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Abstract

Acute myocardial infarction (AMI) is the most prevalent condition that results in
sickness and death worldwide. An early and accurate diagnosis of AMI is critical
for prompt and appropriate treatment. Cardiac biomarkers, including myoglobin,
creatinine phosphokinase (CK), and cardiac troponins, have been widely used for AMI
diagnosis.Morerecently, new biomarkers such as heart-typefatty acid-binding protein
and matrix metalloproteinases have shown promise in improving AMI diagnosis. At
present, cardiac biomarkers and biosensors are used in the diagnosis and prognosis
of AMI. This review article gives information on cardiac biomarkers specific to AMI
and its diagnostic methods. These biomarkers have several advantages, including
their high specificity for cardiac injury and their sensitivity to even small extent of
cardiac damage. In addition, cardiac biomarkers can be used to assess the severity of
AMI and predict the risk of complications or mortality. Recently, biosensors that can
detect cardiac biomarkers in real time have been developed, allowing for an earlier
and more accurate diagnosis of AMI. The utility of cardiac biomarkers and biosensors
in the diagnosis of AMI underscores the importance of early and accurate diagnosis
and treatment of this life-threatening condition.

Keywords: Acute myocardial infraction; Cardiac biomarker; Colorimetric; Electrochemical
method; Aptamer

1. Introduction

Myocardial infarction or heart attack occurs when blood flow to part of the myocardium
is reduced or completely interrupted!!. Myocardial infarction could be “silent” and
progress undetected, and that it can be catastrophic and result in sudden death due
to hemodynamic deterioration and a collapse of the blood vessels™?. Chest pain is the
most typical symptom, with longer-lasting chest pain that occurs in the center or left
side of the chest as well as discomfort that can spread from the shoulder to the arm or
neck. Additional signs include shortness of breath, nausea, cold sweat, or exhaustion.
The primary factor for coronary artery disease is myocardial infraction, and high blood
pressure, smoking, diabetes, overweight, high cholesterol, unhealthy diets, and excessive
alcohol consumption are risk factors. According to the World Health Organization
(WHO), myocardial infarction is the main cause of death and disability worldwide®.
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Electrocardiograms (ECGs) are a popular approach
for noticing and diagnosing irregular cardiac rhythms
as well as injury to the tissue that transports electrical
information or is conductive. Despite its insensitivity,
the ECG is still the recommended diagnostic method for
identifying an individual with MI. The first disadvantage
is that it only records electrical activity at a certain time
and must be repeated as a patients clinical condition
changes™. The second disadvantage is that the physician
could make personal decision, despite the wave pattern in
ECG is similar to expected normal results. Finally, ECG
is ineffective in individuals with NSTEMI (the contraction
waves segmenting the ECG depiction)®. Finally, even if
an ECG can detect acute myocardial ischemia, myocardial
infarction history, conduction abnormality defect, or
arrhythmia, it is a very inadequate test for detecting early
blockage of coronary arteries. To get around the limitations
and problems with ECG, cardiac biomarkers that are
suitable for sensing are collectively an alternative option®.

2. Background of myocardial infarction

Myocardial infarction is characterized by the standard
rise and decline of biochemical indicators (e.g., troponin
and creatine kinase-MB [CK-MB]) with at least one of the
following conditions:

e The signs of ischemia
e The new ischemia-related ECG changes
e  The new unhealthy Q waves.

Acute myocardial infarction (AMI) can be identified
using any recent imaging evidence or pathologic
(morphologic) results on the pathologic changes of
myocardial viability"”..

3. Background of cardiac biomarkers

The initial biomarker for the detection of AMI was
aspartate transaminase (AST). CK, which was discovered
in the 1950s, was the first enzyme to be recognized as a
cardiac biomarker. AST and lactate dehydrogenase were
also recognized as cardiac biomarkers in the 1960s®. The
spectrum of cardiac biomarkers was completely altered
in the 1980s since the discovery of cardiac troponins.
Cardiovascular troponins, such as both troponin T and I,
are released into the circulation when the heart muscle
cells are injured™!.

3.1. Myoglobin

Heme protein includes myoglobin, which has been utilized
as an AMI marker for about 60 years. Both skeletal muscle
and heart muscle contain myoglobin. The large quantity of
myoglobin in skeletal muscle and the fact that brief, modest
skeletal muscle injuries raise the level of myoglobin in the

blood indicate that myoglobin is not cardiac-specific®. The
fundamental advantage of using myoglobin as a cardiac
marker is that it enables early detection of AMI because
it appears before the emergence of other heart symptoms
as a result of cell damage. The rapid release of myoglobin
is probably attributed to its small size and cytoplasmic
location. As an early marker of AMI, myoglobin has a high
negative predictive value. Most hospitals choose not to
use myoglobin as marker because the high concentration
of myoglobin in skeletal muscle and the broad range
of specificity (60-90%) tend to give an unsatisfactory
clinical evaluation of chest pain!”. A primary drawback
of myoglobin is that it is not specific to cardiac tissue, as
it can be found in abundance in skeletal muscles. Instead
of being utilized alone as a diagnostic marker, myoglobin
should be utilized with CK-MB or troponins!l. Myoglobin
is no longer used as a marker because cardiac troponins,
which are highly sensitive, serve as early marker of AMI.
Myoglobin is included in studies that integrate sickness
detection because Tnl and NT-pro-BNP, which are more
reliable in diagnoses, have been developed and have shown
a good association with CK-MB!2.

3.2. High-sensitivity cardiac troponin

Since the initial application of troponin testing, multiple
generations of more sophisticated and dependable assays
have been created and employed to aid in the quicker and
more precise diagnosis of heart attacks. The high-sensitivity
cardiac troponin test (hs-cTnT) is the latest generation of
the cardiac enzyme testing that allows for detection of
very low levels of troponin T, helping to diagnose heart
attacks more quickly. If the test is negative, it can also help
“rule out” heart damage from coronary artery disease’?..
Modern high-sensitivity cardiac troponin (hs-cTn) assays
measure cardiac troponin (cTn) concentrations that are
10-100 fold lower than those of conventional assays. These
assays enable faster, higher-precision, and more accurate
assessments even with extremely low concentrations of
cTn that are undetected by conventional tests. Recent
recommendations state that hs-cTn assays with imprecision
<10% are “acceptable” by guideline standards, whereas
assays with imprecision >10% but <20% are “clinically
usable”!3,

3.3. Cardiac troponinsland T

Cardiac troponins I and T are proteins that regulate
and modulate the actin-myosin connection mediated
by calcium. In the diagnosis of myocardial infarction,
elevated cardiac troponin concentrations are regarded
as the benchmark. Muscle and cardiac troponin are both
present. Serum troponin testing was found to have a high
level of specificity when compared to measurement of
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enzymes in cardiac muscle for the identification of cardiac
muscle injury!!. Although both cardiac troponins I and T
are early markers of AMI, cardiac troponin I has a cardiac
focus, whereas cardiac troponin T is not cardiac-specific
because it is also raised in other degenerative diseases!.

4, Biomarkers of AMI

Biomarkers of AMI are some of the most recent biomarkers
and they are associated with numerous pathologic
processes (Figure 1)1,

4.1. Myeloperoxidase (MPO)

MPO may be involved in human atherogenesis according
to several lines of evidence. The enzymes and their
byproducts of oxidation result in atherosclerotic lesions,
as detected by immunohistochemical and biochemical
investigations!'”?l. White persons who have complete or
partial MPO deficiency, which affects 1 in every 2000 -
4000 of them, appear to have a lower risk of developing
cardiovascular disease (CVD)?!, In addition, those who
have a promoter polymorphism that is associated with
a reported 2-fold reduction in MPO expression appear
to have cardioprotection as evidenced by a significant
reduction in angiographic indicators of cardiac mortality,
non-fatal myocardial infarction, and coronary artery

diseasel?*?!. There is an angiographic link between
coronaryartery disease and expected risesin systemic MPO
levels. A patient whose diagnostic cardiac catheterization
was performed in a tertiary referral hospital is 15-20 times
more likely to have abnormal coronary angiograms,
which were defined as >50% stenosis in one or more major
coronary arteries, as compared to a subject in the lowest
quartile. It was still statistically significant to associate the
C-reactive protein (CRP) with the Framingham risk score.
Furthermore, it has been demonstrated that in patients
who present with acute coronary symptoms or chest
pair, it is possible to forecast the likelihood of a severe
adverse cardiac event using MPO concentrations in the
blood and serum, mortality of a non-fatal myocardial
infarction, or the requirement for revascularization!.,
In addition, several biochemical and genetic studies have
demonstrated a strong link between MPO and the risk of
CvVD®l,

4.2, Matrix metalloproteinases (MMPs)

The immediate role of MMPs is the breakdown and
removal of extracellular matrix (ECM) molecules as well as
cell-surface molecules. Physiological functions of MMPs
include angiogenesis, wound healing, and embryogenesis,
and they may also lead to pathological hazards such

Neutrophilic activation

Myeloperoxidase

Matrix metalloproteinase

Inflammation

Pappa

C ) s Gy

CRP

Troponin
Necrosis Pre-necrosis
Creatine kinase
AVP axis activation -\; Copeptin

Figure 1. Association of biomarkers of acute myocardial infarction with pathophysiological mechanism.
Abbreviations: ANP: Atrial natriuretic peptide; BNP: B-type natriuretic peptide; CRP: C-reactive protein; GDF-15: Growth differentiation factor-15;

ST-2: Suppression of tumorigenicity 2.

Volume 2 Issue 2 (2023)

https://doi.org/10.36922/gtm.0403


https://doi.org/10.36922/gtm.0403

Global Translational Medicine

Use of cardio biomarker in diagnosis of AMI

as cancer, ischemia, myocardial infarction, and dilated
cardiomyopathy.

The majority of MMPs are produced as zymogens and
secreted in this manner, but there is also a subfamily that
is membrane-bound (membrane-type MMPs)2l. Tissue
inhibitors of metalloproteinases (TIMPs), which belong
to a class of tightly binding, naturally occurring proteins,
control the activity of MMPs"?”.. Long-term remodeling
activities, including embryogenesis, inflammation, tumor
invasion, angiogenesis, and wound healing, are all facilitated
by MMPs. Recent research has revealed that MMP-2 (also
known as gelatinase A or type IV collagenase) performs a
combination of cellular activities rapidly (within seconds
to minutes), which impacts the ECM. Using mice model
in which MMP gene has been deleted, it has also been
revealed that MMP-2 and MMP-9 play an important role
in the increase in aneurysms of the abdominal aorta. Both
MMP-2 and MMP-9 degrade type I and type II interstitial
collagen, type III and type IV collagen, elastin, and other
ECM components. The digestion of the intercellular MMP-
2, troponin I, myosin light chain, and poly(ADP-ribose)
polymerase present in cardiomyocytes may be a factor in
cardiac dysfunction®.

4.3. Inflammation

Inflammation is a commonplace in AMI due to tissue loss
and cell death in the heart. Pro-inflammatory cytokines,
chemokines, and other inflammatory mediators are
produced at the site of injury, attracting immune cells, and
causing extra tissue damage and inflammation. Surgery
may aggravate the symptoms of initial ischemia and
worsen the AMI patients’ prognosis. Biomarkers such as
tumor necrosis factor-alpha (TNF-a), interleukin (IL)-
6, and CRP are associated with inflammation in cases of
AMI. Increasing concentrations of these biomarkers are
associated with an increased risk of adverse cardiovascular
events, such as recurrent myocardial infarction, heart
failure, and death®,

4.4. Pregnancy-associated plasma protein A

The ECM of unstable plaques contains high levels of
pro-atherosclerotic metalloproteinase and pregnancy-
associated plasma protein A (PaPPA)®. Circulating
PaPPA was observed in patients with unstable angina
and significantly increased AMI, which is correlated with
troponin, but not with growth factors or CRPs similar to
insulin. PaPPA >2.9 mlU/L predicts a 4.6-fold increase in
the risk of cardiovascular mortality, myocardial infarction,
or revascularization even in the absence of elevated
troponin levels®. When it binds to the binding sites on
endothelium, endothelial dysfunction can be reversed by
cleaving insulin-like growth factor-1, causing the nitric

oxide emission. PaPPA has been found to be a repair-
promoting and inflammation-responsive protein in other
injured tissues®"..

4.5. Adrenomedullin

The kidneys, lungs, adrenal medulla, heart, and liver
express adrenomedullin (ADM), which is a peptide with
52 amino acids. It advances within the heart and also
uses natriuretic peptides (NPs) in response to volume
and pressure overload®. It has a potent diuretic and
natriuretic effect and is a powerful vasodilator. ADM levels
in plasma are markedly increased in heart failure and
AMI, connected to the seriousness of the condition, and of
prognostic significance in AMI-related death®.

4.6. Troponin

Greaser and Gergely demonstrated in 1971 that the
troponin complex is composed of three components.
Due to their distinct features, these sections were given
the designations TnC, Tnl, and TnT. TnC has the binding
capacity for Ca2+; Tnl possesses the ability to inhibit
ATPase activity; and TnT binds to tropomyosin*.

Troponin C is produced in both cardiac and skeletal
muscle. Troponin T and I isoforms are known as
cardiac troponins due to their heightened sensitivity to
and specificity for cardiac myocytes (cTn). As a result,
identifying cTn-T or cTn-I in the blood is a very reliable
way to detect cardiac damage!®!.

4.7. Creatinine kinase

An enzyme called CK, also known as creatine
phosphokinase (CPK), is present in many different tissues.
CK is expressed in skeletal muscle, heart, and brain and
is a cardiac-specific enzyme with a clinical sensitivity of
90% for detecting AMI, but it has low specificity. The time
required for CK to reach the peak is 20-30 h and the time
of return to the normal level is 24-48 h. A result, CK is
ineffective in the quick identification of AMIP.

4.8. C-terminal pro-arginine vasopressin

C-terminal pro-arginine vasopressin (copeptin), a more
stable alternative to arginine vasopressin, is well known
for its effects on the harmony of the cardiovascular and
endocrine systems™. In the development of AMI, it is
believed that vasopressin encourages expansion afterload,
peripheral vasoconstrictor activity, and ventricular stress.
Myocyte protein expression then rises, resulting in
hypertrophy and vasoconstriction of the coronary arteries.
The V1 receptor mediates these effects, whereas actions
on the V2 receptor cause the renal tubules to retain water.
The current focus of pharmaceutical therapy is on these
receptors*¥7],
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4.9. Heart-type fatty acid-binding protein (H-FABP)

Tissues with lower expression of H-FABP include the
brain, kidney, skeletal tissue, adrenal gland, and mammary
gland tissues, as well as blastocysts®***). H-FABP is a
valuable tool for assessing patients with chest pain in the
emergency department, and its concentration is elevated
as early as 30 min after myocardial injury. Peaking at 6-8 h
and reverting to baseline after 24 h, H-FABP is sensitive
enough for the early detection of AMI. This protein exhibits
an 82% negative predictive value in testing!*?.

4.10. B-type natriuretic peptide

One of the most well-known indicators of biomechanical
stress is B-type natriuretic peptide (BNP)!"®.. Produced in
response to the tense cardiomyocytes in the ventricle*,
BNP binds to and activates receptors, lowering central
venous pressure, natriuresis, and systemic vascular
resistance. Research has shown that BNP offers predictive
information after myocardial infarction™". Although this
biomarker has a half-life, it is released, along with the
N-terminal (NT)-pro-BNP, a peptide that is considerably
stronger in serum and is simple to test. The biology of this
substance is still not well understood, particularly with
regard to the post-translational metabolism of the peptides,
which may interfere with the precise measurement of BNP
levels(.

4.11. Atrial natriuretic peptide

Both atrial natriuretic peptide (ANP) and BNP have
comparable neurohormonal effects and secretory
profiles after AMI. ANP levels have been precisely
measured in other studies, although with mixed results.
It has been established that N-ANP is connected to
late mortality after AMI™.. Interference and analyte
unreliability commonly affect ANP assays*l. ANP was
deemed to give meager prognostic information due to
unsatisfactory outcomes. Nevertheless, the identification
of a new midregional (MR)-pro-ANP fragment*’. The
peptide is much more stable than ANP. MR-pro-ANP is
at least as good at predicting mortality and heart failure
as MR-pro-ANP due to the test epitopes being positioned
internally on the pro-ANP molecules (and hence
stability to exoprotein activity) as NT-pro-BNPU ., When
MR-pro-ANP levels were divided into quartiles, the
highest quartile was associated with a hazard ratio (HR)
of 3.87 (vs. NT-pro-BNP’s HR 3.25), including a higher
likelihood of mortality at follow-up. The area under the
curve (AUC) of the receiver operating characteristic
(ROC) curve for each biomarker was similar (0.83).
Thus, MR-pro-ANP is a powerful predictor of adverse
outcomes after an AMI.

4.12. Growth differentiation factor-15

Growth differentiation factor-15 (GDF-15) is a distant
member of transformation growth factor (TGF) and can
be activated in response to tissue damage. Multiple types of
cardiovascular cells have the potential to produce GDF-15
under pathological circumstances. GDF-15 levels are
higher in the blood and are related to increased cardiac
metabolic risk factors. The fact that GDF-15 is drastically
elevated in CVD and that the level of GDF-15 is directly
associated with the frequency of CVD"*! increases the
possibility that it might be an useful disease biomarker.
According to a meta-analysis, high levels of GDF-15 were
associated with a higher risk of death in patients with
CVD®30  GDF-15 further supports NT-pro-BNP and
CRP as well as standard hazard factors in the detection
of acute coronary syndrome (ACS), and it is a standalone
indicator of all-cause mortality in ACS patients*"*%.

4.13. Suppression of tumorigenicity 2

When hearts are being strained mechanically, the blood
levels of suppression of tumorigenicity 2 (ST-2), an IL-1-
receptor-like protein, were found to be raised®l. In the IL-1
receptor family, there are two isoforms of ST-2: Soluble
(ST2L) and transmembrane (ST2)", It was later discovered
that ST2 targets IL-33, a kind of interleukin that only
develops when myocytes are under biomechanical stress
and seem to play a cardioprotective role?*!. Cardiomyocyte
hypertrophy caused by phenylephrine and angiotensin II
was shown to be significantly decreased by IL-33 in studies
using mice. The connection between ST-2 and IL-33 may
also alleviate the burden of the atheroma. However, it has a
weak correlation with NT-pro-BNP after an AMI and both
of these biomarkers are predictive of cardiac failure or death
6 months after a myocardial infarction. A study found that
the IL-33/ST-2 pathway is the therapeutic target of AMII®),
Level of ST2 is higher in both autoimmune diseases and
acute asthma. It is necessary to verify the specificity of
ST-2 for cardiac tissue stretching before applying it at the
clinical settings (Table 1 and Figure 2)5.

5. Methods for detecting and diagnosing
AMI

5.1. Colorimetric assay for diagnosing AMI

The principles of conventional ELISA testing are also applied
to colorimetric immunoassays. Specific binding occurs
between an antigen or antibody and its complementary
antibody or antigen. A secondary antibody or antigen that
is enzyme-labeled is added during the detection stage to
trigger an enzymatic reaction when it binds to the primary
antibody. The outcome of this reaction is an appreciable color
change, as a result of the transformation of the substrate
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Table 1. Biomarker for diagnosis of myocardial infarction

Diagnostic indicator Time required for marker Time required for marker  Specificity Sensitivity
(marker) level to peak after onset (h) level to peak after onset (h) (%) (%)
Myoglobin (MYO) 4-6 20-25 80 92
Cardiac troponin I (¢TnI) 12-24 5-9 98.4 98.7
Cardiac troponin T (¢TnT) 18-36 5-14 100 99
Creatinine kinase (CK) 20-30 24-48 91 24
Glucose dehydrogenase (GDH) 48-72 10-15 - -
N-terminal pro-B-type natriuretic peptide (NT-pro-BNP) No clinical consensus No clinical consensus 72.6 50.7
Heart-type fatty acid-binding protein (H-FABP) 6 0.5-1 68 89.7
Creatine kinase-myoglobin binding (CK-MB) 12-24 3-4 92 44.8
B-type natriuretic peptide (BNP) No clinical consensus No clinical consensus 90 86
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Figure 2. Therapeutical potential and functional role of biomarkers of acute myocardial infarction.

Abbreviations: AST: Aspartate transaminase; BNP: B-type natriuretic peptide; CK-MB: Creatine kinase-myoglobin binding; Copeptin: C-terminal pro-arginine
vasopressin; CRP: C-reactive protein; Cys-C: Cystatin C; Gal-3: Galectin-3; GDF-15: Growth differentiation factor-15; H-FABP: Heart-type fatty acid-binding
protein; HF: Heart failure; HFpEF: Heart failure with preserved ejection fraction; IL: Interleukin; MR-pro-ANP: Midregional pro-atrial natriuretic peptide; NP:
Natriuretic peptide; NT-pro-BNP: N-terminal pro-B-type natriuretic peptide; PLT: Platelet; SP-1: Specificity protein 1; ST-2: suppression of tumorigenicity 2.

into a colorful product®™. The process for ELISA-based
colorimetric immunoassays often entails covering a solid
surface (such as a microplate) with a capture antibody or an
antigen specific to the target analyte. After blocking to reduce
non-specific binding, the sample is introduced to let the target
analyte attach to the antigen or antibody that will capture it.
The analyte’s distinct epitope is then bound by an enzyme-
labeled detecting antibody or antigen, which is then added.
A substrate solution is added after incubation and washing
steps are performed to remove unbound components.
An enzyme label catalyzes a reaction with a substrate that
results in the production of a colored product. The analyte
concentration is directly proportional to the intensity of

color measured spectrophotometrically®. In 2010, Kim ef
al. developed a test of lateral flow strips comprising a sample
pad, conjugate pad, nitrocellulose membrane, and absorbent
pad. After the cTnl antigen is added to the sampling pad,
two separate gold nanoparticles (AuNP) conjugates are
deposited onto the conjugated pad and then flow out. First,
cTnl reacts with AuNP containing anti-troponin antibodies
L, followed by a second AuNP interacting with the first AuNP
by BSA and anti-BSA antibody interactions. This method
shows higher signal intensity than the conventional lateral
flow assay (LFA) method, and after passing through the NC
membrane, conjugated AuNPs were immobilized onto the
surface and finally, by dipping the cut LFA strip into troponin
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I-containing well plates, the color intensity was assessed. The
limit of detection is as low as 0.01 ng/mL™. In 2020, Wen
et al. developed a calorimetric biosensor on poly (dimethyl
siloxane) (PDMS)-AuNPs composite film with silver, which
is used as a biosensor for Tnl detection®”. An immune-
sensing biochip for the rapid and accurate detection of cardiac
biomarkers such as Tnl, CK-MB, and myoglobin in blood
using a nitrocellulose membrane for antibody immobilization
enables a quick and effective detection of AMI!.

5.2. Electrochemical immunoassay for diagnosing
AMI

The electrochemical assay focuses mainly on the interaction
between the transducer and the target molecules. It
works by detecting electrochemical signals produced
by the particular interaction, which, when caught by the
immobilized surface antibodies, leads to a charge exchange
between host and guest molecules and a change in current
or voltage on the targeted surface.

e Amperometric approach, which measures the electric
current created by the displacement by a regulated
potential.

e DPotentiometric approach, which detects the
potential difference caused by the accumulation
or reduction of ions at the sensor interface when
exposed to a continuous current or zero current
sources, for instance, a field-effect transistor (FET), a
semiconductor device that functions by electric field
modulating charges and can convert specific biological
interactions into electrical signals.

e Impedimetric approach, which measures changes in
the impedance of a material depending on a current
or potential disturbance on the sensor surface!*”.

Label-free electrochemical detection is recognized
as an affordable, responsive, and sustainable method for
biomarker analysis. High sensitivity, selectivity, and low
cost are all features of electrochemical detection (electron
transfer directly generates an electronic signal, so expensive
equipment is not needed for signal transduction).
Many electrochemical biosensors are constructed
using capacitance, amperometry, or potentiometry.
Amperometry biosensors are the most popular because it
is easy to use. It is possible to immobilize the recognition
components on the transducer surface with the aid of
gels, polymeric membranes, conductive salts, etc., which
pose one of the most crucial problems while using this
technique. An aptamer-based biosensor for Tnl detection,
with a gold electrode serving as the transducer, had a
detection range of 0.03 to 2 ng/mL when tested on 89
human samples. Electrochemical biosensors are suitable
for diagnosing AMI due to their significant surface area,

low density, thermal stability, and exceptional electrical,
porous, and mechanical characteristics!?.

5.3. Aptamers biosensor for diagnosing AMI

The glassy carbon electrodes (GCE) used in the aptamer
biosensor serve as recognition molecules. When aptamers
attach precisely to the analyte in a solution, they can provide
an electrochemical signal. The current corresponds with the
analyte concentration; hence, the aptamer-based biosensor
may be used to find cTnl in a sample. In 2014, a new
aptamer biosensor for cTnl detection was developed. They
added hydroxyl groups to the GCE by submerging it in a
hydrophilic solution of NH,OH: H,O,: amination solution
and H,O (1-1-10) at 72°C for 20 minutes and of 3-amino-
propyltryethoxysilane: H,O amination solution by attaching
it to the surface of the GCE as an amino group. Carbon
di-imide hydrochloride and N-hydroxy succinimide are
used to activate the GCE. A biosensor uses aptamers and
cognition molecules standing still on the surface of GCE.
When the ¢Tnl in solution is attached to the immobilized
the concentration of the cTnl in the solution affects the
current generated by the binding process!'?. Their low
stability, fragility, and sensitivity to denaturation caused by
temperature changes account for their limited storage life.
They cannot also be created artificially. It results in high
expenses and uncertainty from batch to batch. Therefore, they
could be blamed for the discrepancy in c¢Tnl levels detected
by various so-called point-of-care (POC) equipment. With
this synthetic method of production, high reproducibility
and good yields are feasible. In comparison to antibodies,
they are more stable over time and less vulnerable to high
temperatures. There is always a potential for them to become
denaturized, which would then allow for the benefit of their
folding shape. Their storage, transport, and manipulation
are therefore made easier. Aptamers, sometimes referred to
as “APTA-sensors,” are becoming more and more popular
to be used in sensitive and precise testing and as a cheaper
alternative to unstable and costly antibodies in sensors®.

5.4. Fluorescence immunoassay for diagnosing AMI

For ¢Tnl detection, alkaline phosphatase (ALP)
chemiluminescence chemistry is used. In the beginning,
monoclonal anti-cTnl was applied to the carboxylic acid-
modified magnetic beads through EDC coupling to create a
particular antigen-antibody association®!l. This innovative
method is designed for cTnl detection. It has been
claimed that microwave-accelerated and metal-enhanced
fluorescence (MA-MEF) is used to identify proteins. Only
a little time is required for incubation thanks to microwave
acceleration®?. Multianalyte chip assay is an additional
technique for identifying biomolecules. A multianalyte
sensor surface was sandwiched with several biomarkers,
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Figure 3. Biosensor for diagnosing acute myocardial infarction.

including cTnl, and activated by an integrated optical
waveguide made of silicon oxynitride.

In a multianalyte platform like this, many biomarkers
are simultaneously detected, and due to their high
sensitivity, this sort of biochip can act as a POC apparatus.
Markers that can be detected in ELISA-based assays
such as ¢Tnl may be detected using a colorimetric and
fluorescent immunoassay. These assays are quick and have
great sensitivity, but the procedures involved are time-
consuming and laborious (Figure 3)-¢),

6. Conclusions

The utility of cardiac biomarkers and biosensors in AMI
diagnosis cannot be overstated. The high specificity and
sensitivity of cardiac troponin, connected with advances
in biosensor technology, have significantly improved
diagnostic accuracy. Biosensors, such as electrochemical
and optical biosensors, offer rapid and precise detection of
cardiac biomarkers, enabling timely intervention of diseases.

Diagnosis of AMI is therefore dependent on the use
of cardiac biomarkers and biosensors. These techniques

enable the rapid identification and early detection of AMI,
resulting in better patient outcomes and immediate medical
intervention. Myoglobin, cardiac troponins, and CK are
examples of cardiac biomarkers that are frequently used
to identify AMI. Biosensors based on principles such as
fluorescence, auditory, and colorimetry have also been found
to be promising diagnostic methods for AMI. AMI diagnosis
has also been proven to be more sensitive and specific when
biomarkers linked to oxidative stress and inflammation,
such as MMPs and MPO, are used. Further, development of
cardiac biomarkers and biosensors might generate even more
precise and effective AMI detection methods in the future.
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