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The interaction between amsacrine and double stranded deoxyribonucleic acid (ds-DNA) was studied
by a graphene paste electrode (GPE) and incubation solution using differential pulse voltammetry
(DPV). A simple and sensitive biosensor was made using the mentioned interaction for determining
amsacrine. DPV shows a linear dynamic range from 7.0 x 107" t01.0 x 10~ M for amsacrine. The use
of this screening method for analyzing real sample was studied with applying the proposed method to
determine amsacrine in urine and blood serum. Generally, the findings indicated a DNA sensor with
the ability to analyze the amsacrine in real samples effectively.
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1. INTRODUCTION

DNA has a key role in the process of life as heritage data are carried with it and it is
responsible for replicating and transcribing genetic data in living cells. DNA is an important target for
smaller molecules such as medicines, metals, and carcinogens [1].

The research conducted on the mechanism of binding are of excessive assistance for
recognizing the genes mutation and the origin of some diseases. In addition, the study of interaction
between drug and DNA is significant to design and monitor novel DNA-target medicines [2, 3].
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Various kind of the mechanisms of binding include intercalation, groove binding, covalent
binding/cross linking, DNA cleaving, and nucleoside-analog incorporation. The structural variations of
both the DNA and the medicine molecules for accommodating the formation of complex are caused by
these binding interactions [4, 5].

The interaction between several anticancer medicines with DNA has been investigated using
different methods such as fluorescence [6, 7], UV [8], luminescence [9], circular dichroism
spectroscopy [8], electrophoresis [10], NMR [11], IR [12], and molecular modeling techniques [13].
Although, these approaches are time-consuming and expensive and need more materials, moreover,
several of them have low sensitivity [14].

Recently, the electrochemical investigation of interaction between anticancer drugs and DNA
has been increased [15-22]. Among these methods, DNA electrochemical biosensors are one of the
main groups. Electrochemical DNA biosensors include a nucleic acid recognition layer immobilized
over an electrochemical transducer. The signal transducer must measure the variation happened at the
recognition layer because of the binding molecules, converting this into an electronic signal which then
can be displayed to the operator [23-25]. These biosensors are beneficial tools to demonstrate
interactions between nucleic acid and cell membranes, to detect possible environmental carcinogenic
chemicals and to clarify the mechanisms of interaction of chemotherapeutic agents. Therefore, they
possibly suggest quick and cheap alternative to traditional approaches of determining interactions
between analyte and DNA [26].

Amongst the electrochemical transducers, carbon-based electrodes including pencil lead
electrode, glassy carbon electrode (GCE), carbon paste electrodes, carbon composite electrodes,
carbon nanoparticle-modified electrodes or chemically modified carbon electrodes, show some unique
features [27-36].

Carbon paste electrodes (CPEs) are extensively applied for electrochemical determinations of a
various species relating to their low residual current and noise, simplicity of construction, broad
potential window, rapid surface renewal, and low cost [37-50].

Therefore, much attention has been done to prepare the electrochemical biosensors with great
selectivity and sensitivity with modified carbon paste for analysis of medicines, biological compounds
in biological and pharmaceutical samples [51-59].

Among carbon material, a new promising group is graphene, which has been interested greatly.
It shows excellent electrical conductivity and optical features and it is lightweight with a great specific
surface area and chemical stability. Moreover, graphene offers the benefits of more cost effective and
lower concentrations of metallic pollution comparing to carbon nanotubes (CNTs) [60-62].

Amsacrine (N-{4-[(acridin-9-yl)amino]-3-methoxyphenyl}methanesulfonamide, m-AMSA),
which is traditionally known as the first medicine with the function as a topoisomerase Il poison, is a
well-known anticancer agent with a good activity against refractory acute leukemias as well as
Hodgkin’s and non-Hodgkin’s lymphomas [63].

In previous studies, limited approaches have been reported to determine m-AMSA in bulk
solutions with HPLC and GC [64, 65].

In current research, a carbon paste electrode modified with graphene and ds-DNA was made
and the electrochemical interaction of ds-DNA and amsacrine was studied. According to our
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knowledge, no research has been reported on electrochemical DNA biosensors for m-AMSA
determination until now.

2. EXPERIMENTAL

2.1. Apparatus and chemicals

To acquire the data and a potential control, all the voltammetric experiments (cyclic
voltammetry or differential pulse voltammetry) were conducted by a personal computer interfaced to a
Metrohm model 797 VA Computrace, (Herisau, Switzerland). A three-electrode system consisted of a
platinum wire, Ag/AgCI/KCI (saturated), and graphene paste electrode (GPE) was used as the
auxiliary, reference, and working electrodes, respectively. All the pH measurements were carried out
using a Metrohm 827 pH meter (Herisau, Switzerland) supplied with a combination glass-reference
electrode.

Amsacrine hydrochloride and salmon sperm double-stranded DNA (ds-DNA) and graphene
were purchased from Sigma (St. Louis, USA). Amsacrine stock solution (1 mM) was prepared with
ultrapure water and kept in a refrigerator. 1.0 mg/mL of the DNA stock solution was prepared in Tris—
HCI (TE) buffer (pH 7.4) and kept frozen. Finally, the buffer solutions were prepared from
orthophosphoric acid and its salts in the pH range of 2.0-9.0. Extra pure graphite powders were
purchased from Merck (Darmstadt, Germany). All other reagents were of analytical grades and
purchased from Sigma.

2.2 Real Sample Preparation

Immediately after collection, the urine samples of healthy people were stored in a refrigerator.
10 mL of the samples was centrifuged at 2000 rpm for 15 min. Then, using a 0.45um filter, the
supernatant was filtered out. Afterwards, a different volume of the solution was diluted to the mark
with 0.05 M phosphate buffer (pH 7.0) followed by its transfer into a 25 mL volumetric flask.
Different amounts of amsacrine were spiked to the diluted urine sample.

The serum samples of healthy people were obtained from a local laboratory. After
centrifugation and filtering, it was diluted with 0.05 M phosphate buffer (pH 7.0) with no further
treatment. Different amounts of amsacrine were spiked to the diluted serum samples.

2.3 GPE Preparation

By mixing 0.2 g of graphene with 0.8 g of graphite powder and ~0.8 mL of paraffin oil with a
mortar and pestle, a GPE was prepared. Then, the paste was packed into the end of a glass tube of a
length of 15 cm, ca. 3.4 mm i.d. The electrical contact was provided by a copper wire inserted into the
carbon paste.
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Before use, the surface of the electrode was rubbed and gently smoothed on a piece of filter
paper. When it was necessary, a bit of the paste was pushed out of the tube to prepare a new surface.
Without adding graphene, a bare electrode was prepared in a similar way.

2.4 ds-DNA Immobilization on the GPE Surface

By applying 10 mL of 0.50 M acetate buffer solution (pH 4.8) containing 10 mg/L of the
ds-DNA at a potential of 0.50 V, the ds-DNA was immobilized on the GPE by stirring it for 250 s as
described in the literature [57]. The obtained electrode rinsed with acetate buffer solution was named
as ds-DNA-GPE.

2.5 K4 [Fe (CN)g] Electrochemical Behavior at the Surfaces of Different Electrodes

The cyclic voltammogram of 2.5 mM K4Fe(CN)g in 0.01 M PBS and 0.50 M KNOj3 was
recorded from -195 to 620 mV using a scan rate of 50 mV/s.

2.6 Adsorptive Stripping Differential Pulse Voltammetry at ds-DNA-GPE

Different concentrations of amsacrine mixed with 10 mL of 0.05 M phosphate buffer at pH 7.0
were applied to dip the ds-DNA-GPE. At different times, the solution was stirred in an open circuit
system for accumulation. Then, the electrode was placed in 10 mL phosphate buffer (0.30 M, pH 7.5)
after being rinsed with distilled water. Using a differential pulse mode, the potential ranging from +150
to +400 mV was scanned towards the positive direction and the subsequent voltammograms were
recorded.

3. RESULTS AND DISCUSSION

3.1 Cyclic Voltammetric Study on DNA Immobilization onto GPE

To study DNA immobilization on the GPE surface, cyclic voltammetry (CV) of Fe(CN)g*
IFe(CN)s> redox couple was used as an indicator whose function depended the negatively charged
DNA phosphate backbone and the electrostatic repulsion of the redox couple [61]. The typical cyclic
voltammograms of the immobilization process are shown in Figure 1. The characteristics of
voltammogram of K,[Fe(CN)s] at the bare CPE included a pair of well-defined peaks with a cathodic
peak potential (Epc) of 136 mV and an anodic peak potential (Eys) of 332 mV as well as the peak-to-
peak potential separation (AE,) of 196 mV as shown in curve a in Figure 1. Using GPE, both peaks
demonstrated a rise in the currents. Additionally, in the presence of graphene, AE, reduced to 167 mV,
while the redox reversibility of Fe(CN)g* was ameliorated (curve b in Figure 1).
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Figure 1. Cyclic voltammograms of (a) bare CPE, (b) GPE and (c) ds-DNA-GPE in 0.01M PBS
containing 0.50 M KNO3 and 2.5 mM K;Fe(CN)g. Conditions: potential range - 195 to 620 mV
at a scan rate of 50 mV/s.

A rise of 309 mV in the AE, was seen after the ds-DNA immobilization on the GPE surface,
which indicated a reduction in the electrochemical reversibility of the Fe(CN)s*/Fe (CN)s> redox
couple at the electrode coated with DNA (Curve c in Figure 1). Simultaneously, both the peak anodic
and cathodic currents declined. This reduction can be explained as follows:

Due to electrostatic repulsion, Fe(CN)s* /Fe(CN)s> redox couple access to the electrode
surface is resisted by the phosphate groups negatively charged on ds-DNA after ds-DNA
immobilization on the GPE [63]. As a result, the ds-DNA immobilization on the surfaces of the
electrodes can be detected by the difference between the CV profiles of the electrodes.

3.2 Amsacrine Interaction with ds-DNA in the Solution

As shown in Fig. 2, the DP voltammogramms of amsacrine in phosphate buffer (0.05 M, pH
7.0) was recorded in the presence and absence of the ds-DNA, is showing a positive shift in the peak
potential (76 mV), amsacrine oxidation signal decreased after adding and incubating the ds-DNA for 5
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min. One of the following two factors is responsible for such results: (i) blocking of the electron
transfer between amsacrine and electrode surface by the non-conducting DNA; (ii) electrochemical
inactivity of the formed DNA- amsacrine complex. In the former case, the current relative to that of
the clean electrode must have reduced, while no peak shift was expected.
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Figure 2. Differential pulse voltammograms of 2.0x10™ M amsacrine at GPE in 0.05 M phosphate
buffer of pH 7.0 in the absence of the ds-DNA (a) and in the presence of 20 mg/mL of the
ds-DNA (b). Incubation time, 5 min.

Since the diffusion rate of the DNA-bound species was small, the current was mainly caused by
the unbound species in the presence of DNA. As a result of DNA addition, amsacrine -DNA complex
was formed, which caused a decline in the unbound amsacrine concentration and subsequent reduction
in amsacrine anodic current. Moreover, following an interaction with the ds-DNA, the peak potential
changed to a more positive value, which indicated an interaction of intercalative mode, while a
negative shift in peak potential has been mentioned in the literature to be characterized by an
electrostatic mode of interaction between DNA and the desired species [64]. Accordingly, the
intercalation behavior of amsacrine into the DNA double helix was a characteristic of the positive shift
in amsacrine peak potential. Based on these observations, a considerable reduction in the apparent
diffusion coefficient seemed to result from amsacrine intercalation into the bulky DNA diffusing
slowly due to amsacrine peak current decline after adding the ds-DNA.
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3.3 Amsacrine Electrochemical Behavior at ds-DNA-GPE Surface

Fig. 3 shows DPVs obtained after accumulation of amsacrine at bare CPE (curve a), GPE
(curve b) and ds-DNA-GPE (curve c) from a stirring 5.0x10° M amsacrine in 0.05 M phosphate buffer
(pH 7. 0) for 5 min at open circuit condition, followed by washing the electrode with distilled water
and transferring it in to blank 0.30 M phosphate buffer (pH 7.5) as the supporting electrolyte.
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Figure 3. DP voltammograms obtained after accumulation of amsacrine at bare CPE (a), GPE (b) and
ds-DNA-GPE (c). Conditions: amsacrine concentration 5.0 x10° M, accumulation medium
0.05 M phosphate buffer pH 7.0, accumulation time 5 min, stripping medium 0.30 M phosphate
buffer pH 7.50.

Relative to bare CPE and GPE, a positive shift at the ds-DNA-coated electrode was represented
by Epa as can be seen from Fig. 3. Additionally, amsacrine interaction with the DNA layer immobilized
on the electrode surface was reflected by the largest anodic signal of the ds-DNA-coated electrode. In
other words, the pre-concentration caused by amsacrine adsorption on the electrode surface via a
strong interaction led to this increased sensitivity.
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Figure 4. Linear sweep voltammograms of 1.5x10° M amsacrine at ds-DNA- GPE employing
varying scan rates (a-g): 10, 25, 50, 75, 100, 125 and 150 mV/s, respectively. Inset: Linear
relationship between scan rates and peak currents in the linear sweep voltammograms.
Conditions were the same as Figure 3

Amsacrine linear sweep voltammetry of 1.5x10° M was performed at different scan rates (v)
(Fig. 4). Amsacrine molecule oxidation associated with the immobilized DNA was represented by the
obtainment of a linear plot of Iy, versus v (Fig. 4. inset) within the range of 10-150 mV/s at the ds-
DNA-coated GPE. Furthermore, as expected for an irreversible electrode process, a positive change in
Epa Was observed to be caused by the increasing scan rate [65].

3.4 Optimization of Experimental and Operational Parameters

To use the ds-DNA-GPE for amsacrine determination in real samples, the main experimental
parameters affecting the biosensor response were optimized.

3.4.1 Immobilization Time

Using DPV, it was investigated how ds-DNA immobilization time affected Iy, of the
accumulated amsacrine. It was discovered that with the increasing immobilization time, the adsorbed
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DNA amount enhanced and began to saturate at nearly 250 s. Accordingly, further research was
conducted to study the immobilization time of 250 s.

3.4.2 Accumulation pH

pH impact on amsacrine accumulation on the electrode surface, on which the ds-DNA
immobilization and amsacrine had an interaction, was investigated within a range of 2.0-10.0. Based
on the results, amsacrine anodic signal begins to decline when pH enhances to more than 7.0, while the
optimal pH value is around 7.0. Amsacrine changes into a negatively charged form at higher pHs.
Amsacrine oxidation signal decrease is resulted from amsacrine reduced concentration near the
electrode surface caused by the electrostatic repulsion between the amsacrine and DNA negative
charges. Accumulation pH was adjusted to the optimal value of 7.0 in the subsequent experiments.

3.4.3 Accumulation Time Effect

The accumulation time determines amsacrine interaction with the ds-DNA. The dependence of
l,a Of amsacrine on the accumulation time was investigated in an phosphate buffer of pH 7.0 at a
ds-DNA-GPE. An increase was observed for the first 5 min of the accumulation time while a leveling-
off occurred at longer times. Thus, only 5 min of accumulation was considered for all the experiments.

3.4.4 Stripping pH

l,a was greatly affected by the solution pH value since proton took part in amsacrine oxidation.
Accordingly, evaluation of the stripping pH effect on the biosensor response was done in phosphate
buffer 0.3 M with pH values of 2.0 to 10.0.

As shown in Fig. 5, at the buffer solution pH of 7.5, maximum I,, was observed in the results.
Therefore, the stripping was performed in 0.30 M phosphate buffer with a pH of 7.5 in the subsequent
experiments.

3.4.5 Stripping Medium Concentration

To reach the highest amsacrine oxidation signal, the effect of phosphate buffer concentration
(pH 7.5) in the stripping medium was studied. An increased lp, was obtained by enhancing the buffer
concentration within a range of 0.1-0.3 M; however, it remained constant with a continuous
augmentation up to 0.30 M. Hence, the stripping medium of phosphate buffer 0.30 M was selected for
further research.



Int. J. Electrochem. Sci., Vol. 12, 2017 9967

6.0

4.0

I/ pA

2.0

0.0 . .

Figure 5. Effect of stripping pH on the DP voltammograms of amsacrine accumulated at ds-DNA-
GPE. Conditions: amsacrine concentration 7.0x10 M, other conditions were the same as given
in Figure 3, except second phosphate buffer pH.

3.5 Analytical Performance

Based on linearity, accuracy, limit of detection (LOD), and limit of quantification (LOQ), the
proposed DNA biosensor was validated. The DPV response of ds-DNA-GPE to various amsacrine
concentrations, as well as a calibration curve for amsacrine detection with the help of the proposed
biosensor under the optimal experimental conditions is shown in Fig. 6.

A linear relationship was exhibited to exist between the amsacrine concentration over the range
of 7.0x107— 10x10™ M and the peak current at ds-DNA-GPE by the calibration graph. The detection
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limit was obtained 3.0x107 M. These values are comparable with other values obtained by other
research groups as are shown in Table 1.
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Figure 6. DP voltammograms obtained at ds-DNA-GPE for amsacrine at different concentrations (a—
k) 7.0x107, 2.5x10°, 7.5x10° 1.5x10°, 2.0x10°, 3.0x10°, 4.0x10° 4.5x10°, 6.5x107,
8.0x10™ and 1.0x10™ M respectively. Other conditions were the same as given in Figure 3

Table 1. Comparison of the efficiency of some methods used in detection of amsacrine.

Method LOD LDR Ref.
Gas-chromatography 50 ng/ml - 66
High-performance liquid chromatography - 2.0-2000.0 ng/ml 67
High-performance liquid chromatography 50.0 uM 0.1-10.0 uM 68

Electrochemistry 03uM  0.7-100.0 uM  This work
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3.6 Real Sample Analysis

The proposed method was applied to amsacrine determination in human blood serum and urine
samples, the results of which are presented in table 2.

Table 2. Analytical results of spiked human serum and urine analysis (n=5).

Sample Aded (uUM) Found (uM) @ Recovery (%) RSD (%)
Urine - - - -
5.0 5.1 102.0 3.3
10.0 9.7 97.0 1.6
15.0 14.9 99.3 2.4
Serum - - - -
7.5 7.6 101.3 2.9
125 12.3 98.4 3.1
17.5 18.1 103.4 1.9

Amsacrine was discovered to be associated with the satisfactory recoveries of the experimental
findings. The mean Relative Standard Deviation (R.S.D.) could demonstrate the method's
reproducibility.

The satisfactory spiked recoveries corroborated the proposed biosensor applicability for
amsacrine determination in biological samples.

4. CONCLUSIONS

Based on the interaction between ds-DNA and amsacrine, amsacrine was determined by a
simple, fast, reliable, and sensitive DNA biosensor. After optimizing the main experimental
parameters, this DNA-coated GPE was fabricated to evaluate its performance analytically. A linear
dynamic range of 7.0 x 107’ to 1.0 x 10™* M was obtained for amsacrine. Ultimately, the proposed
biosensor was found to be capable of successfully analyzing human serum and urine samples.
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