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Abstract 

This paper reports the fabrication of an electrochemical DNA biosensor for the electrochemical 

determination of prednisone (PRD), which is a synthetic corticosteroid. For this purpose, silver 

nanoparticles (AgNPs) and a new polymer film poly(glyoxal-bis(2-hydroxyanil)) (P(GBHA)) 

were electrochemically deposited on a glassy carbon electrode (GCE), respectively. Then, an 

electrochemical DNA biosensor was prepared onto this electrode surface 

(GCE/AgNPs/P(GBHA)) by the immobilization of dsDNA using a chronoamperometry method. 

The proposed electrode was characterized by FESEM, XPS, and cyclic voltammetry (CV). The 

interaction between the PRD and dsDNA immobilized on the GCE/AgNPs/P(GBHA) electrode 

was investigated via a differential pulse voltammetry (DPV) method and UV-Vis 

spectrophotometry. The experimental factors affecting the interaction between the PRD 

concentration and dsDNA were optimized. The fabricated biosensor showed a wide linear 

response in a PRD concentration range of 1.0−50.0 μg mL−1 depending on both the adenine and 
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guanine base signals. The detection limit based on the guanine and adenine signals was 0.3 μg 

mL−1 and 0.25 μg mL−1, respectively. The sensor exhibited excellent anti-interferential ability, 

good stability and reproducibility and was satisfactorily employed for the electrochemical assay 

of PRD in serum samples. The new DNA biosensor can be utilized for the sensitive, accurate and 

rapid analysis of PRD. 

Keywords: dsDNA, biosensor, differential pulse voltammetry, prednisone, interaction 

 

1. Introduction 

Prednisone (PRD) is a synthetic corticosteroid commonly prescribed in the treatment of a broad 

variety of inflammatory diseases such as asthma, rheumatoid arthritis, various kidney diseases 

including nephritic syndrome, allergies and cluster headache [1]. Steroids such as PRD are used 

to suppress the immune system and thus suppress inflammatory response. They are particularly 

effective in reducing the swelling and pain that accompanies inflammation [2]. Therefore, the 

determination of PRD is important for the treatment and progress of a variety of important 

diseases. 

The various methods that have been reported for PRD detection include high-performance liquid 

chromatography [3], electrospray ionisation single quadrupole mass spectrometry [4], on-line 

solid-phase extraction liquid chromatography and tandem mass spectrometry [5], polarography 

[6] and electrochemical techniques [7, 8]. In the last decade, the development of electrochemical 

techniques for the analysis of PRD has increased significantly. These methods show advantages 

such as simple design, cost effectiveness, good stability and repeatability  [9].  

Recently, there has been increasing interest in the electrochemical examination of the interaction 

between drugs and dsDNA [10]. Electrochemical DNA biosensors include a nucleic acid 

recognition layer immobilized onto an electrochemical transducer. The recognition layer 
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determines the alterations that have formed in the DNA structure during the interaction of DNA 

with drug molecules [11]. Hence, the studies on the binding mode of drugs and dsDNA play an 

important role in understanding their clinical activities and the design of new targeted drugs [12]. 

The investigation of the interactions between prednisone and DNA is very important in terms of 

shedding light for further studies. Furthermore, immobilization of DNA is a key step in the 

biosensor construction procedure because it usually improves DNA stability. Developments in 

DNA biosensor production have focused on new support materials for the efficient 

immobilization of DNA, with many new functional materials used, such as polymer, ionic liquid, 

and nanoparticles [13]. 

Nanostructured metals have recently generated enormous interest for a wide range of 

technological applications because of their important size and shape-dependent features, 

interesting nanomorphologies, functional biocompatibility, superior electron-transfer kinetics, 

non-toxic features and high biological activity leading to enhanced sensing properties [14]. 

Among various nanostructured metals, silver nanoparticles (AgNPs) have been commonly 

utilized to modify the electrode surface and exhibit distinctive features such as a fast electron 

transfer rate, catalytic activity, good biocompatibility and low cost [15-17]. Moreover, the use of 

AgNPs in the manufacture of electrochemical sensors can greatly reduce the overpotential of 

many analytes [18, 19]. 

In recent years, studies on the use of electroactive polymers for sensor/biosensor development 

purposes have become widespread due to their electronic, optical, mechanical, conductivity and 

stability features [20, 21]. The main applications of conducting polymers in electrochemistry 

include sensors, electrocatalysis, energy storage, supercapacitors, electrochromism and 

electroanalysis [22-24]. Among conducting polymers, P(GBHA), which was first synthesized by 

our group, can be easily electropolymerized onto the GCE surface to produce a conductive thin 

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

film with promising properties for the improvement of electrochemical sensors and biosensors 

[25].  

In the present study, AgNPs and P(GBHA) film were electrodeposited onto a GCE by the CV 

technique. The dsDNA was then immobilized onto the GCE/AgNPs/P(GBHA) electrode. The 

effects of dsDNA concentration, dsDNA immobilization time, PRD concentration and interaction 

time on the electrochemical response of guanine and adenine were investigated herein. The 

characterization of the modified electrodes was performed by FESEM, XPS, and CV methods. In 

addition, the proposed biosensor has potential to be employed for the assay of PRD in serum 

samples and pharmaceutical formulations. 

 

2. Experimental 

2.1 Reagents and Apparatus 

PRD was supplied from Sigma, with a stock solution prepared by dissolving the calculated 

quantity of reagent in ultra-pure water. dsDNA (fish sperm) was obtained from the Serva 

Company (Germany). Sodium acetate, GBHA, sodium dodecyl benzene sulfonate (SDBS), 

sodium chloride, and acetic acid were obtained from Sigma. Ultra-pure water was used for the 

preparation of 1000 µg mL‒1 dsDNA stock solution, with the prepared solution stored at ‒20 °C. 

dsDNA solutions at more dilute concentrations were prepared by dilution of the stock solution 

with 0.5 mol L‒1 ABS (pH 4.8). All other chemicals were employed without any treatment. 

All electrochemical studies were realized by using Autolab PGSTAT 302N instrument combined 

with the FRA32M module (Eco Chemie, The Netherlands). A traditional three-electrode system 

was utilized with a bare/modified GCE with a diameter of 3 mm as the working electrode, a 

silver/silver chloride electrode (Ag/AgCl) as the reference electrode and a platinum wire as the 

auxiliary electrode. The experimental conditions for DPV measurements were: voltage step of 3 
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mV; pulse time of 0.02 s; interval time of 0.2 s; pulse amplitude of 50 mV and, scan rate of 15 

mV s–1. All experiments were repeated at least three times to provide reproducibility. 

The surface images of bare and modified electrodes were obtained using a FEI Nova NanoSEM 

650 scanning electron microscope (FEI, The Netherlands). The surface of the samples was 

covered with gold before the SEM images were taken. X-ray photoelectron spectroscopy (XPS) 

measurements were realized using a PHI 5000 Versa Probe spectrometer (Physical Electronics, 

USA) equipped with a monochromatic Al Kα X-ray source (h = 1486.6 eV). A Shimadzu UV-

2550 spectrophotometer with quartz cuvettes (Shimadzu Corporation, Tokyo, Japan) was utilized 

for the UV–Vis absorption measurements of the samples at a wavelength range of 210-400 nm. 

2.2 Fabrication of GCE/AgNPs/P(GBHA) 

First, GCE was carefully polished with 0.3 µm and 0.05 µm alumina and sonicated with ethanol 

and ultra-pure water for 5 min. Silver nanoparticles were electrodeposited onto the GCE surface 

according to the literature [26]. Briefly, the AgNPs were obtained with five cycles at a scan rate 

of 50 mV s−1 in the potential range from +0.1 to ‒0.8 V in 0.01 mol L−1 H2SO4 solutions 

including 0.6 mmol L−1 AgNO3 and 0.02 mol L−1 thiourea [27]. Then, the GCE/AgNPs were 

washed with ultra-pure water. The electrochemical synthesis and characterization of P(GBHA) 

has been already described in our previous study [25]. Briefly, P(GBHA) was prepared on the GC 

electrode by using the CV technique (potential range: (0.0) – (+1.7) V vs. Ag/AgCl; cycle 

numbers: 60; scan rate: 0.050 Vs−1) in a 0.1 mol L−1 phosphate buffer solution (PBS, pH 7.0) 

including 1.0 mmol L−1  GBHA monomer and 0.1 mol L−1 SDBS. 

2.3 dsDNA immobilization 

The dsDNA biosensor was prepared by implementation of a potential of +0.5 V (vs. Ag/AgCl) 

for 240 s to the GCE/AgNPs/P(GBHA) electrode in 5.0 mL of 0.5 mol L−1 ABS (pH 4.8) 
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including 0.02 mol L−1 NaCl and 40 µg mL‒1 of the fish sperm dsDNA at a stirring rate of 50 rpm 

[28]. After that, the GCE/AgNPs/P(GBHA)/dsDNA was gently washed with ABS (pH 4.8) to 

remove the unbounded dsDNA. Under our experimental conditions, the highest oxidation peaks 

for adenine and guanine were observed at +0.5 V. The adenine and guanine peaks at lower 

potential, such as +0.25 V, combine, resulting in the observation of a single peak. The peak 

currents for adenine and guanine were decreased at potentials higher than +0.5 V (this is not 

shown in the figure). The electrode surface at a potential of +0.5 V is positively charged, and the 

electrostatic attraction between the electrode surface and the negatively charged DNA molecules 

are probably maximum. 

2.4 Interaction of PRD with dsDNA 

The interaction between the PRD and the dsDNA was investigated by using the guanine and 

adenine oxidation peak currents as indicators. The GCE/AgNPs/P(GBHA)/dsDNA electrode was 

put into 0.5 mol L−1 ABS (pH 4.8) including different concentrations of PRD for certain times. 

After this treatment, the modified electrode was washed and put into PRD-free ABS before 

carrying out the DPV analysis. 

2.5 Determination of PRD in biological samples  

Human serum samples supplied from healthy volunteers were selected to study real sample 

analysis. PRD assays in serum samples were performed by spiking the analyte into serum 

samples. For this purpose, 1.0 mL PRD solution (1 mmol L−1) was added to 1.0 mL serum for the 

analysis of PRD. DPV analysis was carried out and the regression equation of the calibration 

graph for the determination of PRD content in the spiked serum sample was used. 

3. Results and Discussion 

3.1 XPS analysis  
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The prepared electrodes were characterized by the XPS technique. Fig. 1 represents the survey 

spectra obtained for the GCE/AgNPs/P(GBHA) (a) and GCE/AgNPs/P(GBHA)/dsDNA (b). As 

seen in Fig. 1 (a), the presence of Ag 3d5, Ag 3d3 and Ag 3p indicates the electrodeposited 

AgNPs. Additionally, the appearance of Na 2p, Na 2s, S 2p, S 2s, C 1s, N 1s, Na KLL, O 1s, O 

KLL and Na 1s confirm the formation of the P(GBHA) polymer coating which is prepared in the 

presence of SDBS. After the immobilization of dsDNA onto the polymer film (Fig. 1(b)), the 

intensities of nitrogen and oxygen elements increased compared to the GCE/AgNPs/P(GBHA) 

due to the presence of the dsDNA, with the P 2p and P 2s peaks becoming apparent with DNA 

immobilization. [29].  

3.2 SEM images 

Fig. 2 shows SEM micrographs for the GCE/AgNPs, GCE/AgNPs/P(GBHA) and 

GCE/AgNPs/P(GBHA)/dsDNA. As shown in Fig. 2 (a), Ag electrodeposited onto the GCE 

consists of nanoparticles. The P(GBHA) coating on the AgNPs has a rough and compact 

morphology (Fig. 2(b)). The P(GBHA) film surface morphology is altered clearly due to the 

immobilization of dsDNA on the polymer coating (Fig. 2(c)). Energy dispersive X-ray (EDX) 

analysis was performed for a certain region of the modified electrodes, with the spectra presented 

in Fig. S1. The Ag signals demonstrate the deposition of AgNPs onto the GCE surface (Fig. 

S1(a)). As shown in Fig. S1(b), the C, O and N peaks clearly demonstrate the existence of the 

P(GBHA) coating. The P and S peaks indicate the addition of ionic phosphate species and 

dodecylbenzenesulfonate ions as dopants into the polymer structure, respectively. In addition, the 

Ag peaks indicate that the polymer film is deposited onto the AgNPs. For 

GCE/AgNPs/P(GBHA)/dsDNA (Fig. S1(c)), the peak intensities of the N, P and O elements 

increased due to the immobilization of dsDNA onto the polymer film. 

3.3 Electrochemical characterization 
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CV was used to investigate the electrochemical characteristics of BGCE, GCE/P(GBHA), 

GCE/AgNPs/P(GBHA) and GCE/AgNPs/P(GBHA)/dsDNA. Fig. 3 presents a cyclic 

voltammogram for the BGCE and modified GCEs in 0.1 mol L−1 KCl with 5.0 mmol L−1 

Fe(CN)6
3−/4− as a redox probe. When the GCE is covered with P(GBHA), a reduction in the 

separation between the peak potentials (ΔEp) is observed, with an increase in the oxidation and 

reduction peak currents compared to the BGCE. It may be proposed that the positively charged 

P(GBHA) film both enhances the GCE surface area and electrostatically attracts the negatively 

charged Fe(CN)6
3−/4− ions [25]. At the GCE/AgNPs/P(GBHA) electrode, the peak signals of the 

redox probe further increased while the ΔEp value was further reduced. The reason for this may 

be that silver shows a conductive character. On the other hand, the current responses of the 

AgNPs/P(GBHA)/dsDNA modified GCE for the redox probe are slightly higher than that of the 

BGCE. The results show that dsDNA is immobilized onto the GCE/AgNPs/P(GBHA) surface, 

and the negatively charged phosphate groups on the dsDNA modified electrode push the redox 

probe ions [30]. Consequently, AgNPs with good biocompatibility and high conductivity increase 

the current response of the electrode. The positively charged P(GBHA) layer enables successful 

immobilization of dsDNA by both electrostatic interaction and increasing surface area. 

 

 

3.4 Optimization of dsDNA immobilization conditions 

The effect of the amount of dsDNA on the immobilization process is examined via differential 

pulse voltammograms (DPVs) recorded for the GCE/AgNPs/P(GHBA)/dsDNA electrode. As 

seen in Fig. 4A, when the dsDNA concentration was increased from 1 to 50 µg mL‒1, the DPV 

peak currents for guanine and adenine increased. These peaks can be used as indicators [31, 32]. 

Fig. 4(B) and (C) show the dependence of the dsDNA concentration on the guanine and adenine 
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peak currents, respectively. The plateau for the dsDNA concentration at 40 µg mL‒1 was caused 

by saturation of the dsDNA loading. Thus, 40 µg mL‒1 of dsDNA was used for investigating the 

optimal amount of dsDNA.  

The effect of the dsDNA immobilization time on the guanine and adenine peak currents at the 

GCE/AgNPs/P(GBHA) electrode was studied in the time range of 60 to 300 s. As shown in Fig. 

5, the oxidation current for guanine and adenine increased with increasing time from 60 to 240 s, 

and, then, stabilized over 240 s. Therefore, a dsDNA immobilization time of 240 s was selected 

and used in further experiments. 

3.5 Interaction between dsDNA and PRD 

The incubation time between the dsDNA and PRD must be optimized to determine the PRD 

sensitively. As shown in Figure 6, when the fabricated GCE/AgNPs/P(GBHA)/dsDNA is 

incubated with a PRD concentration of 30 µg mL‒1 from 30 to 210 s, the oxidation current for 

guanine and adenine dramatically decreased before becoming stabilized for incubation time of 

over 150 s. Thus, an interaction time of 150 s was adopted in this work.  

The electrochemical determination of PRD was realized through use of the DPV technique at the 

GCE/AgNPs/P(GBHA)/dsDNA electrode. Fig. 7(A) represents the typical DPVs for dsDNA 

signals in the presence of 1.0 ‒ 50.0 µg mL‒1 PRD in 0.5 mol L‒1 ABS (pH 4.8, 0.02 mol L‒1 

NaCl). The guanine and adenine peak current reduced with increasing the PRD concentration. To 

determine the PRD, the calibration curves were plotted as a function of this decrease in peak 

current, as shown in Fig. 7(B) and (C) for guanine and adenine, respectively. Two linear ranges 

were observed in the PRD concentration ranges of 1.0 ‒ 10.0 µg mL‒1 and 10.0 ‒ 50.0 µg mL‒1 

depending on both the adenine and guanine bases signals. The related regression equations and 

determination coefficients are shown in the inset of the calibration plots. The limit of detection 
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(LOD) and limit of quantification (LOQ) values for PRD were determined via the following 

equation [33, 34]: 

3.3 10
,                                                (1)

s s
LOD LOQ

m m
   

where s is the standard deviation of the current response of the lowest concentration in the linear 

range and m is the slope of the calibration curve.  

The LOD and LOQ values were calculated from their first calibration curves to be 0.3 µg mL‒1 

and 0.91 µg mL‒1 for guanine and 0.25 µg mL‒1 and 0.76 µg mL‒1 for adenine, respectively. 

Analytical characteristics of the GCE/AgNPs/P(GBHA)/dsDNA for the determination of PRD are 

summarized in Table 1. The within day and between day reproducibility of the developed 

biosensor were also investigated using the oxidation peak currents of the guanine before and after 

interaction with 30 µg mL‒1 of PRD. The relative standard deviation (RSD%) values for these 

results were calculated and are given in Table 1. As shown in Table 1, the proposed dsDNA 

modified electrode exhibited excellent reproducibility for PRD determination. 

The results obtained with the GCE/AgNPs/P(GBHA)/dsDNA electrode were compared to those 

obtained from other methods in the literature and tabulated in Table 2. It is clear that the 

electrochemical biosensor based on the AgNPs/P(GBHA)/dsDNA has a low detection limit and a 

wide linear range comparable to other methods used for the direct detection of PRD. 

The nature of the interaction between small molecules and dsDNA can be explained by three 

models; (I) intercalative, (II) minor/major groove and (III) electrostatic bindings [37]. The 

binding mode between the PRD and the dsDNA can be determined by observing the shift in the 

guanine peak potential after the interaction. In general, the negative shifts observed in the peak 

potential correspond to the electrostatic binding, while the positive shifts observed in the peak 

potential correspond to intercalation [38, 39]. As seen from Fig. 7(A), the DPVs of the dsDNA-
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PRD complex showed that there was a positive shift in the guanine peak potential with increasing 

PRD concentrations. Such behaviour can be ascribed to an arrangement of PRD molecules inside 

the dsDNA, with the formation of the dsDNA-PRD complex related to the intercalation [40]. 

Moreover, the reduction in the equilibrium concentration of the free dsDNA occurred due to the 

reduction in the oxidation signal of dsDNA. According to Eq. (2), the PRD-dsDNA complex 

formed between PRD and dsDNA, with this complex being electrochemically less active 

compared to the dsDNA. The binding constant (K) for the PRD-dsDNA interaction can be 

calculated by using Eq. 3, slightly modified according to the nature of the immobilized molecules 

[41-44]. Here, this equation was used because the concentration of the DNA was held constant 

while the concentration of prednisone changed. 

dsDNA PRD PRD dsDNA                               (2)   

 
PRD dsDNA

dsDNA PRD dsDNA

1
log( )  log  log( )         (3)     

PRD





 


I
K

I I
 

where K shows the binding constant, IdsDNA is the peak current of the dsDNA and IPRD–dsDNA is the 

peak current of the PRD–dsDNA complex formed after interaction of the PRD with the dsDNA 

immobilized onto the GCE/AgNPs/P(GBHA) surface. The K value for this complex can be found 

from the intercept of the non-linear curve fitting plot of log(1/[PRD]) vs. log (IPRD–

dsDNA/(IdsDNA−IPRD–DNA)) (Fig. S2). The value of K for this interaction was calculated to be 

2.8×105 L mol–1. This obtained K value is very close to that found for some intercalative binding 

agents [44-46].  

3.6 Effect of salt concentration 

To obtain more information for the binding mode between the dsDNA and PRD, the influence of 

NaCl concentration on the oxidation peak current of guanine was investigated by the DPV 

method in different ionic strength media (5.0-40.0 mmol L–1) at the 
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GCE/AgNPs/P(GBHA)/dsDNA. If there is an electrostatic interaction between the dsDNA and 

the small molecule, the strength of the interaction should change dramatically with increasing 

NaCl concentration in the ABS [47, 48]. Fig. S3 shows that the peak current for the guanine 

remains nearly unaltered with increasing NaCl concentration in the ABS. It can be concluded that 

the electrostatic binding does not provide a significant contribution to the interaction between 

PRD and dsDNA. 

3.7 UV-vis spectroscopy 

Fig. 8 shows the UV-Vis absorption spectra obtained for a fixed concentration of dsDNA (20 mg 

L‒1) in the absence and presence of different concentrations of PRD (5 – 60 mg L‒1). In the 

absorption spectrum of free dsDNA, a peak at 260 nm was observed that results from absorption 

of purine and pyrimidine in DNA. As the PRD concentration added to the fixed concentration of 

dsDNA increases, the absorbance intensity of the dsDNA peak increased with a slight shift 

towards shorter wavelengths. The changes in the absorption spectrum for dsDNA can be 

attributed to the formation of the PRD-dsDNA complex. As seen in Table S1, the total absorption 

intensities of the free PRD and free dsDNA were higher than those of the dsDNA-PRD complex. 

These results show that there is an interaction between the PRD corticosteroid and the dsDNA. 

Generally, hyperchromism and hypochromism are attributed to changes in the spectral features of 

the DNA double stranded structure when DNA interacts with other molecules; hyperchromism 

refers to the fracture of the secondary structure of DNA, and hypochromism refers to the 

stabilization of the DNA double helix structure with small molecules through an electrostatic 

effect or intercalation binding mode [34, 49]. The weak hypochromism and slight blueshift mean 

that the interaction between PRD and dsDNA primarily occurs through intercalation. The 

following equation was employed to calculate the binding constant (K) [50]: 
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 0 G G

0 H G H G

1
+                                 (4)

[PDN]

A

A A K

 

  

 


 

where K presents the binding constant, and A0 and A correspond to the absorbance of the dsDNA 

and PRD–dsDNA complex, respectively. ɛG and ɛH–G are the absorption coefficient of the dsDNA 

and PRD–dsDNA complex, respectively. K can be estimated from the intercept-to-slope ratio of a 

1/(A–A0) vs. 1/[PRD] plot. The value of K for the interaction between PRD and dsDNA is 

determined to be 1.74×103 L mol–1. This value is lower than both the value found by the DPV 

technique and the value for the classical intercalator ethidium bromide (K = 1.23×105 L mol–1) 

[51]. It can be suggested that the PRD binds to dsDNA relatively moderately under conditions in 

which dsDNA is not immobilized. 

3.8 Interference studies 

The selectivity of the developed dsDNA sensor was tested by using various biological molecules 

such as L-ascorbic acid, dopamine, uric acid, urea, L-cysteine, folic acid, glucose, caffeic acid, 

citric acid, acetylsalicylic acid, naproxen, flurbiprofen, and paracetamol. The voltammetric 

responses were recorded before and after adding 0.01 mmol L‒1 of the interfering substances in 

0.5 mol L–1 ABS (pH 4.8, 0.02 mol L–1 NaCl) containing 30 µg mL‒1 PRD. The obtained DPV 

peak currents for the GCE/AgNPs/P(GBHA)/dsDNA are shown in Fig. S4. The signals from the 

interfering substances were similar to those obtained without any substances, with a relative error 

lower than ±9%. All these results shown that, the developed dsDNA biosensor has good 

selectivity for the determination of PRD.  

3.9 Real sample assay 

The practical applicability of the suggested method was tested with human serum samples using 

the GCE/AgNPs/P(GBHA)/dsDNA electrode based on a standard addition method. The serum 

samples were spiked with known amounts of PRD, and, then determined using the DPV 
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technique. The obtained results are given in Table 3. The recovery values are in the range of 

97.0% and 106.4%. These high recovery values reveal that the developed biosensor has potential 

application to determine PRD in real samples. 

Conclusion 

In this work, we present for the first time a novel surface based on P(GBHA) and AgNPs 

modified GCE for dsDNA and PRD interaction sensing. A rapid, sensitive and selective dsDNA 

biosensor was developed for the determination of PRD by using the DPV method. The proposed 

biosensor was characterized by XPS, FESEM and electrochemical techniques. The P(GBHA) 

film provided an amine containing scaffold for the immobilization of dsDNA via adsorption. This 

led to high stability and reproducibility for the biosensor. The modified electrode showed 

superior analytical characteristics, such as a wide linear range (1.0-50.0 µg mL‒1), low detection 

limit (0.3 µg mL‒1 for guanine and 0.25 µg mL‒1 for adenine), repeatability and anti-interference 

ability. The results obtained from both DPV and UV-Vis spectroscopy indicated that the PRD can 

interact with dsDNA via mainly the intercalation binding mode. Therefore, this study is expected 

to supply beneficial information for a better understanding of molecular mechanisms of action 

and pharmacokinetics. In addition, the proposed method can make it possible to detect PRD in 

human serum samples with high recovery values (97.0% -106.4%). To this end, the developed 

sensing system is a promising candidate for detecting dsDNA-drug interaction in pharmaceutical 

analysis in the future.  
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Fig. 1 XPS survey spectra of (a) GCE/AgNPs/P(GBHA) (blue curve) and (b) 

GCE/AgNPs/P(GBHA)/dsDNA (red curve) electrode. 

Fig. 2 SEM images of (a) GCE/AgNPs, (b) GCE/AgNPs/P(GBHA) and (c) 

GCE/AgNPs/P(GBHA)/dsDNA electrode. 

Fig. 3 Cyclic voltammograms of (a) BGCE (black curve), (b) GCE/P(GBHA) (blue curve), 

(c) GCE/AgNPs/P(GBHA) (red curve) and, (d) GCE/Ag/P(GBHA)/dsDNA (orange 
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curve) electrodes at scan rate 50 mVs‒1 in 1.0 mol L‒1 KCl solution containing 5 mmol 

L‒1 Fe(CN)6
3‒/4‒

Fig. 4 (A) Differential pulse voltammogram of the GCE/AgNPs/P(GBHA) electrode at 

dsDNA amounts varying from 5.0 µg mL−1 (black curve) to 60.0 µg mL−1 (purple 

curve) µg mL−1. The effect of dsDNA concentration on the electrochemical responses 

of (B) guanine and (C) adenine at GCE/AgNPs/P(GBHA)/dsDNA. 

Fig. 5  The effect of dsDNA immobilization time on the electrochemical responses of guanine 

(black block) and adenine (red block) at GCE/AgNPs/P(GBHA)/dsDNA. 

Fig. 6 The effect of the interaction time of PRD with dsDNA on the guanine (black block) 

and adenine (red block) oxidation peak currents (0.5 mol L‒1 ABS, pH 4.8). 

Fig. 7 (A) Differential pulse voltammograms of the interaction of PRD with the dsDNA at 

GCE/AgNPs/P(GBHA)/dsDNA. The oxidation signals of guanine and adenine after 

interaction with different concentrations of PRD amounts varying from 1.0 µg mL−1 

(black curve) to 50.0 µg mL−1 (purple curve); linear dependence of PRD concentration 

on the (B) guanine and (C) adenine signals at GCE/AgNPs/P(GBHA)/dsDNA 

electrode. The regression equations of guanine: y = -0.08x + 1.60 (R2=0.980) for the 

first line and y = -0.012x + 0.94 (R2=0.990) for the second line. The regression 

equations of adenine: y = -0.15x + 2.71 (R2=0.991) for the first line and y = -0.023x + 

1.46 (R2=0.998) for the second line. 

Fig. 8 UV-vis absorption spectra of dsDNA (30 µg mL‒1) in the absence (black curve) and 

presence of the PRD in the range of 5.0 µg mL‒1 (red curve) ‒ 60 µg mL‒1 (purple 

curve). 
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Table 1 Analytical characteristics of the GCE/AgNPs/P(GBHA)/dsDNA for the 

determination of PRD* 

Parameters Results (guanine) Results (adenine) 

Linearity range (µg mL‒1) 1.0-10.0 (1) 

10.0-50.0 (2) 

1.0-10.0 (1) 

10.0-50.0 (2) 

Slope (µA µg‒1 mL) 0.08 (1) 

0.012 (2) 

0.15 (1) 

0.023 (2) 

Intercept (µA) 1.60 (1) 

0.94 (2) 

2.71 (1) 

1.46 (2) 

SE of slope (µA µg‒1 mL) 0.006 (1) 

5.95×10‒4 (2) 

0.008 (1) 

5.14×10‒4 (2) 

SE of intercept (µA) 0.041 (1) 

0.015 (2) 

0.052 (1) 

0.0184 (2) 

Determination coefficient 0.980 (1) 

0.990 (2) 

0.991 (2) 

0.998 (2) 

LOD (µg mL‒1) 0.30 0.25 

LOQ (µg mL‒1) 0.91 0.76 

Within day reproducibility (RSD%) 1.16 1.24 

Between day reproducibility (RSD%) 1.08 0.94 
*The results were given average of five measurements. 
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Table 2 Comparison of analytical performances of the different electrochemical sensors for the 

determination of PRD. 

Electrode Linearit

y 

LOD Reproducibili

ty 

Application Referenc

e 

SWNT/EPPGE 

 

 

 

0.01 – 

100 

µmol  L–

1 

 

0.45×10–

8 mol L–1 

RSD: 3.24% Plasma 

Recoveries:96.6

0–103.28  

[7] 

C60/EPPGE 5.0×10–

8–

5.0×10–5 

mol L–1 

4.8×10–8 

mol L–1 

RSD: 0.94% 

(n=6) 

Plasma 

Recoveries:97.4

4–103.50 

Urine 

Recoveries:97.2

0–103.12 

[35] 

 

α-NiCe/FTO 

(Amperometric) 

0.5–

76.9×10–

6 mol L–1 

4.8×10–8 

mol L–1 

NA NA [36] 

α-NiCe/FTO (FIA) 4.0–

10.0×10–

6 mol L–1 

0.84×10–

8 mol L–1 

NA NA [36] 

GCE/AgNPs/P(GBHA)/dsD

NA 

1.0−50.0 

μg mL−1 

0.3 μg 

mL−1 

(8.37×10

–7 mol L–

1) for 

guanine, 

0.25 μg 

mL−1 

(6.97×10

–7 mol L–

1) for 

adenine 

RSD: 1.16% 

for guanine, 

1.245 for 

adenine (n=5) 

Serum 

Recoveries: 

97.0–106.4 

This 

study 

Single wall carbon nanotube (SWNT), edge plane pyrolytic graphite electrode (EPPGE),  fullerene C60 (C60),  glassy 

carbon electrode (GCE), silver nanoparticles (AgNPs), poly(glyoxal-bis(2-hydroxyanil)) (P(GBHA)), double 

stranded DNA (dsDNA), relative standard deviation (RSD). NA: Not Applicable 
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Table 3 Determination of PRD in human serum samples. 

Sample no Amount of added 

(µg mL‒1) 

Amount of found 

(µg mL‒1) 

RSD (%) Recovery (%) 

1 1.0 0.97 0.88 97.0 

2 5.0 5.32 1.24 106.4 

3 10.0 10.16 1.92 101.6 

4 25.0 26.08 1.37 104.32 

 

 

  

ACCEPTED MANUSCRIPT



AC
CEP

TE
D M

AN
USC

RIP
T

 

Highlights 

 Ag nanoparticles and poly(glyoxal-bis(2-hydroxyanil)) film were deposited on a GCE 

 DNA biosensor was prepared by immobilization of dsDNA onto the modified GCE 

 Interaction between prednisone (PRD) and dsDNA was examined by using DPV and UV-VIS 

 The fabricated biosensor has a wide linear response range of 1.0−50 μg mL−1 for PRD 
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