
Research Article                                   2017, 8(11), 1020-1028 Advanced Materials Letters 
 

 
Copyright © 2017 VBRI Press                                                                                                           1020 
 

Impedimetric analysis of interaction between 
DNA and phytochemical constituentsô of 
Calotropis procera for pre-clinical evaluation 
 
Seetharamaiah Nalini1, 2, Seetharamaiah Nandini1, 2, Shivayogeeswar E. Neelagund2*,  
Jose Savio Melo3*, Gurukar Shivappa Suresh1* 
 
1Department of Chemistry and Research Centre, N.M.K.R.V. College for Women, Jayanagar, Bangalore 560 011, India 
2Department of PG Studies and Research in Biochemistry, Jnana Sahyadri, Kuvempu University,  

Shankaraghatta 577 451, Shivamogga, Karnataka, India 
3Nuclear Agriculture and Biotechnology Division, Bhabha Atomic Research Centre, Mumbai 400085, India 

 
*Corresponding author: Tel: 91-80-26654920; Fax: 91-80-22453665; E-mail: sureshssmrv@yahoo.co.in;  

jsmelo@barc.gov.in; neelgund@gmail.com 

 
Received: 18 December 2016, Revised: 20 March 2017 and Accepted: 07 April 2017 

 

DOI: 10.5185/amlett.2017.1554 

www.vbripress.com/aml 

 

Abstract 

In this report, extractions of the Calotropis procera polyphenols have been carried out in conventional soxhlet assisted 

extraction (SAE) and it is compared with microwave assisted extraction (MAE). As an extension of our previous work reported, 

we attempted to study the electrochemical interaction of the aqueous plant extract with DNA modified electrode Gr/PAH/NT-

G/PPy/DNA. The binding constant Kf determined using UV-Vis spectroscopy was found to be 4.91×10-1 and 4.55×10-1 µmol 

dm-3 for soxhlet assisted plant extract (SAPE) and microwave assisted plant extract (MAPE) respectively. This was consistent 

with the electrochemical determination of Kf 4.31×10-6 and 4.71×10-4 µmol dm-3 for SAPE and MAPE respectively. Further the 

surface coverage area (ũs) of the electrode fabricated using DNA was calculated using Chronocoulometry for the plant extracts. 

The linear range of the aqueous extract on the Gr/PAH/NT-G/PPy/DNA modified electrode was found to be from 1-250 µmol 

dm-3, with a limit of detection of 0.22 and 0.29 µmol dm-3 mL-1 for SAPE and MAPE respectively. The limit of quantification 

was found to be 0.68 and 0.88 µmol dm-3 mL-1 for SAPE and MAPE respectively. As a result Calotropis procera can be studied 

further to applied for anticancer activity. Moreover, electrochemical methods can be a promising technique in drug analysis. 

Copyright © 2017 VBRI Press. 
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Introduction  

Deoxyribonucleic acid (DNA) is a genetic material which 

carries hereditary information. It plays a crucial part as 

selective template for the construction of tRNA (transfer 

ribonucleic acid), mRNA (messenger ribonucleic acid) and 

rRNA (ribosomal ribonucleic acid) [1]. DNA is also 

important in discovery of anticancer drugs because the 

chemicals bind and interact with DNA leading to specific 

changes. The interaction of the chemicals with DNA is 

based on three mechanisms (i) intercalating between 

stacked base pairs, (ii) noncovalent groove binding, or (iii) 

electrostatic bind to the negatively charged nucleic acid 

sugar phosphate skeleton [2, 3]. 

The anticancer drugs basically interact with nucleic 

acids, specific enzymes, microtubules and hormone/ 

growth factor receptors. When, these drugs intermingle 

with nucleic acids it results in DNA damage leading to the 

cell death. The electrochemical detection of anti-cancer 

activity on DNA based biosensors depends on some as 

mentioned essential facts- the one is the differentiation in 

the redox activities of the nucleic acid and anticancer 

molecules in the presence or absence of DNA. The second 

is the change in the formal potential of the redox pair and 

the peak current decrease which may be due to the 

considerable decline in the diffusion after interaction with 

DNA [4]. The use of DNA biosensors are not only 

restricted to the study of anticancer activity, there are also 

wide applications of DNA biosensors reported for the 

determination of water, food, soil etc. [5].  

The electrochemical study of drug and DNA interaction 

has been an interested topic of research since 1989. The 

first report of interaction of DNA with metal complexes 

was reported by Bard et al. [6]. The electrochemical 

detection of interactions of cis-

diaminedichloroplatinum(II) and cis-bis(3-aminoavone) 

dichloroplatinum(II) (cis-BAFDP) with calf thymus 
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double-stranded DNA (dsDNA) was studied by Erdem and 

co-workers [7]. Similarly, the interaction of DNA with 

lycorine ï an alkaloid found in various Amaryllidaceae 

species has also been reported [8]. Mitoxantrone [9], 

doxorubicin [10], a series of Mannich bases [11] an 

imidazoacridinone derivative, Symadex [12] are some of 

the literature reports based on electrochemical detection of 

interaction of drugs with DNA.   

Plants play an important role in treatment of various 

diseases. The utilization of plants against diseases has been 

prepared and piled up by Chinese emperor Shen Nung in 

2,800 BC [13]. Plants can also be used for cancer treatment. 

It posses certain compounds which have medicinal values 

and these compounds cannot be synthesized in 

laboratories. The anticancer mechanism of the plant has an 

adverse effect on the cytoskeletal proteins, inhibit DNA 

topoisomerase and antiprotease, and stimulate immune 

system [14]. There are innumerable reports of isolating 

anticancer compounds from plants such as Apigenin 

derived from parsley is known to be active against cancer 

cell lines (MCF 7), colon cell line (HCT 116) [15]. 

Diferuloylmethane from Curcuma longa demonstrates 

anti-cancer effects for colon cancer, breast cancer [16], 

lung metastases, and brain tumor [17]. Calotropis procera 

known as Arka have many medicinal properties and we 

have compiled in [18]. Briefly, the various parts of plant is 

used in the treatment of diseases like leprosy, eczema, 

inflammation, cutaneous infections, syphilis, malarial and 

low hectic fevers, and as a botifacient, rheumatism, as an 

anti-inflammatory and antimicrobial, malaria etc.,[19]  It is 

a plant grown in tropical and subtropical regions. Apart 

from the medicinal properties it also posses unique 

properties like its wood is economical as fuel, latex is used 

in tanning industry and also used as an abortifacient. [20]  

The extraction of the bioactive constituents of the 

medicinal plants is a most important factor. The 

conventional method of extractions includes solvent 

extractions utilizing huge quantities of solvents that are 

refluxed for several hours are a troublesome. While, the 

Microwave assisted extraction is one of promising 

extraction technique replacing the existing conventional 

mode. The attracting feature of the former technique is 

diminishing the time and solvent utilization, an 

enhancement in the quality of the extraction [21, 22].  

Whereas, the electrochemical impedance spectroscopy is 

a powerful method to determine the electric resistance and 

electrode surface modification phenomenon. It is also used 

to detect the interaction of the analyte with the 

immobilizing matrix on the electrode [23]. Impedance 

spectroscopy is examined at different frequencies which 

allow characterization of electrodes using an equivalent 

circuit [24]. It is extensively used in biosensor research, 

due its uncomplicated and detailed output of results 

compared to other electrochemical techniques [25]. This 

work suggests that impedimetric analysis can also be 

utilized to detect the drug screening.  

Carbon nanotubes (CNTs) are cylindrical fullerene 

discovered by Sumio Iijima in 1990. CNTs are nothing but 

carbon allotropic form in which the graphene sheets are 

wrapped forming cylindrical structures with as less than 1 

nm to several micrometers [26, 27]. Yangaung Li et al., 

have reported Nanotube-Graphene composite  

(NT-G) an electro-catalyst based on oxidation condition of 

CNTs which leads to the limited removal of the outer walls 

in which the nanoscale graphene sheets are attached to the 

inner wall of the CNTs [28]. These electro-catalysts when 

applied in biosensors increase the electrocatalytic activity 

of biosensors.  

Polymer/CNT nanotube composites have attracted much 

attention in the research field. Particularly, Polypyrrole 

(PPy)/CNTs combination is receiving much interest 

because it maintains an excellent accolades, as they have 

outstanding electrical conductance, excellent magnetic 

properties and superior thermal stability [29]. Conducting 

PPy can be formed by the oxidization of Pyrrole [30].  It 

has been reported the use of PPy in the applications of 

biosensors, DNA sensors, actuators, immunosensors, drug 

delivery, photoelectrochemical devices etc. has been 

reported in a good number of literature [31-33].  

We have previously reported the electrochemical 

prescreening of anticancer activity of the Calotropis 

procera plant extract towards LN-18 and DNA modified 

electrode [18]. In this study, we have extracted the 

phytochemicals constituents of Calotropis procera by 

Microwave method and the conventional Soxhlet 

extraction method. This is the first report on imedimetric 

analysis of plant extract with DNA. The advantages of this 

method are easy and precise analysis. The principle of the 

present work is based on the impedimetric data obtained at 

potentials 0.3, 1.0 and 1.4 V towards the interaction 

between DNA and the plant extract as a result, the real part 

of the impedance tend to decrease as the concentration of 

the extract increase until saturation is achieved. The 

decrease can be ascribed to the intercalating of the plant 

extract with DNA. The advancements in the current work 

are- (a) impedimetric analysis of DNA and plant extract 

interaction, (b) charge transfer resistance of DNA has been 

studied, (c) the amount of plant extract adsorbed on DNA 

modified electrode is determined using 

Chronocoulometry(CC) and (d) the binding constant also 

been examined using spectrophotometry and is compared 

with electrochemical method. We have also studied the 

effect of pH and temperature (Tm) on the DNA electrode in 

presence of plant phytochemicals constituents. The 

performance of the DNA biosensor and the effect of the 

soxhlet assisted plant extract and Microwave assisted plant 

extract aqueous extracts are discussed.  

 

Experimental 

Reagents and materials 

DNA from herring sperm was procured from HiMedia, 

Mumbai, India. MWCNTs and poly(allylamine 

hydrochloride) (PAH) were obtained from Sigma aldrich. 

Tris HCl, Gallic acid, Folin ciocalteu (FC) reagents were 

purchased from Loba Chemie, Mumbai, India. Pyrrole was 

obtained from Spectrochem, Mumbai, India. Magnesium 

chloride was procured from Qualigens, Mumbai, India. 

Ethyl aceteate, Potassium permanganate and silica thin 

layer chromatography (TLC) plates were obtained from 
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Merck, USA.  Sodium bi carbonate, Methanol was 

procured from NICE chemicals, Kerala, India. Sulphuric 

acid was procured from RANKEM, Faridabad, India. PK-

3 electrode polishing kit was obtained from BAS Inc. 

Tokyo, Japan. Phosphate buffer saline was prepared from 

stock solution of 0.1 mol dm-3KH2PO4, 0.1 mol dm-

3K2HPO4 and 0.1 mol dm-3 KCl pH was adjusted using 0.5 

mol dm-3HCl and 0.5 mol dm-3NaOH. All other chemicals 

used were of analytical reagent grade unless otherwise 

mentioned and used without further purification. All 

solutions were prepared with pure water.  

 

Electrochemical measurements 

All electrochemical experiments were carried out with 

Versa stat 3 (Princeton Applied Research, USA) except 

Chronocoulometry experiment which was performed in 

CHI Instruments, USA. Temperature measurements were 

carried out using Equitron®, digital temperature controller 

equipped with stirred water bath. The UV studies were 

carried out in Shimadzu UV-1700 spectroscopy. All 

experiments were done in a conventional three electrode 

electrochemical cell with bare Gr or DNA modified 

electrode as working electrode, saturated calomel electrode 

(SCE) as reference electrode and platinum wire as auxiliary 

electrode.  

 

Extraction of phytochemicals constituents 

The plant material was collected, identified and stored in 

accordance with the help of taxonomical experts. The 

soxhlet assisted extraction of the phytochemical 

constituents is as reported in our previous work [18]. 

Soxhlet extractions were performed using 50 g of 

powdered plant to which 50 ml of water was added. The 

mixture was transferred to cellulose extraction thimble and 

inserted into soxhlet assembly containing 500 ml round 

bottomed (RB) flask. 250 mL of water was added into the 

RB and the whole assembly was heated for about 48 hrs at 

50 ̄ C and filtered. The obtained product is given as SAE. 

The mixture with same contents were taken in a beaker and 

placed in a closed domestic microwave oven and irradiated 

for 160 W with constant stirring for 10 min of irradiation. 

This was repeated for 1 hour until the MAE plant extract 

spot matched with the SAE plant extract in TLC. A 

comparative study of the conventional method of SAE and 

the present MAE is tabulated in Table 1 [34-37].   

Table 1.  

 

 Different types of solvent system for TLC were used 

[38, 39] the most suitable was found to be C4H8O2: CH4O: 

H2O (5:1.2:0.8) [40]. The plant extract (PE) of SAE and 

MAE is denoted as SAPE and MAPE. The filtered extract 

solutions were filled in air tight bottles and stored  

in refrigerator which was further used for the 

electrochemical detection of anticancer properties. The 

total polyphenol content present in the plant extract was 

determined using FolinïCiocalteu (F-C) method. This 

method is based on the reaction of phenolic compound with 

colorimetric reagent. The FïC assay depend on the transfer 

of electrons in alkaline medium from phenolic compounds 

to phosphomolybdic/phosphotungstic acid complexes to 

form blue complexes that are determined spectroscopically 

at approximately 760 nm [41]. Results were expressed as 

mg Gallic acid equivalents per liter of SAPE (mg GAE/L). 

The TPC present in the sample of 20 µL of SAPE and 

 
Fig. 1. Schematic representation of preparation of electrode. 
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MAPE was found to be 500 mg and 475 mg GAE/L 

respectively.  

Preparation of the DNA modified electrode 

The preparation of the modified electrode is as our 

previously reported work [18]. An electrode was prepared 

by drilling a Teflon bar to 0.5 mm diameter and introducing 

a Gr cylinder into it. Electrical contact was made with a 

copper wire through the centre of the Teflon bar. Before 

modification, the Gr electrode was polished to get a mirror 

shining surface by means of PK-3 electrode polishing kit 

which consists of 1 µm aqueous polishing diamond and 

0.05 µm polishing alumina. It was then ultrasonicated for 

several minutes and rinsed with pure water. The dried Gr 

electrode was wrapped with PAH a polycation by dipping 

the electrode in the PAH solution for about 20 min. To this 

10 µL of NT-G composite was drop-casted onto the 

Gr/PAH electrode surface to obtain Gr/PAH/NT-G. The 

electro-polymerization of PPy was carried out at a potential 

range from ï0.3 to 0.80 V (versus SCE) at a scan rate of 50 

mVsī1 for 20 cycles. Thus Gr/PAH/NT-G/PPy obtained 

electrode was washed gently with water to remove 

unabsorbed particles. Galvanostatic electrodeposition was 

implemented for immobilization of DNA. The electrode 

was kept at ï 4 °C for overnight incubation. The as 

obtained electrode is denoted as Gr/PAH/NT-G/PPy/DNA 

throughout this manuscript. The schematic representation 

of the electrode is as shown in Fig. 1. The electrochemical 

studies were carried out at room temperature with PBS (pH 

7). The physical characterization of the modified electrodes 

using SEM and EDAX has been described in our previous 

work [18].   

 

Results and discussion 

The extracted samples were applied to TLC plates in a 

mixture of C4H8O2: CH4O: H2O (5:1.2:0.8). The dried TLC 

plate when exposed to ammonia vapor, yellow spots was 

observed which was further confirmed under UV-light. 

The Rf value of the plant extract of both SAE and MAE 

matched approximately and it was found to be about 1.68 

and 1.48 cm respectively. The phytochemicals evaluation 

for the presence of alkaloids, flavonoids, saponins, 

steroids, tannins, triterpenoids, phenols, Anthraquinones, 

proteins, quinones in the aqueous extract was performed 

using standard protocols as described elsewhere [42, 

43].The results revealed that the aqueous extract of SAE 

and MAE contains falvonoids, saponins, steroids and 

anthraquinones.  

 Anticancer drugs interact with DNA preventing the 

proper relaxation of DNA. The discovery of anticancer 

drugs requires a characterization in which the compounds 

can target DNA. Clinically DNA binding compounds 

corresponds to anticancer molecules which can take part 

either by binding or by modifying the DNA [44]. EIS 

measurements were made in a PBS solution containing 

Gr/PAH/NT-Gr/PPy/DNA as a working electrode, with 

platinum and calomel as auxiliary and reference electrode 

respectively using increasing concentrations of plant 

phytochemical constituents. The effect of the increasing 

concentration of PE on the biosensor was studied at three 

different potentials as studied by Brett et al., [45] before 

the guanine oxidation peak (0.3 V), between guanine and 

adenine oxidation peaks (1.0 V) and after adenine 

oxidation (1.4 V). Fig. 2 illustrates the nyquist plots 

between the real part of impedance vs. imaginary part 

obtained for gradual increase in PEôs (both SAPE and 

MAPE). The data obtained by fitting the EIS 

measurements to an equivalent circuit is shown in the inset 

of Fig. 2 and from the corresponding data tabulated in 

Table 2-4, it can be seen that as the concentration of PEs 

increase the Rct also increases. Further it can be noticed 

that, the addition of PE did not change the shape of the 

nyquist plot but there was a decrease in their radii. The 

Table 2. The data obtained from the simulation of impedance responses at the DNA modified electrode in presence and absence of SAPE and MAPEÀ  at 

potential of 0.3 V.  

 
À EIS fitting data corresponding to MAPE is given within the brackets for each concentration and circuit components. 
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behavior of the PEs at 0.3 V, 1.0 V and 1.4 V has similar 

effect indicating the efficient anticancer property.  
 

 
Fig. 2. Complex impedance plots obtained at increasing concentration of 

(a-f; 0-250 µmol dm-3) SAPE and MAPE at (A) 0.3 V, (B) 1.0 V and (C) 

1.4 V potentials. Inset figures are the equivalent circuits used for analysis 
of complex impedance plots. 

 The equivalent circuit measured at 0.3 V obtained for 

the increasing concentrations of PEs exhibits a 

Rs(Q1R1)(Q2R2)(CR3) model. The electrochemical 

parameters are as shown in Table 2 the Rs value has 

negligible increase because of the increasing concentration 

of PE in the electrolyte which relates to the ohmic 

resistance. The Rct or R1 also exhibits an increase due to the 

binding of phytochemicals constituents to immobilized 

DNA biosensor producing an intercalation effect that 

decreases the charge transfer resistance of the PE. Q1 is the 

constant phase element which distributes the capacitance 

between the electrode/electrolyte interfaces. The Q2 and R2 

can be attributed to the binding of the PEs that liberates 

reactive oxygen species (ROS). The R2 shows a decrease in 

value which may be due to the binding of more number of 

ROS on to the DNA biosensor leading to depletion of the 

resistance. The C and R3 are the capacitance and resistor 

evolved may be due to the presence of non-conducting 

DNA biomolecule. The CPEôs (Q1 & Q2) decrease upon 

increase in PE which can be attributed to the binding of the 

active polyphenol molecules of PEs bind to DNA surfaces 

dropping the capacitance values.  The ónô values of Q1 and 

Q2 varies from 0.5 to 1 which indicates that the DNA on 

the electrode surface acts as diffusion layer. The 

association constant was calculated according to the 

literature [46] to determine the interaction of PEôs and 

DNA biosensor.  

Ka C = 
RctCi - RctCo

RctCo
 = 
æRct -Ci

RctCo
                 (1) 

Where Ka is association constant, Rct(Ci) and Rct(C0)  are 

charge transfer resistance of DNA with and without PEs. A 

plot of æRct(Ci)/Rct(C0) vs concentration of PEs was  plotted 

[Fig. 3 (a) for SAPE and inset for MAPE] and it was shown 

that the æRct(Ci)/Rct(C0) increase with increasing 

concentration of PEs. The linear regression equation 

follows as 

 

 
æRct -Ci

RctCo    
= 0.34+ 1.77×10-3 c of SAPE in µmol dm-3, 

R = 0.980                                                                    (2) 

æRct -Ci

RctCo
  

= ï0.70+ 2.12×10-2 c of MAPE in µmol dm-3, 

R = 0.972                                                                    (3)   

 The Ka was calculated from the slope of regression 

equation and it was found to be 1.77×10-3 and 2.12×10-2 

µmol dm-3 for SAPE and MAPE respectively. Typical 

Nyquist plots obtained at 1.0 V after 30 min incubation 

under various concentrations of PEôs are shown in                

Fig. 2(B) The parameters obtained by fitting the equivalent 

circuit and the calculated inhibited efficiency are listed in 

Table 3. The circuit model is Rs(Q1(R1(Q2(R2W)))). The 

circuit component has its own usual meaning. The increase 

in PEs concentration leads to increase of Rs, R1 and R2. The 

Q1 decreases upon subsequent addition of PE. The n values 

of CPEs are close to 1.0 indicating the double layer 

capacitors are porous. The presence of Warburg impedance 

component in circuit can be a sign of limitation of mass 

transfer by the ROS layer formed on the DNA modified 

electrode surface. The association constant was calculated 

as in equation (1) and was found to be 1.57×10-3 and 

2.71×10-3 µmol dm-3 for SAPE and MAPE respectively. 

The linear regression equation obtained from the Fig. 3 (b) 

and inset is as follows: 

 

 
æRct -Ci

RctCo
   

=  0.43+ 1.57×10-3 c of SAPE in µmol dm-3,  

R = 0.976                                                                   (4) 

æRct -Ci

RctCo
   

= 0.20 + 2.71×10-3 c of MAPE in µmol dm-3, 

R = 0.972                                                                   (5)   
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The semi-circle obtained by applying at 1.4 V potential 

in Fig. 2 (C) is due to the diminutive amount of oxygen 

progression at the electrode surface. This can be explained 

due to the presence of oxygen that behaves as an electron 

acceptor and mediates the electrochemical process. As the 

progression of the chemical reaction takes place the oxygen 

evolved gets consumed in the vicinity of the electrode 

surface. The circuit obtained at this potential was 

Rs(C1R1)(QR2)(C2R3). The circuit parameters are as shown 

in Table 4. As discussed above, the EIS results also 

Table  3. The data obtained from the simulation of impedance responses at the DNA modified electrode in presence and absence of SAPE and MAPEÀ 

at potential of ī1 V. 

 
À EIS fitting data corresponding to MAPE is given within the brackets for each concentration and circuit components. 

Table  4. The data obtained from the simulation of impedance responses at the DNA modified electrode in presence and absence of SAPE and MAPEÀ 
at potential of ī1.4 V 

 

 
ÀEIS fitting data corresponding to MAPE is given within the brackets for each concentration and circuit components. 

 

Fig. 3. Data curve obtained for Rct data at increasing concentrations of SAPE and inset for MAPE at (A) 0.3 V, (B) 1.0 V and (C) 1.4 V potentials. 
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showed the same phenomenon in which the increasing 

concentration of PE increased the Rct value. This type of 

circuit model occurs when there is a more than one 

electrode processes occurring at the electrode electrolyte 

interface. The C1 and C2 have evolved may be due to the 

presence of charge compounds present in the PE i.e., the 

electrolyte and the charged surface on the electrode which 

are separated by the interface C1 and C2. The increase in 

the C1 and C2 may be attributed as the interface is more 

charged in which the phytochemicals constituents bind 

onto the DNA surface through which the electron transfer 

would take place more. As can be seen the R1 increase may 

be due to the PE molecules intercalating DNA or in other 

words the ROS species getting oxidized at the DNA 

surface is difficult and is also arduous getting the reduced 

ROS species out of the DNA. The PE molecules act like 

adsorbed molecules inside the DNA cavities and it does not 

require any electrochemical activation energy to get 

reduced inside the DNA. This results in surplus anions 

production at the DNA surface due to the reduction of PE 

molecules or ROS leading to the formation of huge double 

layer capacitor. The variations in capacitances are due to 

the reduced PE molecules which release anion radicals 

leading to the imbalance of capacitance. The association 

constant from equation (1) was found to be 1.76×10-4 and 

1.98×10-3 µmol dm-3 for SAPE and MAPE respectively. 

The linear regression equation [Fig. 3(c)] is as follows ï 

æRct -Ci

RctCo
  =  0.72+ 1.76×10-4 c of SAPE in µmol dm-3,  

R = 0.966                     (6) 

æRct -Ci

RctCo
   = ï7.31+ 1.98×10-3 c of MAPE in µmol dm-3, 

R = 0.975                     (7) 

 From the impedimetric analysis it is found that the PE 

molecules have intercalation property in all the three 

different potential studied.  

 The limit of detection at a signal to noise ratio of 3ů is 

0. 22 and 0.29 µmol dm-3 mL-1 for SAPE and MAPE 

respectively. The limit of quantification was found to be 

0.68 and 0.88 µmol dm-3 mL-1 for SAPE and MAPE. The 

results can be interpreted as the PE molecules bind to DNA 

there is an oxidation of guanine peak leading to decrease in 

the peak current. The binding constant was calculated 

using a formula [47] ï 

 

log
1

PE
= log Kf+log

Ip

Ip
o-Ip

                        (8) 

 

Where Kf is the formation constant, Ip° and Ip are the peak 

currents of without addition of PE and with addition of PE 

respectively. By substituting the values the binding 

constant or formation constant Kf was found to be 

4.310×10-6 µmol dm-3 and 4.717×10-4 µmol dm-3 for SAPE 

and MAPE.  

 The dose response curve was plotted against log 10 

concentration of PE vs current response and by fitting the 

sigmoidal curve with origin software the following 

readings were recorded, R2 ï 0.9932, IC50 of 9.51×10-2 µg 

mL-1 for SAPE and R2- 0.9994, IC50 of 1.17×10-2 µg mL-1 

for MAPE.  

 

 
 
Fig. 4. Chronocoulometric curves for (a) Gr/PAH/NT-G/PPy/DNA 
electrode (b) Gr/PAH/NT-G/PPy/DNA electrode in presence of 5 µmol 

dm-3SAPE. Inset- shows chronocoulometric curves for (a) modified 

electrode and (b) Gr/PAH/NT-G/PPy/DNA electrode in presence of 5 
µmol    dm-3MAPE 

 
 
Fig. 5. (a) Effect of pH on the response Gr/PAH/NT-G/PPy/DNA 

electrode towards 2 µmol dm-3 SAPE and inset for MAPE, (b) Effect of 

on the temperature response of Gr/PAH/NT-G/PPy/DNA electrode 
towards 2 µM SAPE and inset for MAPE. 

 

 Chronocoulometric (CC) is a widely used 

electrochemical technique used for the measurement of 

charge as a function of time. There are various applications 


