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Abstract

From voltammetric experiments, the electrochemical behavior of piperazine (PPZ) was determined at gold electrode (GE)
in pH 7, 0.2 M phosphate buffer solution. It is shown that in the presence of PPZ the electrochemical oxidation at a GE was
irreversible process. Based on the experimental results suitable mechanism was proposed. The electrooxidation of PPZ
showed diffusion controlled. Under optimized conditions, linearity between the peak current and PPZ concentration was
observed in the range of 1.0x10°-1.7x10-° M and LOD was found to be 4.49 x 108 M. Further, the sensor was used for the assay

of PPZ in biological samples.
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Introduction

Electrochemical techniques have proved to be excellent
alternatives to determine pharmaceutical compounds,
since they are simple, low cost and require relatively short
analysis times, without the need for derivatizations or time-
consuming extraction steps [1]. Moreover, these techniques
are less sensitive than other analytical techniques to the
effects of excipient substances in commercial formulations.
The advantages of square wave voltammetry (SWV) over
other electroanalytical techniques are greater speed of
analysis, fewer problems with blocking of the electrode
surface and lower consumption of electroactive species. In
particular, complexity of real biological systems may result
in overlapping voltammetric signals. Moreover, the limited
number of electrode materials makes only a restricted
number of analytes suitable for electrochemical detection
with high sensitivity and selectivity.

Piperazine (Scheme 1) (PPZ) is the finest and classical
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representation of six membered saturated nitrogen
heterocycles. The name PPZ comes from the genus name
Piper, which is the Latin word for pepper. PPZ is having two
nitrogen atoms on the opposing side of the six membered
ring. The variation of substituents on nitrogen atoms plays an
important role in selectivity and potency against biological
targets. PPZ derivatives are the most privileged structural
motifs in the field of nitrogen heterocyclic chemistry. They
occur in several natural and synthetic bioactive compounds.
Rather they are widely used in medicine. Tens of thousands of
compounds of this series have been synthesized and studied
by now; more than 300 of them are used in medical practice
as drugs. They include drugs with central and peripheral
neurotropic effects (local anaesthetics, M-cholinoblockers,
agonists and antagonists of other pharmacological receptors,
analgesics etc.,) on the cardiovascular system (coronary
dilative, antiarrhythmic, antihypertensive), spasmolytics,
diuretics, broncholytics, antiemetics, antinuclear drugs and
many others.
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Scheme 1: Chemical structure of PPZ.

The PPZ motif appears in many drugs encompassing
a broad range of activities (e.g. Oxatomide, Almitrine,
Hydroxyzine, Buclizine, Lomerizine [2]). This motif (monoary
and diaryl PPZ) also found in drug candidates displaying
anti-allergenic, antibacterial, anti-anxiety, antiemetic,
antimigraine and platelet anti-aggregatory activities [3-5]. In
addition, PPZ motif is present in many cardiovascular drugs
[6] (e.g., Manidipine, Doxazosin, Trimetazidine, Flunarizine,
Prazosin) and drug candidates [7,8]. PPZ and their derivatives
also possess antimalarial activity [9], antioxidative activity
[10] and antifungal activity [11]. PPZ is a cyclic diamine,
which has fast rate of reaction with CO,, higher CO, capture
capacity, and resistance to degradation [12-14].

The gold electrode has been widely wused in
electrochemical studies and electro analysis for various
substrates for wide potential window and fast electron
transfer rate [15,16]. To the best of our knowledge, to date
there are no studies in the literature on the voltammetric
method for the determination of PPZ by gold electrode.
Here, we report an electrochemical oxidation process of PPZ
on gold electrode by cyclic voltammetry and a square wave
voltammetric analytical method for the direct determination
of PPZ in real samples like urine.

Experimental

Instrumentation

All voltammetric measurements were recorded using
a CHI630D Electrochemical Analyser (CH Instruments Inc.,
USA) in a 10 ml single compartment of three electrode cell
with Ag/AgCl (3 M KCl) as a reference electrode, a platinum
wire as an auxiliary electrode and the Gold electrode as a
working electrode. The pH values of solutions were measured
using an Elico L1120 pH meter (Elico Ltd, India).

Chemicals

PPZ was purchased from Sigma Aldrich India. The
phosphate buffers from pH 3.00 to 10.40 were made using
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double distilled deionized water [17]. All solutions used
were all of analytical grade. The stock solution of PPZ was
prepared by dissolving an appropriate amount in water.

Pretreatment of Working Electrode

To provide a reproducible active surface and to improve
the sensitivity and resolution of the voltammetric peaks, the
gold electrode was polished to a mirror finish with 0.3 micron
alumina on a smooth polishing cloth and then rinsed with
Millipore water prior to each electrochemical measurement.
All the measurements were carried out at room temperature
(298 * 0.2K).

Area of Working Electrode

At different scan rates, the area of the electrode was
calculated using 1.0 mM K,Fe(CN), as a probe. For areversible
process, the Randles-Sevcik formula has been used [18], as
given in eqn (1).

I, = (2.69x10%)n*2AD,'/°C_ v '/? (1)

where, Ipa refers to the anodic peak current, n is the number
of electrons transferred, A is the surface area of the electrode,
D, is diffusion coefficient, v is the scan rate and C, is the
concentration of K Fe(CN),. For 1.0 mM K Fe(CN), in 0.1 M
KCl electrolyte,n=1,D = 7.6 x 1076 cm?2s7![18], then from the
slope of the plot of I, versus v¥2 relation, the surface area of
electrode was calculated. In our experiment, the surface area
of gold electrode was calculated to be 0.086 cm?

Results and Discussion

Cyclic Voltammetry Behavior of PPZ

In order to understand the electrochemical behavior of
PPZ at gold electrode cyclic voltammetry experiment was
carried out between pH 3.0 and 10.0 of phosphate buffer.
The cyclic voltammogram obtained for 1.0 mM PPZ solution
at a scan rate of 50 mVs™ exhibits a well-defined irreversible
anodic peak at about 1.182 V at gold electrode. The cathodic
peak that appeared corresponds to the reduction of gold
oxides [19]. The results are shown in Figure. 1. The blank
solution without PPZ was shown by curve (b). Here in curve
‘b’ no peak was observed and at curve ‘@’ intensity of the
peak increased due to electro catalytic behavior of the gold.
Gold electrodes are very weak chemisorbers due to filled
d-orbitals, yet display a higher electroactivity towards the
oxidation of drugs. The electrocatalytic behavior of gold is
highly complex. The catalytic component of gold electrode is
believed to be hydrous gold oxide, AuOH, which is formed by
the chemisorption of hydroxide anions to the gold surface.

Copyright© Sharanappa T Nandibewoor, et al.
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This process occurs at potentials of 0 to 1.6 Vvs. Ag/AgCl (3M
KCl) depending on the surface structure of the gold electrode.

Therefore, the gold oxide formation and its reduction is pH
dependent [20].

3.0

20

Current/ 105 A

20 ]
30

401

5.0 ] T T T

(a)

®)

0 02 0.4 0.6

0.8 1.0 12 14 1.6

Potential / V

Figure 1: Cyclic voltammogram obtained for 1 mM PPZ on gold electrode in pH 7, 0.2 M buffer: (a) PPZ and (b) blank run

without PPZ at =50 mVs™.

The voltammograms corresponding to the first cycle
were generally recorded because of decrease in the oxidation
peak current occurs with the number of successive sweeps.
This phenomenon may be attributed to the adsorption of the
oxidation product on the electrode surface [21].

Influence of PH of the Supporting Electrolyte

The electrolytic oxidation of PPZ at the Gold electrode is

dependent on the pH of the buffer. Therefore, itis necessary to
optimize the pH value and to evaluate the ratio of the number
of protons and electrons involved in the electrocatalytic
voltammetric detection of PPZ. Figure.2A shows the cyclic
voltammograms of 1.0 mM PPZ in 0.2 M phosphate buffer
recorded at different pH values from 3.0 to 10.0 at the surface
of the gold electrode. All the three peaks were shifted to less
positive potentials with the increase in the pH of the solution.
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Figure 2: (A) Influence of pH on the shape of the peaks in phosphate buffer solution at (a) pH 3.0, (b) pH 4.2, (c) pH 5.0, (d) pH
6.0, (e) pH 7.0, (f) pH 8.0, (g) pH 9.2, and (h) pH 10.4 with potential scan rate 50mVs™.
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The potential diagram was constructed by plotting the From Figure 2C, it was clear that the peak current
graph of peak ‘b’ potentials, E  vs. pH of the buffer with was high for the 1.0 mM PPZ in the supporting medium at
good linearity (Figure 2B). The slope obtained was 50mV/ physiological pH value 7. Therefore, for further experiments,
pH, which indicates with the theoretical value of 59mV /pH; pH 7 was selected as the optimum pH value.

it reveals that the number of electrons and protons involved
in the reaction is equal [22,23].
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Figure 2: (B) Influence of pH on the peak potential of PPZ; (C) Variation of peak currents of peaks with pH.

Influence of the Scan Rate on the scan rate and to know whether the electrode reaction

is the adsorption or diffusion controlled process. The Gold

The influence of the scan rate plays an important role in electrode showed an increase in redox peak currents with an

voltammetric oxidation reaction. So, it is important to increase in the scan rate from 50 to 350 mV s! (Figure 3A) in
evaluate the dependence of peak current and peak potential 0.2 M phosphate buffer solution.
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Figure 3: (A) Cyclic voltammograms of 1.0mM PPZ on GE with different scan rates at (a) 50, (b) 100, (c) 150, (d) 200, (e) 250,
(f) 300 and (g) 350 mVs™.

A good linearity was observed between the logarithm in Figure 3B, with a slope value of 0.435 indicating that the
of peak current and the logarithm of the scan rate as shown electrode reaction was purely diffusion controlled [24] and
Sharanappa T Nandibewoor, et al. Square Wave Voltammetric Determination of Piperazine Copyright© Sharanappa T Nandibewoor, et al.
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the linear equation is as follows.
logl (A)=0.422logv (V s1) +0.7959; (r=0.9861) (2)

The Laviron equation [25] (eqn (3)) has been employed
to find out the number of electrons transferred (n) and the
heterogeneous rate constant (k ) for anirreversible electrode
reaction.

E,, =E, + (2.303RT/nF) log (RTk,/nF) + (2.303RT/anF) log v
(3)

where ‘o’ is the transfer coefficient, v the scan rate and E  is the
formal standard redox potential. Other symbols have their
usual meaning. The ‘an’ was calculated by using the slope of
the plot of E,vs. log v (eqn (4), Figure 3C,
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Epa(V) =0.073logv (Vs1) +1.041; (r=0.997) (4)

Figure 3: (B) Dependence of the logarithm of peak current
on logarithm of scan rate. (C) Dependence of the oxidation
peak potential on the logarithem of scan rate.

The Bard and Faulkner formula [26] (eqn (5)) was used
to evaluate the value of a.
a=477/(E -E ,)mV
(5)

p/2

The values of an and a were found to be 0.36 and 0.78. So, the
number of electrons (n) transferred in electro-oxidation of
PPZ was calculated to be 2.2x2. Mechanism
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Scheme 2: Tentative mechanism proposed for the electrooxidation of PPZ.

As evidenced from the above studies, it is inferred
that electrochemical oxidation of PPZ occurs in a single
well-defined oxidation peak current (Ipa). One molecule of
PPZ on electrooxidation gives free radicals containing PPZ
with removal of two electrons and two protons. Again this
free radical containing PPZ hydrolysis gives final product
piperazine-1,4-diol.

Calibration Curve

To develop a voltammetric method for determining
the drug, we selected the square wave voltammetric (SWV)
mode, because the peaks are sharper and better defined
at lower concentrations of PPZ than those obtained by
cyclic voltammetry. According to the obtained results, it
was possible to apply this technique to the quantitative
analysis of PPZ. A phosphate buffer solution of pH 7.0 was
selected as the supporting electrolyte for the quantification
of PPZ because it gave the maximum peak current at pH
7.0. SWV obtained with increasing amounts of PPZ showed
that the peak current increased linearly with increasing
concentration, as shown in Figure 4A. Using the optimum
conditions described a linear calibration curve was obtained
for PPZ in the range from 1.0 x 107° to 1.7 x 1075 M for SWV
(Figure 4B). The linear equation was
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I, (RA) = 0.066C (uM) + 4.311 (1? = 0.993)
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Figure 4: (A) SWV of PPZ solution at GE different

concentrations (a) 0.1, (b) 0.3, (c) 0.5, (d) 0.7, (e) 0.9, (f)

1.1 (g) 1.3, (h) 1.5 (i) 1.7 and (j) 1.9 / 10° M; (B) Plot of
peak current versus concentration of PPZ.
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Deviation from linearity was observed for more
concentrated solutions, as a result of the adsorption of PPZ
or its oxidation products on the electrode surface. Related
statistical data for the calibration curves were obtained from
five different determinations. The limit of detection (LOD)
and quantification (LOQ) were 4.49 x 10 M and 1.49 x 1077
M, respectively. The LOD and LOQ were calculated using the
equations.

LOD =3s/m LOQ = 10s/m (8)

where s is the standard deviation of the peak currents of the
blank (five runs) and m is the slope of the calibration curve.
Sample solutions recorded after 48 h did not show any
appreciable change in the assay values.

To ascertain the repeatability of the analysis, five
measurements on 1.0 uM PPZ solution were carried out using
a gold electrode at an interval of 20 min. The RSD value of the
peak current was found to be 0.25%, which indicates that the
gold electrode has good repeatability. The reproducibility
between days was similar to that within one day, when the
temperature was kept constant.

Effect of Interferents

The selectivity of gold electrode was evaluated in the
presence of differentinterfering molecules. The voltammetric
response of gold electrode was examined. In the presence of
some interfering substances like glucose, starch, sucrose,
dextrose, gum acacia, citric acid, and oxalic acid (thousand
fold excess). The square wave voltammograms were taken
for the oxidation of PPZ (1.0 uM) after addition of varying
concentration of each interferent. The obtained potential
in the absence of any interferent was 0.8958 V for the gold

electrode. The results are given in Table 1. As it is shown
in Table 1, there is no serious interfering in the presence of
foreign compounds on the electrooxidation of PPZ.

Interferants Potential (V) Signal Change (%)
Citric acid 0.8607 3.51
D-Glucose 0.9089 -1.31

Gum acecia 0.904 -0.82
Oxalic acid 0.8836 1.22
Starch 0.935 -3.92
Sucrose 0.9113 -1.55

Table 1: Influence of potential excipients on the voltammetric
response of 1.0 uM PPZ.

Detection of PPZ in Urine Samples

The applicability of the SWV to the determination of
PPZ in spiked urine was investigated. The recoveries from
urine were measured by spiking drug-free urine with known
amounts of PPZ. The urine samples were diluted 100 times
with the phosphate buffer solution before analysis without
further pretreatment. A quantitative determination can be
carried out by adding the standard solution of PPZ into the
detection system of urine sample. The calibration graph was
used for the determination of spiked PPZ in urine samples.
The detection results of three urine samples obtained are
listed in Table 2. The recovery determined was in the range
from 99.09% to 100.25% and the R.S.D. was 0.27%. Thus,
satisfactory recoveries of the analyte from the real samples
and a good agreement between the concentration ranges
studied and the real ranges encountered in the urine samples
when treated with the drug make the developed method
applicable in clinical analysis.

Added (uM) found(a) (uM) Recovery (%) SD* RSD (%) Bias (%)
3.5 3.468 99.09 0.0301+0.22 0914
4 4.01 100.25 0.0252 +0.26 -0.25
6.5 6.488 99.82 0.0198+0.32 0.184

Table 2: Determination of PPZ in urine samples.
(a)Mean average of five determinations.

Conclusion

In this study, the development of a simple, cheap, less
time-consuming, sensitive and selective electrochemical
method for determination of PPZ using GE with cyclic and
square wave voltammetric techniques were described.
GE exhibits a good electrocatalytic response for the
measurement of PPZ due to its conductive properties and a
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good linear response observed in the range between 1.0x10¢
and 1.7x10° M with a detection limit of 4.49x10% M- When
we take into consideration the properties of GE, it allows for
electrode manufacture at low cost and can be very useful
in the construction of simple and cheap electrochemical
sensors for determination of pharmaceutical compounds
such as PPZ in clinical and pharmaceutical formulations.
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