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a b s t r a c t

Adsorption and electrochemical reduction of pyrantel pamoate are studied in Britton Robinson buffer
medium at hanging mercury drop electrode (HMDE) by Adsorptive Stripping Voltammetric technique.
The peak current shows a linear dependence with the drug concentration over the range 250 ng mL�1

to 64 lg mL�1. Applicability to assay the drug in urine samples is illustrated in the concentration range
5–20 lg mL�1.

� 2010 Elsevier Inc. All rights reserved.
1. Introduction 2. Materials and methods
Intestinal helminth infections have been a major medical prob-
lem in various countries, because of their high incidence and diffi-
culty in effective mass treatment. In view of the frequency of
multiple helminthic infections in general population and especially
in the Korean populations [1], pyrantel pamoate [A] is considered
as a drug of choice in multiple infections of common intestinal
nematodes.
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Since the electrochemical techniques have demonstrated a large

applicability in studies of electrodic reactional mechanisms of phar-
maceutical compounds [2–7], we have undertaken the electro-
chemical investigation of pyrantel pamoate to gain insight into its
redox process, which is important for understanding its properties
as well as metabolism in biological systems. A validated square-
wave adsorptive stripping voltammetric procedure is also described
for the trace determination of the drug in bulk form, pharmaceutical
preparations and human biological medium, without the need for
sample pretreatment or time-consuming extraction or evaporation
steps prior to the drug analysis.
ll rights reserved.
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2.1. Reagents and materials

Pyrantel pamoate (99% purity) was obtained from IPCA, pharma-
ceutical company, Ratlam, India and was used as received. Pharma-
ceutical formulation nemocid tablets (Product of IPCA Laboratories
Ltd., Ratlam, India, B. No. ER 4008R) labeled to contain 250 mg
pyrantel pamoate per tablet were obtained from commercial
sources. Urine samples were obtained from healthy volunteers (five
males, 25–35 year old volunteers) and a pool of these was used.
Samples were kept frozen until assay. After gentle thawing, the sam-
ples were spiked with appropriate concentrations of the drug. For
the preparation of standard pyrantel pamoate stock solution
(1 mg mL�1), 100 mg pyrantel pamoate was accurately weighed,
dissolved in DMF and then adjusted to 100 mL with the same solvent
to give the appropriate concentration. Standard working solutions
were prepared by appropriate dilutions of the stock solution. The
stock solution was stable for at least one month when kept in refrig-
erator. Britton Robinson buffers in the pH range 2.5–12.0 were pre-
pared in distilled water by adding suitable amounts of 0.4 M NaOH
solution (basic solution) to a stock solution composed of a mixture
of 2.14 mL phosphoric acid, 2.472 g boric acid and 2.3 mL of glacial
acetic acid (acidic solution). Solution was stirred after mixing and
left overnight to attain equilibrium. The ionic strength was kept con-
stant by adjusting with 1 M KCl. All reagents and solvents were of
analytical reagent grade (Merck and Sigma). Ultra pure de-ionized
water (Milli Q) was used throughout the analysis.

http://dx.doi.org/10.1016/j.jcis.2010.06.056
mailto:vinodfcy@gmail.com
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http://www.sciencedirect.com/science/journal/00219797
http://www.elsevier.com/locate/jcis


V.K. Gupta et al. / Journal of Colloid and Interface Science 350 (2010) 330–335 331
2.2. Apparatus

Voltammetric measurements were performed with a Metrohm
Computrace Voltammetric Analyzer l AUTOLAB TYPE III Potentio-
stat Ecochemie (Utrecht, The Netherlands) Model 757 VA. A con-
ventional three-electrode system was used consisting of an Ag/
AgCl/KCl reference electrode, a hanging mercury drop electrode
(HMDE) as a working electrode and a graphite rod as auxiliary elec-
trode. All measurements were automated and controlled through
the programming capacity of the apparatus. The data were treated
through a PC connected to the Electrochemical Analyzer version-
757 VA computrace.

Controlled potential coulometric experiments were performed
using an Autolab Potentiostat/Galvanostat PGSTAT Metrohm 663
VA stand as electrochemical cell, fitted with a PC provided the
appropriate GPES 4.2 (General Purpose Electrochemical Software)
Software. Coulometric experiments were performed in the poten-
tiostatic mode using Pt foil with large surface area as working elec-
trode and a Pt wire, counter electrode.

All the solutions examined by electrochemical technique were
purged for 10 min with purified nitrogen gas after which a continu-
ous stream of nitrogen was passed over the solutions during the
measurements. All measurements were carried out at room temper-
ature. The pH metric measurements were made on Decible DB –
1011 digital pH meter fitted with a glass electrode and saturated
calomel electrode as reference, which was previously standardized
with buffers of known pH in acidic and alkaline medium. Ready-
made precoated TLC silica gel coated plates from E. Merck, Germany
were used for TLC separation. The IR spectrum of solid complex was
recorded using KBr pellets on a Shimadzu, model Prestige IR 20, IR
spectrophotometer.

2.3. Procedures

2.3.1. Operational conditions and electrochemical measurements
For cathodic adsorptive stripping voltammetric measurements,

a known volume of pyrantel pamoate was pipetted into a 10 mL
volume calibrated flask and then completed to the volume with
BR buffer (pH 2.3), DMF and KCl. Thereafter, purified nitrogen
was passed for 5 min to remove the dissolved oxygen under stirred
conditions. The selected accumulation potential was applied at the
working electrode for a selected time by keeping the constant
pulse amplitude while the solution was stirred. At the end of the
accumulation time period the stirrer was stopped and 3 s were
allowed for the solution to become quiescent. Then the voltammo-
grams were recorded by scanning the potential towards the nega-
tive direction over the range �0.8 to �1.3 V vs. Ag/AgCl/KCl
reference electrode by applying the square-wave waveform and
peak current was measured at �1.0 V. The electrode cleaning pro-
cedure was gone through for each run. Electrochemical pretreat-
ment was always performed in the same solution in which the
measurement was subsequently carried out. All data were
recorded at room temperature.

For differential pulse and cyclic voltammetric measurements, a
known volume of the drug solution was pipetted into a 10 mL vol-
ume calibrated flask and then completed to the volume with same
solution as before. The solution was transferred into electrolysis
cell, and then deoxygenated with pure nitrogen for 5 min and a
nitrogen atmosphere was maintained over the solution while
recording the voltammograms.

2.3.2. Calibration curve
Aliquot volumes of pyrantel pamoate covering the working

range 250 ng mL�1 to 64 lg mL�1 were transferred into 25 mL vol-
umetric flasks. It was completed to the mark with DMF. The solu-
tion was then transferred into a voltammetric cell and pure N2 gas
was passed for 5 min. Square wave voltamogram and differential
pulse voltammogram was then recorded in the range �0.8 to
�1.3 V. The calibration graph obtained with a known concentra-
tion of pyrantel pamoate was used to convert peak current into
sample concentrations. The recovery was calculated using the
standard addition method [8].

2.4. Application procedures

2.4.1. Determination of pyrantel pamoate in pharmaceuticals
Pyrantel pamoate determination in pharmaceuticals was per-

formed on commercially available tablet dosage form nemocid. Each
film coated nemocid tablet contains 250 mg of pyrantel pamoate and
excipients such as microcrystalline cellulose, hydroxypropyl meth-
ylcellulose, lactose and titanium dioxide are added to dosage forms.
Ten tablets were weighed accurately and ground thoroughly to a fine
powder. A portion of the powder equivalent to the average weight of
one tablet was transferred into a 100 mL volumetric flask using
25 mL of DMF. The mixture was sonicated for 15 min to provide
complete dissolution and then completed to volume with the same
solvent to get the final concentration 1 mg mL�1. The resulted sus-
pension was allowed to settle and an aliquot of the clear supernatant
was transferred quantitatively into a calibrated flask and diluted to a
final volume of 10 mL with selected supporting electrolyte and then
transferred to a voltammetric cell. The square wave and differential
pulse voltammograms were then recorded after 40s pre-concentra-
tion time in open circuit condition. The content of the drug in the
tablet was determined referring to the regression equation.

2.4.2. Determination of pyrantel pamoate in urine
Aliquot of urine (1.0 mL) was transferred into a series of centrifu-

gation tubes. Aliquots of pyrantel pamoate stock solution were
added so that the final concentration is in the range of 1–80 lg mL�1.
It was mixed well using a vortex mixer. Contents of the centrifuga-
tion tubes were transferred into 10 mL measuring flasks. Tubes were
washed with DMF and washings transferred into the same measur-
ing flask and made up to the mark with buffer solution. The entire
contents were thereafter transferred into a voltammetric cell. The
voltammograms were recorded according to the recommended pro-
cedure for pyrantel pamoate [9]. Current (ip) versus concentration
was plotted to obtain the calibration graph.
3. Results and discussion

3.1. Method development

In all electrochemical methods, pyrantel gives one well defined
reduction peak in the aqueous solution which is attributed to the
reduction of the unsaturated C@C bond at HMDE.

3.1.1. Cyclic voltammetric behaviour
Reversibility of the reduction process was investigated by cyclic

voltammetry. Pyrantel exhibits one distinct and well defined
cathodic peak in the potential range �0.8 to �1.3 V, at all concen-
trations. No peak is observed in anodic direction of the reverse
scans thereby suggesting the irreversible nature of the electrode
process [10]. The peak potential shifts towards more negative val-
ues with increase in scan rate, thus confirming the irreversible nat-
ure of the reduction process. For a totally irreversible electrode
process, the relationship between the peak potential (Ep) and scan
rate (t) is expressed as [11]:

ð2:303RTanFÞ½logðRTKf=an=FÞ � log t�

For a given concentration, the plot of Ep vs. log t is a straight
line. Slope of this line for pH 2.3 results in 0.4 for the value of an.
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Fractional value of an confirms irreversible reduction of pyrantel
pamoate. Stripping peak current (ip) has also been studied against
the scan rate (t1/2). At a given concentration as the sweep rate is
increased from 25 to 500 mV s�1 (i) the peak potential shifts
cathodically, (ii) the peak current increases steadily and (iii) the
peak current function, ip/ACt1/2 exhibits almost constancy. Plot of
ip against t1/2 is a straight line.

ðipÞ ¼ 0:944t1=2 ðmV=sÞ þ 0:179ðA� 10�7Þ; r2 ¼ 0:999

These observations point towards diffusion-controlled nature of
the electrode process. The plot of log ipc

versus log t is a straight
line with slope 0.73. This lies in the range 0.5–1.0, expected for
ideal reaction of solution species and surface species, respectively
[12]. The value 0.73, being less than 1.0, supports adsorption con-
trolled diffusion. The experimentally less slope value than the the-
oretical one may be attributed to the partial involvement of the
diffusive drug molecules in the electrode reaction of the adsorbed
ones. Overall electrode process is mainly diffusion-controlled with
adsorption of the drug molecules at the electrode surface. This is
supported by a substantial decrease in the peak current value in
subsequent scans as depicted in Fig. 1.

3.2. Effect of pH on reduction wave

Among the various electrolytes such as Britton Robinson buffer,
acetate buffer, borate buffer, citrate buffer and phosphate buffer,
best results in respect of sensitivity accompanied with sharper re-
sponse were obtained with Britton Robinson buffer. This study was
made in the pH range 2.3–12 at a target concentration of 5 lg mL�1

aqueous pyrantel pamoate solution. CV, SWCAdSV, DPCAdSV anal-
ysis show one reduction wave with half wave potential �1.0 V at
pH 2.3. The peak potential shifts towards more negative potential
with rising pH. This indicates existence of a protonation reaction
along with the pyrantel reduction process.

The relation between E1/2 of the wave and pH of the medium
(over the range 2.3–7) is found to be:

For SWCAdSV; pH 2:3—7 : Ep ðVÞ ¼ 0:0389þ 1:10 pH; r2 ¼ 0:996

For DPCAdSV; pH 2:3—7 : Ep ðVÞ ¼ 0:0331þ 1:07 pH; r2 ¼ 0:991

For CV; pH 2:3—7 : Ep ðVÞ 0:0313þ 1:13 pH; r2 ¼ 0:995

Linear pH dependence of the peak potential shows that protons
participate directly in the reduction process. After pH 7 no signifi-
cant displacement in peak potential was observed. The peak poten-
Fig. 1. Cyclic voltammetry of 10 lg mL�1 pyrantel pamoate after pre-concentration
at �0.1 V vs. Ag/AgCl for 40 s. Scan (a) was done immediately after extrusion of new
mercury drop and Scan (b) was a repeat scan on the same drop.
tial of the two-electron wave is pH independent. This inference
derives from the fact that equilibrium is shifted completely to
the left hand side (i.e. pH < 6). This shows that proton-transfer oc-
curs consequent to an irreversible electrode process [7]. Linearity is
observed in the pH range 2.3–7.0, with a negative slope of 0.03 V.
The study of the influence of pH on peak current was also carried
out to determine whether the electro-active species participate
in equilibria involving protons directly and to obtain the pH range
for maximum signal. The height of the peak is maximum at pH 2.3
and after that it decreases. Therefore, pH 2.3 was chosen as the
optimum one for the determination of pyrantel.
3.3. Controlled potential coulometry

The number of electrons transferred (n) was obtained through
controlled potential coulometry from the charge Q consumed by
10 lg mL�1 of pyrantel in acidic medium, using the formula
Q = nFN, where Q is charge in coulombs, F is Faraday’s constant and
N is number of moles of the substrate. The value of n is determined
to be two for cathodic peak in all media. Products were analyzed by
IR and mass spectrometry before and after the electrolysis. The
absence of peak in the 1900–2000 cm�1 range in the product con-
firms reduction of AC@CA group by IR spectrometry. Voltammetric
studies in conjunction with coulometry and TLC results confirm the
formation of only one product.
3.4. Optimization of the operational conditions

For quantitating the diffusion current resulting from the elec-
tro-reduction, sensitive differential pulse and square-wave catho-
dic adsorptive stripping voltammetric techniques were applied.
Both the techniques give comparable results yet the simple strip-
ping square-wave voltammetry has been selected for its sensitiv-
ity. Both techniques require some adjustment of parameters. The
optimum instrumental conditions for frequency (f), scan increment
(Ds), pulse amplitude (Esw), pre-concentration time (tacc), accumu-
lation potential (Eacc) etc. were examined.

Well-defined stripping peak was obtained with peak potential
�1.0 V vs. Ag/AgCl, for the concentration range 250 ng mL�1 to
64 lg mL�1.

The peak current increases with pre-concentration time, thus
indicating enhancement of pyrantel concentration at the electrode
surface and suggest an effective adsorption of pyrantel on the HMDE.
As the accumulation time increases the peak current tends to level
off, showing that the adsorptive equilibrium on the mercury elec-
trode surface was finally achieved. The higher the concentration,
the shorter is time taken to attain equilibrium. For 1 lg mL�1 pyran-
tel following 40 s, an approximately 6-fold enhancement of the peak
current is observed over that obtained without accumulation. Thus,
considerably increased sensitivity can be achieved by application of
40 s accumulation time for adsorptive stripping voltammetric
determination (AdSvD).

The effect of the adsorptive potential on the peak intensity was
also investigated for 3 lg mL�1 solution following 40 s pre-concen-
tration time, over the range 0.8 to �1.3 V. The response is influ-
enced severely by the accumulation potential. The peak height
was maximum when the adsorption potential was �0.1 V vs. Ag/
AgCl. As the potential is made more negative the peak height de-
creases due to reduction in the amount of the adsorbed pyrantel.
Therefore, the optimal accumulation potential was fixed at
�0.1 V vs. Ag/AgCl for all further measurements.

The variation of the peak current for 3 lg mL�1 pyrantel pamo-
ate in BR buffer (pH 2.3) over the frequency range of 10–140 Hz at
accumulation time 40 s, scan increment of 15 mV and pulse ampli-
tude of 50 mV follows the straight line.



Table 1
Regression data of the calibration lines for quantitative determination of pyrantel
pamoate by SWCAdSV and DPCAdSV.

Parameter SWCAdSV DPCAdSV

Measured potential (V) �1.16 �1.14
Linear range (lg mL�1) 250–64 1–128
Slope (lA/lg mL�1) 0.684 � 10�6 0.1197 � 10�6

Intercept (lA) 0.0879 pA 0.567 � 10�7

Correlation coefficient (r2) 0.999 0.999
RSD of the slope (%)a 1.5 1.7
RSD of the intercept (%)a 1.9 1.72
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ðipÞ ¼ 0:52 ðlog f Þ � 0:402� 10�7 ðAÞ; r2 ¼ 0:998

Higher peak current was observed around 140 Hz. Hence, fur-
ther experiment was carried out at 140 Hz. Moreover, the peak
potential (Ep), shifts to a more negative value with increasing fre-
quency. The frequency response follows [13]:

yðEpÞ ¼ 0:0574 ðlog f Þ þ 1:077 ðVÞ; r2 ¼ 0:99

The slope of the line was 0.0574. Using this value, the transfer
coefficient a is obtained through [14]:

DEp=D log f ¼ 2:303RT=anF

Using n = 2, value of a at pH 2.3 comes out to be 0.5, which is
close to the value obtained by cyclic voltammetry.

Study of the effect of scan increment, on the square-wave strip-
ping peak current of the drug in BR buffer of pH 2.3, reveals that
the peak current enhances upon increasing the scan increment
(2–15). A scan increment of 15 mV was fixed in the present study.
The optimal pulse amplitude was examined at f = 140 Hz and
Ds = 15 mV. The current increases linearly with increasing both
differential pulse and square wave amplitude from 10 to 100 mV.

SWCAdSV : yðipÞ ¼ 8:351 ðmVÞ þ 110:2 ðnAÞ; r2 ¼ 0:998

DPCAdSV : yðipÞ ¼ 5:975 ðmVÞ � 26:67 ðnAÞ; r2 ¼ 0:999

Peak distortion results in poorer resolution above 70 mV. Thus,
pulse amplitude of 70 mV was applied. Several instrumental
parameters, which directly affect the voltammetric response, were
optimized, e.g. mercury drop size, stirring rate and the rest period.
The working conditions decided upon were: drop size 0.024 cm2

and 2000 rpm. The stripping current was not significantly affected
when varying the rest period, since it was found that 3 s was suf-
ficient for the formation of a uniform concentration of the reactant
onto the mercury drop.

3.5. Validation of the proposed method

3.5.1. Linearity range
A calibration graph was drawn to study the analytical character-

istics of the method after the optimum conditions for voltammetric
determination were established. The calibration plot of the peak cur-
rent versus concentration was found to be linear over the range
250 ng mL�1 to 64 lg mL�1 in the SWCAS voltammetric method.
The linearity was checked by preparing standard solutions at 10 dif-
ferent concentration and the observation fit to y(i) = 0.684 � 10�6 +
0.879 � 10�7, r2 = 0.999. The peak current deviates from linearity
and then remains constant when pyrantel concentration is higher
than 64 lg mL�1. This result shows that pyrantel is adsorbed
strongly on the electrode surface limited due to surface saturation.
Following linear equation was obtained:

ðiÞ ¼ 0:684� 10�6 ðCÞ þ 0:879� 10�7; r ¼ 0:999

where (i) is the peak current in lA, C is the concentration in
lg mL�1 and r2 is the correlation coefficient.

Voltammetric curve was obtained for peak current versus
pyrantel concentration. The linearity of method was observed over
the range 1–128 lg mL�1 DPCASV.

ðiÞ ¼ 0:1197� 10�6 ðCÞ þ 0:567� 10�7; r ¼ 0:999

Relative error of slopea ±0.0086 ±0.0012
Relative error of intercept ±0.011 ±0.0057
Repeatability (%RSD)a 1.38 ± 0.0086 0.28 ± 0.069
Reproducibility (%RSD)a 1.1 ± 0.014 1.39 ± 0.0088
LODa (ng mL�1) 8.77 25.06
LOQa (ng mL�1) 29.2 83.5

a Each value is the mean of 5 experiments.
3.6. Repeatability

The within-day and between day repeatability studies were
performed (three concentrations and five replicates). The relative
standard deviation is presented in Table 1.
3.7. Sensitivity/detection limit

The detection limit is given by:

LOD ¼ 3Sa=b

where Sa is the standard deviation of intercept and b is the slope of
the regression line [15]. The calculated detection limit of standard
solution for SWCAdSV was 8.77 ng mL�1 and for DPCAdSV was
25.06 ng mL�1. The peak is not resolved from the noise at concentra-
tions lower than LOD. In urine the experimental lower limit of detec-
tion was 35 ng mL�1 for SWCAdSV and 88.5 ng mL�1 for DPCAdSV.

3.8. Quantitation limit

The quantitation limit is obtained using [16].

LOQ ¼ 10Sa=b

The lower limit of quantitation for standard solution was
29.2 ng mL�1 for SWCAdSV with 1.6% relative standard deviation
and 83.5 ng mL�1 for DPCAdSV with relative standard deviation
of 1.3%. For the determination of pyrantel in urine the LOQ was
116.9 ng mL�1 with 1.4% relative standard deviation for SWCAdSV
and 295 ng mL�1 with 1.7% relative standard deviation for
DPCAdSV.

3.9. Accuracy

The accuracy of a method is the degree of the nearness to the
real value of the observed analysis results [17]. For this purpose
recovery studies in tablets and urine sample were carried out.
The mean recoveries in tablets and urine were found to be 102%
and 101.3% respectively; this demonstrates the accuracy of these
methods.

3.10. Precision/reproducibility

The precision and reproducibility of these methods (SWCAdSV,
DPCAdSV) was decided through five replicate analyses (Table 1).
The mean variation coefficients were found to be 1.1% and 1.39%
for SWCAdSV and DPCAdSV methods, respectively. The variation
coefficient was found less than 2% thereby confirming the precision
of these techniques.

3.11. Stability

Pyrantel pamoate stock solution is kept in the dark at +4 �C for
1 month and was analyzed at different times (every day). It was



Table 2
Application of the proposed voltammetric methods for the analysis of dosage form.

Parameter SWCAdSVa DPCAdSVa
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seen that repeatable peak currents appears up to 15 days and after
that the peak current decreases significantly. Thus, the solutions
were found to be stable for 15 days.
Labeled amount (mg) 250 250
Amount founded (mg) 254.2 253.7
Standard error (%) 0.04 0.086
Added (lg mL�1) 2 4
Found (lg mL�1) 2.034 4.06
Recovery (%) 101.7 101.5
RSD of recovery (%) 0.8 1.2

a Each value is the mean of 5 experiments.
4. Application of method

4.1. In pharmaceutical formulations

The optimized procedure was applied for determination of
pyrantel pamoate drug in tablets (nemocid 250 mg). Filtration of
tablet extract from undissolved excipients is not required. It is suf-
ficient to dilute the aliquot from the supernatant layer with the
supporting electrolyte (BR buffer pH 2.3). The precision was esti-
mated for 0.5–64 lg mL�1 of the drug using the calibration graph
and standard addition method. Representative voltammograms
are shown in (Fig. 2).

The percentage recovery of pyrantel pamoate based on the
average of five replicate measurements was found to be 101.7%
and 101.5% for SWCAdSV and DPCAdSV, respectively (Table 2).
The accuracy of the proposed procedure was also judged by apply-
ing the standard addition method [18] as excellent percentage
recovery of added pyrantel was achieved. Therefore, the proposed
procedure is expected to be applicable for the analysis of this and
other similar formulations containing pyrantel pamoate.
Fig. 3. SWCAdS voltammograms obtained for the determination of pyrantel
pamoate in urine. Urine (1 mL) in 6 mL of BR buffer pH 2.3and 3 mL of DMF. (b)
Blank urine sample. (i) Urine spiked with 50 lg mL�1 of (ii–vii) successive standard
addition of 2 lg mL�1 pyrantel pamoate.
4.2. In spiked human urine

Urine was spiked with different quantities of pyrantel pamoate
in the range of ±20% from the minimal drug concentration in urine
at chronic drug use [19]. Under the optimum experimental condi-
tions blank urine did not interfere with the analytical peak (Fig. 3).

The interference from endogenous component of urine was due
to its negative effect on the drug peak current. This has been nearly
eliminated by dilution with buffer. Fig. 3 illustrates the SWCAS vol-
tammograms of spiked urine sample. The response is observed was
related linearly to the pyrantel pamoate concentration over the
range 2.5–80 lg mL�1 of urine for SWCAdSV and 5–100 lg mL�1

DPCAdSV.
Fig. 2. The dependence of the SWCAdS voltammetric current for pyrantel pamoate
at different concentrations; BR buffer pH 2.3, Eacc = �0.1 V, tacc = 40 s, frequency
f = 140 Hz, pulse amplitude DEsw = 70 mV and scan increment Ds = 15 mV. (b)
Blank: (i) 0.5 lg, (ii) 2.0 lg, (iii) 4.0 lg, (iv) 8.0 lg, (v) 16.0 lg, (vi) 64 lg.
The variation of the peak current versus the drug concentration
is given through
For SWCAdSV : yðiÞ ¼ 0:299� 10�6 ðCÞ þ 0:953� 10�7; r ¼ 0:999

For DPCAdSV : yðiÞ ¼ 0:508� 10�6 ðCÞ þ 1:0414� 10�7; r ¼ 0:999

The percentage recovery of pyrantel pamoate in human urine,
based on the average of five replicate measurements, is 99.7% for
SWCAdSV and 99.5% for DPCAdSV (Table 3). The percentage recov-
ery was determined by comparing the peak currents of known
drug concentrations with their equivalents on the calibration
curve.
Table 3
Quantification of pyrantel pamoate spiked in human urine sample by the proposed
procedure.

Variable SWCAdSVa DPCAdSVa

Pyrantel added (lg mL�1) 20 25
Found (lg mL�1) 19.94 24.87
Recovery (%) 99.7 99.5
RSD of recovery (%) 1.2 1.6
Standard error (%) 0.008 0.011
LOD (ng mL�1) 35 88.5
LOQ (ng mL�1) 116.9 295

a Each value is average of 5 experiments.
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The limits of detection and quantitation (LOD and LOQ) are pre-
sented in Table 3. Analysis of urine sample using the proposed pro-
cedure does not require sample pretreatment or time-consuming
extraction or evaporation steps, other than the separation of the
precipitated protein with centrifugation prior to the analysis of
the drug. The precision of the analysis was estimated from five rep-
licate measurements on 5–20 lg mL�1 of the drug spiked in human
urine. The mean percentage recovery (R) based on the average of
five replicate measurements is 98.8–99.7 for SWCAdSV and 99.0–
99.5 for DPCAdSV.

5. Summary

The electrochemical behavior of pyrantel under the conditions
described in this work is an irreversible process controlled by diffu-
sion–adsorption. The proposed reduction mechanism involves two
electrons transfer. Also adsorption of pyrantel occurs on the mercury
electrode surface that can be used as an effective pre-concentration
step prior to the voltammetric measurement. The results show that
the proposed methods may be useful to determine pyrantel in hu-
man urine at the levels obtained after the administration of normal
clinical doses and this substance in patients. The detection limit
found for pyrantel on mercury electrode is low enough to reach
the levels expected in urine after therapeutic doses. The achieved
LOD and LOQ were 8.77 ng mL�1 and 29.2 ng mL�1 by SWCAdSV
and 25.06 ng mL�1 and 83.5 ng mL�1 by DPCAdSV respectively with
mean percentage recoveries of 101.7% with SWCAdSV and 101.5%
with DPCAdSV.

In these methods, high percentage of recovery shows that the
compounds are completely extracted from tablet formulations
and the results indicate that the method can be used to quantify
pyrantel pamoate without interference from other ingredients.
The proposed method has distinct advantages over other existing
methods regarding sensitivity, time saving and minimum detect-
ability. Besides, it can be applied to the detection of pyrantel in dif-
ferent pharmaceutical dosage forms. In addition no sophisticated
instrumentation is required. Various spectrophotometric methods
have been applied to the assay of pyrantel pamoate in tablet dos-
age forms [20,21] and in dog plasma by high performance liquid
chromatography (HPLC) [22]. HPLC was also applied to the analysis
of pyrantel pamoate in human plasme [23,24] using UV detector.
Potentiometric determination of pyrantel pamoate has also been
reported [25] using ion selective electrodes and detection limit of
1–2 lg mL�1 of the drug has been claimed. But, the proposed
method has a potential of a good analytical alternative in compar-
ison to spectrophotometric and chromatographic methods for
determining pyrantel pamoate in biological media and pharmaceu-
tical formulations and it can be adopted for pharmacokinetic stud-
ies as well as for quality control laboratories studies.
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