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In the article presented herein, a deoxyribonucleic acid (DNA) biosensor is

introduced for Vincristine determination in pharmaceutical preparations based

on the modification of screen printed electrode (SPE) with double-stranded

DNA (ds-DNA), polypyrrole (PP), peony-like CuO:Tb3+ nanostructure (P-L CuO:

Tb3+ NS). The developed sensor indicated a wide linear response to Vincristine

concentration ranged from 1.0 nM to 400.0 μMwith a limit of detection as low

as .21 nM. The intercalation of Vincristine with DNA guanine led to the response.

The optimized parameters for the biosensor performance were ds-DNA/

Vincristine interaction time, DNA concentration and type of buffer solution.

The docking investigation confirm the minor groove interaction between

guanine base at surface of or ds-DNA/PP/P-L CuO:Tb3+ NS/SPE and

Vincristine. The proposed sensor could successfully determine Vincristine in

Vincristine injections and biological fluids, with acceptable obtains.
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1 Introduction

Vincristine (Figure 1) is placed in a class of drugs called the vinca alkaloids, which is

extracted from Catharanthus roseus, and used as a chemotherapy drug (Khan et al., 2022).

Vincristine is applied for treating a various type of cancers such as acute lymphocytic

leukemia, acute myeloid leukemia, neuroblastoma, Hodgkin’s disease,

rhabdomyosarcoma, Wilms’ tumor and small cell lung cancer (Li et al., 2021; Filippi-

Chiela et al., 2022). Some VCR-caused complications are headaches, hair loss, difficulty in
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walking, constipation, change in sensation, neuropathic pain,

lung damage and lowered white blood cells (Childress et al., 2022;

Mujib et al., 2022). Therefore, it is essential to quantify the VCR

in the biological specimens like urine and plasma. There are

diverse analytical methods in this regard, including liquid

chromatography together with electrochemical or ultraviolet

determination, liquid chromatography-mass spectrometry and

LC–MS/MS (Gupta et al., 2005; Amila Jeewantha et al., 2017;

Kiani et al., 2018; Jin et al., 2021).

Among these, the electrochemical biosensors have some

merits like selectivity, sensitivity, cost-effectiveness, rapidity

and simplicity (Foroughi and Jahani, 2021; Zhang et al.,

2022). The screen printed electrode (SPE) can be used to

produce a disposable equipment (Núñez et al., 2021).

Deoxyribonucleic acid (DNA) biochemical biosensors

concentrate molecules with affinity for nucleic acids to assess

the electronic surface using the DNA layer selectivity. Alterations

in the redox attributes of DNA (in the guanine oxidation) are

examined to study the interactions between DNA and analytes in

these biosensors (Moarefdoust et al., 2022a; Cao et al., 2022; Fang

et al., 2022).

The electrode surface modification can boost the function

of the electrode to establish a suitable substrate for the

stabilization of biomolecules and to decrease the charge

transfer resistance on the sensor surface (Li et al., 2016;

Zhou et al., 2018; Farvardin et al., 2020; Iftikhar et al.,

2021a; Gao et al., 2022; Jahani et al., 2022; Jia et al., 2022).

The sensors can be produced by a majority of metals, metal

oxides and alloys (Fathi et al., 2020; Vakili Fathabadi et al.,

2020; Ejaz et al., 2021; Anqi et al., 2022; Chen et al., 2022;

Duan et al., 2022; Iftikhar et al., 2022). Several materials are

noble metals or toxic metals, others with slow kinetics and

negligible selectivity (Zhang et al., 2016a; Yang et al., 2017;

Iftikhar et al., 2021b; Foroughi et al., 2021; Moarefdoust et al.,

2022b; Kumar et al., 2022). Copper oxide (CuO) is a p-type

semiconductor, has a 1.2-eV bandgap and can be utilized in

the structure of batteries, catalysis, biosensors and gas sensors

(Park et al., 2014; Yang et al., 2014; Hu and Liu, 2015). The

merits of CuO for sensor applications can be attributed to

non-toxicity, cost-effectiveness, easy fabrication, specific

capacitances and facile storage (Yang et al., 2012). The

electrocatalytic traits of CuO can be reinforced through the

combination of CuO with highly conductive materials like

rare Earth metals, gold (Au), silver (Ag), carbon nanotubes

(CNTs) and graphene to generate composite materials (Dung

et al., 2013; Zheng et al., 2014; Dong et al., 2015; Tian et al.,

2015).

The current attempt was made to fabricate a selective and

sensitive method to determine the Vincristine. The literature

review revealed that there is no study so far evaluating

determination of Vincristine based on electrochemical DNA.

The sensor was modified with double-stranded DNA (ds-DNA),

polypyrrole (PP) and peony-like CuO:Tb3+ nanostructure (P-L

CuO:Tb3+ NS) to determine nano-molar Vincristine. The

practical potential of the proposed ds-DNA/PP/P-L CuO:Tb3+

NS/SPE sensor was verified by determining Vincristine in urine,

blood serum and injection. We found outstanding advantages for

our biosensor, including an impressive sensitivity, cost-effective,

admirable reproducibility fast response, and narrow limit of

detection in spite of the presence of various interferants. In

addition, the findings of this study are significant because ds-

DNA/PP/P-L CuO:Tb3+ NS/SPE provided appreciable analytical

behavior and sensitivity when comparing with counterpart

electrochemical and non-electrochemical methods previously

introduced for Vincristine determining.

FIGURE 1
The illustration of the chemical structure of Vincristine with
the numbered atoms.

FIGURE 2
XRD pattern of P-L CuO:Tb3+ NS.
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2 Experimental

2.1 Chemicals and devices

Vincristine (>99.0%), sodium nitrate (NaNO3, = 99.0%),

copper nitrate trihydrate (Cu(NO3)2.3H2O, >99.0%), absolute

ethanol (=99.8%), NaOH (>97%), 28% ammonia and terbium

chloride hexahydrate (TbCl3.6H2O, >99.0%) belonged to

Sigma–Aldrich Company (Germany). All solutions were

freshly prepared by double distilled water (DDW). To obtain

1.0 mM Vincristine stock solution, Vincristine (824.96 mg) was

dissolved in water solution. The freshly prepared human blood

serum and urine samples were from Pasteur Bam Hospital (Bam,

Iran). The 1-mg/ml Vincristine ampoule was from Nanodaru

Pajuhan Pardis Co. (Tehran; Iran). All measurements of

electrochemical impedance spectroscopy (EIS), voltammetry

were performed by a SAMA 500 Electro-analyzer (Isfahan;

Iran). The three-electrode cell system contained one working

electrode (SPE), one axillary electrode (platinum wire) and one

reference electrode (SCE). All pH values were measured by a

digital ELICO LI 120 pH meter. All X-ray powder diffraction

(XRD) findings belonged to a Philips PC-APD X-ray

diffractometer (the Netherlands). EM 3200 SEM and KYKY

Scanning Electron Microscopy-Energy Dispersive Spectroscopy

(SEM-EDS; China) characterized the modifier.

2.2 Production of peony-like CuO:Tb3+

nanostructure (P-L CuO:Tb3+ NS)

A simple hydrothermal protocol was applied to construct the

P-L CuO:Tb3+ NS. Thus, 1.2 g of copper nitrate trihydrate and

.1 g of terbium chloride hexahydrate were poured in 100 ml of

ethanol. Then, the solution was added with 25 ml of 28%

ammonia and 20 ml of 1.0 M NaOH as dropwise, followed by

appending 10 g of NaNO3. Next, the solution was autoclaved in a

250-ml Teflon-lined stainless steel device. After that, the mix was

heated in an electric oven at 140°C for 24 h, the result of which

was a black product that was gathered by washing with water,

performing centrifugation and drying at 80°C.

2.3 Modification of electrode surface

The bare SPE (BSPE) was exposed to Piranha solution

(H2SO4:H2O2, 3:1 as v/v) and ultra-sonicated for 15 s. Next,

1 mg of P-L CuO:Tb3+ NS was dispersed to 1 ml of DDW and

ultra-sonicated for 1 hour, followed by adding .1 M pyrrole to the

obtained solution. The pyrrole electro-polymerization on the SPE

surface was carried out using the cyclic voltammetry (CV)

(30 potential cycles between .0 and .8 V at 100 mV/s scan

rate) (Foroughi and Jahani, 2021). To prepare the dsDNA

solution, 90.0 mg of fish sperm DNA was dissolved in 1 L of

DDW in ultrasonic bath to obtain a homogeneous solution.

Afterwards, a certain amount of produced solution (5 µL) was

casted on the PP/P-L CuO:Tb3+ NS/SPE (Moarefdoust et al.,

2022b).

2.4 Sample treatment and detection

Vincristine was electroanalytically detected in the real

pharmaceutical formulations and human blood serum and

urine samples. 1 ml of Vincristine Sulfate (1 mg/ml solution)

FIGURE 3
(A) FESEM image, (B) and (C) High resolution FESEM image of P-L CuO:Tb3+ NS.
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for injection diluted to 100 ml in acetate buffer solution at the

pH value of 4.8. The standard solutions of Vincristine was spiked

in the pharmaceutical formulations to perform the recovery tests

of their determination. No pretreatment step was conducted for

the detection of Vincristine in the refrigerated human blood

serum and urine samples collected from a Pasteur Bam Hospital

(Bam, Iran).

2.5 Molecular docking study

A molecular docking investigation was conducted as part of a

biological assay to predict themode of binding of vincristine anticancer

drug inside the DNA receptor. From the Brook haven protein data

bank, the crystal structures of DNA duplex (entry codes 1BNA and

with sequence d (CGCGAATTCGCG)2 dodecamer) was downloaded.

FIGURE 4
EDS spectra and elemental mapping of P-L CuO:Tb3+ NS.
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3 Result and discussion

3.1 Characterization of P-L CuO:Tb3+ NS

Figure 2 illustrates the XRD spectra obtained frompure and Tb-

doped CuO nanostructures. The XRD spectra for all specimens are

similar to those formonoclinic CuO nanostructures, JCPDS:895,898

(Uma Maheswari et al., 2018). The diffraction peaks at 2θ for

monoclinic CuO include (−222), (311), (−311), (022), (−113),

(202), (020), (−202), (111), (−111) and (110) corresponding to

75.36°,72.68°, 68.12°, 66.24°, 61.52°, 58.44°, 53.68°, 48.92°, 38.76°,

35.72° and 32.56°, sequentially. Higher degree switch is there for

P-L CuO:Tb3+ NS at peaks (−202), (022) and (−311), probably

because of Tb incorporation in CuO that imposes internal stress

owing to its larger atomic radii (175 p.m.) when comparingwith that

for Cu (128 p.m.). It rendered also for the formation of defects.

Replacing dopants of a lower atomic radius in the host lattice results

in a greater angle peak shift. In our study, paradoxically, the peak

angle shift is higher and the end of distance d is less observed for

dopants that their atomic radius is larger than that of host copper,

which may be related to further internal tensile stress caused by

dopants and defects in the network, probably resulting in an

abnormal shift in the greater angle peak and lower end of

distance d found in XRD (Jansi Rani et al., 2020). The XRD had

no secondary peaks related to dopant, confirming the fabrication of

single-phase CuONSs. According to the XRDpatterns, the appeared

diffraction peaks are related only to CuO formation. There were no

other peaks related to Tb oxides. The lower shift of angle peaks

related to greater atomic radii of dopant ion has been evaluated in

detail.

Figure 3 depicts SEM images exhibiting themorphology and size

of fabricated P-L CuO:Tb3+ NS. As shown in Figure 3A, a uniform

peony-like morphology can be observed for these 5-μm fabricated

nanoflowers regularly stacked by CuO:Tb3+ sheets. Figures 3B, C,

with greater magnification, shows clearer shape of CuO:Tb3+ NS.

Images show a unique hierarchical flower-like architecture

containing ultra-thin nano-sheets with a mean thickness of

20 nm. The images show the uniform distribution of the nano-

sheets along the radius throughout the sample, which resulted in the

formation of a flower-like structure with abundant spaces between

the petals. This structure, due to its larger specific surface area, can

promise the construction of catalysts with unique applications.

Figure 4 verifies the elements of as-synthesized NSs and

exhibits the electrocatalyst purities. The existence of Cu, Tb and

O is evident. The EDS patterns display the production of NSs

without any impurity and with high quality, probably supporting

the statement of sample purity in the XRD spectrum. The EDS

mapping analysis was also applied to determine the spatial

dispersion of Cu, Tb and O. Figure 4 illustrates entire

dispersion of Tb (red zone), Cu (blue zone) and O (yellow

zone) throughout the area, indicating evident reasons for

uniform dispersion in the P-L CuO:Tb3+ NS.

3.2 Electrochemical behaviors of modified
electrode

The modified electrode was assessed for the electrochemical

behaviors by the EIS (Figure 5A) in 1.0 mmol/L [Fe(CN)6]
3-/4-/

0.1 M KCl electrolyte, in comparison to unmodified SPE, PP/P-L

CuO NS/SPE and PP/P-L CuO:Tb3+ NS/SPE. The charge-

transfer resistance (Rct) was estimated at approximately

1,482Ω for the SPE according to Nyquist diagram. In the

identical experimental circumstances, there was a reduction in

the semicircle diameter on the PP/P-L CuO:Tb3+ NS/SPE and PP/

P-L CuO NS/SPE, with the Rct values of approximately 660 and

1,143Ω. Anchoring PP/P-L CuO:Tb3+ NS on the SPE surface

caused an increase in electrical conductivity of electrode surface

and a decrease in mass-transfer resistance during the redox

process.

FIGURE 5
(A)Nyquist diagrams and the equivalent circuit of unmodified
SPE (A), PP/P-L CuO NS/SPE (B) and PP/P-L CuO:Tb3+ NS/SPE (C)
in 1.0 mM [Fe(CN)6]

3-/4- (.1 M KCl) (B) DP voltammograms of ds-
DNA/PP/P-L CuO:Tb3+ NS/SPE in absence (A) and presence
of 35.0 µM (B) and 60.0 µM (C) Vincristine.
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3.3 Intercalation of ds-DNA and vincristine

The differential pulse voltammetry’s (DPVs) were recorded

for as-fabricated sensor under inclusion and exclusion of the

Vincristine for the exploration of its intercalation with ds-DNA

on the ds-DNA/PP/P-L CuO:Tb3+ NS/SPE surface (Figure 5B).

As seen in Figure 5B (curve a), the Vincristine exclusion

created an oxidation signal at 805 mV with an oxidation

current of 9.6 µA in .5 M acetate buffer solution (pH 4.8). In

the inclusion of 35.0 and 60.0 µM of Vincristine (in Tris-HCl

buffer; pH 7.4), the ds-DNA/PP/P-L CuO:Tb3+ NS/SPE was

placed in the solution and then stirred for 12 min. Next, .5 M

acetate buffer solution (pH 4.8) was replaced by Tris-HCl,

followed by recording the DPV for ds-DNA/PP/P-L CuO:Tb3+

NS/SPE. According to data in Figure 5B (curves b and c), the

35.0 and 60.0 µM Vincristine solutions had the oxidation

currents of 7.9 and 5.8 µA, respectively. Vincristine declined

the oxidation signal of ds-DNA on the ds-DNA/PP/P-L CuO:

Tb3+ NS/SPE surface. Therefore, the intercalation of

Vincristine with ds-DNA was validated on as-fabricated

sensor surface.

3.4 Optimization of determinants

The determining parameters in the optimization of biosensor

activity were ds-DNA concentration, intercalation time and type

of buffer solution. Variable ds-DNA contents were applied to

construct the ds-DNA/PP/P-L CuO:Tb3+ NS/SPE according to

Section 2.3. As seen in Figure 6A, there was an increase in the

guanine oxidation current with increasing ds-DNA content on

the ds-DNA/PP/P-L CuO:Tb3+ NS/SPE surface. The highest

oxidation current was related to starting ds-DNA

concentration of 90.0 mg/L, as shown in Figure 6A. At higher

concentrations, the oxidation signal of guanine was stable

compared to ds-DNA, which means the PP/P-L CuO:Tb3+

NS/SPE surface was saturated by being occupied with ds-

DNA molecules. Hence, the optimized starting concentration

was selected to be 90.0 mg/L in the fabrication of ds-DNA/PP/

P-L CuO:Tb3+ NS/SPE. Then, the signal of ds-DNA guanine was

recorded at different buffer solutions of Britton–Robinson,

acetate and phosphate buffer solutions with the pH 4.8.

Figure 6B shows the oxidation currents of 7.15, 9.60 and

4.36 µA recorded for ds-DNA/PP/P-L CuO:Tb3+ NS/SPE in

Britton–Robinson acetate, and phosphate buffer solutions,

successively. As seen, the maximum sensitivity was found in

the acetate buffer, thereby it was the solution selected for next

testing. The last optimization step was related to the incubation

time of the sensor. Thus, the modified electrode was exposed to

the Vincristine solution while stirring for variable times. Finally,

the interaction of ds-DNA with Vincristine on the ds-DNA/PP/

P-L CuO:Tb3+ NS/SPE surface was completed during 12 min, and

so this time was selected to be optimal for next testing

(Figure 6C).

3.5 Analytical experiments

A general, pulse techniques, such as DPV, are more

sensitive than the linear sweep methods because there is

minimization of the capacitive current. In turn, CV is most

commonly used for exploratory purposes. In DPV, small

FIGURE 6
(A) Current versus ds-DNA concentration (10.0, 15.0, 30.0, 75.0, 90.0, 105.0, 120.0 and 135.0 mg/L) plot (B) Current recorded on ds-DNA/PP/
P-L CuO:Tb3+ NS/SPE vs type of buffer at optimum condition (90.0 mg/L ds-DNA) (C) Effect of the time duration of 350.0 µM Vincristine on the
guanine oxidation signal recorded on ds-DNA/PP/P-L CuO:Tb3+ NS/SPE (n = 5).
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FIGURE 7
(A) DP voltammograms of ds-DNA/PP/P-L CuO:Tb3+ NS/SPE
in the presence of increasing concentrations (.0, .001; 1.0; 5.0;
10.0; 20.0; 30.0; 40.0; 50.0; 60.0; 70.0; 80.0; 90.0; 100.0; 200.0,
300.0 and 400.0; µM) of Vincristine (B) ΔI vs. Vincristine
concentration (n = 5) plot.

FIGURE 8
Current responses of Vincristine (50.0 μM) Five modified
electrode fabricated (B) DPVs of modified electrode (A)
(containing 50.0 μM of Vincristine) and (B) after 5 Weeks.

TABLE 1 Comparison of major characteristics of various methods for the determination of Vincristine.

Method Dynamic ranges Detection limits Ref

High-performance liquid chromatography .25–25.0 μg/ml 8.0 μg/ml Gupta et al. (2005)

Spectrophotometric 5.0–50.0 μg/ml 2.108 μg/ml Amila Jeewantha et al. (2017)

Liquid chromatography-tandem mass spectrometry 2.5–250.0 ng/ml 2.5 ng/ml Jin et al. (2021)

High-performance liquid chromatography-UV detection .05–5.0 mg/L .15 mg/L Kiani et al. (2018)

Voltammetry .01–.2 µM 7.0 nM Yong et al. (2004)

Voltammetry .05–5.0 µM .26 µM Zhang et al. (2016b)

Voltammetry .2–50.0 nM .08 nM Saify Nabiabad and Amini, (2020)

Amperometry 2.0–.1 µM 1.1 nM Babkina and Ulakhovich, (2011)

Voltammetry .01–400.0 µM .21 nM and 2.39 nM This work
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amplitude, short pulses are superimposed on a linear

ramp. Current is measured before the application of the

pulse and at the end of each pulse, and the difference

between the currents is calculated. This procedure

effectively reduces the background current due to the direct

current (DC) ramp, and thus this procedure results in a

Faradaic current free of most capacitive current. The major

advantage of DPV is low capacitive current, which leads to

high sensitivity. In inclusion and exclusion of Vincristine at

variable concentrations, the DPVs were obtained for ds-DNA/

PP/P-L CuO:Tb3+ NS/SPE (Figure 7A). In order to achieve the

higher analytical response (anodic current), the optimal

conditions for DPV measurements were as follow: ABS,

pH 4.8, modulation amplitude of .02505 V, modulation

time of 30 ms, interval time of 200 ms, step potential of

10 mV, initial potential = 680 mV and end potential of

930 mV. The net oxidation current of guanine in relation

to ds-DNA on the ds-DNA/PP/P-L CuO:Tb3+ NS/SPE surface

(net current refers to a difference between oxidation current in

exposure or non-exposure to drug) had two linear regression

equation is demonstrated by y = .0584x + .2586 from .001 µM

to 100.0 µM linear range with R2 = .9995 while the other linear

range (100.0–400.0 µM) represents linear regression equation

of y = .0048x + 5.61 (R2 = .999) for Vincristine concentration.

The limit of detections (LOD) as low as .21 nM and 2.39 nM

(LOD = 3Sb/m; where, Sb refers to the standard deviation of

blank (n = 5) and m means the slope of linear dynamic range

(LDR)), as seen in Figure 7B. According to the result, the high

slope of the curve at low concentrations indicates the fact that

the electrode provides enough active sites for vincristine.

Whereas, the low slope value of the curve at high

concentrations highlights relatively limited active sites for

concentrated vincristine.

3.6 Comparison of proposed biosensor
with other reported analytical methods for
the determination of vincristine

The comparison of analytical efficacy between as-fabricated

electrode and other non-electrochemical and electrochemical

methods was performed for Vincristine (Table 1) (Yong et al.,

2004; Gupta et al., 2005; Babkina and Ulakhovich, 2011; Zhang

et al., 2016b; Amila Jeewantha et al., 2017; Kiani et al., 2018; Saify

Nabiabad and Amini, 2020; Jin et al., 2021). Based on Table 1, the

detection limit and linear range of as-fabricated sensor were

better than those of non-electrochemical methods (Gupta et al.,

2005; Amila Jeewantha et al., 2017; Kiani et al., 2018; Jin et al.,

2021). When comparing with electrochemical methods, the

HPLC/MS and HPLC are expensive, sophisticated and multi-

process techniques, with the need for sample preparation, pre-

filtration and extraction as well as temperature monitoring. In

addition, the performance of our proposed DNA biosensor for

sensing Vincristine displayed a comparable linear range and

better detection limit and sensitivity when comparing with the

other electrochemical methods. The detection limit of only Ref

(Saify Nabiabad and Amini, 2020). developed for detection of

Vincristine was superior to our sensor. The strength of our work

than Ref (Saify Nabiabad and Amini, 2020). was the use of non-

destructive, non-toxic and cost-effective modifiers (ds-DNA/PP/

P-L CuO:Tb3+ NS) when comparing with Au nanoparticles,

carbon nanotubes, monoclonal antibody. We also achieved

lower limit of detection and broader linear range than others

(Table 1). Accordingly, as-fabricated biosensor is potentially able

to determine the trace amount of Vincristine in various media.

Moreover, the electrode used for the sensor fabrication is a SPE

that has various advantages like cost-effectiveness, facile

modification, admirable accessibility and lower background

TABLE 2 The selectivity test of ds-DNA/PP/P-L CuO:Tb3+ NS/SPE for the
determination of Vincristine.

Species Species tolerant limits
(Winterference/W vincristine)

K+, Na+, Li+, F−, Ca2+ 1,000

Alanine, Glycine, valine,
Dopamin, Uric acid, Ascorbic acid

800

TABLE 3 Determination of Vincristine in injection, serum and urine samples using ds-DNA/PP/P-L CuO:Tb3+ NS/SPE (n = 5).

Sample Detected (µM) Added (µM) Found (µM)a Recovery (%)

Vincristine injection 3.6 5.0 8.8 ± 2.1 102.3

10.0 13.7 ± 2.7 100.7

Human Blood Serum NDb 10.0 9.9 ± 3.6 99.0

15.0 15.5 ± 1.9 103.3

Urine NDb 20.0 20.1 ± 2.3 100.5

25.0 24.9 ± 2.9 99.6

aMean ± standard deviation for n = 5.
bNot detected.
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current when comparing with other electrodes. As seen in Tables

1, the electrode as-fabricated for electrochemically bio-sensing

Vincristine generally showed admirable properties for

measurement speed, sensitivity, detection limit, linear range

and sensitivity when compared to other methods reported in

literature.

3.7 Reproducibility, stability and
interference analysis

The peak currents of three study Vincristine was measured to

determine the ds-DNA/PP/P-L CuO:Tb3+ NS/SPE

reproducibility using five different sensors fabricated in the

identical conditions (n = 5), the results of which showed the

relative standard deviation (RSD) of 2.1% that means successful

reproducibility of sensor (Figure 8A). The sensor was stored at

4°C for five consecutive weeks to determine the ds-DNA/PP/P-L

CuO:Tb3+ NS/SPE stability, the results of which showed the

maintenance of the peak current of 98.7% of its primary value

that means successful stability of sensor (Figure 8B). The

modified electrode was stored in ABS (pH 4.8) for Vincristine

to test its stability for 10 days, followed by recording the DPVs

and then comparing to pre-immersion DPVs. Based on the

findings, the peak current was slightly reduced 99.2%,

highlighting impressive stability of the sensor.

The interference determinations were carried out under the

optimized conditions, consisting of metal ions and organic

compounds. The tolerance limit for interferants was the

highest concentration presenting a relative error of ˂±5.0% at

the Vincristine concentration of 5.0 μM. The alanine, glycine,

valine, dopamin, uric acid, ascorbic acid were the most abundant

compounds in serum specimens along with Vincristine.

According to the results these analytes separately (800-fold,

4.0 mM) could not interfere with the determination of

Vincristine. In addition, the Ip values of Vincristine were not

affected by 1000-fold concentrations (5.0 mM) of K+, Na+, Li+, F−,

Ca2+ (Table 2). Accordingly, it can be claimed that none of the

tested common interferants had a significant influence on the

detection of Vincristine in the real study specimens using the as-

fabricated ds-DNA/PP/P-L CuO:Tb3+ NS/SPE sensor.

3.8 Real sample analysis

The practical potential of ds-DNA/PP/P-L CuO:Tb3+ NS/

SPE was evaluated by sensing Vincristine in injection, human

blood serum and urine samples using standard addition

protocol. According to data (Table 3), the recovery rates

were as satisfactory as 99.0%–103.3% that means the

successful applicability of our Vincristine sensor. Moreover,

the relative standard deviation (RSD) was lower than 4%,

indicating a good precision of this method which can meet the

requirement of nanoanalysis. Therefore, the developed

electrochemical method is applicable to the determination

of Vincristine.

FIGURE 9
(A) Vincristine-DNA minor groove interaction (B) Geometrical disposition of vincristine in DNA minor groove.
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3.9 Intercalation docking

Docking study was done to investigate the ideal interaction site

and best compounds conformation on the DNA with the lowest

energy. The lowest binding energy andKi for the interaction ofDNA

with vincristine were obtained to be −6.08 kcal/mol and 35.18 μM,

respectively. Studies indicated stabilization of vincristine at the DNA

minor groove across one hydrogen bond with the nucleotides and

hydrophobic interactions (Figure 9). Hydrogen (H) one bonds to

nitrogen 48 of vincristine interactedwithO3’ from thymine 8 (DT8).

Moreover, the major contribution of hydrogen bond has been

demonstrated in interacting between vincristine and DNA.

According to the results of docking, vincristine can interact

effectively with bases in the minor groove of DNA.

4 Conclusion

The P-L CuO:Tb3+ NS was prepared by the simple

hydrothermal method. The physical characterization and

structural properties are confirmed by the XRD, SEM and

EDS analysis and discussed well. In addition, new DNA

biosensor was designed using ds-DNA immobilization on the

surface of PP/P-L CuO:Tb3+ NS/SPE. The DPVmethod was used

to detect dsDNA-Vincristine interaction on the modified ds-

DNA/PP/P-L CuO:Tb3+ NS/SPE surface. The factors affecting

the performance of the biosensor such as DNA concentration

(90 mg/ml), type of buffer solution (acetate buffer), and ds-DNA/

Vincristine interaction time (12 min)) were optimized. In the

analytical investigation of Vincristine using DPV, the modified

electrode exhibited two linear responses in concentration ranges

of .001–100.0 µM and 100.0–400.0 µM with detection limits of

.021 and 2.39 nM, respectively. The experimental results and

docking indicated that the binding mode of Vincristine and ds-

DNA was minor groove. The practical potential of ds-DNA/PP/

P-L CuO:Tb3+ NS/SPE was evaluated by sensing Vincristine in

Vincristine injection, human blood serum and urine samples.
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