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Abstract
Early and precise identification of Cardiovascular Diseases (CVDs) is crucial to preventing patients 
from suffering permanent damage or death, prompting the development of immunosensor 
devices to detect and measure cardiac biomarkers. Biomarker levels in normal and patient 
Electrochemical immunosensors can used to monitor serum quickly, efficiently, and affordably. The 
quantitative detection of cardiovascular disorders employs immunosensors based on antibody-
antigen interaction. This overview elucidates Immuno and biomimetic sensors developed by 
detecting Acute Myocardial Infarction (AMI). The introduction summarises a background about 
the status of the analytical methodologies for detecting cardiac markers and the principles and 
limitations of the immunoassays used in laboratory routine. The conceptual topic discusses the 
theoretical foundation of immunosensors, emphasizing electrochemical transduction, the main 
alternative offered by mass production. In addition, it presents the state-of-art of electrochemical 
immunosensors and biomimetics for detecting important cardiac markers, troponins T and I, 
myoglobin, B-Type Natriuretic Peptide (BNP), and CK-MB. Finally, the challenges and prospects of 
cardiac marker analytical electrochemical and diagnostic methods for rapid intervention, as point-
of-care testing are discussed. 

Keywords: Immunosensor; Cardiac infarction; Biomimetic sensor; Point-of-care testing; Antibody-
antigen

Abbreviations: CVDs: Cardiovascular Diseases; AMI: Acute Myocardial Infarction; BNP: B-Type 
Natriuretic Peptide 

Introduction
Acute Myocardial Infarction (AMI) has the highest fatality rate among Cardiovascular 

Diseases (CVD). It is one of the most prevalent chronic noncommunicable diseases, posing 
a significant hazard to human health. World Health Organization (WHO) estimates that 23.3 
million deaths will be caused by cardiovascular disorders in 2030 in developing and developed 
countries alike [1]. In addition to coronary heart disease, cerebrovascular disease, rheumatic 
heart disease, and others affecting the heart and blood vessels, cardiovascular diseases also 
include cerebrovascular diseases. Many factors contribute to CVD, including hypertension, 
obesity, genetics, smoking, and other risk factors. Early and precise identification of Acute 
Myocardial Infarction (AMI) may significantly lower mortality risk. The current diagnostic 
procedures for CVD include Electro Cardiography (ECG), chest X-ray, echo cardiography, 
cardiac catheterization, Cardiac Computed Tomograpy (CT), and blood testing [2]. In order 
to maximise the benefits of early therapy for myocardial ischemia, it is essential to have early 
identification of the disease. It is crucial to diagnose a patient early in order to evaluate the 
prognosis for the disease. According to the WHO standards, individuals must have at minimum 
two of the following symptoms in order to be diagnosed with cardiovascular disease: 
the presence of specific symptoms (chest discomfort, abnormal ECG readings, increased 
biochemical parameters in blood tests). 

http://dx.doi.org/10.31031/SBB.2023.05.000623
https://crimsonpublishers.com/sbb/
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ECGs are an effective tool for directing treatment, although 
they are not always effective in all circumstances because some 
patients electrocardiograms may be normal. Therefore, the use of 
cardiac markers is essential in diagnosing cardiovascular disease. 
Biomarkers are critical in increasing disease diagnosis accuracy, 
risk stratification, and prognosis. Biomarkers have a number of 
significant properties, including (a) primary clinical specificity and 
sensitivity, (b) rapid biomarker release in the blood, which allows 
for early detection, and (c) the capacity to persist increased in the 
blood for a more extended period of time, and (d) the potential 
to be quantified [3]. Considering that the detection of myocardial 
injury in a patient with acute coronary syndrome requires rapid 
intervention, effective analytical methods for cardiac biomarkers 
that are portable, quick bedside, practical and economical are 
desirable. Cardiovascular disease biomarkers are biological analytes 
released into the circulation at detectable amounts throughout 
the onset of CVD or promptly following myocardial damage. It is 
widely accepted that Cardiac Troponin (cTn) is the gold standard 
among many biomarkers, including creatine kinase MB (CK-MB), 
Myoglobin (Myo), and B-Type Natriuretic Peptide (BNP) [4]. 

Status of analytical methods for cardiac marker

Immunoassays have been widely used in practical routines; 
they involve indirect measurements of the antigen-antibody 
reaction through chromogenic or chemiluminescent compounds. 
Cardiovascular troponin detection initially reported using Enzyme-
Linked Immunosorbent Assay (ELISA), reported by Katus [5]. In 
ELISA, two monoclonal antibodies, the first troponin specific and 
the second peroxidase-conjugated, are used to indirectly detect 
cardiac troponin T by chromogens. Electrochemiluminescence 
Assay (ECLIA) using chemiluminescent substances like ruthenium 
as a labeling agent is preferred over ELISA because to its rapidity, 
dispensing of the enzyme reaction, and lower detection limit 
[6]. However, the immunoassays mentioned above represent 
technological advancements; they are time-consuming and need 
processing in a laboratory unit, restricting remote diagnostics 
and raising turnaround times [7]. The interval between blood 
collection, processing, analysis, and release of results are not 
supposed to exceed 60 minutes in cardiac crises [8]. The response 
time of medical intervention is critical and directly related to 
AMI’s success and therapeutic complications. The application of 
bedside sensing, referred to as Point-of-Care (POC) testing, is one 
alternative for overcoming the diagnostic delay. These devices can 
provide more practical, accessible, and quicker critical results, 
supporting the medical personnel in identifying patients at higher 
risk for cardiac complications and consequences, addressing an 
appropriate response as soon as possible, and managing clinical 
trials more efficiently. Recently, lateral flow strip testings for 
cardiac troponin T detection performed as primary triage tests in 
cardiac emergencies [9]. The principle of this method based on a 
semi-quantitative method supported by chromatography, and there 
is an interaction of circulating markers from the blood samples 
with specific antibody-conjugated to colloidal gold particles on a 
nitrocellulose membrane [10,11]. 

Despite their convenience, cheap cost, and speed, these tests 
have limited sensitivity and provide mainly qualitative results 
(yes or no as an answer). Because it is not feasible to get succinct 
concentrations, they are not exact and unique, as the degree 
of heart muscle damage is unknown. Therefore, it is crucial to 
promote the development of cutting-edge technology for detecting 
cardiac signals in AMI detection in order to shorten the duration 
of investigations despite maintaining their sensitivity and 
specificity. In recent decades, the prospect of quantitative testing 
with acceptable sensitivity and diagnostic specificity has increased 
interest in biosensor research. Biosensors can be a promising 
POC testing for quantitative evaluation of the cardiac injury, 
positively impacting early AMI diagnosis [12,13]. Biosensors are 
analytical devices with a biological recognition element intimately 
in contact with a transducer, which can convert the response of 
the biological recognition element and analyte into a quantifiable 
signal [14]. The biological recognition elements include enzymes, 
antigens, antibodies, cDNA, aptamers, tissues, and cells etc. 
Different transduction can also convert the biochemical response 
into a quantifiable signal, such as optical, piezoelectric, and 
electrochemical. Several immunosensors for detecting cardiac 
markers were developed using optical transduction, for instance, 
by surface plasmon resonance principle [15] and piezoelectric 
transduction using crystal quartz microbalance [15].

The optical transducer based on the Surface Plasmon Resonance 
(SRP) technique was the first immunosensor reported by Dutra and 
Kubota for cTnT detection [16]. In this optical transduction method, 
changes in the refractive index of light through an optical prism 
indicate the affinity reaction between antigens and antibodies. 
Optical thickness (basically refractive index) within 300nm of the 
surface of the diffraction component (evanescent field) governs the 
angle of incidence to which resonance occurs. Therefore, SPR-based 
sensors enable direct detection [17]. The described imunossensor 
reached a Limit of Detection (LOD) of 0.01ng/mL of cTnT, which is 
equivalent to resonant angle change of 1.28 millidegrees, and a quick 
response of 800s. Cardiac markers can be detected by piezoelectric 
transducers using Quartz Crystal Microbalances (QCM). The QCM is a 
very-sensitive mass sensor that can detect changes in the oscillation 
frequency of a quartz crystal at extremely low concentrations. Due 
to the piezoelectric properties of quartz, the frequency oscillation 
decreases proportionally with the amount of analyte adsorbed onto 
the electrode. Thus, the recognition reaction of the antibody with 
the specific antigen based on the vibration of the quartz support 
allows the direct detection of the analyte. Wong-Ek et al. [18] 
constructed a QCM sensor to detect the cTnT by utilizing Polyvinyl 
Chloride (PVC) doped COOH film as support for the immobilisation 
of the antibody against cTnT, reaching a LOD of 5ng/mL [18]. In 
2012, Mattos et al. [19] developed a Dual-QCM immunosensor 
for detecting cTnT. The immunosensor assessed cTnT in serum 
samples without dilution, reaching 0.008ng/mL [19]. Although, 
the optical and piezoelectric immunosensors are advantageous 
compared to traditional immunoassays, allowing direct detection 
and faster analyses. Despite the fact that these systems do not 
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have antibodies or antigens conjugated to labels, like enzymes or 
chemical compounds, these transduction systems are not easily 
transformed into a portable or low-cost technology because 
the gold and quartz electrodes used in optical and piezoelectric 
measurements, respectively, are relatively expensive for a bedside 
diagnostic, which should be a single-use assay. In these senses, 
the electrochemical transducer for mono-use immunoassay is one 
of the most attractive perspectives for cardiac immunosensors. 
Electrochemical devices have essential advantages, such as ease 
of miniaturisation, lower cost, and compatibility as large-scale 
sensor technologies facilitate point-of-care testing in the cardiac 
emergence department.

Electrochemical immunosensors for cardiac markers

The electrochemical immunosensors are dependent on 
changes in electrical properties that occur as a consequence of 
the interaction between antibodies and their respective antigens. 
Commonly, electrochemical transducers for immunoassay are 
(i) amperometric, measuring the electric current produced by 
displacement by regulated potential; (ii) potentiometric, detecting 
the potential difference caused by the accumulation or reduction of 
ions at the sensor interface when exposed to a continuous current 
or zero current source, e.g. Field-Effect Transistor (FET), which 
is a semiconductor device that operates through electric field 
modulating charges and can convert specific biological interactions 
directly into electrical signals [20,21] and (iii) impedimetric, 

detecting changes in the medium’s impedance based on by a current 
or potential disturbance on the sensor surface [15,22].

Labeled immunosensors and label-free immunosensors are 
two types of immunosensors (Figure 1). A labeled electrochemical 
immunosensor means that the antigen-antibody reaction is 
indirectly measured using a secondary antibody or antigen by the 
readout signal. This configuration of electrochemical immunoassay 
has a good potential for signal amplification by using electrochemical 
mediators and high specificity, avoiding non-specific binding. The 
most common labels involve enzymes, metallic nanoparticles, and 
electrochemiluminescent probes available in different procedures 
such as competitive, sandwich, and indirect assays, which require 
a long time and additional cost [23]. The label-free electrochemical 
immunosensor directly detects the antigen-antibody interaction on 
the electrode surface by measuring the changes in capacitance or 
resistance induced by the recognition event. It can be performed 
using different voltammetry techniques (i.e., differential pulse 
and square wave voltammetry-DPV, SWV), chronoamperometry, 
and Electrochemical Impedance Spectroscopy (EIS). Its primary 
benefit is the ease, speed, and cost-effectiveness of labeled 
immunoreagent dispensing. However, a label-free electrochemical 
immunosensor needs a highly selective bioreceptor for the target 
and a sensitive sensor surface due to the absence of a signal 
amplification mechanism [24,25]. The current review dealt with 
comprehensively detecting biomarkers of myocardial infarction 
using electrochemical immunosensors and biomimetic sensors.

Figure 1: Schematic illustration of the fundamentals of labeled and label-free electrochemical immunosensors.
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Cardiac biomarkers
Troponin T

Troponins are a group of Three Proteins Called Troponin C 
(TnC), Troponin I (TnI), and Troponin T (TnT). Troponins are 
abundant in cardiac and skeletal muscle tissue and function in 
muscle contraction regulation. Cardiac Troponins I And T (cTnI and 
T) are cardiomyocyte-specific within the troponin complex. During 
an injury to the heart muscle (due to lack of oxygen and nutrients), 
troponins released into the circulation. Cardiac troponins (I and 
T) are the most sensitive and specific indicators for AMI diagnosis 
and prediction [26] Cardiac Troponin T (cTnT), Cardiac Troponin 
I (cTnI) are “gold-standard” markers in the AMI diagnostic. cTnT 
levels in peripheral blood rise within 3-4 hours after the initial 
myocardial infarction and stay elevated for 10-14 days after the 
injury. The first biosensor for cTnT was developed by our group in 
2007 [16], which was based on optical transduction and allowed a 
label-free detection of cTnT in serum samples. Considering that this 
transducer type is challenging to miniaturise due to the high power 
consumption and instability by mechanical and thermal changes, 
other types were also attempted, including the piezoelectric [19] 
and capacitive immunosensors [27]. However, the requirement of a 
very low detection limit by cTnT for AMI diagnostic made them still 
not satisfactory immunosensors.

Nevertheless, the most developed transducer is amperometric; 
one essential advantage is the ease of mass-production and 

miniaturisation by tips. In 2010, our group proposed the first 
electrochemical immunosensor for cTnT diagnosis, condtructed 
on a streptavidin-microsphere modified disposable Screen-Printed 
Electrode (SPE) [28]. The strong affinity interaction between 
microsphere streptavidin and anti-cTnT biotin-conjugated 
allowed increased analytical sensibility to cTnT detection in order 
of nanograms. The antigen-antibody reactions were quantified 
indirectly by using a second antibody, peroxidase-conjugated. This 
immunosensor demonstrated a linearity range up to 0.1-10ng/mL 
and a low detection limit of 0.2ng/mL [29]. Novel nanomaterials, 
including Metal Nanoparticles (MNs), Graphene (G), Carbon 
Nanotubes (CNT), Conductive Polymers (CP), surfactants, and 
liquid crystals, have been used to construct immunosensors with 
high troponin detection sensitivity. Recently, Gomes-Filho et al. [30] 
reported the introduction of the nanomaterials on an imunosensing 
platform for cTnT detection in human blood samples. The excellent 
conductivity and high surface/ratio of the CNTs were employed to 
increase the immobilised anti-cTnT antibody. The sensor surface is 
composed of nanocomposite thin films of polyethyleneimine and 
carboxylated CNTs (Figure 2). The LOD achieved for this sensor was 
0.033ng/mL with a linear response range between 0.1 to10ng/mL 
cTnT. However, the indirect measurement using labelled secondary 
antibodies with horseradish peroxidase demands many incubation 
steps, and the sensor has shown great sensitivity and decreased 
LOD [30].

Figure 2: Stepwise of a labelled immunosensor construction by using carbon nanomaterial. Illustration adapted 
from [30] representing the immunosensor construction based on a nanocomposite thin-film of poly ethyleneimine 

and carboxylated CNTs.

In order to develop direct detection technology with the 
potential for point-of-care diagnostic using a SPE, Silva et al. [31] 
designed a label-free electrochemical immunosensor. A polyethylene 
terephthalate substrate used to form SPE based on a carbon ink 

containing amino-functionalised CNTs. CNT incorporated in the 
printed film improved the charge transfer rate due to its electrical 
proprieties. The amine groups derived from the CNT was employed 
to avoid non-random immobilisation of the anti-cTnT. A low LOD 
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was achieved (0.0035ng/mL), superior to conventional analytical 
methods [30]. Over the years, researchers aimed to develop sensors 
with lower LOD and high sensibility., furthermore, Shanmugam and 
colleagues [32] developed the electrochemical immunosensor based 
on inorganic zinc oxide nanostructures to enable confinement of 
biomolecules, increasing the signal from the biosensor. In addition 
to the semiconductive properties of ZnO, it was also used to improve 
the sensitivities of the sensor. The sensor response characterised 
by the combination of AC and DC spectroscopy that provided the 
development of devices able to be used in cardiac emergencies 
because of their ability to reveal biomolecules in the order of 
pg/mL. However, AC and DC spectroscopy is unsuitable for mass 
production since it requires a complex system. Recently, Zanato 
et al. [33] presented the synergistic impact of exfoliated Graphite 
Nanoplatelets (xGnP) coated with gold Nanoparticles (AuNP) for 

detecting and measuring cTnT samples of human blood plasma 
using electrochemical immunosensors (Figure 3). In contrast 
to other nanomaterials like carbon nanotubes, xGnP structures 
have cheap cost, large surface area, and electrical conductivity. 
Additionally, the synergism between xGnP/AuNP results in a hybrid 
material with minimised limitations related to self-agglomerations. 
The immunosensor assembly was performed on a glassy carbon 
electrode with nafion film, that deposited in a solution of anti-TnT 
and AuNP-Hep- xGnP. Real human blood plasma samples with cTnT 
tested on the immunosensor platform, which achieved a linear 
range between 0.050 to 0.35ng/mL and detection limit of 0.016ng/
mL of cTnT. Despite this immunosensor not presenting a detection 
limit higher than the existing ones, a good accuracy (<10%) was 
obtained for interference in blood plasma, demonstrating an 
advance in recognition of biomolecules in complex matrices.

Figure 3: Electrochemical immunoassay for cTnT detection in human blood plasma. illustration adapted from [33] 
representing an immunosensor construction based on a solution of anti-TnT and AuNP-HeP- xGnP glassy carbon 

electrode with nafion film.

Troponin I

Cardiac Troponin I (cTnI) is a protein with a Molecular Weight 
(MW) of 29kDa that inhibits the troponin-tropomyosin complex. 
cTnI is released quickly into the circulation after 3-6 hours following 
AMI injury to cardiac muscle tissue and peaks within 24-48 hours. 
In general, values return to baseline 5-14 days following the onset 
of an injury. Serum cTnI levels are directly connected to the risk 
of mortality for patients who have been infracted, and because of 
its clinical value in the identification of cardiac diseases, specific 
biosensors have been developed for detecting this biomolecule 

[34]. Initially, Ko et al. [35] constructed a microchip that used an 
Interdigitated Array (IDA) gold electrode to detect the cTnI through 
a secondary antibody linked to an alkaline phosphate enzyme. 
PDMS channels were constructed ton IDA chips to facilitate the 
transfer of electrons from the surface of the gold electrode to 
the electroactive species formed by enzymes. Finally, anti-cTnI 
was attached to the layer of protein-G via silanisation on the 
PDMS channel inside the surface. Immunosensor orientation and 
sensitivities improved by the specific binding of the IgG antibodies 
to protein G, which interacts with the Fc region of IgG antibodies. 
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The electrochemical immunosensor detected cTnI at concentrations 
ranging from 0.2ng/mL -10g/mL with excellent sensitivity. Surface-
functionalized PDMS channels were employed for antibody 
orientation by protein G bound to gold electrodes, resulting in a 
lower limit of detection (LOD) of 148pg/mL. Five years later, Kong et 
al. [36] demonstrated a Silicon Nanowire (SiNW) based Field-Effect 
Transistor-(FETs) based label-free biosensor for cTnI detection. In 
order to build the device using CMOS technology, top-down design 
was used. It is possible to mass-produce miniaturised sensors for 
commercialisation utilising this technology. Anti-cTnT monoclonal 
antibody was covalently immobilised on SiNW previously silanised 
with 3-Aminopropyl Triethoxysilane (APTES), using aldehyde 
groups as covalent immobilisers. The immunosensor was very 
sensitive to cTnI, detected at 0.092ng/mL LOD. The suggested 
platform has significant mass-production potential for sensors 
used in AMI clinical diagnostics. Wang et al. [37], who developed 
the label-free cTnI biosensor, used an electrochemical impedance 
spectroscopy-based method for detection. This study employed 
a biorecognition molecule based on the structure of cTnI. The 
biosensor was made by electrodepositing Gold Nanoparticles 
(GNPs) on a typical glassy carbon electrode prior to thiol self-
assembling the peptide probe. The biosensor’s charge transfer 
resistance (Rct) was measured in relation to the concentration of 
cTnI associated with the transfer of electrons from the redox pair 
[Fe(CN)64/3]. The biosensor demonstrated a reduced Limit of 
Detection (LOD) (3.4pg/mL) compared to earlier experiments. The 
biosensor for cTnI based on peptides also showed good selectivity 
in various interferents (AFP, IgG, BSA, and Albumin).

Dendrimer (Den) was used as an innovative immunosensor 
device by Akter et al. [38] to detect cTnI in blood samples without 
needing labels or reagents. The immunosensor was constructed by 
covalently connecting carboxylic acid (COOH)-functionalised third 
Generation (G3) poly (amidoamine) dendrimer (Den) to the 3, 3′, 
5, 5′-Tetramethylbenzidine (TMB) Modified 6-Mercaptohexanoic 
Acid (MHA) Self-Assembled Monolayer (SAM) on A Gold Electrode 
(Au). The monoclonal anti-cardiac troponin I antibody (anti-
cTnI) was immobilised to the electrode surface by an affinity for 
poly (amidoamine) (PAMAM) and Den. The authors used the Den 
to immobilize the highest proportion of antibodies on the sensor 
surface as a way to improve the sensitivity of electrochemical 
signals. The characteristics of the immunosensor were examined 
using XPS, QCM, CV, and EIS. Consequently, Den can enable a label-
free immunosensor to detect troponin in blood samples at low 
levels (11.7fM). The analytical performance of the immunosensor 
was stable and specific, and it showed good agreement with ELISA 
techniques.

B-type natriuretic peptide (BNP): The B-type natriuretic 
peptide is utilized to ensure the indication of acute myocardial 
infarction. During pressure overload or volume expansion of 
the left ventricular myocardium, the substance is released into 
the bloodstream. The significance of BNP in diagnosing and 
prognosizing acute heart failure has led researchers to develop 
simple, specific biosensors for BNP detection [39]. According to 

Matsumura et al. [40], the electrochemical enzyme immuno-assay 
system detect BNP in a wide dynamic linear range of 20 to 100ng/L 
and a detection limit of 10ng/L. In this experiment, serum samples 
added to anti-BNP labelled with Acetylcholinesterase (AChE). This 
study uses the electrochemical enzyme immunoassay method to 
determine AChE as the most sensitive method to increase BNP 
detection. This chemisorption/electrochemical desorption of 
thiocholine on a silver electrode is the mechanism that allows this 
electrochemical enzyme immunoassay system to modulate AChE 
activity. Consequently, the cost-effectiveness kit with an appropriate 
LOD was constructed compared to commercial kits. Lee et al. [41] 
demonstrated label-free conductometric sensors using single PANI-
NWs and microfluidic channels to measure the concentration of 
100pg/mL(Myo), 250fg/mL(cTnI), 150fg/mL(CK-MB), and 50fg/
mL(BNP). The electrodeposition used to fabricate PANI-NWs on 
patterned Au electrode. This technique utilised patterning on the 
surface of Au electrodes to allow for the controlled development of 
PANI-NWs within pattern direction Myocardial Antibodies (mAbs) 
used to covalently functionalised PANI-NWs in the biosensor. The 
conductometric sensing approach is employed to identify cardiac 
biomarkers, which detect variations in nanowire conductance. 
Following the addition of target biomarkers to Phosphate Buffer 
(PBS) Solution (pH 7.4), the immobilised mAbs and biomarkers 
bind, resulting in a shift in the conductance of a single PANi-NW. 
The biosensor selectivity was tested using microfluidic channels 
and bovine serum albumin. The designed biosensor was 106 times 
more specific for cardiac biomarkers than a BSA.

Recently, Shanmugam et al. [42] produced electrochemical 
sensor for BNP, cTnI, and cTnT detection. The use of low-
temperature hydrothermal procedures enabled the development 
of a label-free combined sensor with POC device using anisotropic 
ZnO nanostructures. The analytical measurement was performed 
by impedance spectroscopy and Mott-Schottky electrochemical 
techniques. This biosensor showed a linear response in human 
serum tests of 1pg/mL-100ng/mL and LOD of1pg/mL. 

CK-MB 

CKMB is one of the three Creatine Kinase (CK) enzyme forms. MB 
isoenzyme is present in cardiac muscle; its determination should 
be specific to diagnose myocardial infarction and myocarditis. 
Electrochemical sensors for measuring creatine kinase based on 
enzymatic processes. Taking into consideration the growth of 
approaches used in the design of biosensors, Moreira et al. [43] 
describe a new method for CK-MB measurements. Initially, AU-
SPE (screen-printed electrode) was used covered by cysteamine 
(Cys). Then, the phosphorylated form of creatine (Pcrea) was 
immobilised on previously electrode modified. The use of Pcrea 
was crucial due to its electroactive behaviour in low potential 
and ability to bind to CK-MB. As a result, it was possible to detect 
CK-MB directly in a system label-free, which demonstrated good 
selectivity front interference studies realised with cardiac troponin 
(TnT), Myoglobin (Myo), bovine serum albumin (BSA). The LOD 
obtained was 0.11mg/mL. Cen et al. [44] identified creatine kinase-
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MB in serum samples using ultrathin AuPdCu alloyed nanowire-like 
networks (NWNs). The ultrathin AuPdCu NWNs were accomplished 
by utilizing an eco-friendly one-pot aqueous technique including 
4-aminopyridine. The label-free electrochemical immunosensor for 
CK-MB immunoassay was fabricated effectively due to the enhanced 
surface area and abundance of active sites produced by the AuPdCu 
NWNs. The constructed immmunosensor exhibited a broad linear 
range between 0.001-2000ng/mL for CK-MB detection limit of 
0.88pg/mL. Sandwich-type electrochemical immunosensors are 
employed more in clinical practice than label-free immunosensors, 
owing to their improved selectivity, sensitivity, low background 
intensity, and wide dynamic range. Recently, Yang and his coworkers 
[45] built the sandwich-type electrochemical immunosensor for 
the immunoassay of CK-MB was successfully developed using 
porous PdPtCoNi@Pt-skin NP wrapped Thi and Au NSs as a sensing 
platform. The electrochemical immunosensor was able to detect 
cTnT levels in human blood samples with a LOD of 0.62pg/ml and a 
detection range of 0.001-2500 ng/mL. In another work, Kucherenko 
et al. [46] proposed a biosensor to measure CK activity in actual 
serum samples, which can be reusable. Amperometric transducer 
based on platinum disk electrodes with surface-deposited glucose 
oxidase and hexokinase. Creatine kinase’s enzymatic response 
governs these enzymes’ biological activity. The simplicity of this 
work’s sensor design is mainly owing to the one-step electrode 
surface preparation. In addition, the biosensor is used to determine 
other kinases in medical analysis of serum blood. It achieved a good 
performance without interferences in CK biorecognition.

Myoglobin

Myoglobin (Myo=muscles) is a heme protein responsible 
for transporting oxygen in cardiac muscle and is found to be 
exceptionally high 1 hour after an ischemic event [47]. The 
identification of Myo, a non-enzymatic protein biomarker of heart 
injury and one of the first markers of acute myocardial infarction, 
in the blood rapidly is essential for diagnostic techniques. The rapid 
elevation of Serum Myo permits early identification of the AMI, 
which is considered a strategic marker for POCs testing. Over the 
years, several researchers have published involving immunosensor 
for myoglobin identification [48-52]. According to O’Regan et al. 
[53] an amperometric immunosensor using a disposable screen-
printed electrode can be developed using an indirect sandwich 
assay as described in a one-step technique. Polyclonal goat anti-
human cardiac myoglobin, monoclonal mouse anti-myoglobin, 
and goat anti-mouse IgG coupled to Alkaline Phosphatase (AP) 
linked to alkaline phosphatase were used in this experiment. Also, 
The ampermoetric immunosensor was reported to have a linear 
detection range of 85-925pg/ml with a LOD of 0.4pg/ml to measure 
the cTnT levels in spiked human whole blood samples.

The recent work, Singh and coworkers [51] described 
an electrochemical immunosensor based on AuNPs@rGO 
carboxylated CNTs covered by a conductive polymer film of 
Polyethyleneimine (PEI) based on in-situ Screen-Printed Electrode 
(SPE) for the detection of cardiac biomarker myoglobin in serum 
samples. The prototype electrochemical immunosensor showed 

a low detection limit of 0.67ng/mL and a wide linear detection 
range of 1 to 1400ng/mL for the Myo concentration. The limit 
of detection for electrochemical-based detection is 0.67ng/mL, 
which is substantially better than the 4ng/mL reported with 
ELISA assays employing the same antibodies. Potential future 
breakthroughs include using MIP; nanostructure semiconducting 
interdigitated nanoelectrodes for incredibly flexible and efficient 
sensors. Interdigitated Array Electrodes (IDA) enable label-free 
detection using impedance spectroscopy and may be used with 
microfabricated devices made in batches. Microfluidic channels were 
combined with polyaniline nanowires to detect low concentrations 
of cardiac biomarkers [41]. Sharma et al. [49] developed a carbon 
3D system-based immunosensor made up of a suspended mesh and 
IDA nanoelectrodes to amplify signals for Cardiac Myoglobin (cMyo) 
detection. The proposed method allowed for effective redox cycles 
and linear detecting ranges of 0.001-10ng/mL with a calculated 
LOD of 0.43 pg/mL. (Table 1) summarises recent investigations 
using electrochemical techniques for Myo detection.

Other cardiac markers

Other cardiac biomarkers, such as Lactate Dehydrogenase 
(LDH) and the human Heart Fatty Acid-Binding Protein (h-FABP), 
have been investigated as electrochemical immunosensors [54,55]. 
Despite the scarcity of studies, the clinical characteristics of AMI 
still need to be highlighted.

Biomimetic Sensors to Cardiac Markers 
Biomimetic sensors based on Molecular Imprinting Polymers 

(MIPs) are promising for fabricating polymeric biomimetic 
receptors. The analyte detection is dependent on the template 
concentration adsorbed by a MIP. In the last decade, a significant 
number of researchers have developed MIPs to detect cardiac 
markers. Over the years, they have become more technologically 
sophisticated but with a simple design. Conventional techniques of 
obtaining MIPs (i.e. in bulk) usually need an exhaustive study for 
optimisation, the difficulty of immobilisation on the sensor surface, 
and high manufacturing cost. The following compounds form the 
MIPs: a target molecule, which serves as a template in the printing; 
functional monomers; binding reagents, which contribute to the 
formation of the polymer chain and a solvent used in the template 
removing [14]. It allows the construction of polymeric structures 
in 3D with similar receptor or catalytically active sites (Figure 4). 
Biomimetic cardiac marker sensors manufactured using a range of 
plastic antibodies, emphasizing troponins, myoglobins, and others. 
The elevated high-sensitivity cardiac troponins in myocardial 
injury and their reduced molecular size have attracted research to 
develop the biomimetic sensor. Moreira et al. [56] described the 
first study that developed a sensitive biomimetic sensor for cTnT. 
N, N′-methylenebisacrylamide (acrylamide) used as the functional 
monomer and ammonium persulfate used as the initiator in the 
fabrication of this platform. The biomimetic sites assembled onto 
the nanostructured surface of carboxylated multi-waled carbon 
nanotubes. Potentiometric transduction methods detected CTnT-
MIP binding events. The Non-Molecularly Imprinted Polymer (NIP), 
obtained by imprinting without cTnT, showed the non-rebinding 



554

Significances Bioeng Biosci  Copyright © Dutra RF

SBB.000623. 5(5).2023

ability that confirms the selectivity of the cTnT-MIP. The MI-based 
sensors measured TnT in artificial serum samples linear ranging 
from 1.41-20.86g/mL, with a limit of detection 0.16g/mL. In 2013, 
Karimian et al. [56] designed an excellent biomimetic sensor with 
low LOD of cTnT by using o-phenylenediamine (o-PD) as functional 
monomers on a gold electrode. The study described obtaining a 

biomimetic site by employing electro synthesised MIP directly 
on the sensor surface as a thin film. CV, EIS, and atomic force 
microscopy characterised the imprinted biomimetic sites. This 
sensor exhibited a lower LOD of 9pg/mL of cTnT, similar to the cut-
off obtained by traditional methods of cTnT dosage. 

Figure 4: Principle of biomimetic sensors constructed through functional monomers submitted to polymerisation 
technique in order to form cavities able to detect biomolecules.

Additionally, Silva et al. [57] demonstrated innovative 
detection results of cTnT in serum samples using a screen-printed 
electrode mounted on a nano-molecularly imprinted polymer. 
The CV and DPV techniques characterise the step production 
of the biomimetic surface, with the K(Fe(CN)6 3/4 serving as 
a redox probe. The ultrasensitive nanostructured MIP-sensor 
showed a very low LOD (0.006ng/mL) of cTnT in serum samples. 
Conducive polymer and graphene working in tandem to build 
three-dimensional structures with reactive groups led to a MIP 
with an exceptional affinity for cTnT binding. In addition, Zuo et al. 
[58] established a new electrochemical MIP-sensor to monitor the 
cTnI based on O-aminophenol as a polymeric matrix. The proposed 
cTnI-MIP detected the concentration of cTnI in Serum without 
requiring extensive sample preparation. The authors used CV to 
evaluate polymer electro polymerisation and the EIS technique 
to characterise MIP. This MIP- based sensor presents advantages 
including great sensibility, high specificity, quick response, low cost 
of preparation, and label-free determination. The LOD found to be 
0.027nM processed in just 5 minutes. Moreira et al. [59] reported 
a sensitive plastic antibody for Myo detection constructed on a 
polymeric layer of carboxylated poly vinyl chloride (PVC COOH). 
The MIP-sensor was based on the electrochemical transducer using 
impedance and square wave voltammetry as detection methods. 
The Myo MIP achieved a LOD of 2.25g/mL with ease of design, short 
reaction time, excellent precision, and good accuracy. The same 
research group developed a new Myo biomimetic sensor based on a 
PVC matrix and the plasticiser o-nitrophenyloctyl ether assembled 

on graphite support. The lower LOD of 0.79μg/mL of Myo by using 
the SWV method. 

Moreira et al. [60] developed a Myo MIP-based on the surface 
imprinting method in another approach. Myo absorbed a gold screen-
printed electrode, and aminophenol monomers electropolymerized 
to produce a biomimetic conductive layer. In order to improve the 
selection of the biomimetic cavities, the peptide bonds Myo in the 
MIP layer were removed through the specific hydrolyse reaction 
of the proteinase K. The biomimetic sensor demonstrated the 
integration of the MIP directly on a sensor surface by using a simple 
electrochemical procedure of electrosynthesis. Recently, Phonklam 
[61] analysed the electrochemical biosensor based using a modifie 
glass carbon electrode with MWCNTs and Poly-Methylene Blue 
(PMB) to increase the electroactive surface area for cTnT binding 
and also to enhance the detection of redox reactions. The linear 
range of 0.10-8.0pg/mL was observed for the PMB/MWCNTs 
sensor, with a LOD of 0.040pg/mL for detecting cTnT levels in 
human blood.

Summary of Cardiac Marker Biosensors
The detection of cardiac markers demonstrated significant 

importance in diagnosing Cardiovascular Diseases (CVD). 
Electrochemical sensing elaboration can help fast detect these 
proteins with low concentrations and low time-consuming 
required in routine clinical. (Table 1), [62] summarises the main 
electrochemical immunosensor described in this chapter in the last 
years [63]. 
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Table 1: Summary of electrochemical immunosensor development for cardiac markers. 1Interdigitated Array, 2Poly(dimethyl 
siloxane), 3Glassy carbon electrode, 4Gold nanoparticles, 5Poly(amidoamine), 6Dendrimer, 73,3’,5,5’-tetramethyl benzidine, 
86 Mercaptobenzoic acid, 9Self-assembled monolayer, 10Polyethyleneimine, 11Carbon nanotube, 12Chitosan, 13Cysteamine, 
14Glucose oxidase, 15Carboxylated poly(vinyl chloride), 16Graphene quantum dots, 173-amino propyl trimethoxy silane/
indium-tin-oxide, 18poly(pyrrole-co-pyrrolepropylic acid, 19o-phenylenediamine, 20O-aminophenol, 21polymethylene blue, 
21Graphene sheets/tin dioxide and Zinc Cobalt Oxide/N-doped carbon nanotubes, 22homogenous ordered self-assembled 
monolayers/capacitive interdigitated immunosensor, 23MXene: Transition metal carbide or nitride, hc-g-C3N4@CDs-
Core-shell high-crystalline graphitic carbon nitride@carbon dots, 24Au NDs/Chit-g-Fc-Au nano dendrites/chitosan-
grafted-ferrocene, 25MUA-GE-11-mercaptoundecanoic acid, gold electrode, 26AuNPs-S-Phe-SPCE -Gold nanoparticles-
4-aminothiophenol-Screen printed carbon electrode, AuNCs-Gold nanochains, 27carboxylic-modified magnetic beads.

Cardiac 
Biomarker Sensing Method Detection Range Detection Limit Sample References

cTnI
Impedimetric 

Immunosensor (IDA1-
PDMS2 microchannel), CV

0.2ng/ml-10μg/mL 148pg/mL PBS [35]

cTnI Si nanowire-based FET 
nanodevice, CMOS 0.092-46ng/mL 0.092ng/mL PBS [36]

cTnI
Impedimetric 

Immunosensor (GCE3-
AuNPs4), EIS

15.5pg/mL-1.55 ng/
mL 3.4pg/mL Serum [37]

cTnI

Impedimetric 
immunosensor (PAMAM5-
Den6-TMB7-MHA8-SAM9-
Gold electrode), CV, EIS

1.0pg/mL-1.0μg/mL 11.7fM Serum [38]

cTnT
Amperometric Sensor-SPE 
(screen-printed electrode), 

CV
0.1-10ng/mL 0.2ng/mL Serum [28]

cTnT
Amperometric Sensor 

(PEI10-CNT11-Gold 
electrode), CV

0.1-10ng/mL 0.03ng/mL Serum [30]

cTnT
Amperometric Sensor 

(screen-printed electrode/
CNT-NH2),DPV

0.0025-0.5ng/mL 0.0035ng/mL Serum [31]

cTnT
Impedimetric 

Sensor (Zinc-oxide 
nanoelectrodes), EIS

0.001-100,000 pg/mL 0.1pg/ml Serum [32]

cTnT
Amperometric Sensor 

(Ionic organic molecule, 
CTS12/AuNP), SWV

0.20to1.00ng /mL 0.016ng/mL Serum [33]

CK-MB Amperometric Sensor 
(AU-SPE- Cys13), SWV 0.48-28.8µg/mL 0.11mg/mL Serum [43]

CK-MB
Amperometric Sensor 
(bi-enzyme GOx14and 

Hexokinase)
--------- --------- Serum [46]

Myoglobin Amperometric 
Immunosensor, SPE 85-925ng/mL 85ng/mL Human Blood [62]

Myoglobin
Amperometric Sensor-
MIP (PVC-COOH15-Gold 
electrode), CV, SWV, EIS

1.1-2.98μg/mL 2.25µg/mL Synthetic Serum [60]

Myoglobin

Dual-modality 
impedimetric 

immunosensor, (Ab-GO-
MWCNT-Fe3O4/SPE) EIS

1-20000ng/mL 830pg/mL Urine, Serum [48]

Myoglobin
Electrochemical 

immunosensor, (IDA 
carbon nanoelectrode),CA

0.001-100ng/mL 0.43pg/mL Saline, Serum [49]

Myoglobin
Label-free electrochemical 

immunosensor, (Anti-
MYO/GQDs16 /SPE), EIS

0.01-100ng/mL 0.01ng/mL Serum [50]
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Myoglobin
Electrochemical 

immunosensor, (AuNPs@
rGO),DPV

1-1400ng/mL 0.67ng/mL Serum [51]

Myoglobin
Electrochemical 

immunosensor,(Ab-MYO/
AuNps/APTES/ITO17),EIS

10ng/mL-1μg/mL 2.7ng/mL Serum [63]

Myoglobin

Electrochemical 
immunosensor(Anti-MYO/

PtNP(PPy-PPa18)-RGO/
ITO),EIS,

10ng/mL-1μg/mL 4.0ng/mL NA [64]

Myoglobin
Electrochemical 

immunosensor, (MIP/
MWCNT/GCE),DPV

1μg/mL-0.1mg/mL 0.17μg/mL Serum [65]

MIP-Myoglobin

Amperometric 
Sensor (Graphite 

support- poly(vinyl 
chloride) plasticizer 

o-nitrophenyloctylether), 
SWV

1.08-21.60μg/ mL 0.79µg/mL Urine [66]

MIP-cTnT Impedimetric MIP-(Gold 
electrode-o-PD19),CV,EIS 0.009-0.8ng/mL 9pg/mL Serum [56]

MIP-cTnI Impedimetric MIP(GCE-
OAP20),EIS, DPV 0.05-5.00nM 0.027nM Serum [58]

MIP-cTnT N-MIP,CV,DPV 0.02-0.09ng/mL 0.008ng/mL Serum [67]

MIP-cTnT
cTnT imprinted 

polyaniline /PMB21/
MWCNTs/SPCE,DPV

0.10-8.0pg/mL 0.04pg/mL Serum [61]

BNP

Pseudocapacitive 
immunosensor,(Cobalt 
Phthalocyanine/COOH-

CNT), LSV

10-1000pg/mL 3pg/mL Serum [68]

BNP

Label-free electrochemical 
immunosensor, (GS/

SnO2/polyaniline-Au and 
ZnCo2O4/N-CNTs21),DPV

0.01pg/mL-1ng/mL 0.01ng/mL Serum [69]

h-FABP
Capacitive interdigitated 
immunosensor, (hSAM/

CID22), EIS
98pg/mL-100 ng/mL 0.836ng/mL Serum [55]

h-FABP

Electrochemical 
immunosensor, 
(Cd0.5Zn0.5S/

dTi3C2TxMxene, hc-
C3N4@CDs23 ), EIS, DPV

0.01-1.00pg/ mL 3.30fg/mL Plasma [70]

h-FABP
Electrochemical 

immunosensor,(Au NDs/
Chit-g-Fc24), EIS, DPV

0.001~200ng/mL 0.53pg/mL Serum [71]

h-FABP Amperometric 
immunosensor, SPE 4-250ng/mL 4ng/mL Whole blood [72]

h-FABP
Impedimetric 

immunosensor,(MUA-
GE25),CV,EIS

98.0pg/mL-100.0 ng/
mL 117.0pg/mL Serum [73]

BNP
Electrochemical 
immunosensor, 

(Streptavidin-SPCE),DPV
0.001-100.0ng/mL 3.3ng/mL Serum [74]

BNP
Electrochemical 

immunosensor,(AuNPs-S-
Phe-SPCE26),CV, EIS

0.014-15ng/mL 4pg/mL Serum [75]

BNP FET,(PtNPs-decorated 
rGO) 100fM-1nM 100fM Whole blood [76]

NT-proBNP
Electrochemical sandwich 

immunosensor, (CNTs-
AuNCs), CV

0.02-100ng/mL 6pg/mL Buffer [77]
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NT-proBNP
Ion-sensitive field-effect 
transistors, rGO sensor 

platform-Au
1-10pg/mL 10pg/mL Physiological buffer 

serum [78]

NT-proBNP
Amperometric magneto 
immunosensor, (HOOC-

MBs27/Au/SPE),CA
0.12-42.9ng/mL 0.02ng/mL Serum [79]

Conclusion and Future Perspectives
In clinical testing, biosensors, particularly immunosensors, 

are useful because they rely on compassionate and precise 
antigen-antibody responses. Additionally, [64] they play a crucial 
function in determining the concentration of certain substances in 
biological matrices, such as blood and plasma. The electrochemical 
immunosensor is reliable, low-cost, easy to operate, and 
offers quick response times. This review illustrates the recent 
developments in the field of voltammetric immunosensors for the 
detection and monitoring of several cardiac biomarkers in AMI. 
The development of immunosensors capable of detecting these 
biomarkers in a suitable method is essential to saving lives and 
decreasing treatment costs. The immobilization of the antibody is 
a crucial part of building immunosensors since antibodies are the 
recognition element in antibody-antigen responses. However, using 
the suitable antibody surface, the capacity of the antibody to bind 
antigen can be increased [65-70]. Consequently, the immobilisation 
of antibodies is crucial to the construction of an immunosensor [71-
73]. The physical and chemical adsorption of antibody molecules 
on the transducer surface can be used to develop oriented antibody 
molecules. The sensitivity of a biomarker is an essential quality for 
its use in the diagnosis of diseases at an early stage. In addition, 
electrode materials combined with nanostructured materials (e.g. 
silicon nanowires, gold nanoparticles, carbon nanotubes, magnetic 
particles, and quantum dots) can allow for the multiplexing of 
biomarkers . Furthermore, using multifunctional nanomaterials 
with a wide range of nanostructures could enhance the sensor’s 
performance, sensitivity, and accuracy. Moreover, the repeatability 
and stability are at risk because of the difficult preparation procedure 
and the complexity of the immunoassay [74-76]. However, the 
integration of microfluidic and paper-based platforms as well as 
hand-held products, arrays, and chips can be accomplished via high 
degree of automation, accessiblicity and miniaturisation, opening 
the way for the deployment of devices in the near term.

The significant challenges are the necessity of rigorous 
validation studies for direct measurement of cardiac markers in 
biological fluids (blood) without preparations of samples and 
online results [77-79]. Additionally, the incorporation of a new 
sensing platform with a sensor reveals intriguing possibilities for 
tailored POC assessment with low-cost and portable technology.
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