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ccording to the World Health Organization
(WHO) reports, cardiovascular diseases (CVDs)
are the most important cause of mortality among
both men and women worldwide. It is estimated that the
number of people dying from CVDs will raise by about
23 million annually.! The myocardial infarction (MI), as
the most common type of CVDs, can occur when the
coronary artery is blocked and the blood supplementary
to the heart is defected - a phenomenon so-called
ischemia. As a result, the myocardial muscle can get
injured.” Unfortunately, the muscular damage in the heart
tissue is an irreversible detrimental phenomenon that
can be initiated by various factors and result in sudden
progression for up to 85% within the first two hours of the
emergence. As a result, accurate diagnosis and immediate
treatment are of vital importance to enhance the survival
rate.”
With the introduction of more sensitive cardiac
biomarkers, the European Society of Cardiology (ESC) and
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The molecular marker, cardiac troponin (cTn) is a complex protein that is attached to tropomyosin
on the actin filament. It is an essential biomolecule in terms of the calcium-mediated regulation
of the contractile apparatus in myofibrils, the release of which is an indication of the dysfunction
of cardiomyocytes and hence the initiation of ischemic phenomena in the heart tissue. Fast and
accurate analysis of cTn may help the diagnosis and management of acute myocardial infarction
(AMI), for which electrochemical biosensors and microfluidics devices can be of great benefit.
This editorial aims to highlight the importance of cTh as vital biomarkers in AMI diagnosis.
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the American College of Cardiology (ACC) collaborated
to redefine MI using a biochemical and clinical approach
and reported that myocardial injury detected by abnormal
biomarkers in the setting of acute myocardial ischemia
should be labeled as MI.> Consequently, the determination
of biomarker concentration has a pivotal role and as
an indispensable factor has been the cornerstone in
the diagnosis of acute MI (AMI). Thus, so far, various
markers have been vigorously investigated, including
cardiac troponins (cTn), myoglobin (MYO), creatine
kinase-MB (CK-MB).** Of these, the ¢Tn biomarker has
also been exploited to diagnose AMI in chronic kidney
disease.'” These molecular markers are considered as the
well-established gold standard for the diagnosis of AMI,
while some of them are still under investigation.'" 2

Of various molecular markers, cTn biomarkers have
widely been studied. The 3-part complex of ¢Tn (I, T,
and C) are attached to the tropomyosin on the actin
tilament, which is necessary for the calcium-mediated
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regulation of the contractile apparatus in myofibrils
(Fig. 1). Given that the troponin C (cTnC) biomarker is
very similar in the skeletal and cardiac muscle tissues,
it is not specific to the heart tissue and is not utilized in
assays for the AMI diagnosis.”” However, the ¢TnT and
cTnl biomarkers are distinct between skeletal and cardiac
muscles because they are coded by different genes.' As a
result, the ¢Tnl and ¢TnT biomarkers have equal cardiac
specificity, and currently, they are considered as “gold
standard” biomarkers for the diagnosis of AMI in clinical
practice. In addition, these biomarkers are released in the
early initiation of heart failure, showing high viability
in the bloodstream and good sensitivity for cardiac cell
necrosis."

It is extremely important to diagnose AMI at the
beginning stages of its initiation before its progression,
which makes it possible to succeed in the treatment and
recovery of patients. To this end, therefore, it is necessary
to develop simple and sensitive biosensors to quantitatively
and quickly detect ¢Tn biomarkers at very low levels in
biological fluids, including blood, plasma, and even saliva
samples. Currently, biosensing platforms are developing
with the use of new technologies, such as printed and
fine electrodes, microfluidic devices, and nanostructures
to fulfill these demands. The sensitive assays for the
detection of c¢Tn biomarkers have excellent diagnostic
performance, which might improve the early diagnosis of
AMYI, particularly in patients with a recent onset of chest
pain (see clinical trial NCT00470587 at ClinicalTrials.
gov).!® The main question is the know-how the precise
measurement of these biomarkers as early as possible. Of
various approaches, the electrochemical transducers, as
the most frequently utilized platforms in the development
of biosensors, have greatly benefited from the capability
of miniaturization, excellent sensitivity, and specificity.

They have successfully been applied in the blood glucose
biosensors developments as the leading commercial
biosensor. The name electrochemical biosensing is used
for a molecular sensing event, in which a close couple
occurs between the biological recognition element at the
surface of the electrode transducer and the target analyte.
We have successfully implemented electrochemical
sensing technologies for the detection and monitoring
of various molecular markers.”* We envision that
both the labeled and label-free electrochemical sensing
technologies are simple and cost-effective approaches that
can be simply developed and used for the detection of
various entities at molecular and cellular levels, including
cIn biomarkers. Once combined with microfluidic
techniques, the electrochemical sensing approaches can
provide reproducible results and valid clinical outcomes.
The electrochemical biosensors have been classified into
three main groups of (i) amperometric, (ii) potentiometric,
and (iii) impedimetric approaches. Each method involves
a variety of techniques with unique properties. For
instance, amperometric biosensors may be more attractive
because of their high sensitivity and wide linear range.
Valuable mounting researches using microchips and new
sensing approaches coupled with different technological
innovations have paved the way towards widespread
clinical applications of electrochemical biosensing
devices.® Despite all the advancements in the field of
electrochemical sensors/biosensors, we believe that the
diagnosis of biological molecular markers such as cTn
can be further advanced using different technologies
and materials, including dispensable paper-based
sensors, screen-printed systems, molecularly imprinted
electrodes, DNA-/enzyme-based sensors, quartz crystal
microbalance, micro-/nano-cantilever sensors, surface
plasmon resonance sensors, microfluidics such as
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Fig. 1. The schematic representation of the cardiac troponin (cTns) and myofibrils functions. The cTn biomarker, consisting of three parts (I, T, and C), is
attached to tropomyosin on the actin filament of cardiomyocytes. In myofibrils, cTn plays an essential role in the calcium-mediated regulation of the contractile
apparatus. Upon the emergence of damages in the heart tissue, the cTn biomarkers are released into the bloodstream, the release of which can be measured
by various techniques such as electrochemical biosensors, and microfluidic devices. Note: not drawn to scale.
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microfluidic paper-based analytical devices (microPADs),
and multianalyte sensing systems.”* Furthermore,
much needs to be learned from mother nature sensing
systems at the cellular level in the future. At this stage, the
assimilation of advanced nanomaterials and biomaterials
into the electrochemical biosensors might enable us to
detect any biological target with great sensitivity and
selectivity. While the main advancements are based on
the modification of electrodes with different entities, we
should devise much more humanized sensing systems
by integrating different dominions of science and
technologies, in particular microfluidic-based systems.
Collectively, the future biosensors and immunosensors
can be revolved not only through immobilization and
interface potentials of nanobiomaterials but also by
engineering much more stimuli-responsive systems which
are similar to mother nature sensing mechanisms.
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