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Abstract  
Topotecan (TPT) is a semisynthetic, water soluble analog of the plant alkaloid camptothecin 

which has been widely used for the treatment of ovarian and cervical cancers. To obtain better 

understanding how it can affect DNA structure, electrochemical biosensor platforms for 

investigation of TPT-double stranded DNA (dsDNA) interaction were developed for the first 

time in this study. The electrochemical detection of TPT, and TPT-dsDNA interaction were 

investigated at the surface of pencil graphite electrodes (PGEs) and single-walled carbon 

nanotubes (SWCNTs) modified PGEs by using differential pulse voltammetry (DPV). The 

changes at the oxidation signals of TPT and guanine were evaluated before/after each 

modification/immobilization step. An enhanced sensor response was obtained by using 

SWCNT-PGEs compared to unmodified PGEs with resulting limits of detection (LODs)  for 

TPT  as 0.51 µg/mL, 0.45 µg/mL, 0.37 µg/mL (130 pmol, 117 pmol, 96.5 pmol in 110 µL 

sample, respectively) by using electrochemically pretreated PGE, unmodified PGE and 

SWCNT modified PGE. In addition, electrochemical impedance spectroscopy (EIS) 

measurements were performed for the purpose of modification of PGEs by using SWCNTs 

and the interaction process at the surface of SWCNT-PGEs by evaluating the changes at the 

charge transfer resistance (Rct). 

 

Keywords: Topotecan, Drug-DNA interactions, Pencil graphite electrode, Single walled 

carbon nanotubes, Differential pulse voltammetry, Electrochemical impedance spectroscopy. 
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1. Introduction 

Nucleic acids recognition technologies combined with electrochemical transducers have been 

started to be applied in diagnostic areas after the discovery of electroactivity of nucleic acids 

by Palecek [1].  To understand interaction between DNA binding (bio)molecules (i.e., 

anticancer drugs) and DNA has a vital importance and there are some progress on design 

DNA biosensors developed for DNA interactions [2-9]. There are several interactions 

mechanisms but binding of small molecules to DNA primarily occurs in three modes: (i) 

electrostatic interactions of molecule with the negative-charged sugar-phosphate backbone 

DNA, (ii) binding with two grooves of double helix structure of DNA, and (iii) intercalation 

between the stacked base pairs of DNA [10]. 

Topotecan ((S)-10-[(dimethylamino)methyl]-4-ethyl-4,9-dihydroxy-1H-

pyrano[3’,4’,:6,7]indolinizo[1,2,b] quinolone-3,14(4H,12H)-dione monohydrochloride, TPT) 

is a semisynthetic, water soluble analog of the plant alkaloid camptothecin. There have wide 

range applications for the treatment of ovarian and cervical cancers. It inhibits specifically the 

intranuclear enzyme topoisomerase I [11-13], which is resulting in enzyme linked DNA 

cleavage and single strand breaks [13].  TPT has the planar 5-membered polycyclic ring 

system and mimics a DNA base pair in the DNA duplex [11]. Thus, TPT intercalates at the 

site of DNA cleavage, forming base-stacking interactions with both the -1 (upstream) and +1 

(downstream) base pairs [11,12]. There have been some reports about determination of TPT 

which were mostly focused of detection by using as high-performance liquid chromatography 

(HPLC) [14,15]. Craig et al. [14] studied about the stability and compatibility of topotecan 

hydrochloride and they prepared the common infusion solutions and containers before 

analyzing the samples by using HPLC. It was reported that topotecan hydrochloride was 

stable for up to 24 h at room temperature and for up to 7 days at 5°C in the prepared 

containers [14]. In another study performed by using reversed-phase HPLC method to 

determinate the total TPT in both human whole blood and unwashed erythrocytes [15], 80% 

of topotecan was extracted out of whole blood and consequenlty, a low limit of quantitation in 

whole blood was found as 0.20 ng/mL. Susloparova and coworkers [16] were investigated the 

adhesion status of cancer cells at a single cell level by using impedance spectroscopy. For this 

purpose, topotecan hydrochloride was used and analyzed the effect of this drug onto cancer 

cells on based open-gate field-effect transistor (FET) devices. It was reported that the whole 

cell FET chips could be utilized for testing of specifity of novel anti-cancer drugs in cancer 

studies [16].  

Developing novel nanomaterials-based biosensing strategies is the most popular area recently 

to create more sensitive and selective devices and also miniaturize them to the hand-held 

devices. For this purpose, carbon nanotubes (CNTs) have been widely used after they had 

been discovered in 1991 by Iijima [17,18]. They have excellent physical properties such as 

unique size, shape, electronic and thermal properties which depend on nanotube types; single 

walled (SWCNTs) or multiple walled (MWCNTs). There have been many reports in the 

literature about sensing for different molecules by using carbon nanotubes modified 

biosensors [4,5,19-26]. For example, Manoso et al [27] developed a quartz crystal 

microbalance (QCM) biosensor modified with multi-walled carbon nanotubes (MWCNTs) for 

monitoring of volatile organic compounds (VOCs), aldehydes and amines with high 

sensitivity and the low limit of detection (LOD). In another study, poly(anilineboronic 

acid)/single walled-carbon nanotube (SWCNT) composite modified gold substrates were 

prepared for detection of dopamine by Ali and coworkers [28]. The determination of 

dopamine was performed by using cyclic voltammetry (CV) and electrochemical impedance 

spectroscopy (EIS) techniques. After optimization of experimental conditions, the selectivity 

of this biosensor was tested in the presence of ascorbic acid by using a nafion film. For 

electrochemical monitoring of drug-DNA interaction, Erdem et al. [4] performed the 
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SWCNTs modification onto the surfaces of disposable pencil graphite electrodes (PGEs) and 

they applied these biosensors for monitoring of interaction of an anticancer drug daunorubicin 

with double stranded DNA. It was presented that  SWCNT provided a higher surface area and 

enhanced guanine oxidation signal was measured by using differential pulse voltammetry 

(DPV). Similarly, SWCNT-PGEs were tested to monitor impedimetrically the interaction 

between cis diamminedichloroplatinum(II) and oxaliplatin with calf thymus double-stranded 

DNA (ctdsDNA) by Yapasan et al. [5].   

The aim of this present study is to investigate firstly the detection of TPT, and the interaction 

between TPT and double stranded DNA (dsDNA) by using electrochemical techniques in 

combination with disposable electrodes. The oxidation signals of TPT and guanine were 

measured in the same voltammetric scale by using PGEs and SWCNTs modified PGEs were 

used. An enhanced sensor response was obtained by using SWCNT-PGE in comparison to the 

one obtained by unmodified PGE. Electrochemical impedance spectroscopy (EIS) was also 

used for the purpose of characterization of the stepwise modification/immobilization process 

at the surface of PGEs.  
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2. Experimental 

2.1. Apparatus 

All experimental measurements were carried by using AUTOLAB – PGSTAT 302 

electrochemical analysis system supplied with a FRA 2.0 module for impedance 

measurements, and GPES 4.9006 software package (Eco Chemie, The Netherlands). For 

electrochemical measurements, the DPV and EIS were used. The raw datas of voltammetric 

measurements were also treated using the Savitzky and Golay filter (level 2) of the GPES 

software, followed by the moving average baseline correction with a “peak width” of 0.03. 

The three electrode system was consisted of the PGE, an Ag/AgCl/3 M KCl reference 

electrode and a platinum wire as the auxiliary electrode. The EIS measurements were 

performed in the Faraday cage (Eco Chemie, The Netherlands). 

2.2. Chemicals 

The stock solution of double stranded fish sperm DNA (dsDNA; 2000 µg/mL) were prepared 

with Tris-EDTA buffer (TE buffer; 10 mM Tris-HCl, 1 mM EDTA, pH=8.0) and kept frozen. 

The double stranded fish sperm DNA (dsDNA) is obtained from herring sperm (Sigma-

Aldrich, catalogue no: D3159). It consists of less than 50 base pairs and defined as crude 

oligonucleotides. More dilute solutions of dsDNA were prepared with 0.50 M acetate buffer 

containing 20 mM NaCl (pH=4.8, ABS). Stock solution of TPT (100 µg/mL, Sigma) was 

prepared in 50 mM phosphate buffer solution containing 20 mM NaCl (pH=7.4, PBS). More 

diluted solutions of TPT were prepared with PBS (pH=7.4). Single-walled carboxylic acid 

(80–90%) functionalized carbon nanotubes (SWCNTs, diameter 4 – 5 nm; length 500 – 1500 

nm bundles) were purchased from Sigma Aldrich. Other chemicals were in analytical reagent 

grade and they were supplied from Sigma Aldrich and Merck. All solutions were prepared by 

using ultrapure water. 

2.3. TPT detection and investigation of TPT-dsDNA interaction at the surface of 

electrochemically pretreated PGEs 

The detection of TPT and the interaction between TPT and dsDNA by using 

electrochemically pretreated PGEs, unmodified PGEs and SWCNT modified PGEs was 

performed  (represented in Scheme 1). 

Here Scheme 1 

2.3.1. Electrode preparation 

A Tombow pencil was used as a holder for the graphite lead. Electrical contact with the lead 

was obtained by soldering a metallic wire to the metallic part. The pencil was hold vertically 

with 14 mm of the lead extruded outside (10 mm of which was immersed in the solution). 

PGEs were pretreated by applying +1.40 V for 30 s in ABS (pH=4.8). 

 

2.3.2. Investigation of the electrochemical behavior of TPT-immobilized 

electrochemically pretreated PGEs  

The PGEs were immersed into the vials containing 110 µL of various concentrations of TPT 

between 0.05 to 10 µg/mL. The electrodes were then kept in these vials during 30 min 

followed by passive adsorption procedure [29,30].  The electrodes were washed with PBS 

(pH=7.4) during 5 s to eliminate unspecific binding.  

 

 

2.3.3. Detection of TPT-dsDNA interaction by using electrochemically pretreated PGEs 

The PGEs were immersed into the vials containing 110 µL of 16 µg/mL dsDNA solution. The 

electrodes were kept in these vials during 7.5 min followed by passive adsorption procedure 
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[4,5] and washed into ABS  (pH=4.8) for 5 s to inhibit unspecific binding. Then, dsDNA 

immobilized PGEs were immersed into the vials containing 110 µL of 0.5 µg/mL (equals to 

1187 nM) TPT solution by using different interaction times and washed into PBS (pH=7.4) 

for 5 s. 

2.4. TPT detection and investigation of TPT-dsDNA interaction at the surface of 

SWCNT-PGEs 

Preparation of SWCNT solution, PGE modification by using SWCNT and dsDNA 

immobilization onto SWCNT-PGE surface were performed as previously reported studies 

[4,5]. 

2.4.1. Preparation of SWCNT solution 

The samples of SWCNT were suspended in organic solvent N,N-dimethylformamide (DMF) 

and sonicated during an hour in the room temperature. 

2.4.2. Preparation of SWCNT modified PGEs 

Each unpreated pencil lead was immersed into eppendorf tubes containing 110 µL of                  

3000 µg/mL SWCNT solution during an hour in order to form a thin SWCNT layer on the 

surface of electrodes [4,5]. Then, CNT modified PGEs were allowed to dry for 15 min. at 

upside down position. 

2.4.3. Investigation of the electrochemical behavior of TPT-immobilized unmodified 

(bare) PGEs and TPT immobilized SWCNT-PGEs 

The unmodified/SWCNTs modified PGEs were immersed into the vials containing 110 µL of 

various concentrations of TPT between 0.05 to 10 µg/mL. The electrodes were then kept in 

these vials during 30 min. followed by passive adsorption procedure [4,5].  The electrodes 

were washed with PBS (pH=7.4) during 5 s. to eliminate unspesific binding.  

2.4.4. Detection of TPT-dsDNA interaction by using SWCNT-PGEs 

2.4.4.1. Surface confined interaction of TPT and dsDNA at SWNCT-PGEs 

A higher DNA concentration was chosen for immobilization of DNA onto the  surface of 

SWCNT-PGE due to the higher surface area of SWCNT modified PGE [4,5]. The 

unmodified/SWCNTs modified PGEs were immersed into the vials containing 110 µL of                

50 µg/mL dsDNA solution. The electrodes were kept in these vials during 1 h followed by 

passive adsorption procedure [4,5]  and washed into ABS (pH=4.8) for 5 s. Then, dsDNA 

immobilized PGEs were immersed into the vials containing 110 µL of 0.5 µg/mL TPT 

solution at required times and washed into PBS (pH=7.4) for 5 s. 

2.4.4.2. Interaction of TPT and dsDNA in solution phase and detection by using 

SWCNT-PGEs 

 

50 µg/mL dsDNA solution was immobilized onto the surface of SWCNT-PGE as above.                     

1 mL 0.5 µg/mL TPT (1187 nM) was prepared in PBS (pH=7.4) and transferred into an 

electrochemical cell.  Then, dsDNA immobilized SWCNT-PGE was transferred into stirring 

electrochemical cell containing TPT solution and the interaction of TPT with dsDNA was 

performed during 5 min. The electrodes were then washed with PBS (pH=7.4) and the DPV 

measurements were done in ABS (pH=4.8). 

 

2.5. Differential pulse voltammetry transduction 

The oxidation signals of TPT and guanine were measured by using DPV in ABS (pH=4.8) 

by scanning from +0.20 to +1.40 V at the pulse amplitude; 50 mV and the scan rate; 50 

mV/s. 
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The raw datas were also treated using the Savitzky and Golay filter (level 2) of the GPES 

software, followed by the moving average baseline correction with a peak width of 0.03. 

2.6. Impedimetric measurements 

The EIS measurements were performed in the presence of 2.5 mM K3[Fe(CN)6]/K4[Fe(CN)6] 

(1:1) mixture as a redox probe prepared in  0.1 M KCl. The impedance was measured in the 

frequency range from 100 mHz to 100 kHz in a potential of + 0.23 V versus Ag/AgCl (sat. 

KCl), with a sinusoidal signal of 10 mV. The frequency interval divided into 98 

logarithmically equidistant measure points. The respective semicircle diameter corresponds to 

the charge-transfer resistance, Rct, the values of which are calculated using the fitting program 

AUTOLAB 302-FRA, version 4.9006 (Eco Chemie, The Netherlands). 
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3. Results and discussion 

The concentration dependent behaviour of TPT was firstly investigated at the surface of 

pretreated PGEs by using DPV (Fig. 1). The concentration of TPT was changed between 0.05 

and 10 µg/mL (118.7-23740 nM) due to IC50 value of TPT was reported as 1-800 nM [31].  

The oxidation signal of TPT observed at +0.75 V gradually increased till 2 µg/mL then it 

levelled off (Fig. 1A and B-f).  After three repetitive measurements, the TPT signal at the 

concentration level of 2 µg/mL was measured as 12.1 ± 1.6 µA (relative standart deviation 

(RSD) %= 13.1 %). The linear graph based on the TPT signal was shown in Fig. 1B, inset. 

The limit of detection (LOD) was calculated as 0.51 µg/mL (130 pmol in 110 µL sample) 

with coefficient of determination (R
2
)=0.9947 according to the method describing by Miller 

and Miller [32]. Although the highest TPT signal was obtained at the concentration level of          

2 µg/mL, the effect of TPT towards to the structure of dsDNA was evaluated in the presence 

of 0.5 µg/mL (1187 nM) TPT due to this concentration was closer to concentration range of 

IC50 value and repeatable TPT signal was obtained at this concentration level (5.9 ±0.9 µA, 

RSD %= 14.6 %, n=3).  

Here Fig. 1 

Next, the voltammetric detection of interaction of 0.5 µg/mL TPT and 16 µg/mL dsDNA was 

performed by using electrochemically pretreated PGEs in different interaction times ranging 

from 5 to 30 min (Fig. 2). The decrease %  of TPT and guanine signals were given in Table 

S1. It was shown that most decrase at guanine signals was obtained by using 5 min as 38.4 % 

(Fig. 2A-a to B-a). Moreover, TPT had the same behaviour by means of decreasing and the 

most decrease % was observed by using 5 min interaction time as 80 % (Fig.2A-b to B-b).  

These results may be attributed that TPT could intercalate the structure of double-stranded 

DNA, even if interaction was performed during 5 min due to its planar aromatic groups 

(shown in Scheme S1) [11,12]. 

Here Fig. 2 

In the second part of this study, the interaction between TPT and dsDNA was investigated by 

using SWCNT-PGEs. For this purpose, TPT at different concentrations ranging from 0.05 to 

2 µg/mL was firstly immobilized onto the surfaces of unmodified PGEs and SWCNT 

modified PGEs, and the voltammetric measurements were then performed (Fig. 3). The 

highest TPT signals were obtained by using SWCNT-PGEs (Fig. 3B) and the most repeatable 

TPT signals were obtained by using SWCNT-PGEs compared to ones obtained by using 

pretreated PGEs, or unmodified PGEs (shown in Table S2). The average TPT signal  as 13.5 

± 0.2 µA (RSD %= 1.8 %, n=3) was obtained in the presence of 0.5 µg/mL TPT by using 

SWCNT-PGEs,  that  was  2-folds  higher than the one obtained by unmodified PGEs (i.e., 

4.5 ± 0.9 µA, RSD%=20.6 %, n=3).The LOD was calculated in linear concentration range 

varying from 0.05 to 0.2 µg/mL (Fig. S2) and found to be 0.37 µg/mL (96.5 pmol in 110 µL 

sample) with R
2
= 0.9639 according to the method described by Miller and Miller [32]. This 

LOD value was 0.2-folds lower than the one obtained by unmodified PGEs (shown in Fig. S1; 

i.e, found to be 0.45 µg/mL and equals to 117 pmol in 110 µL sample).  

Here Fig.  3 

The surface confined interaction of TPT and dsDNA was then investigated by using 

unmodified and SWCNT modified PGEs during 5 min (Fig. 4 and 5). TPT and guanine 

signals were measured by using DPV before/after interaction of 0.5 µg/mL TPT and             

50 µg/mL dsDNA was performed. The voltammetric detection of the interaction process was 

succesfully achieved by using SWCNT-PGEs based on the signal enhancement observed at 

the signals of TPT and guanine. The average signals of TPT and guanine were respectively 

found to be 3.3± 0.9 µA (Fig 5B-a) and 4.9 ± 0.9 µA (n=3) (Fig. 5B-b) measured at +0.79 V 
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(Fig. 4B-a)  and +1.0 V (Fig. 4B-b) by using SWCNT-PGEs, that were 0.3 and 0.8 folds 

higher than the ones obtained by unmodified PGEs (Fig. 4,5A-a and b, respectively). These 

results were consistent with the reports presenting the evaluation of the biomolecular 

recognitions at the surface of CNT, or graphene oxide modified sensor platforms [4, 5, 33, 

34]. 

Here Fig.  4 

Here Fig. 5 

Next, the interaction between 0.5 µg/mL TPT and 50 µg/mL dsDNA was performed at the 

surface of SWCNT-PGEs in different interaction times (Fig. 6). The TPT and guanine signals 

were evaluated by means of decrease %. The highest decrease % were obtained for TPT 

(Fig.6A-b to C-b’) and guanine signals (Fig.6A-d to C-d’) (77.5 % and 26 %, respectively) 

after 15 min interaction time (Table S3). After three repetitive measurements, the average 

signals of  TPT and guanine  were respectively measured as 2165 ± 106.1 nA (RSD %= 4.9 

%) and 3675 ±247.5 (RSD %= 6.7 %) after interaction of 0.5 µg/mL TPT and 50 µg/mL 

dsDNA during 15 min at the surface of SWCNT-PGEs. This result may be attributed that 

SWCNTs provided  a larger surface area, which caused by the requirement of longer duration 

for adsorption of DNA and drug molecules [4,5].  

The interaction of 0.5 µg/mL TPT with 50 µg/mL dsDNA was also investigated in solution 

phase using SWCNT-PGEs (Fig. S3). The average signals of TPT and guanine were found to 

be 10.2 ± 2.8 µA (RSD%=27.5%, n=3) and 5.6 ±1.5 µA (RSD%=26.7%, n=3) respectively 

before interaction process (Fig. S3-A). There were 42 % and 88 % decreases at the TPT and 

guanine signals after interaction in the solution phase. Concerning the decrease % at the TPT 

signal, 5 min interaction time had a similiar behaviour by means of the interaction performed 

both at the electrode surface and in the solution phase. However, the surface-confined 

interaction was required a less sample solution (i.e, 110 µL sample) comparison to the 

interaction performed in solution phase (i.e., required 1 mL sample).  

Here Fig. 6 

The surface confined interaction between TPT and dsDNA at the surface of SWCNT-PGEs 

was then investigated by using electrochemical impedance spectroscopy (EIS), which was a 

useful technique especially for the surface characterization. The complex impedance is 

presented as the sum of the real and imaginary components (Z’ and Z’’). The value of the 

charge transfer resistance "Rct" depends on the dielectric and insulating features at the 

electrode/electrolyte interface. A simple equivalent circuit model (inset in Fig. 7A) also used 

to fit the impedance data. In the Nyquist plot of impedance spectra, the semicircle section at 

higher frequencies characterize the electron transfer limited process and the linear section 

seen at lower frequencies may be attributed to the diffusion [35]. The average Rct value was 

found to be 36.5 ± 21.8 Ohm (n=3)  using unmodified PGEs (Fig. 7A and B-a). After CNT 

modification, there was 2-folds increase obtained at Rct due to the repulsive interaction 

between carboxylated CNT modified electrode surface and negatively charged ferricyanide 

ions (Fig. 7A,B-b) [4, 5, 36]. After immobilization of dsDNA, a 6-folds increase was 

observed at the average Rct  (i.e,  837.7 ± 42.3 Ohm (n=3) (Fig.7A,B-c)). This result may be 

due to the fact that the negatively charged phosphate backbone of double stranded DNA 

prevented redox couple, [Fe(CN)6]
3-/4-

 from reaching the electrode surface. The Rct value 0.34 

times decreased after interaction process (Fig 7.A,B-d). The intercalation of TPT into dsDNA 
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resulted by the damage of double helix form of DNA, and consequently  the decrease was 

recorded at Rct. Accordingly, these impedimetric results were consistent with voltammetric 

results and parallel with the other studies performed by using CNT modified electrodes [4,5].  

Here Fig.  7 

4. Conclusion 

The interaction of an anticancer drug, TPT and dsDNA was investigated at the surface of 

pretreated PGEs, unmodified PGEs and SWCNT modified PGEs by using electrochemical 

techniques for the first time in the literature. The oxidation signals of TPT and guanine were 

measured before/after each modification/immobilization/interaction step and the changes at 

the signals of TPT and guanine were evaluated by means of interaction process. An enhanced 

sensor response was obtained after SWCNT modification of disposable PGEs due to 

SWCNTs provided a larger surface area for immobilization of DNA and drug molecules [4,5] 

comparison to unmodified ones. The lower limit of detection (LOD) (0.37 µg/mL, 96.5 pmol 

in 110 µL sample) was obtained by using SWCNT-PGEs for detection of TPT in comparison 

to  the ones obtained by pretreated and unmodified PGEs (0.51 µg/mL and 0.45 µg/mL, equal 

to 130 pmol and 117 pmol in 110 µL sample, respectively). After TPT detection at various 

concentrations, the interaction of TPT and dsDNA was performed in various interaction 

times. Impedimetric measurements were also performed under the optimum experimental 

conditions and the changes at Rct value were evaluated by means of SWCNT modification, 

immobilization and drug-DNA interaction process.  

Our electrochemical DNA biosensor has presented some advantages, such as easy-to-use, 

cheaper, sensitive and less time-consuming in comparison to the other types of biosensor 

platforms developed for analyzing of the interactions of some other anticancer drugs with 

nucleic acids [2,7,8,30,37]. These advanced  biosensor platforms successfully detected  TPT 

in our study  compared to the one developed in more labor intensive and time-consuming 

study [38]. Moreover, they could be utilized for  understanding and evaluating the mechanism 

of TPT even if cancer cells and detect TPT sensitively in a shorter time compared to the 

conventional techniques. 

As a conclusion, our disposable DNA biosensor platforms will be able to be implemented for 

development of chip technologies, which will be developed for recognition of biomolecules as 

drugs and nucleic acids and drug-DNA interactions in the future.  
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The Captions of Figures: 

Figure 1.  DPV voltammograms (I), histograms (II) representing the oxidation signals (I/µA) 

of 0.05 (a), 0.1 (b), 0.2 (c), 0.5 (d), 1 (e), 2 (f), 5 (g) and 10 µg/mL (h) topotecan (TPT) by 

using pretreated pencil graphite electrodes (PGEs) (n=3). Control experiment done in 0.50 M 

acetate buffer containing 20 mM NaCl (pH=4.8, ABS) (i). Inset was the linear graph obtained 

after immobilization of TPT at different concentrations varying from 0.1 to 1 µg/mL.  

 

Figure 2. Histograms representing the topotecan (TPT) and guanine signals (I/µA) before (A) 

/after interaction during 5 min (B), 15 min (C) and 30 min (D) by using DPV. TPT signals 

obtained before/after interaction between 0.5 µg/mL TPT and 16 µg/mL double stranded 

DNA (dsDNA) during 5 min (a), 15 min (b) and 30 min (c) and guanine signal (d) at surface 

of pretreated pencil graphite electrodes (PGEs) (n=3). Inset: Differential pulse 

voltammograms representing the TPT and guanine signals obtained before/after interaction 

between 0.5 µg/mL TPT and 16 µg/mL dsDNA during 5 min. TPT (a) and guanine (b) signal 

obtained before interaction, TPT (c) and guanine (d) signal after interaction. Control 

experiment done in 0.50 M acetate buffer containing 20 mM NaCl (pH=4.8, ABS) (e).  

 

Figure 3. Histograms representing the topotecan (TPT)  signals (I/µA) obtained after 

immobilization of TPT at different concentrations varying from 0.05 to 1 µg/mL at the 

surface of unmodified (A), single walled carbon nanotube (SWCNT) modified PGEs (B) 

(n=3). Measurements were performed by using DPV.   

 

Figure 4. DPV voltammograms representing the topotecan (TPT) and guanine signals (I/µA) 

observed before/ after interaction of 0.5 µg/mL TPT and 50 µg/mL dsDNA during 5 min by 

using unmodified (I) and single walled carbon nanotube (SWCNT) modified PGEs (II). The 

oxidation signals of TPT obtained before (a) and after (a’) interaction. The oxidation signals 

of guanine obtained before (b) and after (b’) interaction. Control experiments done in 0.50 M 

acetate buffer containing 20 mM NaCl (pH=4.8, ABS) by using unmodified (A-c) and 

SWCNT modified (B-c) PGEs.  

 

Figure 5. Histograms representing the topotecan (TPT)  and guanine signals (I/µA) measured 

before/ after interaction of 0.5 µg/mL TPT and 50 µg/mL double stranded DNA (dsDNA) 

during 5 min by using unmodified (A) and single walled carbon nanotube (SWCNT)  

modified PGEs (B) (n=3). The oxidation signals of TPT obtained before (a) and after (a’) 

interaction by using DPV.  The oxidation signals of guanine obtained before (b) and after (b’) 

interaction by using DPV.  

 

Figure 6. Histograms representing the topotecan (TPT) and guanine signals (I/µA) measured 

before (A)/ after interaction of 0.5 µg/mL TPT and 50 µg/mL double stranded DNA (dsDNA) 

during 5 (B), 15 (C) and 30 min (D) by using single walled carbon nanotube (SWCNT)  

modified PGEs (n=3). The TPT signals obtained after immobilization during 5 (a), 15 (b), 30 

(c) and guanine signal (d) by using DPV. The TPT signals obtained after interaction during 5 

(a’), 15 (b’), 30 (c’) and guanine signal (d’) by using DPV. 

 

Figure 7. Nyquist diagrams (I), histograms (II) representing the charge transfer resistance 

(Rct/Ω) values obtained after interaction of 0.5 µg/mL TPT and 50 µg/mL double stranded 

DNA (dsDNA) at the surface of single walled carbon nanotube (SWCNT)-PGEs by using 

electrochemical impedance spectroscopy (EIS). Unmodified PGE (a), SWCNT modified PGE 

(b), dsDNA immobilized SWCNT-PGE (c), interaction between TPT and dsDNA at the 
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surface of SWCNT-PGE (d). Inset:  The equivalent circuit model used to fit the impedance 

data, the parameters of which are listed in the text; RS is the solution resistance. The constant 

phase element Q is then related to the space charge capacitance at the DNA–electrolyte 

interface. Rct is related to the charge transfer resistance at the DNA– electrolyte interface. The 

constant phase element W is the Warburg impedance due to mass transfer to the electrode 

surface. 

Scheme Caption:  

Scheme 1: Detection of topotecan (TPT) (a) and the interaction between TPT and double 

stranded DNA (dsDNA) (b) at the surface of electrochemically pretreated pencil graphite 

electrodes (PGEs), unmodified PGEs and single walled carbon nanotube (SWCNT) modified 

PGEs by using DPV technique. 
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 Figure  7 

 

 

 

 

 

 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

23 
 

 
Scheme 1 

 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

24 
 

 GRAPHICAL ABSTRACT  
 

 
 

 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

25 
 

HIGHLIGHTS  
(i) TPT-DNA interaction was investigated based on the changes at TPT and guanine 
signals. 
(ii) The LODs of TPT were obtained as 0.51 and 0.37 µg/mL by PGEs and SWCNT-
PGEs. 
(iii) After TPT-dsDNA interaction, there was a decrease at  Rct  obtained by EIS 
technique. 
 (iv) TPT-DNA interaction was investigated for the first time herein by using DPV and 
EIS techniques. 


