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Introduction  

Troponins are proteins found in muscle, skeletal, and heart 

fibers, that cause muscle contraction.1 Normally, the level of 

troponin enzyme in the bloodstream is extremely low. 

However, after damage to the heart muscles the level of the 

troponin enzyme of the heart increases. After about 10 to 14 

days this enzyme gradually decreases in order to return to 

the normal level, and it has the highest stability in cardiac 

markers of troponin enzyme.2,3 Since there are different 

levels of the troponin enzyme in different bodies (blacks and 

whites, men and women, athletes and non-athletes, people 

who have had heart surgery, or have pre-existing heart disease), 

it is better to measure the troponin changes over time in 

order to be aware of the possibility of any heart diseases by 

examining its changes. In other words, an increase in troponin 

levels, predicts cardiac events4 Regarding to the higher 

specificity of troponin I enzyme compared to CK-MB and 

even troponin T, troponin I enzyme is called a golden 

biomarker for investigating cardiac problems. Studies have 

shown that the sensitivity of the troponin enzyme is 100% in 

quantitative and 90% in qualitative assays. This issue is 

related to the amount of base enzyme in different bodies. In 

quality tests, this is the only enzyme examined in bodies. If 

the enzyme is higher than the amount specified in the test 

strip, the test result declares positive. However, if the 

person's body is potentially high in troponin, the test result 

will be positive again.5 The lab-on-chip is a device that is 

formed from one or more laboratory operators on a chip.6 It 

actually makes several laboratory operations available on 

just one single chip. The laboratory chip deals with the flow 

of very small volumes of liquids (nanoliter to picoliter) 

within micron channels that are applied by the single or 

multiple in-chip processes for chemical analysis.7 In fact, 

each part of the chip has the same function as one part of the 

lab. So this technology is named "lab-on-chip".8 One of the 

advantages of the lab-on-chip technology is the lower 

manufacturing costs in production, consuming less volume 

of fluids for analysis, and a shorter time needed for testing 

and massive conclusion. Several methods have been reported 

for a better detection of cTnI about the using of laboratory 

chips to measure the amount of troponin including the enzyme- 
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linked Immunosorbent assay method - Electrochemiescence, 

fluorescence, and colorimetric methods.  

The aim of the present study was to provide a model for 

measuring troponin enzyme that is portable and implemented 

on silicon by study troponin test methods that can be 

performed in the laboratory. The measurement results must 

be very accurate and the device should be user friendly, and 

most importantly the result time must be as soon as possible 

in order to achieve the goal of building this laboratory on the 

chip. All this process is done in order to eventually be able 

to prevent a heart attack. 

 

Materials and Methods 

Programming and Designing a Measurement System 

To measure the concentration of troponin enzyme in a blood 

sample, we must be able to separate the enzyme from the 

other components of the blood. There are different methods 

for separating blood components from each other. Using 

aptamer is the method used in this experiment. It works by 

reacting with the enzyme troponin in a blood sample to 

separate it from other blood components. The selected 

aptamer is in accordance with the sequence: 5′-CTAGTG 

GTCCTAAACATTTCACTTT-3′. The aptamer must first be 

coated on a substrate so that the troponin enzymes in the 

blood sample that are exposed to the substrate must react 

with the coated aptamers on the substrate to separate from 

the rest of the blood. In the next step, the amount of troponin 

enzyme isolated from the rest of the blood components must 

be measured, so that the amount of isolated enzyme is 

converted into measurable amounts such as light, scatter, 

electric current, etc. in order to be measurable. The method 

selected in this research is the electrochemical impedance 

measurement method and its operating method is that an 

electrochemical cell containing three conductive electrodes 

is exposed to alternating voltage and with a constant value 

when the output electronic current can be measured. Any 

factor in the electrochemical cell that changes the current 

flowing through the circuit causes a change in the resistance 

(impedance) of the electronic circuit.9 

In order to be able to use the electrochemical impedance 

method to measure the concentration of troponin, the isolated 

troponin enzyme must be placed in the electrochemical cell 

to change the current flowing through the circuit. Nano-

substrates are very suitable for coating by aptamers due to 

their high conductivity, so a carbon nanotube electrode for 

the substrate is a good option. 12 ng/ml-12×105 ng/ml with 

the lowest possible detection limit of 0.043 ng/ml Therefore, 

the use of the aforementioned aptamer on the carbon nanotube 

in the electrochemical method enables the measuring range 

of troponin enzyme between 12ng/ml-12×105 ng/ml with the 

lowest detection limit of 0.043 ng/ml. The results show a 

95% confidence level. 

Each electrochemical cell consists of at least two electrodes, 

one of which is the reference electrode, which is made of 

silver or silver chloride, but the other electrode, which is a 

working electrode, can be made of carbon nanotubes, which 

are very suitable substrates for reacting with aptamers. 

Carbon nanotubes can be used as a working electrode. The 

nanotubes are first functionalized by functional groups and 

chemical methods and then coated with aptamers until the 

working electrode is exposed to a blood sample. The troponin 

enzyme in the blood sample reacts with the aptamer and the 

other components are removed. Since the purity of the 

electrode affects its flow, we first place the carbon nanotube 

when it is coated with aptamers and not exposed to the 

enzyme troponin, and measure its output impedance when 

the electrode is exposed to the blood sample. When the 

electrode is exposed to the blood sample, it reacts with 

troponin enzyme and as a result the current passing through 

the electrode changes. As shown in a previous study,10 a 

linear relationship between the logarithm of the enzyme 

troponin concentration and the output impedance is established 

when in several blood samples. If the concentration of 

troponin enzyme is known, the output impedance of the test 

is calculated and the line equation is determined. The 

selected board must be programmed to let us meet the 

desired results. Electrochemical sensor acts as the device 

input sensor and is the brain board of the device. This brain 

follows the rules of the program written on the microchip. 

The program should be written as follows: 

After turning on the device and adding analyte to the 

substrate, the device applies a specified voltage in a 

specified range and for a specified time according to the 

recorded repetition to the electrodes and finally records and 

analyzes their output. The electronic hardware of the 

laboratory device was simulated in proteus software version 

8.1.13 and finally the impedance output was calculated. 

Electrochemical cell simulation in Proteus software can be 

done by using capacitors, resistors and diodes to show the 

function of an electrode and finally electrochemical cell, 

which shows a behavior similar to electrochemical cell.11,12 

 

Results 

An overview of the laboratory on the chip is shown in Figure 

1, which shows how to obtain a sample, the operation of the 

electrodes and the device schematically. The blood sample is 

placed on the test bed, which is the electrochemical cell. 

Aptamers are located inside this electrochemical cell that 

reacts with the enzyme troponin in the blood and separates 

them from the blood and the enzymes adhere to the surface 

of the nanotube. This test bed enters the device to apply 

voltage to the electrochemical cell. 

Figure 2 shows the instruments needed in the laboratory on a 

chip that are used to measure the concentration of the 

enzyme troponin by changing the output impedance of the 

electrodes. In this laboratory, the microchip and Arduino board 
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Figure 1.  Schematic of Working Electrode Function. 

 

 
 

 

Figure 2. Extensive Schematic of Lab-on-Chip. 
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are used to change the voltage from direct voltage of battery 

to alternating voltage and apply it to electrochemical cells. By 

measuring the output current from the circuit and performing 

programmed calculations, the output impedance is first 

calculated and then based on the calculated impedance, the 

amount of troponin enzyme present in the sample is 

calculated. The last step is to display the concentration of the 

troponin enzyme. 

 

Validation and Accuracy of Measurement System 

Given that the accuracy and precision of the number 

obtained from the experiment is very important for us, so, 

the accuracy of the results must be ensured. Therefore, lab-

on-chip experiments should be performed in the presence of 

analytes with different concentrations of troponin enzyme, 

without the presence and with the presence of troponin 

enzyme, with or without the presence of irritants such as the 

enzyme troponin type c, troponin type T, myoglobin, and 

etc, to understand the accuracy of the system by comparing 

the resulting numbers and real numbers. In addition, its 

repeatability should be measured which shows the accuracy 

of the system by repeating the experiment many times. The 

lab on chip device is built according to the above and its 

performance is tested. 

 

 

Figure 3. The Schematic of Device Making. 

 

 

Figure 4. Oscilloscope Output. 
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The schematic of making the device in general is shown in 

Figure 3, in which the electrodes are placed on the test bed 

and the test bed is placed inside the device. By applying 

voltage to the electrochemical cell, the current output is 

measured by the electronic board and calculated by the 

program. The recorded troponin concentration is calculated 

and displayed on the display. 

As shown in Figure 4, by an oscilloscope in which our 

input voltage is converted from direct voltage to square or 

quasi-sine voltage, in the selected method of this research 

AC voltage is required and because this measuring device is 

portable and it is mobile, we do not have access to AC 

voltage. However, we can use a direct voltage battery and 

programming the Arduino board to convert the voltage 

output from the Arduino board to AC voltage according to 

the desired voltage and frequency. 

 

 
 

Figure 5. Impedance Calculation Cycle. 

 

 

 

Figure 6. Delta Impedance Diagram in Terms of Troponin Concentration Logarithm. 

y = 0.41x + 0.0609
R² = 0.99

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5

∆
R

 

LOG TROPONIN (NG/ML)

LOGARITHM OF TROPONIN CONCENTRATION BASED ON IMPEDANCE 
CHANGE

http://www.biotechrep.ir/


http://www.biotechrep.ir 

Jafarypour et al 

 

939  |  J Appl Biotechnol Rep, Volume 10, Issue 1, 2023  

 

Table 1. Calculation of Troponin Concentration Logarithm 

∆R LOG Troponin (ng/ml) 

1.01 2.32792 

1.35 3.0125 

0.56 1.286719512 

0.87 1.995756 

1.37 3.193512 

0.71 1.597853001 

0.73 1.643414 

1.37 3.219512 

0.86 1.87211123 

0.58 1.40023 

1.35 3.146341463 

0.99 2.268292683 

0.44 0.7007 

1.29 3.0321439 

1.15 2.455697 

1.91 4.512195122 

0.61 1.341463415 

1.5 3.512195122 

1.65 3.9858 

1.41 3.125487 

0.98 2.243902439 

0.79 1.987867 

1.23 2.853658537 

1.325 3.085365854 

0.73 1.7823342 

1.37 3.157987 

1.5 3.512195122 

1.65 3.87804878 

1.41 3.292682927 

0.98 2.243902439 

 
Table 2. Comparison of Actual Troponene Concentration Entering the 

System and the Measured Concentration 

Troponin Concentration (ng /ml) 

According to Calculations 

 Actual Troponin 

Concentration (ng /ml) 

212.77 234 

1029.20 1043 

19.35 31 

99.03 132 

1561.39 1535 

39.61 62 

44.00 72 

1657.72 1660 

74.49 81 

25.13 36 

1400.69 1410 

185.48 195 

5.02 18 

1076.82 1090 

285.56 296 

32523.34 32540 

21.95 32 

3252.33 3270 

9678.32 9660 

1335.02 1365 

175.35 150 

97.24 120 

713.93 790 

1217.21 1240 

60.58 92 

1438.76 1489 

3252.33 3264 

7551.77 7594 

1961.93 1998 

175.35 202 

 

Figure 5 shows the result of running a simulated program 

in Proteus, which shows that each concentration of troponin 

enzyme can be measured according to the program written 

for the Arduino impedance board. Also, the measured 

impedance behaves according to the Nyquist diagram. 

In this research, the delta impedance diagram was drawn 

according to the logarithm of troponin concentration according 

to Figure 6 and its linear equation was calculated. Its linear 

equation is: y = 0.41x + 0.060 (R² = 0.99). 

In the following, the logarithm of troponin concentration is 

calculated using electrochemical impedance and line 

equation, which is mentioned in Table 1. 

This device was tested by samples with a certain concentration 

of troponin enzyme. The amount of impedance is in the line 

formula and the logarithm of the concentration of troponin is 

calculated. Finally, the concentration of troponin is calculated 

and compared with its real value, which compares the 

amount of real troponin. The troponin calculated by the device 

is listed in Table 2. 

 

Discussion 

In the model presented in this research, the operation of 

separating the troponin enzyme from the analyte is done by 

carbon nanotubes and specific aptamers, and then with the 

help of the cyclic voltameter method, using an electronic 

circuit containing a microcontroller and by applying voltage, 

the resulting current is measured. The microcontroller manages 

the final current and calculates the troponin concentration. 

This circuit is a constant voltage electronic circuit that is 

supposed to generate an alternating voltage to run the cyclic 

voltammeter method. Previous studies have used qualitative 

diagnostic kits that measure regardless of the basal level of 

troponin in the body. In laboratories, methods such as cyclic 

voltammeter and chromatography have been used. However, 

this method combines the cyclic voltammeter method to 

measure the enzyme troponin with the combination of 

chromatography and carbon nanotubes to separate the enzyme 

in the analyte and calculate its value on a microcontroller. In 

this proposed method, by combining the mentioned methods, 

we presented a model that can calculate the enzyme 

concentration in a short time, and this device can be used on 

a mobile basis and is easy to use and does not require 

specialized training.  

As rapid diagnosis is extremely important in the treatment 

of myocardial infarction, diagnosing it in the golden time 

after a myocardial infarction and taking the necessary 

measures to treat it, can prevent serious damage to the heart 

muscle. This is due to the fact that the symptoms of a heart 

attack are different and are felt differently in each person and 

people may actually confuse it with other illnesses such as 

stomach pain. It is possible to perform a troponin test 

nowadays either in a laboratory or qualitatively, with only a 

yes/no answer. However, it only indicates whether the enzyme 

in the blood is more or less than the amount specified in the 

kit, which is not an acceptable reference method for 

confirming heart damage. Due to the fact that the amount of 

enzyme base in each person's body is different, and the test 
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can only be done in a laboratory, so it is not practical to use 

this method in ambulances and homes. After going to the 

hospital and taking a blood sample in a well-equipped 

laboratory, tests are performed, which is a waste of time. As 

a result, a device is needed that can be portable to be used in 

homes and ambulances or even emergencies, and the test 

result must be announce at high speed so that it can be 

effective in early detection of heart damage. On the other 

hand, troponin enzyme is a type of enzyme that is found 

exclusively in the blood following heart damage. 

 The electrochemical biosensors designed to diagnose 

acute myocardial infarction, Electrochemical Impedance 

Spectroscopy (EIS) and Cyclic Voltammetry (CV) techniques 

have been used to measure cardiac troponin I (cTnI).13 

 

Conclusion 

The need for a prognostic tool is felt for the risk of heart 

attack due to the high prevalence of deaths caused by myocardial 

infarction. So far, different sensors and tools have been used 

to measure the amount of troponin in the blood, and different 

methods have been used to measure the enzyme troponin. In 

the present study, lab-on-chips, troponin enzyme, troponin 

assay methods, and research of predecessors in this field have 

been introduced. In the following, using electrochemical 

methods, a model for making a new lab-on-chip has been 

presented, and the important points that should be considered 

for presenting the model of this laboratory device are as 

follows: A device that has the ability to receive samples, separate 

samples into necessary and unnecessary components, extract 

the required information from the sample, analysis the 

obtained information, and provide the final report to the user. 

Table 3 shows the comparison between the use of different 

identifiers in the electrochemical method. 

Table 4 compares the test methods by different diagnostics 

and different measurement methods, which indicate the 

measurement range of each method and their detection limit. 

 
Table 3. Comparison of Limits of Different Detectors Detection in the Electrochemical Method 

The Study Method Research Fellow Used Identifier Linear Range Recognition Limit 

Electrochemical sensor 11 BSA/anti-cTnI/APTES/ZrO2/ITO 0.1–100 ng/ml 0.036 ng/ml 

Electrochemical sensor 12 AnticTnI/didodecyldimethylammoniumbromide/AuNPel 32 0.1 ng/ml 0.1ng/ml 

Electrochemical sensor 13 Anti-cTnI/PrGO/GCE 0.1–10 ng/ml 0.07 ng/ml 

Electrochemical sensor 10 Aptamer/Rgo/MWCNT/IL/AuNPs 12-12×10
5 ng/ml 0.043 ng/ml 

 
Table 4. Comparing the Performance of Different Methods 

The Measurement 

Method  
Identifier  Used Materials  Recognition Limit  The Measurement Range Reference  

Electrochemistry Aptamer  Au-Ag Alloy Nus 0.045 pg/ml 0.1-200 14 

Electrochemical Aptamer Array of Au nanodumbbells 8.0 pg/ml 0.05-500 ng/ml 15 

Flourescence Antibody HRP-Au NCs 0.03 0.1-100 16 

ELISA Antibody Horseradish peroxidase - 0.0312–1.0 17 

Fluorescence 

immunoassay 

Antibody (FMGC)-based sandwich 

immunoassay 

0.1 μg/L 0.1-100 18 

Electrochemical Aptamer Array of Au nanodumbbells 0.8 pg/ml 

 

0.05–500 ng/ml 19 

Electrical detection Antibody Monolithic graphene sheets 0.0001ng/ml 0.0001-1 ng/ml 20 

Electrochemical Antibody Gold Nanoparticle- ITO Electrode 0.5 ng/ml 1-100 ng/ml 21 

Electrogenerated 

chemiluminescence 

Aptamer Gold electrode 0.4 pg/ml 1-300 pg/ml 22 

Surface plasmon 

resonance 

Antibody Gold film 0.68 ng/L 0-160 μg/l 23 

Fluorescence Antibody Fluorescent labels with 532 nm 

and 650 nm lasers 

- - 24 

Electrochemical Aptamer Rgo/MWCNT/IL/AuNPs 0.043 ng/ml 12-12×10
5
 ng/ml 10 

Optic biosensor Antibody Ellipsometry, atomic force microscopy 0.00012 ng/ml 0.001–8.0 ng/ml 25 

Spectroscopy Aptamer Rapid gold 

Nanoparticle-quantum dot plexcitonic 

0.3 fM 0.4-2500 fM 26 

Electrochemical Aptamer pRNA-3WJ/Au (AuNS) - - 27 

Fluorescence based 

on surface plasmon 

Antibody SPCE fluorescence chips from thin 

gold (2 nm) to silver (50 nm) 

21.2 ag/mL 21.2 ag/ml (atto-g/ml) 28 

Electrochemical Antibody Pulse voltammetry 0.01 ng/ml 0.01-100 ng/ml 29 

Electrochemical Antibody ion-sensitive field-effect transistor 0.3 pg/ml 1-1000 pg/ml 30 

Electrochemical Antibody Dry chemistry-based sample-to-

answer, Ultrasensitive closed bipolar 

electrode-ECL (CBP-ECL) 

0.4416 pg/ml 0.001-100 pg/ml 31 

Magnetic nanotags Antibody Functionalized Magnetic Nanotags 0.08 ng/ml - 32 

 

Finally, the device is made by electrochemical method 

with the method presented in this research. The initial 

measurement by the device showed a 55% error, which was 

decreased to 13.5% error by calibrating the device and 

changing the measuring factors of the device. The device 

must reach 95% reliability by changing the electronic 

structural factors of the device, such as resistance, etc. The 

behavior of the simulated model was the same in the 

presence of disturbing factors and the absence of disturbing 

factors, which concludes that this method has the necessary 
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accuracy in the isolation of troponin enzyme. 
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