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ABSTRACT

In this work we have established that a new Sdbée (Z)-2-((pyridin-2-yl) methyleneamino) benzeiodt
(2PMAB) prepared by reaction of 2-aminobenzenethith picolinaldehyde is a good electrode modifyatgent to
sense cholesterol. Glassy Carbon electrode sutti@sebeen modified with styrene film impregnatedi @PMAB.
Ag’ ion has been attached to the S atoms of 2PMAB®@electrode surface resulting in modified electrad the
type GC/styrene/2PMABAg. Cholesterol imparts a significehange of 0.048V in redox potential of the niedif
electrode. For the GC/styrene/2PMABAg electrode réponse time is 3 s, detection limiz)3.99X10 M;
sensitivity 0.0722 V/mM and linear range is 3.96XM0to 37.03X16M. Moreover, fluorescence study of the
compound is also done in presence of the soft Metalind analyte cholesterol which indicates a digant “turn
off” (420nm) of the fluorescence intensity of 2PMiABresence of Ag and “turn on” at a new waveldn{20nm)

in presence of cholesterol when excited at 350nm.
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INTRODUCTION

Biosensors have recently gained much attentioherfield of health care for the management of werionportant
analytes in a biological system. The area achi¢nerdendous progress from the time when the firatiCélectrode
for measurement of glucose was realized. Advantdhd biosensor design are appearing at a highasathese
devices play increasingly important roles in outydiéves. The increasing incidences of cardiovdacdiseases and
cardiac arrest are major cause of death of humadsd over. One of the most important reasons is
hypercholesterolemia, i.e. increased concentratfamolesterol in blood.

Cholesterol and its fatty acid esters are one ef fain constituents for the human beings as theytlae
components of nerve and brain cglly and are the precursors for other biological matgrsguch as bile acid and
steroid hormones [2]. Abnormalities of cholestel@lels in blood are symptoms of several diseasash |s
hypertension, coronary heart disease, arteriositerdorain thrombosis, lipid metabolism dysfunctiamd
myocardial infarction [3]. Various methods have ibeeported for the analysis of cholesterol in seinoluding
colorimetric [4] spectrophotometric [5] and highrfeemance liquid chromatography (HPLC) [6]. But mo$these
methods often present certain disadvantages, sutdch of specificity and selectivity due to intifg reactions
and use of unstable and corrosive reagents [7]iring scientists to develop electrochemical bicses for
cholesterol.

Electrochemical biosensors based on electron gabstween an electrode and immobilized cholesteddlase are
especially promising because of their practicalaad&ges such as operational simplicity, low fabidcacost and
suitable for real time detection [8-10]. In mosttioé electrochemical biosensors for cholesteral|edterol oxidase
(COx) is immobilized on a suitable matrix such amducting polymers [11], carbon nanotubes (CNT<Z],[1
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nanoparticles (NPs) [13, 14], sol-gel/hydrogels,]8$ and self-assembled monolayer (SAM) [17,18].x0© a
flavin-adenine-dinucleotide (FAD) containing flaveayme that catalyses the dehydrogenation of C (3)eDthe
cholestan system in presence of di-oxygen, inthadlesten-3-one and hydrogen peroxide [19]. The matig
reactions in the use of cholesterol oxidase (C®@xg eeceptor can be described as follows:

CcO
Cholesterol + @ X Cholest-4-en-3-one +40,  ---------- (1)
E
H,O, ———> O,+2H"+2¢ )

The electro oxidation current of hydrogen peroxgldetected after applying a suitable potentidhtosystem.

The main problem with enzyme based biosensorsas thss than desirable performance and high c2@} [
Moreover in amperometric detection the overestiombf the response current due to interferencemésof the
major problems. Piletsky and his colleagues propad®lesterol sensing method based on molecularintigg
technique such as hexadecylmercaptan as film medinrgold electrode surface and potassium ferricdemis
mediator [21]. Ji-Lai Gang et al. reported polynjarcaptobenzimidazole) imprinted gold electrodegigiotassium
ferricyanide as mediator [22]. In molecular impirigt method, the mediator molecules come in contattt the
electrode surface through the channels createtiébtetnplate molecule, cholesterol. The redox ctiwémediator
decreases on addition of cholesterol into the mlgic solution as they can block the channelsndt¢e molecular
imprinting method is an indirect one and estimatbcholesterol is based on decrease in redox misre

As far as the knowledge of the author no such nitHave been developed where cholesterol comesdot d
contact with the electrode surface. Moreover, useOsteryoung Square Wave Voltammetric (OSWV) and
fluorescence technique to detect cholesterol @ atg found in the literature. The aim of the stislyo develop a
cholesterol biosensor without COx as a catalyst asdox current as a sensing signal. While significa
developments have been made in cholesterol sensipresent herein a simple and highly sensitivad thdicator
system that can detect cholesterol electrochemicadl well as by fluorescence by utilizing voltaretand
fluorogenic “turn-off” and “turn-on” signals. In ith paper we report that cholesterol imparts a fart change in
redox potential of a Schiff base (2)-2-((pyridingBmethyleneamino)benzenethiol (2PMAB) (preparedrégction
of 2-aminobenzenethiol with picolinaldehyde) ingaace of soft metal like silver (Ag). This shiftriedox potential
can be calculated with the help of square waveawattetric technique and could be utilized in estiomabf
cholesterol in solution. Moreover, fluorescencealgtaf the compound is also done in presence o$diiemetal Ag
and analyte cholesterol which indicates a signifi¢turn off” (420nm) of the fluorescence intensif 2PMAB in
presence of Ag and “turn on” at a new wavelengg0(Bn) in presence of cholesterol when excited 8h8b

EXPERIMENTAL SECTION

Reagents and general conditions

All reagents were purchased from Loba Chemie angk wsed without any further purification. Doublestdied
water (prepared by using Rieviera quartz doubllldison apparatus) was used for all electrochetnéxperiments.
Phosphate buffer solutions (PBS) were preparedikingithe stock solutions of 0.05M NaCl and 0.05MHYPO,-
NaHPQ,, and then adjusting the pH with 0.05MR0, or 0.05M NaOH.

'"H-NMR spectra were measured using a Bruker UltedshB00 MHz NMR spectrometer. Chemical shifts were
expressed in ppm (in CDg£lwith TMS as internal standard) and coupling cantt (J) in Hz. Fluorescence
experiments were performed on a Hitachi F-2500tspglsotometer at room temperature. FTIR data werasured
on a KBr pallet, using a Perkin Elmer spectrophatten(RX1).

Electrochemistry

CHI 600B Electrochemical Analyzer (USA) with a tarelectrode cell assembly was used for electroat@mi
studies. Electrochemical experiments were carrigdiader a blanket of Nitrogen gas after passieggsds through
the solution for 10 minutes. The electrode poténtadues were reported with respect to the normalrdgen
electrode, NHE. The working electrode is Glassy8a (GC) disc, reference electrode is Ag-AgCl (BlisICI) and
Sodium Nitrate (0.1M) is the supporting electrolyta the Osteryoung Square Wave Voltammetry (OSWV)
experiments, the square wave amplitude is 25 m¥frilquency is 15 Hz and the potential height fsebstair case
wave front is 4 mV. Prior to every experiment th€ @ectrode was polished firmly on micro- clothngsfine 0.05
uM alumina powders followed by sonication for 2-3noies in Millipore water and then rinsed thoroughligh
water [23].
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Synthesis of 2PMAB

(2)-2-((pyridin-2-yl)methyleneamino)benzenethioP@AB) was prepared by stirring a mixture of 1 mr{@lL25 g
or 0.4 ml) 2-aminobenzenethiol with 1 mmol (0.10p@olinaldehyde in 10 mL methanol for 2 hours.ePgdllow
crystalline compound was obtained which was filtleaad recrystallized from methanol.

FTIR spectrum shows peaks corresponding to —C=Mtcking at 1589 cih The assignments of the peaks have
been made from reported literature [24].

'H nmr spetrum of the compound was recorded in GDIHe peak at 1.7 ppm(s) may be assigned to aror@ati
SH; peak at 7.3 ppm(s) to H-C=N- proton; and thédtiplates to aromatic protons.

Reaction scheme of 2PMAB

Scheme 1

Compound| Yield| Solubility
2PMAB 86% MeOH

[
= H
X N
+ 1:1(m/m) |
H MeOH, RT N
N/ SH
o} NH;
picolinaldehyde  2-aminobenzenethiol SH
(2)-2-((pyridin-2-yl)methyleneamino)benzenethiol
(2PMAB)

Electrode modification

0.1 g of 2PMAB was dissolved in 10 mL dichlorometband 1.QiL of the solution was placed on the tip of a pre-
cleaned GC electrode surface using a Hamilton rsgringe. The electrode was dried under nitrogenrenment
for 5 minutes. 1.QIL of a styrene solution (prepared by dissolving @ dtyrene in 10 mL of dichloromethane) was
dropped over the above modified electrode and addad under the blanket of nitrogen for 10 minut€he
modified electrode is now designated as GC/styBR#MAB henceforth in this paper.

RESULTS AND DISCUSSION

Electrochemistry of the compound
Cyclic voltammogram of GC/styrene/2PMAB electrodaswecorded in PBS at pH 7.0 and at scan rate §M1AV
pair of redox peaks with redox potential value 5.4/ + 0.005 V (vs Ag-AgCl) and peak separatiaif) 0.104 V
was observed. The redox peak currents were fouridctease linearly with scan rates (not shown).sTirear
increase in current confirmed the electrochemieakrsibility of 2PMAB. The ratio of cathodic to atio peak
current, hdlpais almost unity (1.31).

An approximate estimation of the surface coverdgheelectrode was made by adopting the method bg&harp
et al [25]. According to this method, the peak entris related to the surface concentration ofdleetroactive
species/, by the following equation:

Ip =n’F? ATVIART

Wheren represents the number of electrons involved inrélaetion, A the geometric surface area (0.09°cof the
electrode/” (mol m?) the surface coverage anthe scan rate and other symbols have their usuahimgs. For the
anodic peak current at scan rate 0.1 \fe calculated surface concentration of 2PMAB.@2 X 10° mol m?

It is well known that the sensitivity of SWV of alybed species is proportional to the degree ofrsiiéity of the

electrochemical reaction [26, 27]. Since the redoxiple of 2PMAB (not shown) showed a more reveesibl
behaviour at the GC/styrene/2PMAB electrode, ardeaantage of using the electrode in SW mode reigipect to
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the sensitivity of cholesterol detections is expdctThe SWV of the GC/styrene/2PMAB electrode imgghate
buffer solution (PBS) at pH=7.0 is shown in Figclrie a). The redox potential was found to be 0.88ss. Ag-
AgCl.

C

30.- a b
2.0
< 1.0
0.0-
1.0

0.6 0.4 0.2 0.0
E/V (vs Ag-AgCl)

Fig .1: Square wave voltammogram of GC/styrene/2PMB (a), GC/styrene/2PMABAg (b) and GC/styrene/2PMABA in presence of 0.37
mM cholesterol (c). SWV was recorded in PBS at pH @gainst 3M NaCl, Ag/AgCl as reference

When Ag ion was added gradually into the electrolytic siolu the redox potential was found to undergo amodi
shift till the redox potential becomes -0.290 Vhidvalue of redox potential was obtained whenl firmecentration
of Ag* ion in the electrolytic medium was 5.35%LM. Hence, addition of Agion into the electrolytic medium
caused an anodic shift of 0.090 V to the modifimtteode (Fig.1, curve b). Agons coordinated to the S atom of
2PMAB molecule coated onto the electrode surfates Was evident from the fact that the colour @& thodified
electrode surface was yellow before addition of Adpich became white after addition of Ato the electrolytic
medium. This white coating, observed by naked eyast be of Ag on electrode surface. The modifiedteode
attained a new composition GC/styrene/2PMABAg.

Co-ordination of 2PMAB to Afthrough S resulted in an excess in electron demsit Ag as Ad has 3d°
configurations. Donation of electron density fromat8m to Ag lowers the electron density on the S atom as ag||
on the benzene ring of the 2PMAB. This loweringelectron density lowers the oxidation tendencyhaf ting
which results a positive shift in redox potentibP®@ MABAg as compared to that of 2PMAB.

0.32 -
4 ¥ = -0.0(H4x +10.2959
R = 0.9935
.. 0.28 -
M 0.24 -
u.z ] | | 1
0 10 20 30 40

[Cholesterol] / 105 M

Fig .2: Effect of cholesterol concentration on theedox potential of GC/styrene/2PMABAg in PBS at pH7

Effect of addition of cholesterol into the elecytid solution on the redox potential of GC/styr&iMABAg
electrode is shown in Fig.1 (curve c). A net anoshift of 0.048V can be clearly observed when cétell
interacts with GC/styrene/2PMABAg electrode. Linezalibration plot for the shifts in redox potentiaf
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GClstyrene/2PMABAg electrode are obtained over 195 to 37.03X1FM concentration of cholesterol in the
electrolytic medium. The slopes (V/M) and corralaticoefficients are found to be -0.0014 and 0.9@3pectively
(Fig 2). The sensitivity was calculated to be 0D¥2mM for GC/styrene/2PMABAg electrode. The deimctlimit
(30) found was 1.99X1® M for the GC/styrene/2PMABAg electrode. As thesendt any reported voltammetric
sensors for cholesterol based on redox potentiedugecholesterol concentration, it is not possiblemake a
comparative study.

A response time of 3 s was obtained after eachtiadddof cholesterol. The response time of the hisse was
defined as the time after analyte addition for bi@sensor response to reach 95% of its final valime response
time in this study is better than the methods fambbilization of COx in carbon nanotube-chitosaatipum

composite (8s) [28], chitosan hybrid composite J1829], poly(2-hydroxyethyl methacrylate) polypyleo
composite film (30s) [30], layer-by-layer assemglipolymer films (30-40s) [31], poly(1,2-diaminobeng) film

(51s) [32], and silicic sol-gel matrix (60s) [33].

Scheme 2: Structure of cholesterol

The most favourable site in cholesterol to be t@djdy the modified electrode for interaction & libne double
bond (Scheme 2). Ag is prone to form complex cangi double bond. The association of Ag with chiees will
enhance electron density on them resulting agaioredse in electron density on 2PMAB and induces
electropositivity on that compound. The impaca iirther anodic shift in redox potential of thedified electrode

on interaction with cholesterol.

Fluorescence study of the compound
1:1 (v/v) acetonitrile : water solution of 2PMAB RBS at pH7 shows fluorescence emission in theer@ nm to
650 nm withA,.xat 420 nm when excited with 350 nm radiation.

The fluorescence titration reaction of 1:1 (v/veamitrile : water solution of 2PMAB by aqueoudusion of
silver(l) ions (5 X 10° M), shows a steady and smooth decrease in fluarescimtensity that saturates at 1.0
equivalent (Fig.3).

The plot of I/lo Versus concentration of Ag ionsisown in Fig.4 (where | is the fluorescence intgnat particular
[Ag™] and |, is the initial fluorescence intensity of the lighand )., is the fluorescence intensity of the ligand at
maximum [Ad]). The decrease in fluorescence intensity mayttsibated to redistribution of electron density upo
Ag" ion binding to -S- (soft-soft interaction).
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Fig .3: Changes in fluorescence intensity of thegand when 1:1 acetonitrile:water (v/v) solution othe ligand is titrated with aqueous

Ag(l) solution (Fig .3 inset Changes in fluorescercintensity upon addition of cholesterol to the Ad) saturated 1:1 acetonitrile:water
(v/v) solution of the ligand) when excited at 350nm
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|
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Fig .4: Plot of I/l, Versus concentration of Ag(l) and plot of I/}, Versus concentration of cholesterol

To calculate the binding constant and the stoickioynof binding [34], log{(I-b)/(Imax -1)} Was potted against
log[Ag™] (Fig. 5) and found to be linear. A least squdittisig of data yielded the slope as 1.2+0.02 iaiing a 1:1
binding between 2PMAB and AgThe binding constant was calculated to b@#g67.

The fluorescence titration reaction of 1:1 (v/v)etmitrile:water solution of 2PMAB saturated wilqjueous
solution of silver(l) ions (5 X 1&M), by aqueous cholesterol solution(5 X18l), gave rise to a new peak at
wavelength 520 nm which showed a smooth and steadgase in fluorescence intensity (Fig.3 insethwicrease
in cholesterol concentration whereas the peak aelwagth 420nm remains almost constant. The pltd o¥/ersus
concentration of cholesterol is shown in Fig.4. Thange in fluorescence intensity may be attribugglistribution
of electron density due to Ag ion binding to chtdesl aromatic —-C=C- bond.
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Fig .5: Plot for binding constant from fluorescenceshowing 1:1 metal:ligand binding of silver ion wih the ligand

To calculate the binding constant and the stoickioyn of binding, log{(I-b)/(Inax -1)} was potted against
log[cholesterol] (Fig. 6) and found to be linear.léast squares fitting of data yielded the slopel&2 +0.02
indicating a 1:1 binding between 2PMAB-Ag and clstdeol. The binding constant was calculated toolgg=4.7.

0.8 1
—~—
; y =1.0189x + 4.6593
© 0.4-4
£
~~
=
:_, 0 T 1
@] 4.7 -4.1 -4
o
-0.4-

log [Cholesterol]

Fig .6: Plot for binding constant from fluorescenceshowing cholesterol binding to silver ion alreadyounded to the ligand

Interference studies

Interference by ascorbic acid, uric acid and glecase generally studied for voltammetric sensorscfmlesterol
[35, 36]. We too studied the effect of these thzempounds on the cyclic voltammetric response efrtfodified
electrode GC/styrene/2PMABAg. The redox potentiadl aedox currents were not affected by any onehef t
interfering compounds at their 0 concentration. There was no any enhancemertoféescent peak at 520nm
was observed upon addition of these three compatonitie Ag(l) ion saturated ligand solution.

CONCLUSION
In summary, we have modified a GC electrode surfaitk a Schiff base (2)-2-((pyridin-2-yl) methylea®ino)
benzenethiol (2PMAB) and developed a new modifiedteode GC/styrene/2PMABAg. The redox potentiattos

modified electrode is affected by cholesterol pnt$e the solution. The modified electrode has Very response
time of 3 s, detection limit 1.99XTOM; sensitivity 0.0722 V/mM and linear range 3.96%M to 37.03X10°M.
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Fluorescence study of the 2PMAB also established:ttolesterol sensitivity of the ligand. On bindbogAg(l) the
peak obtained at 420nm of the ligand when excitetlaaelength 350nm decreases whereas the Ag(l3aturated
ligand solution showed a increase in fluorescentansity at a new wavelength 520nm upon additiochalesterol
to the Ag bounded ligand.

Hence the new Schiff base synthesized can beadilis electrochemical and fluorescence cholestersior.
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