechanism may cause tissue injury and disease. Defense
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against foreign substances by early response comprise ‘innate immunity’ and later
responses called ‘adaptive immunity’. Innate immunity provides early defense
against microorganisms. The mechanisms are in place before even the onset of
infection and the response is faster. The immune response in adaptive immunity is
stimulated by exposure to infectious agents in response to infection which
increases in magnitude with each successive exposure. Cellular and chemical
barriers in case of innate immunity include skin, mucosal epithelia and
antimicrobial chemicals, whereas, in adaptive immunity, lymph cells and their
secreted products such as antibodies bring about the immune response [1, 2].
Adaptive immunity is characterised by exquisite specificity towards a large
number of different or closely related molecules and microbes. Foreign substances
that elicit immune response are called antigens. The adaptive immune response is
mediated via humoral and cell mediated immunity. Humoral immunity is
mediated by molecules in the blood called antibodies. Antibodies very specifically
recognise microbial antigens and help in eliminating the microbes and toxins from
the body. Humoral immune response is the principal defence mechanism in
eliminating the extracellular microbes by secreting the antibodies. Intracellular
microbes such as viruses and some bacteria survive and proliferate in host cells
such as phagocytes where they are inaccessible to circulating antibodies. Defense
against such infectious agents is mediated by cell mediated immunity which acts
in eliminating the cells which are reservoirs of infectious agents.

Antibodies are glycoproteins that belong to the immunoglobulin (Ig) superfamily.
The distinctive structure of an antibody is its Y-shape, comprising two pairs of
polypeptide chains known as heavy and light chains which are identical. The light
and heavy chains are linked through the disulphide linkage. The antibody
structure is distinguished typically into three regions; two Fabs (fragment antigen
binding) and one Fc (fragment crystallisable). The recognition and binding of
antibodies on a specific site on the antigen is called an epitope. The specific
binding of the anti body towards epitope is through Fab fragment. The antibody
with a wide range of specificities for different epitopes of the same antigen is
called a polyclonal antibody. On the other hand, antibodies’ displaying high
specificity and affinity for a particular epitope is called a monoclonal antibody. A
key milestone in the development of immunoassays was developed by the advent
of hybridoma method of antibody production. By this method, monoclonal
antibodies are developed to detect antigens with specific and desired epitopes.
The continuous production of monoclonal antibodies through hybridoma
technology opened avenues in the field of immunodiagnostics.
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