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ABSTRACT

Poly (3,4-ethylenedioxythiophene)-(Poly(4-styretfesate)) was synthesized on the surface of glasspon
electrode by electrochemical method and used terahéte biologically important L-dopa in the presenaf a
large excess of ascorbic acid by differential pwsdtammetry. The PEDOT-PSS surface was charaetrizy
Scanning electron microscopy and ATR-IR. The oikidapeaks of L-dopa and ascorbic acid (AA) werel wel
separated at PEDOT-PSS modified electrode in phatsphuffer solution (PBS, pH 7.0). A linear relatship
between the peak current and concentration of Ladeps obtained with the correlation co-efficient0o®99 with
the detection limit of 1.6 uM (S/N=3) in the presenf 5mM AA. The proposed method was succesafigdlied for
the determination of L-dopa in pharmaceutical sagapl
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INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerativeasiscaused by low concentration of dopamine istanba
nigra of the mid-brain. This will also cause dyssia, tremors, rigidity and poor balance. This lsarovercome by
taking L-dopa (levodopa, 3, 4-dihydroxy-L-phenyfatee) orally. This drug can be metabolized to dojp@nby
dopa-decarboxilase enzymatic reaction. The iner@agoncentration of plasma L-dopa level, leadsitie effect
such as vomiting, nausea, gastritis, paranoia artlac arrhythmias [1-4]. Thus L-dopa has to bemgigccurate in
both pharmaceutical formulations and biologicaldtu Several methods have been proposed for theendietation
of L-dopa such as high performance liquid chromephy [5, 6], spectrophotometry [7, 8] and titrat{®]. Now a
day’s electrochemical method is found to be of griederest in current research because of its tSedec
determination and high sensitivity. Unfortunatelgpst unmodified conventional solid electrodes stewslow
electron transfer for the electrochemical oxidatidrsome small biomolecules like L-dopa and asaodgid. The
oxidized product of these biomolecules easily dosat bare electrode which leads to poor reproditgiland
repeatability. The concept of surface modificatidrbare electrode is one of the exciting developménthe field
of electroanalytical chemistry. The modification yrlaad to increase in the electron transfer ratbiofolecules
oxidation, reduction of overpotential and also @&ge in the selectivity and sensitivity for theedetination of
biomolecules [10-13]. The conducting polymers hatteacted immense attention because of their eleatomic
nature, low cost, ease of processing, high eletroonductivity, and robust switching capability [d17]. Among
the conducting polymers, PEDOT-PSS has attractgufigiant interest due to its high conductivityeetroactivity,
permselectivity, electrochromism and a wide apfilicain electrocatalysis [18—23] Thus; it is sigo#nt to develop
a PEDOT-PSS modified GCE for L-dopa determination the presence of ascorbic acid. In this work
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electrocatalytic behaviour of PEDOT-PSS film towsthle oxidation of L-dopa in the presence of adcaabid is
described, in addition, the kinetics of mediateelceb oxidation of L-dopa at the PEDOT-PSS modifigaissy
carbon electrode is investigated using cyclic voh@etry. Pulse technique is used to find deteciioit bf L-dopa.
The PEDOT-PSS modified GCE not only exhibits straagalytic activity towards L-dopa and ascorbicdabiut
also provides a stable and quantitative analytigatoducible performance.

EXPERIMENTAL SECTION

Reagents and solutions

3,4-ethylenedioxythiophene (EDOT) and Poly(4-stesrifonic acid) were purchased from Aldrich Chersica
Germany. LiCIQ and L-dopa were obtained from High media Laboretoand Loba chemie, India. All other
reagents were used of analytical grade and usegtaied. Aqueous solutions were prepared usingldalistilled
water.

Instrumentations

The electrochemical experiments were carried oitgu€HI6041C (CH Inc., USA) coupled with a convemnial
three-electrode cell. The three electrodes nantedywtorking electrode, the auxiliary electrode, #mel reference
electrode were GCE, Pt wire and Ag/AgCl electra@spectively. All the potentials in this communioatwere
given against Ag/AgCl. The surface morphology arBSRover PEDOT was characterized by SEM (FEI Quanta
FEG 200-High resolution scanning electron microgdagnd Perkin Elmer ATR-IR. An (EI-1L model 34 kHz)
ultrasonic bath was used for cleaning the elect@ohel to prepare a homogeneous mixture

Preparation of PEDOT-PSS modified electrode

Before modifying, the GC electrode was polishechwit3 and 0.05 um of alumina slurries for 2 minhedollowed
by thorough rinsing with double distilled watergthlectrode was then sonicated with ethanol anifletiswater for
2 min each. After sonicating electrode, it was ethswith double distilled water and was examinedclglic
voltammetry using standard 1 mM potassium ferrignigle solution (by evaluating the oxidation anduibn peak
potential). The PEDOT-PSS polymer film was eledterically prepared by electrodeposition from aneays
solution of 10M EDOT and 10 M PSS mixture in 0.1M of LiClQas supporting electrolyte. Then solution
mixture was sonicated for few minutes and left with any disturbance for few hours. The electrocleami
synthesis was carried out by using cyclic voltamgnegchnique by scanning towards positive potestisdm -0.1
to 1.6 V versus Ag/AgCl at a scan rate of 100/\ss typical deep blue colour was observed after @esy
Hereafter, this electrode was named as PEDOT-PS#fieth electrode and kept in 0.1M phosphate buéfepH
7.0 until further use.

RESULTS AND DISCUSSION

Electropolymerization of PEDOT-PSS

The electropolymerization of PEDOT-PSS has beernechout between —1.0 and +1.6 V on the surfaddé®iGCE
at a sweep rate of 100 mV* $or 8 cycles. (Figure. 1) shows the growth of fitlaring this process of multiple
cycles, and current gradually increases with aneme in cyclic time. This indicates PEDOT-PSS m&sization
over the surface of GCE. It is clear from the aysloltammogram, two oxidation peaks were absortsdaty P1
and P2 at 1.38 V vs Ag/AgCl and 1.25 V vs Ag/Agldl.conclusion, polymerization of PEDOT-PSS follotwg
steps. Adsorption of oxidized species over thetelde surface occurs in the first step. The dimeolgomers
which are formed in the first step get further dzédl in the second step [24, 25].
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Figure 1 Cyclic voltammogram of PEDOT-PSS

Characterization of PEDOT-PSS film by ATR-IR and S@&nning Electron Microscopy (SEM)

To address the surface distribution of the system,have examined and compared morphologies of PEDOT
(Figure. 2a) and PEDOT-PSS films (Figure. 2b) usiognning electron microscopy (SEM). PEDOT surfacks

like irregular granular covered with micro fibershereas PEDOT- PSS shows a mixture of micro rings a
wrinkles over the surface. This confirms the PEBDRES films on the surface of the GCE [26].

8.0kV™12.5mm x110K SE(M) ]

Figure 2 SEM image of (a) PEDOT, (b) PEDOT-PSS
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Figure 3 ATR-IR spectra of EDOT monomer
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Figure 4 ATR-IR spectra of PEDOT-PSS

Further, Figures 3 and 4 show the FTIR reflectaspectra of EDOT, PEDOT-PSS. The disappearancerafithg
mode of C-H bond at 885 ¢hn(Figure 4) confirms formation af-o’-coupled PEDOT molecular chain. Moreover,
the peaks at 1201c¢hand 934 cnt in (Figure 4) are due to PSS stretching frequendidis result coincides with
the earlier reports [24, 26-28]. This clearly cam the successful formation PEDOT-PSS polymer GLE.

Electrochemical oxidation of L-dopa

The electrochemical behavior of L-dopa was inveséd with CV in 0.1 M phosphate buffer solutiorpbt 7.0. As
shown in (Figure. 5) a weak response and slowreledtansaction for L-dopa were observed on a bkeetrode. In
the +0.40 to 0.5 V region, an oxidation peak ofdpd at +0.56 vs Ag/AgCl was noted. The PEDOT-PSSifieal

electrode shows a good electrocatalytic oxidatiward L-dopa indicating that the PEDOT-PSS modié&sttrode
can effectively decrease the oxidation potentidl-dbpa to 0.35 V vs Ag/AgCI from 0.46 V vs Ag/AgCl

Furthermore, the oxidation peak current (Ipa) addpa at PEDOT-PSS modified electrode is three tihigker
than that of bare electrode with a better revdisibiThese results confirm that the PEDOT-PSS loa gurface of
bare electrode can effectively accelerate the mlelsemical redox behavior of L-dopa and signifibamicrease
oxidation current at modified electrode. Thus, ¢théained higher oxidation current may be due bmnd attraction
in PEDOT-PSS
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Figure 5 Cyclic voltammogram of 5mM L-dopa, (a) bae GCE (b) PEDOT-PSS GCE at pH 7.0

Effect of scan rate
The effect of scan rate on the oxidation of 5mMdpd in PEDOT-PSS modified electrode in phosphaféebu
solution of pH 7.0 (Figure. 6). As observed in Figu/ the oxidation current increased linearly whilcreasing the
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scan rate from 50 mV/sto 500 mV§& with a correlation coefficient of 0.990 suggestthgt the oxidation of L-dopa
at PEDOT-PSS modified GCE’s was diffusion contmlgocess [29].

A
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E/V (vs. Ag/AgCI)
Figure 6 CV of the 5mM L-dopa in PBS (pH 7.0) at PBOT-PSS modified GCE with different scan rates (a=j50, 100, 150, 200, 250, 300,
350, 400, 450 and 500 mV$

Effect of pH

The CV method was used to study electrochemicglorese of L-dopa in various pH at PEDOT-PSS modified
GCE. Figure. 8a shows anodic peak current of L-doghe pH range of 3.0- 8.0. The maximum peakentrwas
observed at 7.0pH. Further increasing of pH showsaaly saturated current. Thus by consideringtbkgical pH
and increasing current, the pH 7.0 was fixed fathier study. Moreover (Figure. 8b) demonstratesBEpa of L-
dopa at a scan rate of 100mVim PEDOT-PSS GCE. The Epa of L-dopa shifts towdeds oxidation potential.
With the increasing of pH, the graph has good limgavith a slope of 53mV/pH. This behaviour neadgeyed
Nernst Equation for equal number of proton andtebdectransfer reaction [30, 31]. The electrochehiedox
process of L-dopa to give dopaquinone is describ&theme 3.1.
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Figure 7 Square root of scan rate vs. anodic peakiaent of L-dopa in PEDOT-PSS modified GCE
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Scheme 1 Electro oxidation mechanism L-dopa

Determination of L-dopa by DPV

The determination of biomolecules needs high switgit This can be achieved by DPV method norm&8g].
Figure 9 shows DPVs obtained from 50uM to 247 pMdpa in the presence of 5mM AA at pH 7.0. A clear
voltammetric signal was observed for 50uM L-doparein the presence of 100 fold higher concentratibAA
respectively, which revealed that detection of mamcentration of L-dopa is possible even at highceotration of
AA.

While varying the concentration of L-dopa in theggnce of 5mM AA by standard addition method thidation
current of L-dopa increased linearly with corredatiof co-efficient 0.999 (Figure. 10). Thus, thesant modified
electrode can be used to determine L-dopa evdreipriesence of high concentration of AA.
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Figure 10 DPV of 5mM AA at PEDOT-PSS GCE in the preence of different concentration of L- dopa: (a) 50, (b) 77.0, (c) 107.0 (d)
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Figure 11 Plot of ja vs Concentration of L-dopa.

Interference study

The possible influence of foreign species whichxéiewith L-dopa in the determination of body flaithave been
investigated, in comparison with other foreign spgcconsidering the electroactive molecules like, %A,
dopamine, epinephrine, tryptophan and tyrosine raoge important. Among all AA and UA plays a serious

interferes with the determination of L-dopa becao$dts electrode fouling nature and nearly saméation
potential of L-dopa.
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Figure 12 DPV of 1mM L-dopa, AA and UA in PEDOT-PSSGCE

Figure.12 shows the PEDOT-PSS modified GCE capahdiseparate the solution mixture of UA, AA andidpa.
Were as for tryptophan and tyrosine it has highestation potential when comparing with L-dopa, s
eliminates tryptophan and tyrosine interfere in thetermination of L-dopa [3338]. According to G. Elu
al though amines like dopamine and epinephrineske@roactive molecule, because of their low cotregion in
body fluids they do not affect the accurate L-doesermination [13]. Finally the other foreign speciike (100)
glucose, (100) urea and (500) KH(500) K, (500) N4, (500) Md", (500) C4&" were added to (50) L-dopa. The
change in peak current was observed with toleréinie of 5%. The data in the bracket are conceidret of the
interfering species in UM

Stability and reproducibility

The PEDOT-PSS was stable and reproducible. Howgneeelectrode had to be well treated to remove ragsio
contaminant to maintain the reproducibility. It wiasind that electrode can be renewed by washinlg eétionized
water and continuous scanning in the buffer 0.LMBRB pH 7.0 after each experiment. Generally, 1@esy of
scanning could be recycled. The PEDOT-PSS had gmodge stability in PBS for two days.

Analytical application

The modified electrode was applied to determinatib.-dopa in commercial tablets (Syndopa 110); tidaets
were purchased from Indian pharmaceuticals. A portf 0.2 g was weighed accurately and dissolvet L of
5% acetic acid and made up to 100 mL using 0.1 N BBpH 7.0. The standard addition method was fsetthe
determination of L-dopa,; the results are shownabl& 1. The average recovery is 98%, indicatindiegglity and
reliability of the proposed method.

Tablel Detection of L-dopa in commercial tablets

Powder tablets Concentration of L-dopa (uM) Recovery
Samples Added Found (%)
Sample | 90uM 88uM 97.7%
Sample Il 90uM 87uM 96.6%

CONCLUSION

We have demonstrated that PEDOT-PSS modified eldettan be used to determine concentration of ladioghe
presence of AA with excellent sensitivity and séléty. This modified electrode was confirmed by RTR and
SEM analysis. The characteristic behaviour wateby cyclic voltammetry and the differential pulsdtammetry
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technique, was used to find the detection limit.comparing with bare electrode, the PEDOT-PSS rextif
electrode shows higher oxidation current for botddpa and AA. This was attributed to greater s@faea of
PEDOT-PSS. Moreover, the PEDOT-PSS modified eldetrbaving an ability to detect 1.6uM L-dopa in the
presence of 5mM AA. Further, it was found that thisdified electrode is able to detect L-dopa inetbwith
satisfactory recovery percentage.
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