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ABSTRACT

MWCNTSs are believed to be favorable for the oxidation of electroactive species towards cathodic direction with the
simultaneous enhancement of the peak current. The prepared electrode showed an excellent electrocatalytic activity
towards the oxidation of antihypertensive drugs leading to a marked improvement in sensitivity. The MWCNTs-
modified GCE exhibited a sharp anodic peak around 0.6 V peak potential for Lercanidipine (LERD) and 0.4 V peak
potential for Nifedipine (NIFD) in the cyclic voltammograms. The antihypertensive drugs were determined by using
a simple two-step procedure developed which comprised a preconcentration step followed by the differential pulse
voltammetric quantification. Concentration calibrations were linear within the range from 0.02 to 0.3 zg /mL for
LERD and 0.025 to 0.3 rg /mL for NIFD. The lower limits detection (LOD) was found to be very low on modified
electrode. An electrochemical sensor featuring the MWCNTs-modified electrode was applied successfully for the 1,
4-dihydropyridines determination in pharmacutical samples.
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INTRODUCTION

Calcium channel blocker belonging to the 1,,4-diloyyridine family has commonly been used as a p&gerial
vasodilator in the management of angina and caaditar diseases [1]. Electrochemistry plays arortapt role
to study the formation of radical and its reactivitt one-pot systems [2, 3]. There are severalntepn literature
concerning the development of stable CNT-basedrelées for environmental samples, electrochemieakars,
electrocatalysis and for electrochemical estimatbdrugs and compounds of biological intergst5]. However,
simple but effective method for the developmenhomogeneously and stably assembled CNT-based edecis
particularly desired for electroanalytical deterations. MWCNTs-based electrodes were prepared giindry
casting MWCNTs suspension on conventional electreddace[6, 7]. The resulting electrodes have been
successfully utilized in the sensitive detectiovaffious biological molecules such as uric ddid folic acid[6] and
cytochromed7]. Generally, MWCNTs-based electrodes enhance tteetign sensitivity and improve reversibility
as it can promote electron transfi@y.

An important milestone in the history of carborhie discovery of carbon nanotubes (CNTs) [9] hatmg distinct
types of structures namely single walled and maliied. As a consequence of the excellent electramid
conducting properties of CNTSs, electrodes modifiéith CNTs have demonstrated to improve the eleatbyical
performance of different species. Due to their uaitess, CNTs have received enormous attention hier t
preparation of electrochemical sensors as it wasneiely reviewed [10-15]. The subtle electronehavior of
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CNTs reveals that they have the ability to promelectron-transfer reaction when used as electrodmals.
Recently CNT film coated electrodes have receinedeasing attention in analytical studies [16-20].

CNT modified electrode can impart strong electralygic activity to some important biomolecules suah
cytochromec [21, 22], NADH [23], hydrogen peroxide [24, 25]chcatecholamines such as dopamine [26] and
ascorbic acid. It leads to a strong interfacialuacglation of the substrate that can serve as aopeentration step
for highly sensitive adsorptive stripping measurateeConsidering the importance of the above mentioned
modified electrodes in the improvement of sengitivihey are employed in the present

Till date, no publications concerning the electiagitical determination of antihypertesive druggphmarmaceutical
formulations are available in the literatures. HEfere, the aim of the present investigation isrneestigate the
electrochemical behavior of antihypertesive dragdMWCNTs modified glassy carbon electrode andewelop
sensitive stripping voltammetric methods for théedmination.

MATERIALSAND METHODS

Electrochemical Workstation (CH Instruments Mod@0Z) was employed mainly for carrying out electiagtical
studies. The three calcium channel blocker drugsodanidipine, and Nifedipine were receivechir@IPLA Ltd,
Mumbai, India and used as such.The stock soluticere made up in methanol/double distilled TKA-LABrified
water (80:20). For studies in aqueous methanol mdglitton Robinson buffers, 4.0, 7.0, 9.2, 0.1 xhoi® KOH
and 0.1 mol di H,SO, were used as the medium for the analysis. MultedaCNTs produced by arc method was
purchased from Sigma—Aldrich and sodium dodecydtsate (SDS) from Merck.

2.1. Procedure

Purging of nitrogen was done for analyte solutidaced in the electrochemical cell of 15-ml capadiy 25
minutes under stirring and then voltammograms wecerded while blanketing nitrogen gas. To getadpcible
results, great care was taken in the electrodegatenent. The glassy carbon electrode was pretréatevo ways
as described earlier [27].

2.2. Preparation of MWCNTs modified GCE
1mg MWCNT was dispersed in 1mL of 0.1M sodium dgdlesulphate using an ultrasonicator to give black

suspensions [28]. Cast films were prepared by pp&IL of the MWCNT/surfactant suspensions on GCE and
then evaporating it in an oven at 8D.

RESULTSAND DISCUSSION

3.1. Effect of pH

Britton—Robinson buffer/acid/alkaline solution wsedected as the support electrolyte to find thénwgdtpH values
for every analyte. The range of pH investigated fwam 1.0 to 13.0. Values outside of this interda not give
either oxidation or reduction waves. Moreover,dmg cases, signals were very close to the disaigairrent of
the background, being very difficult the quantifioa. The pH affects both Ep and ip values. Witbpext to the
first parameter, Ep values for the three pharmécalstdecrease or increase in absolute value vidthbeing more
positive (Fig.1).Fig. 2 shows the dependence of ip with respect to pHviordrugs. From the curves, the optimal
pH values for every one of them were deduced. 3thidy was focused in order to find particular zookpotential
for every compound that allowed the sequential rdd@teation of the two pharmaceuticals in a uniqueldgical
sample. From above discussion pH 13.0 was chostredrest for further electrochemical studies.

3.2. Influence of modifier

Peak intensity (ip) and the peak potential (Epu&alusing unmodified glassy carbon electrode andQWWs
modified carbon electrode were studied. The maodifiexpected to give to higher ip value and thegst distance
from the discharging current of the background. Thand the Ep values are presented in figure 12aris it is
observed, the MWCNTs modified electrode gives higheak intensity values for all the pharmaceuticalse
modifier also influences the Ep values, although ghifts caused in the peaks of the analytes arsigioificantly
relevant.

3.3. Cyclic voltammeric behavior of drugs

Cyclic voltammetric behaviour of the lercanidipiaed nifedipine on MWCNTs modified glassy carborcetede
were carried out in pH 13.0. Figure 3 representdjic voltammograms recorded for two drugs on ified

glassy carbon electrode. They exhibited one oxddapieak with larger current and one reduction peilk lesser
current. The anodic peak was taken for furtherudismon due its analytical characteristic becauskargler peak
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current. The peak potentials correlated well widg scan rate and resulted in straight lines. Taetibnal‘ an’

value calculated from the slope confirmed irrevdesielectron transfer. The peak current showedsaging trend
with sweep rate and straight lines with good catreh coefficients indicating adsorption. The pjdlgsvs.vllz were

curve lines (Fig.4) and log peak current vs lognsiate showed straight line (Fig.5) and its slopki@ is above
0.5.Thus it is further confirmed adsorption of gubstrate on the pores and surface of the elecandéhe overall
reaction was adsorption controlled.
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Fig.1. Plot of peak potential vs. pH
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Fig.2. Plot of peak current vs. pH
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Fig.3a. Cyclic voltammogram of 305 pg/mL lercandipineon MWCNT/GCE at pH 13.0; scan rate 100 mV/s
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Fig.3b. Cyclic voltammogram of 175 pg/mL nifedipineon MWCNT/GCE at pH 13.0; scan rate 100 mV/s
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Fig.4. Plot of peak current vs. squareroot of scan rate
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Fig.5. Plot of log peak current vs. log scan rate

3.4. Differential pulse stripping voltammetry (DPSV)

DPSV experiments were carried out to ascertain blest conditions for the adsorption process. Many
preconcentration-stripping experiments were peréatnfor different accumulation potentials {ff and at an
accumulation time {t) of 10 seconds, to evaluate the electrostatiattm/repulsion between electrode surface
and the drugs. When accumulation potential chafiged —0.1 to +0.5V, the maximum responses wereipbthat
0.1V for the drugs. Maximum peak current was fofmdan accumulation potential in the positive regat 0.1V
because of the electrostatic interaction betweerptsitive nature of electrode at this potential e electron rich
substrate. After fixing the accumulation potentthe accumulation time was varied between 10 ts.@@aximum
peak current was observed for LERD and NIFD at X8spectively. The decreased current above the mami
current signal condition might be due to saturatbthe electrode surface and blocking of the potelformed on
the surface. The accumulation of the drugs on tbdified electrode surface was ascertained by aagrgut SEM
analysis.

SEM was employed to study the surface morphologthefthree accumulated drugs on MWCNTSs coated ylass
carbon electrode. The stem like structure of theting confirmed the presence of MWCNTs on GCE. aherage
tube size of the material is 50 nm as reportediezably us [27, 28]. The drug LERD adsorbed on MWGNT
electrode during accumulation and exhibiggonge with granular like structugeig 6a) and NIFD exhibited
irregular broken like structurig. 6b). Different surface morphology confirmeu taccumulation of drugs
on theMWCNTSs/GCE

53400 0.0k 8 5w w1 OCk SE

Fig.6. SEM photographsof (a) LERD and (b) NIFD on MWCNT modified GCE

The initial scan potential, (f, was also an important parameter in controlliothipeak potential and peak height
in the stripping voltammogram. The initial potehtisas varied between —0.2 to 0.2 V and an initi@inspotential at
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-0.2V for LERD, and 0 .2V for NIFD led to higheralecurrent response. Pulse height was varied bat@d25
and 0.15 V. This variation had shown a decreag®ak current with increase in applied pulse heidtar 0.05V.
Hence, pulse height of 0.05 V was chosen due t@&sed current response for all drugs. The effeptiise period
demonstrated that the stripping peak current iser@aup to 50 ms and then decreased with an inciergsgse
width from 25 to 125 ms for the drugs. The peakenitrdecreased with an increase in pulse width 286no 150
ms and a pulse width of 50 ms was selected. Thesimtaximum peak current conditions were arrivedrat the
results are presented in table 1. These conditi@ne used to study the effect of concentration.

Table 1.0ptimum experimental conditionsin DPSV

Variable Range studied Optimum value
LERD NIFD LERD | NIFD
pH 1.0-13.0 1.0-13.0 13.0 13.0
Accumulation potential (V) | -0.1t00.4| 0.1t00.5 0.3 0.4
Accumulation time (Sec) 10-60 10-60 10 10
Initial scan potential (V) -0.2t00.2| -0.2t00.2 -0.2 0.2
Pulse Height (PH) (mV) 25t0150 | 25to 150 75 50
Pulse width (PW) ms 2510150 | 25 to 150 50 50
Scan Increment (S) mV 21020 21020 4 4
Stirring rate (rpm) 50to 150 | 50 to 150 150 150
Rest period (Sec) 2t0 10 2to 10 2 2
58.0
a
54.0
50.0
b
46.0
42.0
38.0
02 04 06 08
E(V)

i)

Fig.7. DPSV of (a) LERD and (b) NIFD under optimum conditionson MWCNT modified GCE
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Fig.8. Calibration plot of peak current vs. concentration

3.5. Analytical Characteristics

Typical differential pulse stripping voltammograor LERD, and NIFD obtained under the maximum peadkent
experimental conditions were presented in figurd¥the concentration of the drugs increased, titigping peak
current increased. Calibration plots were made edented in figure 8. The limits of concentratioere 0.02 to

0.3ug/mL for LERD and 0.025 to OLgy/mL for NIFD. The LOD is 0.004g/mL for LERD and 0.0@g/mL for
NIFD. The precision of the method was ascertaingdneasuring the peak current of the drugs responsgiee
standard samples. Ten replicates were analyzedstamdlard deviations were calculated. The relatteadzard

deviation was 2.7% for a concentration |[F@/mL of LERD, and 2.8% for 5@lg/mL of NIFD. The low value of
standard deviation indicated good reproducibilitg &asibility of this method for the determinatioindrugs.

3.6. Phar maceutical sample analysis

In order to evaluate the applicability of the prepd method, commercial samples in combination qauire form
containing anyone of LERD, and NIFD were selecfBae pharmaceutical samples were collected from caédi
shops at Karaikudi, Tamilnadu, India. Various t&bleaving LERD, and NIFD were examined for estiomatof
content of drugs. The tablets were dissolved irhareal and then the filtrate was further evaporapeget the drug
in pure form. The residue was dissolved in knowangity of methanol and transferred into a 250 ntibcated
flask and made up to the mark. A 10 ml portionhi$ solution was transferred into a 50 ml calibdatask and 0.1
mM NaOH containing 50% aqueous methanol was uselilute the contents of the flask to the requiretline.
The standard addition method was used. 0.05 mlatigf the 0.jug /mL standard stock solution was added to the
solution prepared as described above. Differeptigde stripping voltammetric studies under the mmaxn current
signal experimental conditions were carried out Hrtrace amount of drugs in the sample were oéted. A
relative standard deviation of 2.7% was obtaineddféug/mL LERD for ten identical measurements. The hedat
standard deviation of 2.8 % was obtained for AQgmL of NIFD for ten identical measurements. Thas t
suitability of this method for the determination IEERD, and NIMD in real sample was verified. Theuks are
presented in the table 2.

Table 2, Amount of drugsin tablets determined by DPSV in tablets

Brand name Company name | Tabletsin mg | Experimental value, mg | % RSD value
L ercanidipine(L ERD)
Lerez Glenmark 10 9.65 2.7
Nifedipine(NI FD)
Calcigard Retard Torrent 20 19.69 2.4
Cardif Beta 10 Concept 10 9.75 2.7
Cardules Retard Nicholas Piramial 20 19.42 2.2
Cardules Plus 10 Nicholas Piramal 10 9.59 2.8
Depicor SR Merck 20 19.69 2.7
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CONCLUSION

MWCNTs-modified GCE allowed the successful deteation of LERD, and NIFD drugs with a detection liraf
0.004ug/mL for LERD and 0.0gg/mL for NIFD. The anodic peak current varies limgaunder optimized

conditions in the concentration range from 0.0D®lg/mL for LERD and 0.025 to O8)/mL for NIFD. The
results obtained are promising and demonstratettlity of the developed method for the determioatof drugs in
pharmaceutical formulations. The specificity of trmtammetric method was also investigated in tresgence of
substances present in drugs. Thus, present inaéistigrevealed that the proposed method is singpecific,
sensitive and effective for the determination of 4Dihydropyridines at MWCNTs-modified glassy canbo
electrode in pharmaceutical formulations.
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