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Fabrication steps of digoxin aptasensor. The DPVs are for accumulated MB at FTO/GNPs/Ap, before 

(a) and after (b) incubation with digoxin. 
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Gold nanoparticles deposited on fluorine-doped tin oxide surface 

as an effective platform for fabricating a highly sensitive and 

specific digoxin aptasensor  

H. Bagheri,
a
 R.P. Talemi

b
 and A. Afkhami

c
 

In this paper we used a modified fluorine-doped tin oxide (FTO) as the substrate of a novel aptasensor for electrochemical 

determination of digoxin. For this purpose, a selective thiolated digoxin aptamer was immobilized onto the gold 

nanoparticles deposited FTO (GNPs/FTO) surface. Cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS), 

scanning electron microscopy (SEM) and atomic force microscopy (AFM) were used for the characterization of modified 

surfaces. The aptasensor response was based on decrease in the methylene blue (MB) current, as an electrochemical 

probe, after incubating with digoxin. Digoxin can be determined in linear concentration range from 0.02 to 0.2 µg/L by 

differential pulse voltammetry (DPV). The detection limit of the proposed aptasensor was 0.01 µg/L. Also, the fabricated 

aptasensor was applied to determine digoxin in urine and blood plasma samples with satisfactory results. Furthermore, 

high sensitivity and specificity, low detection limit and fast response, can make it possible to determine trace amounts of 

digoxin for routine clinical analysis.  

Introduction 

Aptasensors are essentially biosensors based on aptamers as 

recognition elements. In the recent years, there has been great 

interest in the development of aptasensors. 1 This is because the 

aptamers have high affinity and specificity to their target 

molecules. Furthermore, they have numerous advantages, such 

as easy chemical modification, good stability, convenient 

synthesis and high thermal stability. 1 Therefore, they would be 

extremely useful to fabricate aptamer based biosensors for the 

detection of various analytes with different signal transducers, 

such as optical 2-4, mass-dependant 5-7, colorimetric 8-10, and 

electrochemical systems. 11,12 Among various aptasensors, due 

to high sensitivity and specificity as well as simple 

instrumentation, only electrochemical aptasensor has been 

proved as a suitable method for detection of analytes. 

 A critical step while preparing an aptasensor is the 

immobilization of aptamer on the surface of a sensing device. 

The amount of immobilized aptamer will influence on 

accuracy, sensitivity, and stability of an aptasensor directly. 

Various strategies have been adapted for signal generation, 

amplification, and development of novel and sensitive 

electrochemical aptasensors.13-16 These methods include 

nanoparticle based aptasensors for signal amplification, 17-19 

signal-on measurement by the conformational change of 

aptamers 20-22, and a target-induced displacement method. 23-25 

 Nanomaterials, with unique physicochemical properties, 

have great utility in creating new recognition and transduction 

processes for chemical and biological sensors. 26-28 Gold 

nanoparticles (GNPs) are the most extensively investigated 

nanomaterials, due to their distinct physical and chemical 

attributes.28 

 The advantages of GNPs have encouraged researchers to 

explore novel sensing strategies with improved sensitivity, 

stability and selectivity. 29,30 A large number of approaches for 

supporting GNPs have been reported in literature. They have 

been supported either on the electrode surfaces 31 or on other 

conducting or semiconducting supports such as FTO. 32 GNPs 

have been used to modify FTO substrate leading to satisfactory 

simultaneous electrochemical detection of biomolecules such as 

guanosine and guanosine-5´-triphosphate in human blood 

samples at µmol/L level.33  

 Digoxin is a glycoside used in the treatment of congestive 

heart failure. In fact, it has been used for this for over 200 years 

and is still one of the most widely prescribed heart failure 

drugs. Strict control of digoxin therapy is necessary, because 

there is a thin line separating between therapeutic and toxic 

levels (0.05-0.2 µg/L) 34,35. The accurate detection of digoxin in 

biological fluids such as blood and urine is not an easy task due 

to its low concentration and generally complex biological 

matrices. Different techniques have been used to determine 

digoxin in blood and urine including the enzyme-multiplied 

immunoassay technique 36, fluorescence polarisation 

immunoassay 37, high performance liquid chromatography 

(HPLC) and radioimmune assay (RIA) 38 or fluorescence 

detection and LC/MS 39 or LC/MS/MS assay. 40   
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Figure 1. Schematic illustration of the fabrication steps of the electrochemical digoxin biosensor. The DPVs are for accumulated methylene blue (MB) at 
FTO/GNPs/Ap, before (a) and after (b) incubation with 0.1 µg/L of digoxin drug. 

Some of these methods are relatively tedious and have been 

largely replaced by RIA which is more practical. Although, 

RIA is sensitive and commonly used in clinical and non-clinical 

studies, it has specificity problems such as cross-reactions with 

digoxin metabolites and endogenous digoxin-like substances 

are known to occur.41 Therefore, the development of a sensitive 

and selective method for its determination is highly desirable 

for analytical applications and in researches in the field of 

clinical studies. 

 The aim of the present study was to develop a novel 

electrochemical aptasensor to measure digoxin based on a thiol-

terminated digoxin aptamer that its sequence has been studied 

previously.42 The fabricated aptasensor could be considered as 

a simple system in comparison with most reported aptasensors 

because it does not need any prelabeling step. In addition, 

GNP/FTO is prepared through a simple and rapid one-step 

mixing procedure without need to any complicated and costly 

synthetic strategies. To detect digoxin, DPV technique was 

used as an analytical method. MB as an electrochemical probe, 

can be easily intercalated into the immobilize aptamer and 

variation in its peak current measured by DPV. In the presence 

of digoxin, the decrease in the MB current was due to complex 

formation between aptamer and digoxin that desorbs the MB 

from aptamer surface. The proposed aptasensor showed high 

sensitivity, selectivity with acceptable repeatability, 

reproducibility and good biocompatibility. Its high sensitivity is 

due to specific and relatively strong interaction between 

immobilized aptamer and digoxin. The whole aptasensor 

fabrication process is schematically demonstrated in Fig. 1. 

Experimental 

Reagents 

The thiolated digoxin aptamer with following sequence 42 was 

purchased from Aminsan company (Tehran, Iran). 

5ʹ-S-H-AGCGAGGGCGGTGTCCAACAGCGGTTTTTTCAC 

GAGGAGGTTGGCGGTGG-3ʹ  

Analytical reagent grade chemicals and double distilled water 

(DDW) were used for preparing all aqueous solutions. 

Potassium nitrate, sodium chloride, magnesium chloride, 

K3Fe(CN)6, K4Fe(CN)6, hydrogen tetracholoroaurate 

(HAuCl4.3H2O), mercaptohexanol, potassium monohydrogen 

phosphate, potassium di-hydrogen phosphate, trisodium citrate 

and MB were obtained from Merck company (Germany). 

Instrumentation 

 The pH values were controlled with a pH/mV meter 

(Metrohm-827, Switzerland) supplied with a combined 

electrode. Voltammetric measurements were carried out with an 

EmStat (Electrochemical Sensor Interface) using the PS Trace 
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software from Palm Instruments BV (Netherlands) and 

electrochemical impedance spectroscopy (EIS) measurements 

were carried out on an Autolab 302N electrochemical 

workstation (Switzerland). The conventional three-electrode 

system which was composed of an Ag/AgCl (3.0 M KCl) as 

reference electrode, a platinum wire (Azar Electrode, Iran) as 

the counter electrode and a working electrode (modified and 

unmodified) were used. FTO coated glass slides, whose sheet 

resistance was ca. 15 Ω/sq. were purchased from Dyesol 

Company (Australia). SEM was obtained by a TESCAN 

scanning electron microscope (Czech). AFM images of the 

FTO and FTO/GNPs were observed by a microscope 

(Multimode Nanoscope 3D, Veeco Instruments Inc, USA) in 

the tapping mode in air using standard Si3N4 cantilevers. 

Fabrication of aptasensor 

 Firstly, FTO substrate was cleaned with ethanol and DDW 

successively. GNPs/FTO was prepared according to the 

literature.43 For this purpose, the FTO substrate was immersed 

into 25 mL solution of HAuCl4 (0.01% (w/v) in a beaker, and 

subsequently 2.5 mL aqueous solution of sodium citrate (0.01% 

(w/v) was added into the beaker. Then, the reaction mixture 

was heated at 75 0C for 30 min for preparing a GNPs deposited 

FTO substrate. In the next step, the FTO/GNPs surface was 

incubated at 10-6 mol/L of aptamer solution for another 2 h to 

covalently immobilize the 5'-S-H- aptamer. Then, surface of 

aptasensor was washed with PBS and denoted as 

FTO/GNPs/Ap. Afterward, the sensor surface was washed with 

DDW and subsequently was back-filled by spotting 50 µL of a 

0.01 mol/L aqueous solution of mercaptohexanol onto the 

modified surface with incubation for 30 min. This step was 

performed in order to improve the organization of the sensing 

surface by reorienting the thiolated aptamer for optimal and 

efficient operation by removing those non-specifically 

physisorbed onto the surface. Then, the sensor was thoroughly 

washed by DDW. 

Accumulation of MB onto aptamer surface 

 MB was firstly accumulated onto the aptasensor surface by 

immersing the FTO/GNPs/Ap into the stirred solution 

containing 20 µmol/L MB and 20 mmol/L NaCl for 10 min. 

After accumulation of MB, the electrode surface was 

thoroughly rinsed with high ionic strength rinsing buffer 

solution (10 mmol/L phosphate buffer solution (pH 7.0), 

containing 10 mmol/L KCl, 10 mmol/L MgCl2, and 100 

mmol/L NaCl). In order to determine digoxin, 10 mL digoxin 

solutions in different concentrations were incubated onto the 

sensing surface. After 45 min, the surface was rinsed with 

rinsing buffer to remove nonspecific adsorption of digoxin. The 

peak current of accumulated MB was measured as a function of 

the digoxin concentration. 

Preparation of real samples 

 Human urine samples were obtained from volunteer who 

had not taken digoxin and stored in a refrigerator at 4 ◦C 

immediately after collection (from the Rasht Health Centre). 

Ten milliliters of the sample was centrifuged for 5 min at 5000 

rpm. The supernatant was diluted 5.0 times with phosphate 

buffer solution (PBS) pH 7.0. The solution was transferred into 

the voltammetric cell to be analyzed without any further 

pretreatment. The standard addition method was used for the 

determination of digoxin in urine real sample. 

 In order to precipitate proteins of plasma samples, 1.0 mL 

of the sample was treated with 20 mL perchloric acid (HClO4, 

20% v/v). Then, the mixture was vortexed for a further 30 s and 

then was centrifuged at 1000 rpm for 20 min. The solution was 

diluted five times with the PBS (pH 7.0) and was transferred 

into a voltammetric cell. Once more, the standard addition 

method was applied for the determination of digoxin contents. 

 In this section, all experiments were performed in 

compliance with the relevant laws and institutional guidelines. 

In addition, informed consent was obtained for any 

experimentation with human subjects and the experiments were 

approved and conducted according to the guidelines of Iranian 

Committee of Bioethics, National Committee for Ethics in 

Science and Technology. 

 

Electrochemical measurements 

 The modified FTO surfaces obtained during the aptasensor 

fabrication were electrochemically characterized using EIS and 

CV based our previous work. EIS measurements were 

performed in 1.0 mmol/L K3Fe(CN)6/K4Fe(CN)6 (1:1) mixture 

containing 0.1 mol/L KNO3. The EIS measurements were 

performed with the frequency range from 104 to 0.1 Hz at the 

formal potential of the system, Eo = 0.182 V. DPV 

measurements were performed using 0.1 mol/L PBS (pH 7.0) 

solution as the supporting solution. The DPV parameters were 

pulse amplitude 50 mV, pulse width 50 ms, and with scan rate 

of 20 mV/s. To detect digoxin, MB accumulated 

FTO/GNPs/Ap was immersed in a solution containing a series 

of different concentration of digoxin and the MB current was 

measured using DPV method. 

 

Results and discussion 

Characterization of modified surfaces 

 Figs. 2A and B shows typical SEM images of a bare FTO 

and an FTO surface after modifying with GNPs in a direct 

chemical deposition. It can be seen that many quasi-spherical 

GNPs are deposited on the FTO electrode surface with a quite 

symmetric distribution. The average diameter of these quasi-

spherical nanoparticles is about 40 nm. The GNPs on the FTO 

electrode were quite stable and could withstand a repeated 

rinsing with DDW. No evident changes in the surface 

morphology and electrochemical behavior of the FTO/GNPs 

surfaces were observed after storage in an airtight container for 

2 months. 

 AFM studies could furnish the morphological characteristic 

of FTO and FTO/GNPs surfaces. In quantitative analyses of 

AFM images, the Rrms (surface roughness) is a useful parameter 

for comparative analysis. Fig. 2C and D illustrates the three 

dimensional view of the tapping mode image of the bare FTO 

(C) and FTO/GNPs (D) surfaces. From AFM measurements, 
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Figure 2. SEM image of a bare FTO (A), FTO/GNPs surface (B) and AFM images of bare 

FTO (C) and FTO/GNPs (D). 

 

the Rrms of the FTO/GNPs film (1.17 nm) is less than that of  

the bare FTO film (1.85 nm). The results confirm the 

morphological change of the FTO film after the modification, 

which might contribute to the creation of a new interface. 44 

According to the Randles–Sevcik equation: 45 

Ipc = (2.69 × 105) n3/2AD1/2C*v1/2  

where Ipc is the reduction peak current (A), n is the electron 

transfer number, A is the electroactive surface area (cm2), D is 

the diffusion coefficient of K4[Fe(CN)6] in the solution (cm2 s-

1), C* is the concentration of K4[Fe(CN)6] (mol cm-3), and v is 

the scan rate (V s-1), the electroactive surface area of different 

surfaces can be calculated. By exploring the redox peak current 

with the scan rate, the average electroactive area of bare FTO 

and FTO/GNPs surfaces were calculated 0.496 and 0.801 cm2, 

respectively. These results indicated that the presence of GNPs 

greatly improved the effective area of the electrode. 

Furthermore, the surface densities of the immobilized aptamer 

on the electrode surface at the presence and absence of the 

GNPs were calculated using a chronocoulometric method 

according to a previously reported procedure. 27 The surface 

densities of 8.4×1015 and 2.2×1014 molecule/cm2 at the presence 

and absence of the GNPs showed that they have a great effect 

on the immobilization of the aptamer.  

 EIS can provide valuable information on the change in 

impedance behavior of the surface. 46,47 Thus, EIS technique 

was employed to investigate the interface properties of FTO, 

FTO/GNPs, and FTO/GNPs/Ap surfaces. The Nyquist plots are 

shown in Figure 3A. The Randles model 48 was used as an 

equivalent circuit to describe the data of electrochemical 

impedance measurements. The fitting of the measured spectra 

is shown in (Fig. 3A-inset), where good agreement can be 

observed over the entire range of measured frequencies. The  

 

Figure 3. EIS (A) and CVs (B) of 1.0 mmol/L [Fe(CN)6]
3-/4-

 recorded on bare FTO (a), 

FTO/GNPs (b), and FTO/GNPs/Ap (c) in 0.1 mol/L KNO3. 

 

general equivalent electric circuit (Randles) includes the ohmic 

resistance of the electrolyte solution (RΩ), the Warburg 

impedance (W) resulting from ion diffusion from the bulk 

electrolyte to the electrode interface, the double layer (Cdl), and 

the charge-transfer resistance (Rct), which are admitted to exist 

when the electrolyte solution contains a redox probe. To our 

knowledge, the diameter of the semicircle in the Nyquist plots 

equals the electron transfer resistance (Rct). This resistance 

controls the electron-transfer kinetics of the redox probe at the 

electrode interface. As is evident from Figure 3A, for the bare 

FTO surface (a), a small value of Rct was observed. This result 

showed that there was a little resistance against charge transfer 

at the bare FTO surface. In the case of FTO/GNPs surface, a 

significant decrease in Rct value was observed in comparison 

with the FTO. This means that in the FTO/GNPs the electron 

transfer process between the solution and the modified surface 

is facilitated due to the presence of GNPs. Conversely, addition 

of thiolated aptamer onto the FTO/GNPs surface increased the 

Rct value from 1.0 to 8.1 kΩ. This behavior is attributed to the 

strong binding of the immobilized aptamer molecules with 

GNPs which impedes the charge carriers in the surface. 
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Figure 4. The DPV peak current of MB for the FTO/GNPs electrode after various 

aptamer concentrations used for immobilization (A), the DPV peak current of MB for 

the FTO/GNPs/Ap electrode at various pHs of supporting electrolyte (B), at different 

accumulation times of MB (C), and after different incubation times with 0.1 µg/L of 

digoxin (D). DPV parameters were 25 mV pulse amplitude, pulse width 50 ms, and a 

scan rate of 20 mV/S. Error bars show the standard deviations of measurements taken 

from three independent experiments. 

 

CVs were also used to monitor the fabrication process. CVs at 

the bare FTO and the different modified surfaces in 1.0 mmol/L 

[Fe(CN)6]
3-/4- were shown in Fig. 3B. A couple of well-defined 

redox peaks could be observed at the bare FTO (curve a). The 

peak currents at the FTO/GNPs (curve b) increased 

dramatically in comparison with those of curve a. The reason 

was that GNPs with large specific surface area and good 

conductivity could act as tiny conduction centers which 

facilitate the transfer of electrons, so it could accumulate much 

more [Fe(CN)6]
3-/4- on the modified surface. The 

immobilization of thiolated aptamer on modified surface 

induced a decrease of peak current, indicating that the aptamer 

has been successfully immobilized on the surface and the peak 

current decrease could be well assigned to the repellence of 

[Fe(CN)6]
3-/4- by the negatively charged phosphate backbone of  

aptamer (curve c). CV results were consistent with the 

observations of EIS experiments, which further confirmed the 

successful construction of the aptasensor. 

Optimization of some factor of aptasensor fabrication 

 As shown in Fig. 4A, the peak current increased 

dramatically with aptamer concentration increasing from 10-8 to 

10-6 mol/L, and the peak current intensity tended to be stable 

beyond 10-6 mol/L. Therefore, 10-6 mol/L was the saturated 

concentration of aptamer and was selected to be the optimized 

concentration of aptamer. The reduction reaction of MB was 

influenced by the pH value of the supporting electrolyte. Based 

on physiological conditions, pH values from 6.0 to 9.0 were 

tested and the results shown in Fig. 4B suggested the best 

performance was obtained in the PBS buffer solution with a pH 

value of 7.0. 

   

 

Figure 5. (A) DPVs of MB in PBS (pH 7.0, 20 mmol/L NaCl) on FTO/GNPs/Ap. before (a) 

and after incubation with different concentrations of digoxin. Concentrations of digoxin 

from b to i were 0.02, 0.05, 0.075, 0.1, 0.125, 0.15, 0.175, and 0.2 µgl/L, respectively. 

(B) The peak current of accumulated MB on the biosensor surface versus concentration 

digoxin. All measurements were carried out under the same conditions as those of Fig. 

5. (C) Selectivity analysis of the proposed aptasensor for digoxin toward some 

interference. The concentration of the digoxin was 0.02 µg/L and concentration of 

other interference were 10 µg/L. Error bars show the standard deviations of 

measurements taken from three independent experiments. 

 

Also, accumulation time of MB could influence on the 

responses of the aptasensor. Fig. 4C revealed that aptasensor 

response increased rapidly with increasing accumulation time 

from 1 to 10 min, then after 10 min it reached to equilibrium so, 

10 min was selected as the reaction time between the sensing 

interface with MB molecules. To optimize the digoxin 

incubation time, the proposed aptasensor was incubated with 

digoxin at various incubation times (20 to 60 min). The plot in 

Fig. 4D told us that the current response decreased with the 

incubation time from 10 to 40 min and reached a plateau after 

40 min. This result indicated that the formation of aptamer-

digoxin complex is complete after 40 min. Thus, 40 min was 

chosen as the optimum incubation time between the aptamer 

and digoxin.  

  

DPV determination of digoxin 

 The aptasensor response toward digoxin was investigated 

by recording DPVs of FTO/GNPs/Ap. The DPVs of the 

FTO/GNPs/Ap were recorded after incubation with different 

concentrations of digoxin in the optimized condition. As shown 

in Fig. 5A, the peak current of accumulated MB shows obvious 

decrease with increasing the digoxin concentration. This means 

that the MB-anchored aptamer is desorbed from the surface of 

aptasensor after reaction with the target digoxin. As seen in Fig. 

5B, the peak currents of accumulated MB onto the biosensor 

surface was linear with the concentration of digoxin as  

regression equation I (µA) = -136.55X (µg/L) + 35.34 (R2 = 

0.998) in a range of 0.02-0.2 µg/L.  A detection limit of 0.01 

µg/L of the digoxin was estimated using 3s/m (where s is the 

standard deviation of the blank solution (n = 5) and m is the 

slope of calibration curve).  
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 The observed detection limit and the linear dynamic range 

for digoxin at the proposed aptasensor are comparable and even 

better than those obtained for other modified electrodes (Table 

1). The high sensivity of proposed aptasensor can be assigned 

to specific interaction between aptamer and digoxin and 

deposition of GNPs onto the FTO surface. GNPs provide an 

appropriate template for successful immobilization of aptamer 

through strong covalent interaction by a well-known Au–S 

bond. 28 As a result, thiolated aptamer can be tightly grafted on 

the GNPs modified FTO surface. 

 On the other hand, as we know, the most critical step while 

preparing a aptasensor is the immobilization of DNA aptamer 

on the surface of a sensing device. The amount of immobilized 

aptamer will influence the accuracy, sensitivity, selectivity, and 

life of aptasensor directly. Because of the high surface-to-

volume ratio and excellent biological compatibility, GNPs can 

enlarge the sensing surface area to increase the amount of 

immobilized aptamer greatly, and the aptamer mixed with 

nano-materials can keep its biological activity well. 28 

 

Repeatability, Reproducibility and stability of the aptasensor 

 The repeatability, reproducibility and stability of the 

proposed aptasensor were investigated by DPV measurements 

of 0.1 µg/L digoxin solution. The relative standard deviation 

(RSD%) for five successive assays of digoxin was 3.2%, 

showing good repeatability of the aptasensor. To characterize 

the reproducibility, five aptasensor fabricated independently 

were used to determine 0.1 µg/L of digoxin, and the RSD was 

4.0%, revealed good reproducibility of the aptasensor. When 

the aptasensor was stored in  a refrigerator, the modified 

electrode retained 98% its initial response after a week and 95% 

after 30 days. These results indicated that proposed aptasensor 

had good stability. 

Selectivity of the digoxin biosensor 

 The selectivity is a very important factor for evaluating the 

applicability of the aptasensor in biological sample analysis. 
Tetracycline, narcotine, tebaine, pentazocine, morphine and 

codeine were employed to investigate the specificity of the 

aptasensor for the detection of digoxin. As shown in Fig. 5-C, 

while incubating 0.02 µg/L digoxin induces a remarkable 

decrease in the peak current of MB, however, after incubating 

the aptasensor with 2 µg/L concentration (100-fold higher than 

that of digoxin) of Tebaine, Pentazocine, Morphine, and 

Codeine, no recognizable signal were observed. This can be 

ascribed to this fact that the binding event between digoxin and 

aptamer is based on the specific recognition between them but 

not on the other factors, such as nonspecific adsorption. 

Therefore, the proposed strategy has a sufficient specificity to 

digoxin against other drugs and digoxin  could be identified 

with high selectivity.  

Analytical application 

 In order to demonstrate the ability of the modified electrode 

to the determination of digoxin in real samples, digoxin in urine 

and blood plasma samples were examined. Indeed, the  

Table 1. Comparison of the analytical parameters with other digoxin sensor. 

Ref. 

no. 

Detection 

method 

Limit of 

detection 

(µg/L) 

Dynamic linear 

range 

(µg/L) 

49 Fluorescence 3.2 × 10
-2

  4.0×10
-1

-2.7  

50 Fluorescence 4.4× 10
-1

 - 

51 CV 1.0× 10
-1

  1.0× 10
-1

 -99.9  

52 Dispersive liquid–

liquid 

microextraction 

1.56  7.8-390.5  

This 

work 

DPV 0.01  0.02-0.2  

 

Table 2. Analytical results of spiked urine and blood plasma samples 
a
. 

Sample Added digoxin 

(µg/L) 

Found digoxin 

(µg/L) 

Recovery 

(%) 

Urine - - - 

0.100 0.103 (±0.002) 103 

0.150 0.156 (±0.003) 104 

Blood 

plasma 

- - - 

0.100 0.104 (±0.002) 104 

0.150 0.159 (±0.002) 106 

a 
Values in parentheses are RSDs based on three replicates. 

performance of as-prepared aptasensor was measured by 

studying the recovery of the sensor. In this regard, the samples 

were prepared as described in the sample preparation section. 

Then, known concentrations of digoxin were added into the 

same sample volume before their being centrifuged. After 

sample preparation, the digoxin in the spiked samples was 

measured simultaneously.  As can be seen from table 2 urine 

and blood plasma samples were spiked with 0.1 and 0.15 µg/L 

of digoxin. The recoveries (n = 3) of the measured samples by 

the aptasenosr were between 103% and 106% and the standard 

deviations (RSD) (n = 3) are in the range of 0.002 and 0.003. 

(Table 2). The experimental results demonstrate that the 

ultrasensitive aptasensor can be used for rapid digoxin detection 

in urine and blood plasma samples. 

Conclusion 

 No report has been presented yet in the literatures for the 

voltammetric detection of digoxin using an aptasensor. A 

highly sensitive and selective electrochemical aptasensor was 

developed for determination of digoxin. The proposed sensor 

was fabricated by the immobilization of a thiolated digoxin 

specific aptamer on the surface of GNPs/FTO substrate and MB 

was used as the redox probe for electrochemical sensing. Due 

to high surface-to-volume ratio and excellent biological 
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compatibility of GNPs, they can enlarge the sensing surface 

area to increase the amount of immobilized aptamer greatly and 

enhance the sensitivity of the digoxin aptasensor. The cathodic 

peak current of MB linearly decreased by increasing digoxin 

concentration. The detect limit for digoxin was as low as 0.01 

µg/L with a wide linear range from 0.02 to 0.2 µg/L. The 

aptasensor was successfully applied to the serum and urine 

samples because of its high specificity, good stability and 

repeatability which could provide a promising platform for the 

fabrication of aptamer-based electrochemical biosensor. The 

present aptasensor involving no complicated steps is more 

suitable for practical and routine measuring of digoxin in 

clinical analysis with a broad linear range. 
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