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Recently, convergence of nanotechnology, medicine, biology and chemistry has provided novel solutions
for efficient diagnosis systems for disease markers. A detection method of troponin I (Tnl), as the gold
standard of acute myocardial infarction biomarker, was investigated and a novel aptasensor was pre-
sented for this biomarker. An array of gold nanodumbbells was firstly synthesized using putrescine as
the shape directing agent at a surface. It was then applied as a transducer for the immobilization of a
76-mer Tnl aptamer to fabricate a simple electrochemical Tnl aptasensor. Using the aptasensor, Tnl was
detected in a linear range of 0.05-500 ng mL~! with a limit of detection of 8.0 pgmL~'. The aptasensor
showed a diagnostic sensitivity of 100% and a diagnostic specificity of 85% when challenged with blood
serum samples of 89 individuals.

© 2017 Elsevier B.V. All rights reserved.

1. Introduction

Heart diseases are considered as the most common cause of
death in most countries in the world and are the main leading cause
of disability [1]. Blocked heart blood vessels can inhibit blood circu-
lation in heart and can leading to blood clots in the heart’s arteries
and acute myocardial infarctions (AMIs) in peoples [2]. If medical
aids do not timely found by these patients, the heart’s muscles will
undergo irreversible damages [3] due to inability of absorption of
enough oxygen. AMI is occurred due to the lack of oxygen in differ-
ent parts of the heart and all of the heart’s areas will be in oxygen
deficiency [4]. AMIs can cause to death (11.8% of all deaths in the
world [5]), otherwise, the patients suffer from heart failure, short-
ness of breath, swelling of legs, early fatigue and other symptoms
such as a rapid heartbeat during activity and rest [6]. Therefore,
rapid and precise diagnosis of AMIs is very important [7]. On the
other hand, the symptoms of AMI in most cases are confused with
the stomach gastritis disease, and this issue is considered also as
a challenge to accurate AMI identification. Due to the high mortal-
ity and importance of prevention for serious complications after an
AM], early detection and treatment is inevitable [8].
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Recently the relationship between cardiac myocytes damages
and increased levels of cardiac biomarkers has been discovered [9].
For example, after an AMI, a biomarker troponin is released from
damaged cardiac myocytes into bloodstream [10], and the most
important laboratory test for detecting AMI is based on the tro-
ponin assay as a preferred biomarker. Troponin complex consists
three subunits of troponin C (TnC), troponin T (TnT) and troponin I
(Tnl). They along with tropomyosin are located on actin filaments
and their existence is essential in heart and skeletal muscle contrac-
tion systems mediated by calcium [11]. Cardiac TnC is not specific
for heart, and is not employed for the AMIs diagnosis. Cardiac Tnl
is more specific for heart muscle than TnT, is not observed in skele-
tal muscles, does not affect against kidney disease (false positive)
[8,12], and is considered as the “gold standard” for the diagnosis of
myocardial injury [13].

Up to now, detection of cardiac disease biomarkers has
been performed by a variety of methods of surface plas-
mon resonance [14,15], capacitive sensing [16,17], fluorescence
immunochromatography [18], field-effect transistor [19], electro-
chemistry [20,21], electrogenerated chemiluminescence [22-24]
and immunoassay [21,25]. However, immunogenicity and high
production costs, have limited their clinical utility [26]. Detec-
tion of biomarkers using biosensors (mainly aptasensors) has been
followed in recent years [27,28]. Cardiac disease biomarkers of C-
reactive protein [14-16,29], natriuretic peptides [30] and Tnl [31]
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have also been detected using aptamers. Aptamers have diverse
advantages over antibodies including easy modification and high
stability in harsh physical and chemical environments, rapid and
economical production, no batch-to-batch variation, low immuno-
genicity and high flexibility [32]. Up to now, there is a little report
on the application of aptamer in the electrochemical detection of
Tnl biomarker [31].

Nanotechnology has provided materials with a high real surface
area with quantum confinement and small-size effects resulted in
the fabrication of sensors and biosensors with a higher sensitiv-
ity and selectivity [33-36]. A variety of nanomaterials including
metal nanostructures, metal oxide nanostructures, silica nanopar-
ticles, carbonaceous nanomaterials and their composites with the
unique properties of controllable physicochemical properties, high
surface area, stability and biocompatibility have been employed
to fabricate biosensors [33-36]. Nanostructured materials have
also been conjugated with aptamers to fabricate aptasensors with
different transduction methods [37-39]. For the biomarkers, dif-
ferent nanostructured materials have been employed to fabricate
aptasensors [40,41].

In the present study, a specific aptasensor was design on an array
of gold nanodumbbells and electrochemical detection was applied
for accurate detection of Tnl, and a quick diagnosis method for AMI
detection was developed. The aptasensor was compared with ELISA
method in the assay of samples from healthy persons and patients.

2. Experimental section
2.1. Materials

All chemicals were of analytical grade from Merck (Germany) or
Scharlau (Spain), and were used without further purification. Tnl
from human heart, bilirubin, hemoglobin, human serum albumin
and heparin were purchased from Sigma (USA). Tnl AccuBind ELISA
Kit was purchased from Monobind (USA). A 5’ end thiol-modified
DNA aptamer (the aptamer) was purchased from Bioneer (Korea)
with the following sequence:

5'-(SH)-(CH3 )-AGTCTCCGCTGTCCTCCCGATGCACTTGACG
TATGTCTCACTTTCTTTTCATTGACATGGGATGACGCCGTGACTG-3'

(B)

2.2. Apparatus

Electrochemical measurements were performed in a conven-
tional three-electrode cell powered by a p-Autolab potentio-
stat/galvanostat (the Netherlands). An Ag/AgCl, 3molL-! KCl, a
platinum wire, and a gold disk (Au electrode, 2 mm of diameter)
or the Au electrode covered with an array of gold nanodumbbells
(ND-Au electrode) were employed as the reference, counter
and working electrodes, respectively. The system was run on a
PC by GPES 4.9 software. Screen-printed electrodes were pur-
chased from DropSens (Spain) and employed in some experiments.
Time-dependent open circuit potential (OCP) measurements were
carried out by a Mastech MS8340B digital multimeter (China) con-
nected to a PC and its software.

Field emission scanning electron microscopy (FESEM) was per-
formed using a Zeiss, Sigma-IGMA/VP (Germany) equipped with
energy-dispersive X-ray spectroscopy (EDS). The samples were
coated by a 2-5-nm thin film of gold by sputtering.

2.3. Preparation of the ND-Au electrode

Firstly, the Au electrode was polished on a sand paper
and then a polishing pad with 50 nm-alumina powder lubri-
cated by water. Polishing was continued to reach a mirror-like
surface. The electrode was immersed in a 1:3 water/ethanol
mixture and ultrasonicated for 8 min in an ultrasound bath.
The Au electrode was then placed in the synthesis solu-
tion contained 500 mmolL~1H,;S04, 20mmolL-! HAuCl; and
150 mmol L1 putrescine. Electrodeposition was performed at 0 mV
for 300s. The ND-Au electrode was then rinsed thoroughly with
distilled water.

2.4. Immobilization of the aptamer

A lyophilized aptamer sample was dissolved in appropriate
distilled water. Then, 10 wL dithiothreitol (DTT) solution (contain-
ing 10mmol L~ sodium acetate, pH 5.2 and 500 mmolL~! DTT)
was added, mixed, and incubated at room temperature for 15 min.
Excess DTT and unwanted thiol fragments were removed from the
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Fig 1. FESEM images (A-C) and an EDS spectrum (D) of the ND-Au electrode surface.
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mixture by three times extracting with ethyl acetate (total volume
of 150 L), and the upper layer was discarded. The next step was
then immediately followed because the free sulfhydryl group is
unstable.

Immobilization of the aptamer on the gold surfaces was per-
formed by dropping 10 pL of 10.0 wmolL~! aptamer solution
dissolved in 10 mM phosphate buffer saline containing 5 mmol L~!
NaCl and 2mmolL-! KCI and 1 mmolL~! MgCl,, pH 7.4 on the
Au or ND-Au electrode surfaces and kept refrigerated at 4°C for
various times (including an optimized time of 80 min, vide infra).
Then, the electrodes were rinsed with Tris-HCl buffer, 20 mM, pH
7.4 (Tris). The aptamer-modified electrodes were further treated
with 1.0mmolL~! 6-mercapto-1-hexanol at room temperature
for 30 min to obtain a well aligned aptamer monolayer [42,43].
Then the electrodes were washed again with Tris and double dis-
tilled water, respectively, to remove unspecific adsorbed thiols.
The obtained Au- and ND-Au-modified aptamer electrodes were
denoted as the Au/aptamer electrode and the aptasensor, respec-
tively. The prepared electrodes in this step were ready to use and
when not used, they were stored in Tris at 4 °C.

2.5. Tnl binding to the aptamer

The binding process was performed by immersing the
Au/aptamer electrode or the aptasensor into Tris containing var-
ious concentrations of Tnl for 40 min at 37 °C (vide infra). Then, the
aptasensor was rinsed with Tris to remove non-bonded Tnl. It was
then inserted in a solution of Tris+0.5 molL~1 KCl+0.5 mmol L~!
ferro/ferricyanide and differential pulse voltammograms (DPVs)
for the oxidation peak of ferro/ferricyanide redox couple were
recorded with a pulse width of 25 mV, a pulse time of 50 ms, and a
scan rate of 10mVs~!. The concentration of Tnl was quantified as
the ferro/ferricyanide oxidation peak current.

e

- Mt

Au electrode ND-Au electrode Nanodumbbells

> Y

2.6. Electrochemical measurements

OCP measurements during the self assembling process of the
aptamer on the gold nanodumbbells surface were done using an
ND-Au screen-printed electrode refrigerated during the measure-
ments. All electrochemical measurements otherwise those related
to OCP measurements were performed at room temperature.

2.7. Patient samples and ELISA procedure

Blood samples (5 mL) obtained from humans (equal women and
men persons) after filling a consent form by each person. The per-
sons were referred to a clinical lab to identify AMI symptom. The
values of Tnl concentrations in all the samples were determined by
ELISA measurements in 96-well plates coated with streptavidin.
A calibration curve using standard solutions of Tnl of 0, 1, 3, 6,
15 and 30ngmL-! was plotted. Then, serum was extracted from
the blood samples and analyzed by the ELISA kit, according to its
instruction. These samples were then diluted with distilled water
(to place within the linear range of the aptasensor) and assayed by
the aptasensor using a calibration curve.

3. Results and discussion
3.1. Characterization of the gold nanodumbbells

The details of preparation of the ND-Au electrode are schemati-
cally shown in Supplementary material S1. The surface morphology
and size of the gold nanodumbbells were investigated by FESEM.
Fig. 1 shows FESEM images (A-C) of the ND-Au electrode surface
with different magnifications and an EDS spectrum (D). In the
images, arrays of dumbbells of about 50-150 nm in diameter are
observed covering entire the surface. The nanodumbbells have a

AR | ° ’

Aptamer MCH  Ferro/ferricynide Tnl

Scheme 1. Fabrication protocol of the aptasensor and Tnl detection.
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Fig. 2. OCP of an ND-Au screen-printed electrode during self-assembling process of 10 pL of 10.0 wmol L-! aptamer.
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Fig. 3. DPVs of ferro/ferricyanide recorded using the aptasensor in Tris before and after binding with Tnl solution of 2 ngmL-"! at different incubation times at 37 °C.
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Fig. 4. DPV:s of ferro/ferricyanide recorded using the aptasensor in Tris before (the upmost curve) and after binding with Tnl of 0.05, 0.125, 0.25, 0.50, 1.0, 2.0, 5.0, 10, 25, 50,
150, 250 and 500 ngmL-", and a DPV of ferro/ferricyanide recorded using the Au/aptamer electrode in Tris before (the lowest curve) binding with Tnl. Inset: Dependency of

the peak currents in DPVs on the Tnl concentration.

uniform morphology with high porosity providing a high surface
area. The real surface area of the ND-Au electrode was electro-
chemically measured (Supplementary material S2). It was found
that the Auand ND-Au electrodes had real surface areas of 0.035 and
0.26 cm?, respectively, matching roughness factors of 1.11and 7.51,
respectively. This indicates that the nanodumbbells provide a high

surface concentration of immobilized aptamer resulting in incre-
ment in the sensitivity of the aptasensor. The EDS spectrum is also
confirmed the purity of the nanodumbbells. For nanodumbbells
electrodeposition, a potential of 0 mV (vs. AgCl) was applied which
is highly negative, compared to the formal potential of gold redox
reaction (Au3* +3e- 34 Au, E9=1.27V, vs. AgCl). This caused to a



66 M. Negahdary et al. / Sensors and Actuators B 252 (2017) 62-71
Table 1
A comparison between different methods of Tnl detection.
Detection method Nanomaterial employed Sensitivity? Detection range LOD Ref.
Electrical immunosensing Silicon nanowire - 5pgmL-'-5ngmL! 5pgmL-! [19]
Electrochemical immunochip - 0.62,1.01nAngmL~!  20pgmL-'-12.5ngmL"! 25pgmL-! [20]
Electrochemical aptasensing ® Silica nanoparticles 0.05 pA (log 1-10000 pmol L1 1.0pmol L1 [31]
(ngmL-1))-1¢
Electrochemical immunosensing - - 10-100 fg mL! 10 fg mL-! [47]
Electrochemical microchip - - 0.2ngmL~'-10 pgmL-! 148 pgmL-! [48]
Electrochemical immunosensing ~ AuNPs - 1-100 ng mL~! - [49]
Electrochemical immunosensing ~ AuNPs - 0.25-100 ng mL~! 0.25ngmL! [50]
Electrochemical immunosensing - 55wAng~' mL 1-100 ng mL~! - [51]
Electrochemical immunosensing ~ AuNPs - - 0.2ngmL-! [52]
Surface plasmon resonance-based - - 0-160 pgL! 68nglL! [53]
immunosensor
Electrochemiluminescence AuNPs - 0.1-1000 ng mL~! 0.06ngmL-! [54]
immunosensor
Electrochemiluminescence AuNPs - 0.1pgmL~'-0.2ngmL"! 12 fgmL! [55]
immunosensor
Surface acoustic wave AuNPs - 0.06-1.5ngmL~! 6.2 pgmL-! [56]
immunosensing
Electrochemical peptide-enabled - 0.03 impedance 0-10 pgmL-! 0.34 pgmL-! [57]
biosensing pg ' mL
Colorimetric immunosensing AuNPs - 0.01-5ngmL"! 0.01 ngmL~! [58]
Electrochemical molecularly - 0.24 pAng~' mL 0.05-5.0 nM 0.027 nM [59]
imprinted polymer sensor
Field-effect transistors Silicon nanowire - 0.092-46 ngmL~! 0.092ngmL-! [60]
immunosensing
Electrochemiluminescence AuNPs - 2.5-10,000 pgmL-! 2pgmlL-! [61]
immunosensor
Electrochemical immunosensing  Nanostructured tungsten trioxide 26.562ng 'mLcm?  1-250ngmL-! 16ngmL-! [62]
Electrochemical immunosensing ~ Nanocomposites of AuNPs 4.01 pAng~ ' mL 0.05-3ngmlL-! 0.05ngmL-! [63]
Electrochemical peptide-enabled ~ AuNPs 934Qg 'mL 15.5pgmL-'-1.55ngmL"! 3.4pgmL-! [64]
biosensing
Electrochemiluminescence AuNPs - 3.0x107"2-7.0x 10~ gmL"" 0.5pgmL~! [65]
peptide-enabled biosensing
Electrochemical immunosensing Pt nanoparticles 802 (log (ngmL~1)) 0.01-10ngmL~" 4.2 pgmL~! [66]
-1 ¢em2
Electrochemical immunosensing  Graphene-multi walled carbon 63.5%2 (log (ngmL~')) 0.001-10ngmL~" 0.94pgmL-! [67]
nanotubes -1 em?
Field-effect transistors ZnO nanoparticles - 1ngmL-'-10 pgmL! 3.24pgmL! [68]
immunosensing
Electrochemical immunosensing  Au and Ag nanoparticles 91% 0.1-32ngmL-! 0.1 ngmL-! [69]
Electrochemical aptasensing 9 Array of Au nanodumbbells 2.06 pA (log 0.05-500 ng mL~" 8.0pgmL-! This work

(ngmL-1))"1, 100%

(0.36 pmol L)

a. Values presented as physical quantities are calibration sensitivity, and values presented in percent are diagnostic sensitivity.

b. Aptamer sequences:
5'TCACACCCTCCCTCCCACATACCGCATACACTTTC TGATT3'
5'CCCGACCACGTCCCTGCCCTTTCCTAACCTGTTT GTTGAT3’
5’ ATGCGTTGAACCCTCCTGACCGTTTATCACATACT CCAGA3’
5'CGTGCAGTACGCCAACCTTTCTCATGCGCTGCCC CTCTTA3’
5'CAACTGTAATGTACCCTCCTCGATCACGCACCACT TGCAT3’
5'CGCATGCCAAACGTTGCCTCATAGTTCCCTCCCC GTGTCC3’
c. The value was calculated from Fig. 3 in Reference [31].
d. Aptamer sequence:

5" (SH)-(CH3)6-AGTCTCCGCTGTCCTCCCGATGCACTTGACGTATGTCTCACTTTCTTTTCATTGACATGGGATGACGCCGTGACTG3&#x2032

rapid initial generation of a large number of gold nuclei (clusters
and atoms) which was also accelerated by the Au electrode sur-
face [44]. At the same time, putrescine (as an amine) was adsorbed
on the surface of gold nuclei [45], while it born a net positive
charge due to protonation of amine groups in the synthesis solu-
tion. Therefore, further adsorption of AuCl,~ ions occurred along
the putrescine adsorbed plane.

3.2. Fabrication of the aptasensor

To optimize the immobilization time of the aptamer onto the
ND-Au electrode surface, OCP of an ND-Au screen-printed elec-
trode during the self-assembling process of 10 L of 10.0 wmol L~
aptamer at the surface was recorded at4 °C and shownin Fig. 2. OCP
changes showed continuous changes and reached a steady value
after ~80 min. This indicates a dramatic attachment of the aptamer

to the gold nanodumbbells surface, and this time was selected for
the fabrication of the aptamer-immobilized gold electrodes.

In order to optimize the binding time of Tnl to the aptamer at
the aptasensor surface, DPVs were recorded using the aptasensor
before and after binding with Tnl solution of 2 ng mL~! at different
incubation timesat37 °C. The results are represented in Fig. 3. Based
on the results (vide also infra), upon increment in the binding time,
the peak current continuously decreased up to 40 min of binding
time, and then reach to a stable value. Therefore, the maximum
decrement in the peak current was observed for 40 min of binding,
and this time was selected as the optimum binding time.

3.3. Evaluation of the aptasensor to detect Tnl

Fig. 4 shows DPVs recorded using the aptasensor, before and
after binding with various concentrations of Tnl. The aptamer
bears a net negative charge due to its phosphate-sugar back-
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Fig. 5. DPVs of ferro/ferricyanide recorded using the aptasensor in Tris before (Without) and after its binding to 5.0 ngmL-! Tnl, and 50ngmL-! and 25 mgL~" of bilirubin
(A), 0.5, 5.0, 20, and 50 ngmL~! of hemoglobin (B), 50 ngmL~"! and 65gL-! of human serum albumin (C), 0.5, 5.0, 20, and 50 ngmL~" of heparin (D), and 0.5, 5.0, 20, and
50 ngmL-! of EDTA (E). Changes in the peak currents for theses interferences as percentage of the 5.0 ngmL-! Tnl current (F).

bone. Therefore, ferro/ferricynaide ions have a certain approach
to the aptamer surface and generate a certain peak current in
DPVs. On the other hand, Tnl also bears a net negative charge
in the working pH due to its isoelectric point of 5.2-5.4 [46].
Therefore, Tnl binding with the aptamer caused to an increment
in the negative surface charge of the aptasensor; this increment
was increased upon further increment in the Tnl concentration
and further repelling ferro/ferricynaide ions from the aptasensor
surface. Hence, the aptasensor acts as a signal-off device. In the
figure, a DPV of ferro/ferricyanide recorded using the Au/aptamer
electrode in Tris before binding with Tnl is also depicted. Com-
paring the peak currents in DPVs recorded for the Au/aptamer

electrode and the aptasensor reveals that the nanodumbbells pro-
vided a larger surface area and a higher surface concentration of
the aptamer. Dependency of the peak currents in DPVs recorded
using the aptasensor for different concentrations of Tnl presented
in Fig. 4 on the Tnl concentration is shown in Fig. 4, inset. The plot
is linear in the range of 0.05-500 ng mL~! of Tnl with a regression
equation of y = —(2.0602 +0.0282)x +(10.6731 £ 0.0408). Based on
the results, a limit of detection (LOD) for Tnl was calculated with
a corresponding signal equal to 30 (o is the standard deviation
of the blank signal) and obtained as 8.0 pgmL-!. In Scheme 1,
fabrication of the aptasensor and Tnl detection is presented. A com-
parison between different methods of Tnl detection is also made in
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Fig. 6. DPVs of ferro/ferricyanide recorded using the aptasensor in Tris for the repeating fabrication cycles (A), and for rebinding with Tnl (B). For the voltammograms in (A),
after each fabrication, the aptasensor was washed by the Piranha solution and then re-fabricated (five times). For the voltammograms in (B), after binding the aptasensor
with 1.0ng mL-! Tnl, it was placed at 95 °C for 5 min, then rebind with the same concentration of Tnl, and this cycle was repeated (five times).

Table 1. The aptasensor had better or comparable characteristics,
and compare to the other aptamer-based Tnl biosensor [31], it is
fabricated more simple without using expensive transducer and
redox marker, with higher sensitivity and lower LOD, based on a
different aptamer.

In order to inspect the selectivity of the aptasensor, the interfer-
ing effect of human serum albumin, bilirubin, hemoglobin, heparin
and ethylenediaminetetraacetic acid (EDTA) were evaluated. It
should be noted that the highest levels of albumin is 5.5g dL™1,
(total) bilirubin is 1.9 mgdL~!, and hemoglobin is 18 g dL~! in the
blood. Heparin and EDTA are not naturally present in the serum
samples, however, it is probable to add these species to the blood
to obtain “plasma” samples. In addition, during serum sampling,
hemoglobin settles and is not present in the serum, otherwise for
inaccurate serum sampling. As for albumin interfering, due to the
high difference between its molecular weight with Tnl (~66 kDa
for human serum albumin and ~23 kDa for Tnl), the serum samples
can be filtered by a typical ~40kDa filter membrane to eliminate
the albumin interfering. For quantitative evaluation, DPVs were
recorded using the aptasensor after its binding to the interferences.
Hemoglobin, heparin and EDTA were evaluated at four different
concentrations of 0.5, 5.0, 20, and 50 ng mL~!, human serum albu-
min at two concentrations of 50 ngmL~! and 65 gL~1, and bilirubin
at two concentrations of 50ngmL-! and 25mgL-! were evalu-
ated. The results are shown in Fig. 5(A-E). Changes in the peak

currents for theses interferences as percentage of the 5.0 ng mL~!
Tnl current are shown in Fig. 5(F). It should also be added that
the different biologicals of enzymes, proteins, antibodies and hor-
mones are present in the blood serum with high concentrations,
and because the aptasensor was successfully applied for the anal-
ysis of Tnl in the serum samples, (vide infra), the aptasensor was
selective. In this regard, DPVs were recorded using the aptasensor
after its binding to Tnl, or Tnl in the presence of HSA (Supplemen-
tary material S3). Based on the results, it seems that the interfering
effect of this protein was decreased significantly in the presence of
Tnl.

3.4. Reproducibility, regeneration and stability of the aptasensor

After fabrication of the aptasensor, it was washed by the Piranha
solution and then re-fabricated, and repeat this cycle five times to
evaluate the fabrication reproducibility of the aptasensor. During
the cycles, DPVs for the aptasensor were recorded and shown in
Fig. 6A. In these DPVs, change in the peak current was inconsider-
able with a relative standard deviation (RSD) of 3.9%.

After binding the aptasensor with a Tnl concentration of
1.0ngmL-1, it was placed at 95°C for 5 min to release the bound
Tnl. Then the aptasensor was rebind with the same concentration
of Tnl, and this cycle was repeated five times. During these cycles,
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Sample Number

Tnl levels-ELISA

Tnl levels-Aptasensor

Negative samples-Negative results

1 0.2
2 0.4
3 0.2
4 0.2
5 0.3
6 0.3
7 0.1
8 0.2
9 0.1
10 0.2
11 0

12 0.1
13 0.4
14 0.2
15 0.2
16 0.3
17 0

18 0
19 0
20 0.4
21 0.48
22 0
Negative samples-Positive results (false positive)
23 0.3
24 04
25 0.2
26 0.2
Positive samples-Positive results
27 1

28 0.7
29 0.5
30 8.4
31 1.1
32 0.5
33 0.8
34 0.5
35 43
36 1.2
37 0.8
38 0.6
39 9.4
40 1.1
41 1

42 0.5
43 5.6
44 13
45 32
46 11.8
47 8.6
48 73.7
49 5.1
50 14
51 32
52 28.7
53 6.5
54 24.7
55 9.5
56 4.6
57 9.8
58 3
59 5
60 0.9
61 1.1
62 53.9
63 16.3
64 15.4
65 2.1
66 389
67 14.9
68 2.9
69 68.7
70 31.8
71 84.8

0.26
0.38
0.16
0.14
0.41
0.49
0.24
0.20
0.04
0.22
0.01
0.08
0.38
0.37
0.12
0.29
0

0.02
0.03
0.24
0.20
0.02

0.57
0.56
0.72
0.64

0.88
0.90
0.55
11.63
1.25
0.64
1.06
0.51
4.13
1.07
0.98
0.95
4.91
1.76
1.72
0.75
4.12
1.14
3.46
8.85
7.54
65.9
24.5
8.68
4.10
17.2
8.45
19.1
18.6
1.84
17.7
5.04
3.90
0.51
1.41
16.3
10.5
20.8
4.28
279
18.0
3.60
48.0
31.8
82.7

Table 2 (Continued)

Sample Number Tnl levels-ELISA Tnl levels-Aptasensor
72 84.4 71.9
73 68.7 51.3
74 2 2.20
75 1.4 2.24
76 12.6 8.25
77 55 57.9
78 354 41.6
79 49.8 40.6
80 12.9 22.6
81 9.6 15.2
82 21.3 24.5
83 321 31.9
84 11.7 204
85 414 44.1
86 6.0 9.60
87 10.7 18.8
88 3.0 1.98
89 292 30.7

DPVs were recorded and shown in Fig. 6B. The relative change in the
peak current differences for the regeneration had a RSD of 12.0%.

The aptasensor was bound with a Tnl concentration of
1.0ngmL-1, and then DPVs were recorded in consecutive days,
while it was stored in Tris at 4°C. It was found that the aptasen-
sor signal slowly decreased, and reach to 85% of the initial value
after 6 days. Therefore, 5 days was considered as the stability time
of the aptasensor.

3.5. Applications of the aptasensor in early detection of AMI

In order to employ the aptasensor for the detection of AMI in
human, blood serum samples of healthy persons and patients were
firstly analyzed by the ELISA kit. Then, DPVs were recorded for all
the samples. The obtained quantitative results for the Tnl levels in
all the samples determined by ELISA and the aptasensor are pre-
sented in Table 2. The results indicated that in the 89 samples, there
were 4 false positive results with no false negative ones. Therefore,
the aptasensor had a diagnostic sensitivity of 100% and a diagnostic
specificity of 85%.

4. Conclusion

Due to the importance of detection of Tnl biomarker in the
diagnosis, prevention and treatment of AMIs, fabrication of a Tnl
sensor is an important achievement in health policies and prevent-
ing deaths caused by AMIs. Here, an array of gold nanodumbbells
which was simply fabricated was applied to design an electrochem-
ical Tnl aptasensor indicating a successful typical application of
chemistry, medicine and nanotechnology in the advanced and fast
diagnosis of AMIs. This Tnl aptasensor had high detection ability
with low cost without using any tag or label, and can be used as an
alternative to other conventional diagnostic methods for clinical
analysis of AMIs.
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