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Abstract: Sensing technology is gaining attention and
continuously advancing, making it a recommended element
of individualized healthcare management. This is due to the
powers exhibited by organometallic compounds, which are
further enhanced by the field of bioengineering. Organome-
tallic compounds have a wide range of biological activity and
find uses in industrial and material science fields. Their
unique ability to specifically target and overcome constraints
faced by traditional counterparts makes them potential con-
tenders for sensor technology. These compounds are highly
sensitive to changes in their environment, allowing them to
be utilized as sensors for detecting various chemicals or
conditions. Additionally, the versatility of organometallic
compounds enables their integration into different sensor
platforms, making them suitable for environmental moni-
toring, medical diagnostics, and industrial quality control.
This article provides a comprehensive summary of recent
advancements in the design and synthesis of organometallic
compounds, with a specific emphasis on their potential use as
sensors. It also discusses the changes made to the structure,
the processes used for functionalization, the incorporation of
microfluidics, and the resulting impact on the materials’
sensing capabilities. These biologically derived methods align
with sustainability goals and enhance the affordability,
applicability, and effectiveness of sensing.
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1 Introduction

In the past few years, researchers have shown a notable surge
in their attention towards organometallic elements, that are
distinguished by the existence of a minimum of a single bond
among a carbon atom with a metal."* This heightened attention
towards these drugs can be ascribed to its unique chemical
composition and biological characteristics. For a substance to
be categorized as organometallic, there is necessary for there to
exist at least a single covalent connection between a metal and
a carbon atom, whereby the carbon atom is a constituent of an
organic molecular group.® The different uses of organometallic
compounds has greatly broadened the scope of chemistry.
Catalysts are used in lab and commercial settings to speed up
processes without being utilized up. Furthermore, they func-
tion as intermediaries in different procedures.*

Organometallic substances are becoming increasingly
favourable options for the production of sensors due to their
distinctive characteristics.” The use of them as sensors has
greatly enhanced the detection and tracking of dangerous
gases in factories, enabled evaluation of the atmospheric
environments,® and helped in the prevention of fires and ex-
plosions accidents. The existing scientific review widely rec-
ognizes the importance of their uses, as demonstrated by a
multitude of reviews, books with research papers produced in
this past few years. However, it is clear that there are current
shortcomings when it comes of having the capacity to choose,
maintain stability, and other elements related to the progress of
delicate substances. Therefore, the investigation and progress
of innovative high-performance sensors have significant
practical importance and usefulness.’

Chemical alarms are typically produced after being
detected by chemical detectors. Sensors that use chemicals
are able to be mostly fall into two types: electrochemical
sensors and photochemical detectors.® Various recognizing
uses, such as continuous tracking, conserving energy, alarm
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systems, contamination monitoring, asset identification,
analysis of processes, meteorological observations, distant
evaluation, manufacturing automation, culinary mainte-
nance, manufacturing, telemetry, which and healthcare, are
all examples of instances in where chemical detectors are
utilized extensively. Chemical sensors share parallels with
the gustatory and olfactory senses that are present in human
beings. Furthermore, Ammonia (NH3), CO, H,, and methyl-
benzene are substances that these sensors can detect, even if
human organs aren’t very good at it. Chemical sensors are
instruments that can identify chemical substances. Chemical
data including pressure, concentration, and particle activity
are transformed into an electrical impulse via these de-
vices.”'” The generation of either quantitative or qualitative
information on individual chemicals is made possible by this
signal’s existence, with the capacity to accurately analyses
both the timing and location aspects. The process of identi-
fying and describing chemical substances presents several
complex challenges, requiring the use of chemical sensors to
evaluate their distinct features. The identification of the
sensing capabilities of a molecular unit relies on the chem-
ical composition and reaction of that molecule. It is possible
for the amount or proportion of the item or compound that is
being analysed to have an effect on the sensitivity as well as
the upper limit of detecting."

In recent times, scientists have demonstrated an intense
desire to utilizing compounds that are organometallics as
biological sensors in medical care settings to enhance diag-
nosis of medical problems and monitoring of patients.'*"?
The term “biosensor” refers to very sophisticated analytical
machinery that integrates a biological detecting compo-
nent."*™ This type of technology may be utilized for a wide
variety of purposes, such as evaluation, study of drugs,
monitoring, protection, and security of the natural world,
biomedicine, food manufacturing and safety, and moni-
toring of the environment. A primary biosensor, which was
developed in 1962 by Lyons and Clark, was intended to be
used for the purpose of determining the amount of glucose
present in biological samples. Electrochemical detection was
the method that was applied by this biosensor apparatus,
employing a glucose oxidase electrode that was immobilized
oxygen or hydrogen peroxide can be detected using this
method.’® Since then, there have been notable progressions
in techniques and uses involving biosensors, employing
innovative approaches that integrate nanotechnology, bio-
electronics, and electrochemistry. Technical procedures that
are utilized in biosensors are derived from detecting
methods that are either label-based or label-free."” The effi-
cacy of mainly utilizes label-based sensing depends on the
distinguishing attributes chemical compounds that are used
for the goal of identifying targets. While generally reliable,
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these kinds of biosensors frequently call for the incorpora-
tion of a specialized component of the detection system
which is manufactured using an adsorbed protein of inter-
est. On the other hand, the label-free method allows for the
identification of molecules of interest which are neither
labelled or difficult to mark."®

In the years that have passed, there have been an
increasing tendency for multidisciplinary cooperation,
which involves putting up the disciplines of the field of
biotechnology biological engineering, electrical and elec-
tronics engineering, and others in order to build label-free
biosensors."” There have been numerous uses for these
label-free biological sensors in the fields of both environ-
mental research and healthcare, and they have been shown
to be extremely successful in a variety of detecting proced-
ures. The introduction of the glucometer, utilizing glucose
sugar oxidase-based biosensors, marks a significant break-
through pertaining to the field of electrochemical biosensor
techniques.?’ The biosensors for glucose are highly favoured
in the medical field, especially in hospitals and diagnostic
clinics, because they play a crucial role in enabling regular
evaluation in patients’ levels of glucose in their blood with
diabetes. However, biosensors for glucose often face chal-
lenges due to unstable enzyme activity or lack of uniformity,
which requires further calibration. These cited restrictions
led to the creation of several biomolecules with unique
electrochemical properties. As a result, this made it easier to
investigate and recognize biosensors that measure glucose
that have become more efficient.”!

Taking this into consideration, organometallic com-
pounds are now recognized as potentially useful options for
the construction of biosensors. Because of their distinctive
characteristics, they are well-suited for overcoming certain
constraints faced by conventional biosensors. When
creating biosensors with electrochemical activity, it is usual
to modify the outermost layer of metal and carbon-based
electrodes using biomaterials such as DNA, antibodies, or
enzymes. In order to generate output signals, biosensors
make use of biomaterials that are located on the surface of
the electrode, often through the process of either binding or
catalytic reactions. The creation of biosensors with electro-
chemical activity to assess the amount of reactive oxygen
species and antioxidants present in the body is an important
modern advance.?*

The aim of this review is to highlight the potential of
organometallic compounds in advancing sensor technology
for individualized healthcare and other fields. It focuses on
the unique properties of these compounds, including their
biological activity and sensitivity to environmental changes,
which make them suitable for use in drug development,
diagnosis, and various sensing applications. The article also
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covers recent advancements in the design, synthesis, and
functionalization of organometallic compounds, empha-
sizing their integration into sensor platforms for diverse
applications like environmental monitoring, medical di-
agnostics, and industrial quality control. Additionally, it
discusses how these methods align with sustainability goals
and improve the affordability and effectiveness of sensing
technologies.

2 Literature review

This review provides a thorough analysis of the evolving
properties of organometallic materials, with a specific
emphasis on their application as biological sensors and their
potential impact on medicine.

2.1 Principle of organometallic complexes

The term “organo-” is used to describe the fundamental
concepts of organometallic substances and includes all
compounds that include a link among M-C in an organyl
group (such as organoplatinum complexes). Aside from the
traditional metals found in the s, d, and f block elements, the
p-block metalloid components like selenium, arsenic, silicon,
and are boron believed to generate compounds that are
organometallics.**

There are some organometallic biosensor compounds as
illustrated in Figure 1.
a) Inorganic, organic, or polymeric insoluble substrate
found within the sample under investigation.
A chemically attachment of indicator by electrical or
covalent bonds, or it is absorbed, physically adsorbed,
dispersed, or immobilized to the substrate. The chemical
engages in a process that can be reversed with the
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organometallic substances, leading to the formation of a
reaction product that displays unique emissions,
refraction, or absorption within the wavelength range of
150-15,000 nm. Some instances, the N-[2-(4-hydroxy
benzyl) phenyl] derivatives of triphenylmethane are
among the indications that fall within this category and
1,10-phenanthroline.

An optical detector measures the absorption, reflection,
or emissions of a modified support at a certain wave-
length and transforms it into the quantity of organo-
metallics present in the solution being monitored. The
methodology for quantifying amount of organometallic
elements present in the sample by the utilization of an
internet-connected sensors in negative charged in
nature polymeric reactions has been elucidated.”

c)

2.2 Preparation techniques that are
commonly used

A brief overview of the procedure for the preparation of
444" — Tris [trans-Pt (PEts),I(ethynyl phenyl)] ammine
Figure 2 was reported by Ghosh et al. The procedure involves
synthesizing Tri[p-ethynyl phenyl] amine and subsequently
combining it with trans-diiodo bis (triethyl phosphine)
platinum in a Schlenk Container with a circular bottom and
a capacity of 100 mL under a N, atmosphere. Subsequently,
25 mL of toluene that has been dried and degassed, together
with 10 mL of diethyl amine that has also been dried, were
introduced. Introduce 25mg of Cul into the solution
following continuous agitation for approximately several
minutes at temperature of the surrounding environment.
After being left at room temperature for 16h, a minor
quantity of diethyl ammonium iodide precipitates in the
mixture. The solvent used was removed under vacuum,
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Figure 1: Organometallic complex examples.?®
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resulting in the remnant. The column chromatography
procedure was then performed on silica gel using a solvent
mixture of hexane or benzene to extract the desired product.
The yellow waste was isolated, followed by the end result
was created having an output of 64 % (2:1). In order to obtain
the nitrated result (M), the iodide derivatives are treated
with silver nitrate. M (12 mg, 0.006 mmol) and L (2.86 mg,
0.009 mmol) solutions were both dissolved in methanol and
acetone, respectively. were combined and subjected to
overnight cooking in a bath of oil heated to 50 °C. The addi-
tion of ether resulted in a yield of 96 % for the product.”®

2.3 Potential biosensing applications

A biosensor is created by combining an electrical, optical, or
piezoelectric actuator in conjunction with a biological sensor,
which may include an antibody, enzyme, cell, microorganism,
or dsDNA. The hiosensors provide a practical approach for
screening and monitoring algal toxins, in addition to instru-
mental analytic techniques.”’ Diverse categories of biosensors
have been created to detect algal toxins and evaluate the risks
linked to toxin poisoning. These biosensors employ several

Na,CO;4

SiMeg

MeOH

hovey

Figure2: (4,4',4” - Tris[trans-Pt (PEt3)2I (ethynyl
phenyl)] amine) preparation scheme.?®

concepts like piezoelectric, fluorescence polarization, elec-
trochemiluminescence (ECL), surface plasmon resonance
(SPR), and electrochemical are some of the techniques that are
included.”*® The bio-responsive component comprises a va-
riety of elements, such as microorganisms and biological
(molecules and structures). There are three primary compo-
nents that make up biological sensors: such as biological ele-
ments that detects and generates signals in response to the
analytic agent, a signal the transducer, and an apparatus for
reading. Since its introduction by Clark and Lyons in 1962, the
use of biological sensors has been increasing.*’

A broad range of applications for biosensors could be
found in a variety of disciplines, including healthcare, agri-
culture, the environment, and food production, among
others. In addition, they are applied for the identification of
infections in products such as poultry, fresh meat, and veg-
etables. In the beginning, the primary focus of early in-
vestigations in the field of wearable sensors was on the
monitoring of important physiological indicators and the
assessment of physical activity.** Monitoring equipment
have diverse applications in various fields like fitness,
sports, medicine, consumer products, and entertainment.
Moreover, gadgets that are employed to track for signs of
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falls in the elderly community.®! Wearable technology is
being utilized to measure essential physiological indicators
for medical tracking, including high blood pressure, blood
sugar levels, ECG readings, heartbeat, perspiration produc-
tion, temperature of the body, saturation of oxygen in the
blood, breathing rate, and capnography. Furthermore, bio-
logical sensors are currently utilized for the swift detection
and evaluation toxins produced by algae found in seafood,
marine algae, and samples taken from freshwater. The main
challenge in the actual application of it is the biosensors that
lack of comprehensive understanding of identification pro-
cesses and the behaviours of dangerous macromolecules at
detecting connections, although progress in transducer
systems.*

2.3.1 Dopamine’s function in the biosensor system

In addition to being an important neurotransmitter, dopamine
also performs critical roles throughout the cardiac and nervous
systems. Thus, higher quantities of dopaminergic serve as a
sign of cardiotoxicity, characterized by symptoms such as rapid
heart rate, high blood pressure, and inadequate cardiac func-
tion. On the other hand, it is well-established that reduced
dopamine amounts in the brain are a contributing factor in the
development of a number of neurological diseases and disor-
ders, such as Alzheimer’s illness, parkinsonism, schizophrenia,
and stress-and depression-related disorders.®® Furthermore,
biosensors made of electrochemical substances exhibit prompt
and highly sensitive responsiveness, allowing for immediate
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monitoring, and can be effectively reduced in size for insertion
into living cells. However, there are still a few unresolved
problems that need to be addressed. At first, it is crucial
for biosensors to demonstrate an increased degree of respon-
siveness in the given concentration ranges. In the case of an
unaffected person, this range normally falls among a value of
0.01-1 uM. On the other hand, those who are affected by Par-
kinson’s illness requires detecting skills that lie in the nano-
molar interval.** Furthermore, it is noted in Figure 3 it is in
order for the biosensors to efficiently separate dopamine from
its pollutants, such as uric acid or ascorbic acid, it is vital for
them to possess a sufficient level of selectivity. This is because it
is essential for the biological sensors to be able to distinguish
between the two substances. These interfering compounds
experience inside the same voltage range as dopamine,
oxidation taking place. The complicated architecture of bio-
logical matrices, such as blood or serum for humans, presents a
substantial obstacle in analysing authentic samples with the
dopamine biosensor, mostly due to its selectivity. This matrix
includes not just common substances that can interact, such as
uric acid or ascorbic acid, also many neurotransmitters in the
body and molecules. To identify dopamine in real material
using electrochemical methods, it is usually necessary to
include extra steps as part of the procedure for preparing
samples to reduce the impact of the matrix impact.* Centrif-
ugal force is an essential step that must be done before diluting
and analysing blood specimens. In contrast, urine samples only
need to be diluted before examination. Specialized substances
can be used to reduce the influence of the matrix by removing
the desired substance or interfering substances. Furthermore,
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Figure 3: Using dopamine for proceeding of biosensor.’
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while analysing specimens from biology like cerebrally addi-
tional fluid, the number of obtainable specimens is extremely
restricted. Therefore, it is crucial to use cautious attention
while handling them. Using miniaturized Microelectrodes
designed for the purpose of conducting real-time analysis
within living organisms is considered advantageous for these
types of specimens.*®

2.3.2 Amperometry glucose sensors

There has been a considerable improvement in the treatment
of patients who have diabetic as a result of the employment of
amperometry glucose sensors, and continuing research is
studying potential uses of these sensors in the regulation of
insulin dosage. However, there are situations where the pre-
cision of current sensors is not ideal, which can be caused by
variables including calibration inaccuracy, sensor deviation, or
delay. Inaccuracies can pose considerable issues in a closed-
loop glycaemic control system. In order to measure the
movement of electrical current that takes place between
electrodes throughout the process of a redox process, amper-
ometry biological sensors are utilized®” It is commonly
acknowledged that among amperometry hiosensor systems,
the glucose sensor (GOs) has been investigated the most. In this
mechanism, GOs catalyses between glucose and the relation-
ship between and oxygen, leading to the production of a sub-
stance known as H,0,. Conventional method of illustrating the
signal is graphing the current of electricity (estimated in amps)
against the amount of glucose. This relationship is a result of a
reduction—oxidation reaction involving at the working elec-
trode either a mediator or H,O, molecule. The majority of
biosensors that use amperometry that use conducting poly-
mers (CPs) are classified as third-generation biosensors. In
these biosensors, on the surface of the transducer, both the
enzyme and the mediator are directly connected to one
another. Consequently, recognition of indication does not
depend on the mediation of chemical waste materials or the
dispersion of chemical waste materials being present.*®
Amperometric biological sensors are employed to
measure the current or voltage produced by the chemical
interaction of electrically charged substances on the trans-
ducer’s interface. This is accomplished by administering a
persistent voltage or current, contingent upon the particular
measurements being carried out. The change in electrical
current is exactly proportional to the amount present of the
individual item being studied. The amperometry biological
sensors make use of a working electrode (WE), which is
typically constructed of expensive elements such as gold,
titanium, and nickel, or materials like carbon coated with
bioreceptor components or indium tin oxide. In order to
perform its function, an amperometric sensor measures the
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amount of electric current that is produced when a voltage is
applied. This current is produced as a result of the enzymatic
conversion or protein absorption that takes place at the
electrode’s outermost layer. Through the detection of an
analyte’s current reaction at a particular potential, amper-
ometric detectors are utilized for the purpose of determining
the concentration of an analyte. MET makes it possible to
detect levels of glucose in blood vessels at low potentials
while simultaneously improving both sensitivity and speci-
ficity.***° The process of signals creation takes place on the
electrode’s surface, as depicted in Figure 4. Substrate facili-
tates the involvement of the enzyme in the oxidation—
reduction process, while MET deoxidizes and replenishes it.
The catalysis flow is produced by the transport of mediators
between the enzyme and the electrode molecule, as a result
of the oxidation-reduction cycling between reduced and
oxidized states. Potential application of mediator for the
sensitive determination of glucose in the bloodstream with
low limits of detection.*!

The voltage that is applied throughout the process of
electron migration of the analytes is what keeps the pro-
cess moving forward, and the current being measured
indicates the concentration of the substance being studied.
The present state is regulated by the law of Faraday that
affected by a dynamic response which generates situations
within the environment that are stable through its pres-
ence. When measuring the amount of the electroactive
species, it is absolutely necessary to differentiate between
capacitive currents and faradaic currents. A technique
known as chronoamperometry used to study the rela-
tionship between current and time while the potential
remains constant. Enzymatic processes and their inhibi-
tion by certain toxins, like okadaic acid (OA), are used
in several amperometric sensors. This method usually
depends on inhibiting poisons that particularly target the
immobilized protein phosphatase, PP2A.*> The method
measures the changes in quantification of enzyme activity
using the measurement of the current produced by the
relevant enzymatic substrates. Employing electrochemical
enzyme sensors ensures great sensitivity in the detection
of OA. A study was conducted to create a customized
composite film via electro polymerization, which consisted
of poly-o-aminophenol-carbon nanotube (PoAP-CNT).
While the PP2A enzyme was being immobilized on a
screen-printed carbon electrode (SPCE), the composite film
was utilized as a substrate. The construction of a portable
electrical enzyme sensing for OA detecting was accom-
plished by utilizing this method, which resulted in the limit
of detection that was significantly lower compared to that
provided by the colourimetric PP2A inhibition assay.*®
This is illustrated in Figure 5.
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2.3.3 Optical biosensing application

In recent years, there has been notable advancement in the
area both optical and electronic technology. As aresult, there
has been a surge in research and development activities
focused on optic and fibre optic biomedical devices.
Recently, newly founded healthcare businesses, established
leaders in the field of medical devices, and universities have
shown a high degree of interest and made substantial efforts
to investigate optical innovations for different diagnostics
and sensor purposes. Such uses involve a variety of sensors
that utilize both biochemical and biophysical concepts.

® No quantum dots

® No redox polymer

Figure 5: The carbon nanotube biosensors that
are used for the labelling of electrochemical
enzymes are disposable.

Optical bio-physical sensors are utilized for evaluating various
physiological parameters such as temperature of the body, the
blood motion, and pressure in the brain.** Conversely, the
diagnosis of cancer, the identification of blood molecules, and
the monitoring of blood nutrients are all examples of possible
applications for optical biochemical sensors. When it comes to
optical biomedical sensors, fibre optic probes are an appro-
priate choice to remotely monitor physiological data inside the
human body. Fibreoptic probes have numerous favourable
attributes, making them extremely valuable in diverse appli-
cations. Significantly, these probes demonstrate substantial
capacity for miniaturization, allowing them to be used in tiny
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systems. Furthermore, fibre optic probes show exceptional
biocompatibility, especially when it comes to the visible and
near-IR wavelength range. Additionally, using radiation as an
interface allows for rapid data transfer, improving efficiency
for testing purposes. A concise description of current study
activities in the field of biological optical sensors will be
included in this part and will be presented here. These include
the study of a variety of processes, including interferometry,
infrared absorption and scattering, among others.*

2.4 Microbial electrochemical sensors

Microbial electrochemical detectors are a type of microbial
electrochemical technology (MET) that can identify pulses
using either anodes or cathodic electrically charged micro-
organisms and/or biofilms. These METs stand for bio elec-
trochemical devices (BES), in which microorganisms operate
as biological catalysts to enhance intended processes.*°
External electron transfer (EET) pathways are very
important for the operation of microbial electrochemical
technology (MET), especially when it comes to bioremedia-
tion. Electron transfer between microorganisms and elec-
trodes, where both microorganisms and electrodes serve as
cathodes and anodes, can occur via two distinct approaches.
The primary mode involves immediate management of the
transfer; involves the formation of an interaction between
the outermost layer of the electrode and a biofilm that is both
electrically conductive and alive. A further aspect of the
alternative method is the use of an indirect transfer mech-
anism supported by soluble redox shuttles. In the field of
wastewater treatment, the use of direct electrolysis tech-
nologies (EET) is a used technique. This technology makes
use of microbial electrolysis cells, it is commonly considered
advantageous and was found to lead to increased current
density and increased Coulomb efficiency, when examining
the pros and cons of bioremediation versus direct organic
waste treatment, it is important to think about whether in-
direct EET might have some advantages. These behaviours
are mostly attributed to the prevalence of redox mediators
in subsurface environments, which include, among others,
sulphur, iron, and humic acid species. A recent study found
that placing an anode in the right place can indirectly speed
up the oxidation process of petroleum hydrocarbons in
marine sediments. The findings of this study support this
hypothesis. Included in this discussion is an illustration of a
study that provided evidence. The elimination of toxic sul-
fide molecules is the way by which this improvement is
performed. This improvement is accomplished by increasing
the metabolic rate of sulphate-reducing bacteria, which is
encouraged by it. The capacity of the oxidation reduction
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mediator to move and travel is one of the most significant
aspects of indirect electrochemical electron transfer. This
ability results in a wider range of action for the electrode,
which is one of the most important aspects at all. The bio-
logically active zone in the subsurface extends as a result of
this alteration, which is the effect that this has on the planet.5

2.4.1 Pathogen detection sensors

The electrochemical detection of microorganisms has the
ability to rapidly detect and monitor infections and bacterial
infectious illnesses. The detection systems have the ability to
rapidly, accurately, and effectively detect pathogenic microor-
ganisms, cell metabolites, signalling chemicals, and hormones.
Microbial electrochemical detectors are capable of detecting
glucose and 1-lactate, which are chemicals involved in cellular
signalling. The detectors employ Gluconobacter oxidants and
Hansenula polymorpha. Microbial electrochemical sensors are
utilized in clinical pathogen identification applications to detect
electrochemically active pathogenic bacteria in samples that
are clinically significant.*’ The aforementioned designs do not
have any organic catalysts present on the surface of the elec-
trode by creating redox-active mediators as secondary me-
tabolites, pathogenic bacteria seen in clinical specimens
perform the function of catalysts. The presence of the partic-
ular pathogen under investigation is the only condition under
which these mediators provide a signal that can be detected.
Scientists have developed microbial electrochemical detectors
using arrays. Such sensors can efficiently and rapidly identify
the aggressive disease of humans Pseudomonas aeruginosa.
Redox-active phenazine metabolites are generated and moni-
tored for recognition throughout infections. Microbial elec-
trochemical sensors possess the capability to swiftly and
economically identify infections in both environmental moni-
toring and medical diagnostics, while also being highly adapt-
able. Several microbial electrochemical sensing platforms have
been created for pathogen detection. However, only a few have
extensively investigated analytical figures of merit such as
response times and linear dynamic ranges, and have con-
ducted tests on the sensors in complicated biological contexts.
Other detrimental microorganisms present in samples may
impede the effectiveness of microbial electrochemical sensors
employed for pathogen detection. Subsequent investigations in
this domain could gain advantages through the utilization of
wearable and self-sustaining microbiological electrochemical
sensors.*®

2.4.2 Toxicity monitoring sensors

Toxic biosensors have been developed through the use of an-
tibiotics, heavy metals, and pesticides to alter the metabolic
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processes of electroactive bacteria. Presently, researchers are
focussing on improving the sensitivity of these gadgets through
investigating alternative operating options, such as continuous
or transient operations, while also striving to make them
smaller in size. There were studies on the presence of electri-
cally charged bacteria that can withstand high amounts of
certain heavy metals, such as Cr, Cd, and Ni. Microorganisms
have been utilized in this process. In the development of stress
detectors, offering the benefits of cost-effectiveness and
portability.* The experimental results clearly showed that it is
possible to restore the electrical impulse as long as the number
of elements remains under a specified limit. Developing
portable devices that are capable of functioning independently
and do not require an external power source has been the
subject of a great amount of attention and effort in recent years.
Furthermore, it is of the utmost importance to admit that the
microbial electrochemical sensors that were utilized for the
purpose of toxicity assessment did not display substantial
levels of selectivity. This is something that should be
acknowledged. Nevertheless, the impact of a wide variety of
hazardous compounds on the response of these sensors makes
it possible to take precautionary steps and identify potentially
dangerous situations in a timely way. The use of full photo-
synthetic bacteria and chloroplasts that have been isolated has
recently been exploited by researchers in order to develop
herbicide biosensors that are able to function through using
solar power.> At the regulatory levels established by the United
States Environmental Protection Agency, the biosensor that
was discussed before is able to detect the quantities of pesti-
cides that are regularly used. Anodic microbial electrochemical
sensors for toxicity monitoring have the stated goal of
increasing the detection limits of pollutants. This is in contrast
to biosensors, which primarily focus on increasing the linearity
range of their range of detection. The World Health Organi-
zation (WHO) has established a standard for water quality, and
the detection levels of these toxicity biosensors continue to
exceed that standard.! MET-based sensors, which are utilized
for the treatment of wastewater, have been subjected to pre-
vious research that has investigated the impacts of a number of
biocides, as well as the presence of heavy metal ions, including
Agb, Hg2p, Pb2p, and Cu2p. It was determined through the
course of the research that the hiocides were not having any
impact whatsoever on the responses that the biofilm was
exhibiting at the time. The electrocatalytic performance of the
biotechnology is evaluated based on these current responses,
which are used as a measurement standard. The results of the
study suggest that microbial fuel cells have the potential to be
utilized in the field of wastewater treatment. This conclusion is
based on the implications of the investigation. As a further
point of interest, the findings indicate that biofilms that are
electrically charged and originate from wastewater might not
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be suitable for use as sensor components in microbial toxicity
sensors. In this regard, the results demonstrate.’” Evaluated the
sensor’ performance in complex biological contexts by
measuring analytical parameters such as both linear dynamic
ranges and reaction times are used. Efficacy of microbial
electrochemical detectors in identifying pathogens could be
impeded by the presence of detrimental microorganisms in the
specimens. Subsequent investigations in this domain could
gain advantages from the utilization of wearable and self-
sustaining microbial electrochemical detectors.*®

2.5 Application of MF technology to sensors
and biosensors

The field of microfluidics (MF) is concerned with the develop-
ment and implementation of technological solutions that make
it possible to exert control over fluids on a microscopic level.™
The technology serves an essential part in the advancement of
bioassay-based chemical sensors, particularly in areas such as
immune assays, amplifying DNA, cell division, and evaluation.
Microfluidic systems an easy approach for managing several
aspects of the cellular microenvironment, including orienta-
tion in space, providing a practical method for controlling. In
MEF systems, the creation of cellular arrays is being done by the
utilization of one-step cell patterning. This is being done in
order to improve diagnostic applications. In the realm of
nanotechnology, techniques such as lab-on-a-chip (LOC) and
microfluidics (MF) are included. Recently, there has been a
growing use of these methods to examine biological processes,
specifically in the context of studying cells. It is likely that
technologies such as MF or LOC have the possibility of not only
making it easier to examine individual cells but also providing
a platform for the development of cells. They could do both of
these things. In addition to this, these technologies are able to
effectively integrate and automate the process of manipulating
cells in conjunction with detecting methods.>* For the objective
of isolating mesenchymal stem cells that were obtained from
amniotic fluid, the MF has been successfully employed
throughout the process. The stem cells have been identified
through the utilization of size-based selection criteria and by
the modification of the flow velocity of the specimen in order to
assess their capability of passing through a variety of MF
channels that are distinguished by their variable sizes. The
earlier work revealed an initial efficiency of the separation of
mesenchymal stem cells after separation at 82.8 %. Neverthe-
less, by iterative cycling, the degree of separation was notably
enhanced to 97.1 %. MF devices have been increasingly utilized
in the areas of cancer diagnostics, respiratory illness identifi-
cation, and heart attack monitoring.>
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2.5.1 The diagnosis of cancer

Cancer, a multifaceted illness that may develop in many
bodily parts, is universally acknowledged as a widespread
and extremely deadly worldwide medical problem. The need
of rapidly detecting malignancy is undeniable.>**” Right
now, many methods such as PET scanner, MRI, and CT scan
are utilized for the identification and determination of the
extent of tumours that are cancerous. The chemotherapy
medications used for the treatment of cancers often cause
several side effects. The simultaneous accomplishment of
therapeutic and diagnostic outcomes is made possible
through the incorporation of nanoparticles with imaging or
locating agents into the system. One of the multifunctional
systems that are utilized for this particular application is
consisting of theragnostic nanoparticles. For the purpose of
identifying and describing cancer biomarkers, MF systems
are utilized. These biomarkers include circulating tumour
cells (CTCs), circulating tumour DNA (ctDNA), exosomes,
non-coding RNA (ncRNA), and a variety of biological me-
tabolites and proteins. In addition, the evaluation of bhio-
markers in small volumes of liquid samples acquired from
people who have cancer on a regular basis is an essential
component in the process of developing individualized
therapy. The use of antibodies that were immobilized on CTC
chips allowed for the precise separation of CTCs from blood.
CTCs, which mostly express epithelial cell adhesion mole-
cules, were isolated from blood. The debulking, inertial
concentrating, and isolation steps of the CTC-iChip system
were incorporated into the system in order to improve it.*®
Ganesh et al. developed a new microfluidic (MF) device using
Electrodes made of zinc oxide and pH sensors were utilized
in order to differentiate between circulating tumour cells
(CTCs). Oscillating flow, acoustic waves, cluster-chip, and
Dean vortex flow are examples of MF technologies that have
the potential to successfully separate CTCs from blood
without the need for labelling. It is essential to highlight the
utilization of these technologies. Furthermore, a range of
techniques including immunoaffinity, he isolation of exo-
somes has been accomplished through the utilization of a
dielectrophoretic system, a nano membrane filter, lateral
displacement, and acoustic fluid. Microfluidic (MF) devices
provide valuable tools for studying and addressing related to
cancer processes, examples of such processes include
apoptosis, resistance to therapy, metastasis, and invasion.
Through the utilization of nano-scale porous silicate parti-
cles that were loaded with doxorubicin, Han et al. developed
a system that is responsive to both redox and pH signals.
Specifically, the purpose of the study was to evaluate the
management of nanoscale porous silicate particles in the
context of breast cancer treatment. Researchers conducted
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an independent study where they developed a medication
method of administration using polymer nanoparticles that
contained paclitaxel and lonidamine. These nanoparticles
were specifically designed to target the EGFR receptor. The
purpose of this method is to efficiently address drug-
resistant breast cancer cells by employing a combined
therapy strategy. In the research carried out by Baghbani
and colleagues, a result of the usage of ultrasound in
conjunction with doxorubicin-loaded alginate-stabilized
perfluorohexane nanodroplets, it was discovered that the
tumours in mice that were afflicted with breast cancer were
reduced considerably.>’

2.5.2 Detection of cardiovascular diseases

Inadequate health of the heart and blood vessels can lead to
cardiovascular diseases (CVDs), which include coronary ar-
tery disease (CAD), stroke, and hypertension. These disor-
ders have a significant influence on the rates of premature
death around the globe. The accurate identification of car-
diovascular disease (CVD) has a crucial role in decreasing
mortality rates. Currently, when the health of the heart and
blood vessels is impaired, CVDs such as stroke, hypertension,
and CAD can develop. These disorders have a significant
influence on the rates of premature death around the
world.%° Nevertheless, it is crucial to improve the precision,
specificity, and sensitivity of current methods of diagnosis to
develop effective diagnostic systems for the early detection
of cardiovascular diseases.” Beck et al. developed a sensor
device using microfluidics (MF) to check for variations in the
levels of NT-proBNP. Silver nanoparticles (AgNPs) were
modified so that they could function as a labelling agent,
which allowed this to be performed. In order to accomplish
this objective, the application of flow injection analysis was
employed to detect AgNPs that had been changed by anti-
bodies. This facilitated the incorporation of laminar flow
assay and electrochemical analysis. The developed
biosensor allows precise identification of NT-proBNP using
an insignificant volume collected from the finger prick. This
renders the biosensor appropriate for utilization in a resi-
dential environment and facilitates its user-friendly opera-
tion.®” In their research, Yin et al. introduced a magnetic field
(MF) platform having a unique snail-shaped structure. The
objective of this platform was to identify certain biomarkers,
including myoglobin, cardiac troponin I, and creatine
kinase-MB, for the goal of diagnosing an acute myocardial
infarction. In this study, a microfluidic chip (MF chip) was
developed. The device utilized a chemiluminescence detec-
tor and included a reaction layer at its core, which contained
particular antibodies.*®
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3 Conclusions

This study offers a thorough examination of the application
of metals as sensors and emphasizes significant in-
vestigations into novel medical substances. The investiga-
tion of organometallic compounds is a research issue that is
both fruitful and currently undergoing rapid advancement
in a variety of rehabilitative fields. For the purpose of
monitoring complexes and keeping track of intermediates
and species in solution, both chemical and biological
methods are utilized. Utilizing detection and characterisa-
tion techniques greatly enhances the identification and
structural investigation of the resulting solid complex. Our
understanding of the structural and molecular alterations
that are related with the utilization of metallic sensors is
being greatly improved by both preclinical and clinical
research. The capacity of organometallic compounds to
function as sensors is the primary reason for their signifi-
cance in the domains of chemistry, electrochemistry, and
biology. With applications in the quickly developing do-
mains of bioanalytical and medicinal sciences, this flexibility
in molecular biology provides tremendous promise and
many benefits. Microfluidics (MF) has lately proven
outstanding success in treating COVID-19, even surpassing
their established application in the detection of cardiovas-
cular illness and cancer. This breakthrough comes in addi-
tion to the other benefits that MF offers in the identification
of diseases. With the help of a mass transfer or reaction
kinetics approach, it is possible to manipulate the control of
the signal in sensing characteristics. Whether the limiting
step is mass transfer or reaction kinetics, it is essential to be
aware that the performance of the device can vary greatly
depending on which one is selected.
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