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Abstract

In this report, extractions of th€alotropis procerapolyphenols 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 GHPAH/NT
G/PPy/DNA. The binding constakt determined using UWis spectroscopy was found to be 4.91%Hnhd 4.55x16 umol

dnt3 for soxhlet agsted plant extract (SAPE) and microwave assisted plant extract (MAPE) respectively. This was consistent
with the electrochemical determinationkgf4.31x1and 4.71x16 pumol dm® for SAPE and MAPE respectively. Further the
surface coverage are) of the electrode fabricated using DNA was calculated ushmg@coulometrjor the plant extracts.

The linear range of the aqueous extract on the Gr/PAHANAPY/DNA modified electrode was found to be frof250 pmol

dnt3, with a limit of detection of 0.2and 0.29 umol drimL™* for SAPE and MAPE respectively. The limit of quantification

was found to be 0.68 and 0.88 umol-émL for SAPE and MAPE respectively. As a restétiotropis proceracan be studied

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

Deoxyribonucleic acid (DNA) is a genetic material which
carries hereditary informationt plays a crucial part as
selective template for the construction of tRKtkansfer
ribonucleic acid), mMRNA (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 interactioof 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 skeletfsh 3].

The anticancer drugsabically 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 -aaticer
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acfvity on DNA based biosensors depends on some as
mentioned essential faetthe 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 poteitof 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 appications of DNA biosensors reported for the
determination of water, food, soil e{6].

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 complexe
was reported by Baret al [6]. The electrochemical
detection of interactions of cis
diaminedichloroplatinum(ll) and cikis(3-aminoavone)
dichloroplatinum(ll) (cisBAFDP) with calf thymus
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doublestranded DNA (dsDNAyvasstudied by Erdem and
co-workers [7]. Similarly, the interaction of DNA with
lycorine i an alkaloid found in various Amaryllidaceae
species has also been report@. Mitoxantrone [9],
doxorubicin [10], a series of Mannich basd&l] an
imidazoacridinone derivative, Symadgi] are someof

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 emp&hben Nundn
2,800 B([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 theytoskeletal 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 fromCurcuma longademonstrates
anti-cancer effects for colon cancer, breast cantét,
lung metastases, and brain turfibf]. Calotropis procera
known as Arka have many medicinal propestiand we
have compiled if18]. 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
antrinflammatory and antimicrobial, malaria eft9] 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 usasd an abortifacienf20]

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 seeral 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
entancement in the quality of the extracti@i, 22]

Whereas, theelectrochemical impedance spectroscopy is
a powerful method to determine the electric resistance and
electrode surface modification phenomenon. It is also used
to detect the interaction ofhe analyte with the
immobilizing matrix on the electrod§3]. 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 ucomplicated and detailed output of results
compared to other electrochemical technigis. This
work suggests that impedimetric analysis can also be
utilized to detect the drug screening.

Carbon nanotubes (CNTs) are cylindrical fullerene
discovered bysumio lijima in 1990. CNTs are nothing but
carbon allotropic form in which the graphene sheets are
wrapped forming cylindrical structures with as less than 1
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nm to several micrometef26, 27] Yangaung Liet al.,

have reported Nanotul@raphene composite
(NT-G) an electrecatalyst 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 CNT$28]. These electraatalysts when
applied in biosensarincrease the electrocatalytic activity

of biosensors.

Polymer/CNT nanotube composites have attracted much
attention in the research field. Particularly, Polypyrrole
(PPy)/ICNTs combination is receiving much interest
because it maintains an excellent dades, as they have
outstanding electrical conductance, excellent magnetic
properties and superior thermal stabili®@]. Conducting
PPy can be formed by the oxidization of Pyrrf36]. It
has been reported the use of PPy in the applications of
biosensos, DNA sensors, actuators, immunosensors, drug
delivery, photoelectrochemical devices etc. has been
reported in a good number of literat(igd-33].

We have previously reported the electrochemical
prescreening of anticancer activity of th@alotropis
proceraplant extract towards LN8 and DNA modified
electrode [18]. In this study, we have extracted the
phytochemicals constituents d@alotropis proceraby
Microwave metbd and the conventional Soxhlet
extraction method. This is the first report on irimeeltric
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 andhie plant extract as a result, the real part
of the impedance tend to decrease as the concentration of
the extract increase until saturation is achiev&te
decrease can be ascribed to ithiercalating of the plant
extract with DNA. The advancements iretburrent 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 (dhe binding constant also
been examined using spectrophotometry and is compared
with electrochemical method. We have also studied the
effect of pH and temperatur&,() on the DNA electrode in
presence of plant phytochemicals constituents. The
performance bthe DNA biosensor and the effect of the
soxhlet assisted plant extract and Microwave assisted plant
extract aqueous extracts are discussed.

Experimental
Reagents andhaterials

DNA from herring sperm was procured from HiMedia
Mumbai, India. MWCNTs and poly(allylamine
hydrochloride) (PAH) were obtained from Sigma aldrich.
Tris HCI, Gallic acid, Folin ciocalteu (FC) reagents were
purchased from Loba Chemie, Mumbai, India. Pyrrole was
obtained from Spectrochem, Mumbai, India. dviasium
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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Fig. 1. Schematic representation of preparation of electrode

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 prelpiaoen
stock solution of 0.1 mol diKH.PQ; 0.1 mol dm
3K2HPQyand0.1 mol d? KCI pH was adjusted using 0.5
mol dm®HCI and 0.5 mol dmdiNaOH. All other chemicals
used were of analytical reagent grade unless otherwise
mentioned and used without furthewrflication. 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 temperat controller
equipped with stirred water bath. The UV studies were
carried out in Shimadzu UY700 spectroscopy. All
experiments were done in a conventional three electrode
electrochemical cell with bare Gr or DNA modified
electrode as working electrodmturated 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 w{ig].

Soxhlet extractions were performed usif 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

Copyright © 2017 VBRI Press

RB and the whole assdy 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 ofadiation.

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 Trable 1 [34- 37].

Table 1

Extraction technique TimeRequired Reference

Soxhlet assisted extraction 2 weeks [34]
Soxhlet assisted extraction 18-20h [35]
Soxhlet assisted extraction 24 h [36]
Soxhlet assisted extraction 72 h [37]
Soxhlet assisted extraction 48 h [18]
Microwave assisted extraction 1h This work

Different types of solvent system for TLC were used
[38, 39]the most suitable was found to bgHgO,: CH.O:
H.O (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 kttles and stored
in refrigerator which was further used for the
electrochemical detection of anticancer propertiEse
total polyphenol content present in the plant extract was
determined using FolirCiocalteu (FC)method. This
method is based on theaction of phenolic compound with
colorimetric reagent. The'lE 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 spectrosalbpic
at approximately 760 nijd1]. Results were expressed as
mg Gallic acid equivalents per liter of SAPE (mg GAE/L).
The TPC present in the sample of 20 uL of SAPE and
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MAPE was found to be 500 mg and 475 mg GAE/L
respectively.

Preparation of the DNA moifiked electrode

The preparation of the modified electrode is as our
previously reported worKL8]. An electrode was prepared
by drilling a Teflon bar to 0.5 mm diameter and introducing
a Gr cylinder into it. Electrical coatt 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 FKelectrode polishing kit
which consists of 1 um aqueous polishing diamond and
0.05 um mlishing 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 pL of NT-G composite was dregested onto the
Gr/PAH electrode surface to obtain Gr/PAHAGL The
electropolymerization of PPy was carried out at a potential
range froni 0.3 to 0.80 V (versus SCE) at a scan rate of 50
mVs'! for 20 cycles. Thus Gr/PAH/NG/PPy obtained
electrode was wasld gently with water to remove
unabsorbed particles. Galvanostatic electrodeposition was
implemented for immobilization of DNA. The electrode

2017, 8(11), 1020-1028
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plate when exposed to ammonia vapor, yellow spots was
observed which was further confirmed under -ight.

The R 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 phytochesis 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 elsewliépe
43].The results necaled 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 whible compounds
can target DNA. Clinically DNA binding compounds
corresponds to anticancer molecules which can take part
either by binding or by modifying the DNA44]. EIS
measurements were made in a PBS solution containing
Gr/PAH/NT-Gr/PPy/DNA as a workingelectrode, 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

Table 2. The data obtained from the simulation of impedance responses at the DNA modified electrode in presence and absence &4/SREPEaan

potential of 0.3 V.

Conc. of SAPE R, 0, O-n R, [0 O-n R, C R3
and MAPE"inpL  (Q) (LF em?) Q) (LF ecm?) (9)) (nF) Q)
0 122.6 0.0022 1 47.89 572.2 0.6 8.098 0.0006  1.372x10*
(250) (0.001) (1 (1.39) (387) (0.5) (0.068)  (0.0006) (3.07x10'")
50 125 0.0025 0.7 80.98 408.2 0.9 4.789  0.0012  6.40x10*
(255) (1.199)  (0.8)  (1.59) (303.7) (0.8) (0.060)  (0.0012) (2.83x10")
100 126.3 0.0025 1 103.2 347.1 0.6 1.421 0.001 1.37x10*
(257) 0.003)  (0.7)  (1.89) (286.3) 0.7) (0.036)  (0.001) (392)
150 129.5 3000 0.7 136 297.1 0.7 1.421 0.0015  2.58x10"
(258) 0.002) (0.6) (2.92) (234.5) (1) (0.011) (0.0015)  (3.62x10")
200 132.9 0.0025 1 170 297.1 0.6 1.032 0.001  1.67x10*
(259) 0.002)  (0.7) (3.47) (230.8) (0.8) (0.010)  (0.0014) (292.2)
250 138 0.0027 1 200 273.5 1 0.316 0.0014 7.4x10"
(262) 0.002)  (0.7)  (5.34) (129.3) (1) (0.001)  0.0001 (122)

AEIS fitting data corresponding to MAPE is given within the bracfatsach concentration and circuit components

was kept ati 4 °C for overnight incubation. The as
obtained electrode is denoted as Gr/PAH/G/PPYy/DNA
throughot this manuscript. The schematic representation
of the electrode is as shownkhig. 1. The electrochemical
studies were carried out aoro temperature with PBS (pH
7). The physical characterization of the modified electrodes
using SEM and EDAX has beeestribed in our previous
work [18].

Results and discussion

The extracted samples were applied to TLC plates in a
mixture of GHgO,: CH4O: HO (5:1.2:0.8). The dried TLC

Copyright © 2017 VBRI Press

different pdentials as studied by Brett et gU5] 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. imaginpart
obtained for gradual i
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 aset concentration of PEs
increase theRy 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
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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.
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Fig. 2. Complex impedance plots obtained at increasing concentration of
(af; 0-250 pmol di?) SAPE and MAPE atA) 0.3 V, (B) 1.0 V and(C)

1.4V 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
R(QiR1)(Q2R2)(CR;) model. The electrochemical
parameters are as shown Table 2 the Rs value has
negligible increase because of the increasing concentration
of PE in the electrolyte which relates to the ohmic
resistance. ThB;or R 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 th@:R&the
constant phase element which distributes the capacitance
between the electrode/elecirtd interfaces. Th®, andR,
can be attributed to the binding of the PEs that liberates
reactive oxygen species (ROS). TReshows a decrease in

2017, 8(11), 1020-1028
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literature[46]t 0 deter mine the i
DNA biosensor.

- aR; r Ci
KaC:RC G -RetCo T vi @)

RC ICO RC tCO

WhereKais association constari®(C)) andRu(Co) are
charge transfer resistance of DNA with and without PEs. A
p | o tR«(G)fR(@s) vs concentration of PEs was plotted
[Fig. 3(a) for SAPE and inset for MAPE] and it was shown
that the aR(C)/R«(Co) Iincrease with increasing
concentration of PEs. The lineaegression equation
follows as

&R r G

Re tCo
= 0.34+ 1.77x1G c of SAPE in umol dr,
R=0.980
&R ¢ Ci

Re tCo
=710.70+ 2.12x16 c of MAPE in pmol dn?,
R=0.972

&)

3

The Ka was calculated from the slope of regression
equation and it was found to be 1.77%1dnd 2.12x16
umol dm?® for SAPE and MAPE respectively. Typical
Nyquist plots obtained at 1.0 V after 30 min incubation
under various concentrati
Fig. 2(B) The parameters obtained by fitting the equivalent
circuit and the calculated inhibited efficiency are listed in
Table 3. The circuit model iR(Q1(Ri(Q2(RW)))). The
circuit component has its own usual meaning. The increase
in PEs concentration leadsit@wrease oRs, R andR.. The
Q: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%aAd
2.71x16 umol dm? for SAPE and MAPE respectively.
The linear regression equation obtaifirean theFig. 3 (b)
and inset is as follows

value which may be due to the binding of more number of &R r G

ROS on to the DNA biosensor leading to depletiorhef t Re tCo

resistance. Th€ andR; are the capacitance and resistor )

evolved may be due to the presence of-conducting = 0.43+ 1.57x16 c of SAPE in umol dr?,

DNA bi omol eculQe& Q)Tdacecas€ p&Ed s K=0.976 (4)
increase in PE which can be attributed to the binding of the

active polyphenol molecules 8Es bind to DNA surfaces &R ¢ Gi

dropping the capacita@ae valR€Es. The 6ndé values of
Q:varies from 0.5 to 1 which indicates that the DNA on _ .

the electrode surface acts as diffusion layer. The ~ 0.20 + 2.71x18 ¢ of MAPE in pumol dn,
association constant was calculated according to the R=0.972 %)
Copyright © 2017 VBRI Press 1024
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Fig. 3. Data curve obtained fd;data at increasing concentrations of SAPE and inset for MAPE &3 V,(B) 1.0 V and(C) 1.4 V potentials.

Table 3. The data obtained from the simulation of impedance responses at the DNA modified electrodede presabsence of SAPE and MAPE
at potenti al of 11 V

Conc. of PE R, O O-n R, (@) O-n R, w
and MAPE" in pL () (LF cm™?) (©Q) (mF cm?) Q) Q)
0 120 0.0025 1 176 0.51 0.5 0.016 3866
(249) (0.0015) (1) (165) (0.29) 0.5) (0.010) (2.35x10%)
50 122 0.0058 1 342 0.14 0.7 0.025 2609x10
(252) (0.1526) (1) (233) (0.30) 0.6) (0.011) (1.28x10'%)
100 126 0.0026 0.9 482 0.35 0.6 0.036 1.92x10°
(257) (0.0015) (1) (327) (0.87) 0.7) (0.017) (0.27x107%)
150 128 0.5132 0.8 531 0.28 0.8 0.040 1593
(260) (0.0015) 1)) (522) (0.42) 0.9) (0.040) (0.30x1073)
200 130 0.2842 1 740 0.17 0.7 0.090 1765%1073
(260) (0.0026) (D (694) (0.33) (0.6) (0.050) (3.05x107)
250 132 0.2743 1 970 0.25 0.6 0.11 9.84x107°
261) (0.0014) (1) (975) (0.15) 0.7) (0.060) (1.49x107%

AEIS fitting data corresponding to MAPE is given within the brackets for eachntosien and circuit components.

The semicircle obtained by applying at 1.4 V potential progression of the chemical reacttakes place the oxygen
in Fig. 2 (C) is due to the diminutive amount of oxygen evolved gets consumed in the vicinity of the electrode
progression at the electrode surface. This can be explained surface. The circuit obtained at this potential was
due to the presence of oxygen that behaves as an electron Rs(CiR1)(QR2)(CzRs). The circuit parameters are as shown
acceptor and mediates the electrochemical process. As the in Table 4. As discussed above, the EIS results also

Table 4. The data obtained from the simulation of impedance responses at the DNA modified electrode in presence and absencel ol SRPE a

at potential of 1T1.4 V

Conc. of SAPE in R, C R, 0] n R, C, R;

and MAPE' in pL Q) (mF) Q) (mF cm?) Q) (nF) Q)

0 125.2 0.158 49.75 0.3761 0.7 1 2.56 691
(257.2) (0.835)  (62.88) (0.1697) (0.7) (0.01) (0.156) (1101)

50 125.6 2.201 191.3 0.2305 0.7 100 2.52 430
(259.4) (0.723)  (64.45) (0.1801) (0.8) (0.03) (0.014) (1173)

100 127.4 2.202 194.3 0.2281 0.7 10 2.57 405
(257.2) 0.721)  (69.16) (0.1706) (0.7) (10) (1.421) (1357)

150 131 2.178 198.8 0.231 0.7 1000 2.52 372
(264) (0.597)  (87.77) (0.1641) (0.8) (10) (1.448) (1131)

200 132.5 2.917 214 0.2355 0.7 100 2.51 505
(265) (0.120)  (92.98) (0.1881) (0.8) (100) (1.462) (955.4
250 137 2.467 218 0.2236 0.8 10 2.46 4584
(268.1) (0.122)  (106.7) (0.212) (0.8) (10) (1.604) (902.5

AEIS fitting data corresponding to MAPE is given within the brackets for eachrtoaiben and circuit components.
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showed the samphenomenon in which the increasing
concentration of PE increased tRe value. This type of
circuit model occurs when there is a more than one
electrode processes occurring at the electrode electrolyte
interface. TheC,; andC, have evolved may be due toet
presence of charge compounds present in the PE i.e., the
electrolyte and the charged surface on the electrode which
are separated by the interfaCg and C,. The increase in

the C; and C; may be attributed as the interface is more
charged in which the hytochemicals constituents bind
onto the DNA surface through which the electron transfer
would take place more. As can be seen the&ease may

be due to the PE molecules intercalating DNA or in other
words the ROS species getting oxidized at the DNA
suface 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 selts 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>rtd
1.98x10° pmol dm? for SAPE and MAPE respectively.
The linear regression equatidrid. 3(c)] is as followsi

C.
et G _ 70+ 1.76x10 ¢ of SAPE in umol dr,

Re Co
R=0.966 (6)
C.
% =17.31+ 1.98x16 c of MAPE in pmol dn?,
Re tCo
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 I'imit of detection
0. 22 and 0.29 pmol dhmL? for SAPE and MAPE
respectely. The limit of quantification was found to be
0.68 and 0.88 pmol drhmL™ 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 formula47]

| og = Hofgwoég; ®)

WhereK; is the formation constanty® andl, are the peak
currents of without addition of PE and with addition of PE
respectively. By substituting the values the binding
constant or formation constar; was found to be
4.310x1¢ umol dm® and 4.717x10 pmol dm? for SAPE
and MAPE.

The dose response curve was plotted againsfilbg
concentration of PE vs current response and by fitting the
sigmoidal curve with origin software the following

at
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readings were recordeB? i 0.9932, 1Go of 9.51x1% pug
mL* for SAPE andR?- 0.9994, 1Go of 1.17x1¢? pg mL?

for MAPE.

Fig. 4. Chronocoulometric curves fofa) Gr/PAH/NT-G/PPy/DNA
electrode(b) Gr/PAH/NT-G/PPy/DNA electrode in presence ofifol
dm3SAPE. Inset shows chronocoulometric curves f¢a) modified
electrode andb) Gr/PAH/NT-G/PPy/DNA electrode in presence of 5

umol  dm*MAPE
a signal to noise ratio of
Fig. 5. (a) Effect of pH on the respons€r/PAH/NT-G/PPy/DNA
electrodetowards 2 pmol dm SAPE and inset for MAPHp) Effect of
on the temperature response Gf/PAH/NT-G/PPy/DNA electrode
towards 2 uM SAPE and inset for MAPE.
Chronocoulometric (CC) is a widely used

electrochemical technique used for the measurement of
charge as a functiasf time. There are various applications
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