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Abstract

The electrochemical behavior of the anthelmintic veterinary drug nitroxynil at the mercury electrode was studied in a series of Britton-Robinson
universal buffer of pH 1.9-11 containing 20% (v/v) ethanol using dc-polarography cyclic voltammetry and controlled-potential coulometry. The
voltammograms exhibited two irreversible cathodic steps over the pH range 1.9-10.2; the height of the first step is double that of the second one.
Controlled-potential coulometry in the B-R universal buffer of pH 1.9—10 at a mercury pool working electrode revealed the consumption of four and
two electrons via the first and second reduction steps, respectively, which attributed to reduction of the NO, group to the hydroxylamine stage (first
step), and then to the amine stage (second step). Three voltammetric analytical procedures including dc-polarography, differential-pulse adsorptive
stripping voltammetry and square-wave adsorptive stripping voltammetry were optimized for the direct determination of bulk nitroxynil. The three
proposed procedures were applied for analysis of bulk nitroxynil with limits of detection of 3 x 107>, 1.31 x 107® and 8.4 x 107! M and limits
of quantification of 1 x 107>, 4.36 x 108 and 2.80 x 107" M, respectively. The three procedures were successfully applied to the determination
of nitroxynil in formulation (Dovenix, 25% nitroxynil injection solution) without the necessity for sample pretreatment and/or time-consuming
extraction steps prior to the analysis.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Nitroxynil (4-hydroxy-3-iodo-5-nitrobenzenonitrile), 25%
solution, is an anthelmintic veterinary drug widely used in pro-
phylaxis and treatment of hepatic distomatosis, and fascioliasis
(infestations of mature and immature fasciola hepatica) in cattle
and sheep. It is also effective, at the recommended dose rate,
against adult and larval infestations of
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haemonchus contortus in cattle and haemonchus placei,
oesophagostomum radiatum and bunostomum phlebotomum in
cattle [1,2].

Studies of the therapeutic effects of nitroxynil drug required
the use of sensitive methods for its determination at trace lev-
els and also for testing content uniformity of nitroxynil dosage
form. Several analytical methods have been described for the
assay of nitroxynil in bulk, cattle muscle, edible tissues and milk.
These methods include reversed-phase liquid chromatography-
dual-electrode coulometric detection [3,4], high-performance
liquid chromatography—UYV spectroscopy [5], high-performance
liquid chromatography—thermo-spray mass-spectrometry [6]
and gas chromatography [7]. Nitroxynil has been also deter-
mined in pharmaceutical parenteral solutions using ac- and
dc-polarography [8]. However, the electrochemical behavior of
nitroxynil at the mercury electrodes still required more clar-
ification. Moreover, the reported analytical methods did not
offer a sufficient quantification limit of nitroxynil and neces-
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sitate samples pretreatment and/ or time-consuming extraction
or evaporation steps prior to the analysis. Besides expensive
reagents and equipment are required, which are not economi-
cally feasible for routine analysis.

No stripping voltammetric method is reported in literature to
date for assay of nitroxynil in formulation. Adsorptive cathodic
stripping voltammetry has been shown to be an efficient ana-
lytical technique for determination of sub-nanomolar level of a
wide range of drugs which have an interfacial adsorptive char-
acter onto surface of the working electrode [9]. This is due to its
simplicity, sensitivity, precision and most of the excipients used
do not interfere in the subsequent determination. In addition,
the technique is easy to use and save of both time and costs.

The present work aimed to study the electrochemical behav-
ior of nitroxynil at a mercury electrode using dc-polarography,
cyclic voltammetry and controlled-potential electrolysis. It is
also aimed to develop electroanalytical procedures for quantifi-
cation of nitroxynil in bulk form and pharmaceutical formula-
tion.

2. Experimental
2.1. Materials.

Nitroxynil, 4-hydroxy-3-iodo-5-nitrobenzenonitrile, was
kindly supplied by the National organization for drug control
and Research Corporation, Cairo, Egypt. The Pharmaceutical
formulation: “Dovenix injection solution” is a 25% sterile
solution of the N-ethylglucamine salt of nitroxynil in water
(Merial Co., Lyon, France).

2.2. Reagent and solutions

A stock standard solution of bulk nitroxynil (1 x 1073 M)
was prepared in ethanol (Merck). Working solutions of 1 x 1076
to 1 x 10~* M bulk nitroxynil were prepared by dilution with
ethanol.

Aliquots of “Dovenix” injection solution (a 25% solution of
the N-ethylglucamine salt of nitroxynil in water) were diluted
with a B-R universal buffer of pH 6 to obtain 1 x 107 to
1 x 10™*M nitroxynil working solutions. The prepared solu-
tions were kept at 4°C. A digital micro-pipetter (Volac, John
Poulten Ltd., Essex, UK) was used for transferring the solutions
during the electrochemical measurements.

A series of Britton—Robinson (B-R) universal buffer of pH
1.9-11 (a mixture of 0.04 M solution of each of acetic, ortho-
phosphoric and boric acids adjusted to the required pH with
0.2 M sodium hydroxide solution) was prepared [10] and used as
supporting electrolyte. All the chemicals used were of analytical
reagent grade.

A pH-meter incorporated with combined glass and saturated
calomel electrodes (Crison, Barcelona, Spain) was used for the
pH measurements. A Mettler balance (Toledo-AB 104, Switzer-
land) was used for weighing the solid materials. The de-ionized
water was supplied from a Purite-Still Plus de-ionizer connected
to an Aqua-Matic double-distillation water system (Hamilton
Laboratory Glass Ltd., Kent, UK).

2.3. Apparatus

A polarograph (Model 4001, Sargent-Welch, USA) was used
for the polarographic measurements. A polarographic cell incor-
porated with a dropping mercury electrode as a working elec-
trode (m=1.23mgs™!, r=3.4s at mercury height =60 cm) and
a saturated calomel electrode (SCE) as a reference electrode was
used.

Cyclic voltammetry, differential-pulse and square-wave
stripping voltammetric measurements were carried out using
a computer-controlled potentiostat (Model 273A-PAR, Prince-
ton Applied Research, Oak Ridge, TN, USA) with the software
270/250-PAR together with the electrode assembly 303A-PAR
incorporated with a three-electrode cell comprising of a hang-
ing mercury drop electrode (HMDE) of area 0.026cm?, an
Ag/AgCl/KClg reference electrode and a platinum wire as a
counter electrode.

A potentiostat/galvanostat (Model 173-PAR) incorporated
with a digital coulometer (179-PAR) was used for controlled-
potential electrolysis. A micro-cell incorporated with a platinum
wire sealed through the cell bottom for contact with a mercury
pool working electrode, a saturated calomel electrode as a refer-
ence electrode and a platinum gauze as a counter electrode was
used. The potential selected was adjusted to be equal the E1/, of
the reactant polarographic wave plus —0.1 V or at the beginning
of the polarographic limiting current. The total charge (Q) passed
during the exhaustive electrolysis of nitroxynil was obtained by
integrating the current electronically. Using Faraday’s equation:
N=Q/nF (where N is the number of moles of substance being
electrolyzed) the number of electrons (n) transferred per reactant
molecule was estimated.

2.4. Analytical procedure

Ten milliliters of the B-R universal buffer of pH 2 contain-
ing the appropriate concentration of nitroxynil were introduced
into a micro-electrolysis cell, then deoxygenated with nitro-
gen for 5min. An accumulation potential of —0.1V (versus
Ag/AgCl/KCly) was applied to the working electrode for 90 s,
while the solution is stirred. After accumulation time elapsed,
the stirrer was stopped and the solution allowed to be qui-
escent about 10s, then the voltammogram was recorded by
scanning the potential towards the negative direction using the
differential-pulse or the square-wave mode. Calibration curves
were obtained under the optimized conditions of the procedure.
Quantification of nitroxynil in bulk form and formulation was
performed by means of both calibration curve and standard addi-
tion methods.

3. Results and discussion
3.1. Dc-polarography

Polarograms of 2 x 10~* M nitroxynil in Britton—-Robinson
universal buffer (pH 1.9-10.2) containing 20% (v/v) ethanol

exhibited two irreversible cathodic waves; the height of the first
wave was double that of the second ones (Fig. 1). Results of
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Fig. 1. Dc-polarograms of 2.5 x 107 M of nitroxynil in the B-R universal
buffer of various pH values.

controlled-potential electrolysis experiments over the whole pH
range revealed that four and two electrons were transferred via
the first and second reduction waves of nitroxynil, respectively.
Accordingly, this behavior may be attributed to the reduction
of NO» group to the hydroxylamine stage via the consumption
of four electrons (first wave), then to the amine stage via the
consumption of two more electrons (second wave) over the pH
range 1.9—10.2. This behavior is contradictory to that reported
by Alvarezlueje et al. [8] for reduction of nitroxynil in buffered
solutions containing 10% dimethylformamide, since they stated
that the second wave disappeared at pH > 6. The shift of the half-
wave potentials (Ey/) of the cathodic waves of nitroxynil with
the increase of pH indicated the involvement of protons (H* ions)
in the electrode reaction and that the proton-transfer reaction
precedes the electrode process proper [11]. The limiting current
was pH-independent which disproved the concept of kinetic or
catalytic control of the limiting current.

Logarithmic analysis of the two polarographic waves of
2 x 10™* M nitroxynil was performed by plotting E4. versus log
(i/iy — ©) [12] at various pH values. Straight lines were obtained
with slope values S; (S§1, mV =59/an,) reported in Table 1;
from which values of an, (0.8—-1.14) and transfer coefficient
a (0.40-0.57) were estimated at various pH values, for the
number of electrons n, transferred in the rate-determining step
equals 2. The Ej»—pH plots of the two polarographic waves
were straight lines of slope values Sy {9E/0pH=S,, mV =
59(Zy+/an,)} reported in Table 1. The number of protons
(Zy+) participated in the rate-determining step was estimated as:
Zy+ = {(0E1,2/0pH)/(59/any)} [12]. Since S1, mV = (59/an,)
and S» = (0E1/2/0pH), the number of protons was estimated using
the simplified relation: Zy+ = S2/S; [13] and found to equals
one over the entire pH range (Table 1).

Polarograms for different concentrations of bulk nitroxynil
were recorded in a B-R universal buffer of pH 2-6 and a linear
variation of the total limiting current (7;) with nitroxynil concen-
tration (C) was obtained which following a straight-line equa-
tion: ij (LA)=0.065C (mM) +0.33 (r=0.991 and n = 12). Three
replicate calibration curves were obtained over the concentration

Table 1
Dc-polarographic data for 2 x 107* M of nitroxynil in the B-R universal buffer
of various pH values containing 20% (v/v) ethanol

pH S1 (mV) any a(n,=2) S> (mV) Zy+ =(S2/51)

First wave
1.9 58 1.02 0.51 1.36
4.1 77 0.77 0.39 1.03
5.2 80 0.74 0.37 0.99
6.4 62 0.95 0.48 79 1.27
7.6 60 0.98 0.49 1.32
8.5 62 0.95 0.48 1.27
9.5 67 0.88 0.44 1.18

Second wave
1.9 91 0.65 0.32 1.28
4.1 88 0.67 0.43 116 1.32
5.2 88 0.67 0.34 1.32
6.4 86 0.69 0.34 1.35

range 3 x 107> to 2.5 x 10™* M nitroxynil. For 6 x 107> M of
nitroxynil a mean percentage recovery of 98.1 &= 1.95 (n=3) was
achieved by the proposed dc-polarographic procedure. Limits of
detection (LOD) and quantification (LOQ) of 3 x 107°M and
1 x 1073 M nitroxynil were estimated using the relations [14]:

LOD = 3S.D./b (1)
LOQ = 10S.D./b 2

respectively, where S.D. is the standard deviation of the intercept
of calibration curves (or the blank) and b is the slope of the
calibration curve.

3.2. Cyclic voltammetry

Cyclic voltammograms of 1 x 10~*M nitroxynil displayed
two irreversible cathodic peaks over the pH range 1.9-10.2. As
suggested from the dc-polarographic and controlled-potential
electrolysis measurements, the two peaks were attributed to
reduction of NO; group to the hydroxylamine stage via the con-
sumption of four electrons (first peak) and then to the amine
stage via the consumption of two more electrons (second peak).
The sharpness of the peak suggests the adsorptive character of
nitroxynil onto the surface of the mercury electrode.

The adsorptive character of nitroxynil onto the mercury sur-
face was identified by recording the cyclic voltammograms of
2 x 107°M at 100 mV/s in a B-R universal buffer of pH 7 after
its accumulation onto the HMDE at open circuit (Fig. 2, curve a)
and at Eyc. =0.0'V (versus Ag/AgClI/KCly) for 30 s (curve b) and
then its repetitive cycle at the same mercury drop (curve c). The
peak current obtained in the repetitive cycle (curve c) decreased
rapidly in comparison to that of the first cycle (curve b), which
may be attributed to desorption of the nitroxynil from the mer-
cury electrode surface. A plot of the logarithm of peak current
(ip) versus logarithm of scan rates (v) of 25-500 mV g1 gave a
straight line following the equation: logi, = 0.96logv + 0.81
(r=0.999 and n=7), its slope value (0.96) is very close to the
expected theoretical value 1.0 for an ideal reaction of surface
species [15].
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Fig. 2. Cyclic voltammograms for 2 x 1076 M nitroxynil in a B-R universal
buffer of pH 7: following accumulation onto the HMDE at open circuit (a) and
at Eaec =0V. for 30 s (b) then its repetitive cycle at the same mercury drop (c);
scan rate=100mV s~

The electrode surface coverage of nitroxynil " (mol cm™2)
in a B-R universal buffer of pH 7 was calculated using the
equation: I'g = Q/nFA, where Q is the charge consumed by the
surface processes over the two peaks which estimated by the
integration of the area under the two peaks corrected to the
residual current [16], n the total number of electrons consumed
in the reduction processes via the two peaks (n=6), F the Fara-
day constant and A is the surface area of the working electrode
(0.026 cm?). On dividing the amount of charge (Q) consumed
by the surface process, 1.22 uC, by the conversion factor (nFA)
a monolayer surface coverage of 1.217 x 10710 molcm™2 was
obtained. Each adsorbed nitroxynil molecule thus occupied an
area of 1.318 nm?.

3.3. Stripping voltammetry applying different waveforms

3.3.1. Differential-pulse

Differential-pulse adsorptive cathodic stripping voltammo-
gram of 2 x 107® M bulk nitroxynil in the B-R universal buffer
(pH 2-10), following accumulation onto the HMDE for 30s,
exhibited a main single peak over the entire pH range. A sharper
peak and a much developed peak current were achieved at pH
6—7. The optimum experimental and instrumental conditions
for analytical determination of nitroxynil using differential-
pulse adsorptive cathodic stripping (DPAdCS) voltammetry
were identified by studying the effect of each of accumula-
tion potential Ejc., accumulation duration t,., scan rate v and
pulse-height a on the peak current intensity (ip) at pH 6. The
results indicated that the optimal procedural conditions which
generated a well-shaped and much developed peak current were
Eace=—0.1V, tyee=30s, v=4mVs~! and a=90mV. Varia-
tion of the peak current i, (wA) with concentration (C) of
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Fig. 3. Effect of accumulation potential E,cc on the SWAdCS voltammetric peak
current ip of 2 x 10~7 M nitroxynil in a B-R universal buffer of pH 6 following
accumulation for 30s, pulse-height a =50 mV, frequency f=100Hz and scan
increment AE=8mV.

nitroxynil was a linear relation: i, (nA)=0.057C (M) £ 0.08,
r=0.995. The achieved LOD and LOQ were 1.31 x 10~ M and
4.36 x 1078 M bulk nitroxynil, respectively.

3.3.2. Square-wave

The square-wave adsorptive cathodic stripping (SWAdCS)
voltammogram of 2 x 10~ M bulk nitroxynil in the B-R univer-
sal buffer of pH 2—10 following accumulation onto the HMDE
for 30 s exhibited mainly a well-defined single peak over the
entire pH range. A much developed peak current was achieved
at pH values 6-7. The peak potential was shifted to more nega-
tive value on the increase of pH of the medium. The dependence
of the stripping peak current on the accumulation potential was
examined over the potential range 0 to —0.25V (Fig. 3). A
much developed peak current was obtained at —0.1V (versus
Ag/AgCl/KCl). In stripping analysis employing film forma-
tion, the peak current is almost proportional to the accumulation
duration (Fig. 4). In the present study, an accumulation duration
of 90 s was applied for assay of nitroxynil.

The peak current for 2 x 10~/ M nitroxynil in a B-R uni-
versal buffer of pH 6 following accumulation for 90s at
Eacc =—0.1V was optimized by changing the pulse-amplitude
(a), frequency (f), scan increment (AEs) within the ranges
10-100 mV, 10-120Hz and 2-10mV, respectively. Although
the SWAACS voltammetric peak current of nitroxynil was
almost directly proportional to each of a, f and AEs, however
a sharper peak was obtained under the following conditions
a=70mV, f=120Hz and AEs=8mV. So the optimal square
wave procedural conditions for the assay of nitroxynil were:
Eacc=—0.1V, t3ec=90s, a=70mV, f=120Hz, AE;=8mV
and a B-R universal buffer of pH 6 as a supporting elec-
trolyte.
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Fig. 4. Plots of i, VS. facc for: 8 x 1079 M (1), 3 x 1078 M (2), and 1 x 1077 M
(3) nitroxynil in a B-R universal buffer of pH 6 following accumulation at
Epc =—0.1V,a=50mV, f=100Hz and AE=8 mV.

3.4. Methods validation

Validation of the proposed stripping voltammetry procedures
for trace assay of nitroxynil was examined via linearity, limit
of detection (LOD), limit of quantitation (LOQ), repeatabil-
ity, recovery, robustness and intermediate precision. The linear
variation of SWAdCS voltammetric peak current (ip) versus
concentration (C) of bulk nitroxynil (1 x 1072 to 3 x 1077 M)
was represented by a straight line equation: i, (WA)=0.039C
(M) +2.3740.1 (r=0.998 and n=12). Using Egs. (1) and (2),
the achieved LOD and LOQ were 8.4 x 10~19and 2.8 x 107°M
bulk nitroxynil, respectively. The obtained results confirmed
the reliability of the proposed procedures for the trace quan-
titation of bulk nitroxynil. Repeatability of results of SW and
DP-AdCS voltammetry procedures was examined by perform-
ing four replicate measurements for (2.7 and 5) x 10~8 M bulk
nitroxynil and mean percentage recoveries of 98.25 4+ 0.3 and
98.4 £ 0.05, respectively, were achieved.

The selectivity [17] of the described procedures was tested
by analysis of solutions of a 5 x 1078 M bulk nitroxynil and
a standard formulation solution (Dovenix injection solution)
containing 5 x 1078 M nitroxynil, following accumulation of
nitroxynil onto the HMDE at —0.1 V for 30 s in both cases. No
significant differences in the recoveries or the relative standard

Table 3

Table 2
Influence of small variation in some of the conditions of SWAdCS voltammetric
procedure on recovery of 2 x 10~7 M nitroxynil

Variable parametres Conditions R% +£R.S.D. (n=3)
pH
5.5 Eace =—0.1V, 13ec=90s 95.01 £ 0.15
6.0 98.40 + 0.05
6.5 95.23 £ 0.63
Accumulation potential (Egcc)
—0.05 pH 6, t,cc =90s 95.23 £ 0.12
—0.10 98.40 £ 0.05
—-0.15 96.23 + 0.24
Accumulation time ()
85 pH6, Eyec =—0.1V 94.00 + 0.20
90 98.40 £ 0.05
95 94.23 + 0.25

deviations were obtained in the absence and presence of the
excipient (N-ethyglucamine). Thus, the proposed procedure can
be considered selective.

The robustness [17] of the proposed SWAdCS voltammetry
procedure was examined by studying the effect of variation of
some of the neck procedural conditions such as pH (5.5-6.5),
accumulation potential (—0.05 to —0.15V) and accumulation
duration (85-955s). As shown in Table 2, the mean percentage
recoveries based on four replicate measurements were not signif-
icantly affected and consequently the optimized procedure was
reliable for assay of nitroxynil and could be considered robust.

The intermediate precision [17] of measurements was exam-
ined by applying the proposed SWAdCS voltammetry procedure
to assay of nitroxynil using two different potentiostats, Model
273A-PAR, Lab. 1 (98.40 £0.05) and Model 263A-PAR, Lab.
2 (97.95 £ 0.08) were found reproducible, since there was no
significant difference in the mean percentage recoveries or the
relative standard deviations.

3.5. Assay of nitroxynil in pharmaceutical formulation

The proposed dc-polarographic, differential-pulse and
square-wave cathodic stripping voltammetric procedures were
successfully applied to the determination of nitroxynil in its
pharmaceutical formulation (Dovenix injection solution) with-
out the necessity for samples pretreatment or time-consuming
extraction steps prior to the analysis. Mean percentage recov-
eries of 99.8 +£1.69 to 100.6 = 1.66, based on four replicate
measurements, were achieved (Table 3) using both the calibra-
tion curve and the standard addition methods.

Recovery of nitroxynil in bulk form and formulation (Dovenix injection solution) applying the proposed SWAdCS voltammetric procedure using the calibration

curve (A) and standard addition (B) methods

Sample [Taken] (M) R (%) (A) R% (B) R.S.D. (%) (A) R.S.D. (%) (B)
Bulk nitroxynil 2.7x10 98.5 99.1 1.87 1.2

5.0x 10 100.1 99.6 1.45 1.6
Dovenix 2.7x 10 99.8 98.4 1.69 1.3

5.0x 10 100.6 99.4 1.66 1.1
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4. Conclusion

The electrochemical behavior of nitroxynil was studied in
buffered solutions at the mercury electrode surface using dc-
polarography, cyclic voltammetry and controlled-potential elec-
trolysis. Dc-polarography, differential-pulse stripping voltam-
metry, and square-wave stripping voltammetry procedures were
optimized and successfully applied for quantification of nitrox-
ynil in bulk form and its pharmaceutical formulation.
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