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Determination of benorilate in pharmaceutical formulations
and its metabolite in urine at carbon paste electrode

modified by silver nanoparticles
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Abstract

Benorilate was determined by the differential pulse voltammetry (DPV) using a carbon paste electrode modified by silver nanoparticles in
1.25× 10−3 mol l−1 KH2PO4 and Na2HPO4 buffer solution (pH = 6.88, 25◦C) .The anodic peak potential was +0.970 V (versus SCE). A good
linear relationship was realized between the anodic peak currents and benorilate concentrations in the range of 1.0× 10−7 to 2.5× 10−4 mol l−1

w
p able results.
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ith the detection limit of 1.0× 10−8 mol l−1. The recovery was 95.2–103.6% with the relative standard deviation of 3.6% (n= 9). The
harmaceutical preparations, benorilate tablets samples and its metabolite (salicylic acid) in urine were determined with the desir
2005 Elsevier B.V. All rights reserved.
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. Introduction

Metal nanoparticles play an important role in modern ana-
ytical chemistry due to their usefulness for the preparation of
ensors giving rise to improved responses from compounds
ith respect to those observed at conventional metal surfaces.

n particular, gold nanoparticles (Au NPs) have demonstrated
o be very appropriate for the development of modified elec-
rodes and to exhibit high catalytic activity towards some
lectrooxidation reactions[1]. Au NPs modified electrodes
ave been prepared using carbon paste as electrode substrate

2–5], and were of good long-term stability and high sen-
itivity [6–8]. Concerning electrodes based on use of silver
anoparticles (Ag NPs), however, there were a limited num-
er of references found in the literature on electrochemical
ensors modified by Ag NPs. Very recently, Ag NPs, which
re easy to synthesize, have attracted some researchers at-

ention due to their quantum characteristics of small granule

∗ Corresponding author. Tel.: +86 514 7888454; fax: +86 514 7975244.
E-mail address:xyhu@yzu.edu.cn (X.Y. Hu).

diameter and large specific surface area as well as their
ity to quickly transfer photoinduced electrons at the surf
of colloidal particles[9]. Wang et al. reported an ampe
metric sensor used for determination of thiocyanate w
Ag NPs modified electrode with a surprisingly high elec
activity for the first time in the electrochemistry[10]. Zhu
and co-workers have introduced an electrochemical bio
sor constructed by nanosized silver particles doped so
film [11]. Li and co-workers investigated effect of Ag N
on the electron-transfer reactivity and the catalytic act
of myoglobin[12]. There were no antecedents found in
literature on Ag NPs carbon paste sensors, although si
designs using gold nanoparticles have been cited abov

The molecular structure of benorilate (benorylate, ben
4′-(acetamido) phenyl-2-acetoxybenzoate) is
039-9140/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2005.03.009
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It is the esterification product of paracetamol and acetyl-
salicylic acid in order to put two different compounds to-
gether possessing the same activity[13]. It belongs to a
class of medicines called non-steroidal anti-inflammatory
drugs[14]. It works by blocking the production of chemi-
cals (prostaglandins) which the body produces in response
to injury or certain diseases. These prostaglandins would
otherwise go on to cause swelling, pain and inflammation.
The drug has also analgesic and antipyretic properties, and
helps reduce fever and discomfort in viral illnesses like flu
[15]. Benorilate is probably absorbed as the intact molecule
which accounts for its good gastric tolerance. After absorp-
tion, benorilate is hydrolyzed into its components, salicylate
and acetaminophen, which then follows the usual routes of
metabolism[16]. Benorilate has shown that it probably has
an anti-inflammatory action of its own[17]. Clinical studies
have compared benorilate with ibuprofen and have shown its
value in rheumatoid arthritis, osteoarthrosis and other muscu-
loskeletal conditions[18]. A long-term study was carried out
to determine the possible toxic effects of therapeutic doses
of benorilate in patients[19]. The overall tolerance is ex-
cellent. Some minor gastric disturbances were reported, but
these were less than the gastric disturbances with compara-
ble doses of aspirin. Studies measuring occult blood loss in
the stools have shown that this is not a significant problem
with benorilate and that the majority of patients lose no more
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(versus SCE) according to experimental conditions[27,28].
Their residual currents are 10 times lower than those of the
glassy carbon electrodes or noble metallic electrodes[29].

In this work, an electrochemical analysis for benorilate
was proposed by differential pulse voltammetry at a CPE
modified by Ag NPs (diameter 2–3 nm) for the first time. A
sensitive anodic oxidative peak of benorilate was used for
quantitative determination. A good linear relationship was
realized between the anodic peak currents and benorilate con-
centrations in the range of 1.0× 10−7 to 2.5× 10−4 mol l−1

with the detection limit of 1.0× 10−8 mol l−1 and good re-
producibility. The validation parameters of the method were
evaluated. Compared with the UV spectrophotometry, the de-
tection limit of this method decreased two orders of magni-
tude, and its sensitivity was higher than that of HPLC method
[23,24]. The developed method was applied to the analysis of
two different commercial pharmaceutical tablet formulations
with the desirable results which were coincident with those
derived from UV spectrophotometry[21]. This method has
the advantages of lower interference, rapid and simple oper-
ation and high accuracy.

2. Experiment

2.1. Reagents
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lood than the controls[20].
But there are a limited number of techniques describe

he determination of benorilate in pharmaceuticals form
ions. The Chinese pharmacopoeia method for convent
ssaying benorilate is based on spectrophotometric me
ent at 240 nm in the solvent of anhydrous ethanol[21]. The
bsorption coefficient isE1%

1 cm= 730–760. Chen reported
V spectrophotometric method for the determination of
olution of benorilate tablets, 1% sodium laurylsulfate
ution was used as a medium, and a paddles method
sed with sampling after 45 min[22]. The linear range wa
–14�g ml−1. Stevens and Gill proposed an HPLC met

or the determination of benorilate on an ODS-silica pa
ng material, and three isocratic eluents prepared from
ropanol, formic acid and an aqueous phosphate buffer
sed[23]. Marzo et al. developed a HPLC analytical met
hich detected benorilate and its active metabolites by

raction from plasma or tissue homogenate with diethyl e
nd acetate in two steps[24]. Some investigations have be

ocused on the GC method for determination of benor
nd its metabolites[25,26].

However, many of above methods required several t
onsuming manipulation steps, sophisticated instrument
pecial training. For these reasons, the rapid, simple an
urate method with high sensitivity is expected to be es
ished. There is no report for quantitative determinatio
enorilate by the electrochemical method. Carbon paste

rode (CPE) has been widely used in determination of d
iomolecule, and other organic species because of thei
reparation and wider potential window of−1.4 to +1.3 V
-

A stock anhydrous ethanol solution of benori
1.0× 10−3 mol l−1) was prepared, and kept in the dark
er refrigeration (low 4◦C). All reagents were of analytic
rade. All solutions were prepared with double-distilled

er. The spectroscopial pure graphite powder was obta
rom Shanghai carbon factory (China).

.2. Apparatus

Electrochemical measurements were performed us
60A CHI (CH Instrument, Ins., USA). A three-electrod
ystem was used with a CPE modified by Ag NPs as w
ng electrode, 3.0 mm diameter, 0.071 cm2 geometrical area
platinum plate electrode as the counter electrode and a

ated calomel electrode (SCE) as the reference electrod
ests were carried out under room temperature.

.3. Synthesis of the Ag NPs[30]

Under the rapidly stirring, 20 ml of 5× 10−3 mol l−1

odium diethyldithiocarbamate (DDTC) was added to 2
f 5× 10−3 mol l−1 AgNO3 aqueous solution. After abo
min, there was a great deal of deposition. Then 2.
hloroform was added into the solution. The depos
as extracted to the organic phase from the above solu
nd the mixture was stirred for 5 min. Twenty milliliters
.05 mol l−1 NaBH4 was added drop-wise slowly. Then
olution was stirred for 2 h. The organic phase was sepa
hen the chloroform was volatilized in the air at normal t
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Fig. 1. TEM micrograph of Ag NPs in toluene (a) and UV–vis spectrum of the Ag NPs (b).

perature, the salmon pink Ag NPs were obtained. The 10 mg
Ag NPs were dissolved into 20 ml toluene and conserved in
the refrigerator below 4◦C.Fig. 1(a) shows that the diameters
of Ag NPs were about 2–3 nm by using the Philip Tecnai1 2
transmission electron microscopy (Philip Tecnai1 2, Holland)
andFig. 1(b) shows the characteristic UV–vis absorption of
Ag NPs. The extinction band appeared at 414 nm with a full
width at half-maximum of 72 nm.

2.4. Preparation of the CPE modified by Ag NPs

The carbon paste modified by Ag NPs was prepared by
carefully mixing 0.5 g of graphite powders and 3.0 mg Ag
NPs (6.0 ml Ag NPs-toluene solution) in a mortar, which the
ratio of Ag NPs to graphite powders was 0.6% (m/m). After
the solvent had volatilized for 24 h in the mortar, 0.3 g Nujol
oil was added and blended. The carbon paste was filled in
the glass tube with diameter of 6 mm and length of 12 cm.
A graphite carbon electrode was inserted in the glass tube.
The tip of graphite carbon was sealed with a copper wire as
an electrical conduct. The thickness of the carbon paste was
about 6 mm in the glass tube. When the surface of the elec-
trode needed renewed, 2 mm carbon paste was squeezed out
with the graphite bar like a piston, and the carbon paste was
then scratched and smoothed on the surface of a piece of glass.
A good reproducibility of electrode response was achieved
b ely.
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tion after several scan segments. A certain amount of beno-
rilate was added, and the solution was stirred by a magnetic
stirrer. The stirring was stopped after the electrochemical ac-
cumulation for 30 s at 0.0 V. The differential pulse voltam-
metry was immediately performed from 0 to 1.4 V. In order
to establish the optimum conditions for the determination of
benorilate by means of DPV technique, various instrumental
variables were studied, and the optimum conditions were as
follows: scan rate: 10 mV s−1, sampling width: 0.05 s, pulse
amplitude: 50 mV, and pulse period: 0.2 s. The anodic peak
current at 0.970 V was recorded (Fig. 2). The standard ad-
dition method was applied for quantitative determination of
benorilate concentration. After each determination, the elec-
trode was washed in 1.25× 10−3 mol l−1 phosphate buffer
solutions for several minutes under stirring, and the scan of
DPV was simultaneously carried out until there was no peak
wave at 0.970 V as the memory effect on CPE. Otherwise,
the renewal step should be repeated again.
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y simply renewing the surface of carbon paste repetitiv

.5. Determination of benorilate

The CPE modified by Ag NPs, the platinum plate cou
lectrode, and the saturated calomel reference elec
SCE) were immersed in 20.0 ml of 1.25× 10−3 mol l−1

H2PO4 and Na2HPO4 buffer solution (pH 6.88). Before th
etermination, the CPE modified by Ag nanoparticles
re-activated usually by cycle voltammetry with 100 mV−1

can rate in the base solution, composing of KH2PO4 and
a2HPO4 buffer solution. The cycle voltammetry was carr
ut from−1.5 to 1.5 V until cycle voltammograms stabiliz
ig. 2. Differential pulse voltammograms of the Ag NPs modified CP
.25× 10−3 mol l−1 KH2PO4 and Na2HPO4 buffer solution (pH 6.88), ac
umulation potential under stirring: 0.0 V, accumulation time: 30 s, q
ime: 20 s, scan rate: 0.01 V s−1, pulse height: 0.050 V, sampling wid
.05 s, pulse period: 0.2 s, sensitivity: 1.0× 10−6 A V−1, solid line: in
.0× 10−6 mol l−1 benorilate, short dot line: in absence of benorilate.
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3. Results and discussion

3.1. Optimization of analysis condition

Some supporting electrolytes were examined, such as
HCl, H2SO4, HAc–NaAc, NH4Cl–NH3·H2O, KCl, NaOH,
HClO4, and phosphate buffer solution. It was found that pH
value of the base solution, but not the type of ions in particular
supporting electrolyte, played a critical role.Fig. 3shows that
in acidic media, HAc–NaAc solution (pH 3.39), hydrolysis
of benorilate took partially place. So the anodic peak current
of benorilate decreased and the peak of acetaminophen was
observed (about +0.18 V). In basic media, Na2HPO4–NaOH
solution (pH 10.1), the anodic peak current of benorilate de-
creased similarly and the peak of acetaminophen the peak
of acetaminophen (about +0.18 V) were observed distinctly.
It was also due to the hydrolysis. The extent of hydrolysis
depends strongly on pH of the medium; hence the hydroly-
sis influences strongly the concentration of benorilate in the
supporting electrolyte. However, benorilate was of stability to
hydrolysis in KH2PO4–Na2HPO4 buffer solution (pH 6.88)
chosen as the base solution during this test. When benorilate
concentration was lower than 1.0× 10−6 mol l−1, the peak
current increased with the increase of accumulation time.
But this increase was ceased when the accumulation time
was over 30 s, indicating that an adsorption of benorilate at
e e of
a nts.
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late solution (2.5× 10−6 mol l−1) was electrolyzed exhaus-
tively at +1.038 V until the electrolytic current was close to
zero, and the quantity of electrical chargeQ1 was recorded.
Likewise, the background solution was electrolyzed under the
same conditions, and the quantity of electrical chargeQ2 was
obtained. The charge differenceQ= (Q1 −Q2) represents the
quantities of electrical charge consumed by benorilate:

Q = nFCV (1)

C andV here are the concentration and vo1ume of the beno-
rilate solution respectively.n andF have their conventional
meanings. From Eq.(1), the electron numbern of the elec-
trochemical reaction of benorilate could be calculated to be
1.91. Sonwas 2 approximately. The experimental results in-
dicated that there was a good linear relationship between the
peak potentials and logv with the slope of 0.0663 V which
equals 0.059/βn according to Nernst equation. Hereβ was
the coefficient of electrons transfer. Thenβnwas found to be
0.88. On the other hand, as for the irreversible reaction on the
electrode surface, there existed such an equation between the
half-peak width of the differential pulse voltammogram and
electron-transfer number (n) as:W1/2 = 62.5/βn (mV) [31].
W1/2 was 72.1 mV fromFig. 4, so βn was found to be 0.87.
It was coincident with above results. The pH dependence
studies were also preformed. The pH value affected the peak
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lectrode surface reached saturation. So the optimal tim
ccumulation was chosen as 30 s in following experime

.2. Electrochemical behaviors of benorilate

The coulometry was carried out to determine numbe
lectrons involved in the oxidation of benorilate. The ben

ig. 3. Differential pulse voltammograms of the Ag NPs modified C
n different base solutions (2.0× 10−6 mol l−1 benorilate had been pr
ared for 1 h). (A) 0.01 mol l−1 HAc + 1 ×10−3 mol l−1 NaAc (pH 3.39)
B) 1.25× 10−3 mol l−1 KH2PO4 and Na2HPO4 buffer solution (pH 3.32)
C) 1.5× 10−3 mol l−1 Na2HPO4 + 2 ×10−3 mol l−1 NaOH (pH 10.1). Th
ther experimental conditions were: accumulation potential under sti
.0 V, accumulation time: 30 s, quiet time: 20 s, scan rate: 0.01 V s−1, pulse
eight: 0.050 V, sampling width: 0.05 s, pulse period: 0.2 s, sensit
.0× 10−6 A V−1.
otential of benorilate. The peak potentials shifted tow
ositive direction with decrease of pH value. A good lin
elationship was obtained between the peak potential an
alue in the range of pH 5.9–8.1 with the slope of−0.0619
rom Nernst equationEp =K−(0.059m/βn) pH. Heremwas
he number of H+ transfer.mcould be calculated to 0.92. S

was 1 approximately.
In order to study some aspects of electrochemical be

ors of benorilate, the cyclic voltammetry was carried
n 2.5× 10−2 mol l−1 KH2PO4 and Na2HPO4 buffer solu-
ion (pH 6.88). It was found that the cyclic voltammogra
ere very similar with those of phenacetin (acetophenet

ig. 4. Cycle voltammograms of 2.0× 10−6 mol l−1 benorilate on Ag NP
odified CPE in 2.5× 10−2 mol l−1 KH2PO4 and Na2HPO4 buffer solution

pH 6.88), accumulation potential under stirring: 0.0 V, accumulation
0 s, quiet time: 20 s, scan rate: 0.1 V s−1, sensitivity: 1.0× 10−6 A V−1.



C.Y. Wang, X.Y. Hu / Talanta 67 (2005) 625–633 629

Fig. 5. Schematic reaction mechanism at the electrode.

which was reported by Kissinger and co-workers[32]. The
mechanism was illustrated by the cycle voltammograms of
benorilate shown inFig. 4. Firstly, the benorilate was oxidised
to formation of anN-acetyl-p-quinoneimine but the oxygen
remains substituted and acquires a positive charge (the peak at
1.038 V inFig. 4). It was likely that hydroxide ion was princi-
pally responsible for attacking rapidly the charged intermedi-
ate, liberating the aspirin andN-acetyl-p-quinoneimine[32].
Following the initial oxidation, a corresponding reduction
scan was not observed. Instead, a redox couple attributable
to the reaction ofN-acetyl-p-quinoneimine to be reduced
back to acetaminophen and the subsequent reoxidation of ac-
etaminophen were observed obviously on second and subse-
quent scans (the reduction peak at 0.161 V and the oxidation
peak at 0.477 V inFig. 4). Experimental results indicated
that the peak currents of cyclic voltammetry at 1.059 V in
2.0× 10−5 mol l−1 benorilate solution were proportional to
the scan rates (ν) implying that the electrode process was a
typical surface adsorption process. When benorilate concen-
tration exceeded 5.0× 10−5 mol l−1, the peak currents were
proportional to theν1/2 indicating that the electrode process
was controlled by the diffusion process.

From above discussion and reference, the electrochemical
reaction mechanism of benorilate could be concluded that the
redox of a benorilate molecule was a process of one H+ and
two electrons[32]. The possible reaction by EC mechanism
w
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N with
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tion), 0.5 g of graphite powders with 6.0 mg Ag NPs (12 ml
Ag NPs-toluene solution), respectively.Fig. 6shows that the
anodic peak current of benorilate at +1.040 V was recorded
for the conventional CPE, and at +0.970 V was recorded for
the CPE by modified Ag NPs. The peak potential obviously
shifted negatively about 70 mV. The peak potential shifts to-
wards more negative potentials by increasing the content of
Ag NPs. The reason is that the increase of the content of Ag
NPs can enhance the catalysis of the electrode, whereas the
non-metallic properties of the silver sub-nanoparticles can
lower the electron conductivity of electrode by increasing
the content of Ag NPs[33].

The underlying reason for the catalytic oxidation kinet-
ics exhibited by Ag NPs will be the subject of further study.
An aspect deserving of closer scrutiny is the possibility that
nanometer-sized silver particles can become now ideal can-

F
l uffer,
t /m).
T r stir-
r s
p itivity,
1

as shown inFig. 5.

.3. The role of the Ag NPs

The anodic peak currents of benorilate and the stabili
lectrode were considerably related to the ratio of Ag

o graphite powders in the modified carbon paste. The
Ps contents of 0, 0.3, 0.6, 1.2% (m/m) corresponded
nly graphite powders, 0.5 g of graphite powders with 1.5
g NPs (3.0 ml Ag NPs-toluene solution), 0.5 g of grap
owders with 3.0 mg Ag NPs (6.0 ml Ag NPs-toluene s
ig. 6. Differential pulse voltammograms of 2.0× 10−6 mol l−1 benori-
ate with various contents of Ag NPs on the CPE in phosphate b
he contents of Ag NPs: (A) 0%, (B) 0.3%, (C) 0.6%, (D) 1.2% (m
he other experimental conditions were: accumulation potential unde

ing, 0.0 V; accumulation time, 30 s; quiet time, 20 s; scan rate, 0.01 V−1;
ulse height, 0.050 V; sampling width, 0.05 s; pulse period, 0.2 s; sens
.0× 10−6 A V−1.
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didates for being used as catalyst by providing huge surface
areas. Zheng and Liu investigated their quantum characteris-
tics of small granule diameter and large specific surface area
as well as their ability to quickly transfer electrons at the
surfaces of colloidal particles[34,35]. Li et al. reported Ag
NPs might be a competent material for making such shut-
tles, and can greatly enhance the electron-transfer reactivity
of myoglobin and its catalytic ability toward hydrogen per-
oxide[12]. Our experimental results have revealed that a fast
electron-transfer reactivity of benorilate can be obtained with
the help of Ag NPs, and a well-defined oxidation peak can
be observed at the modified electrode. The catalytic ability
and sensitivity of benorilate have also been improved by the
Ag NPs. The optimum content of Ag NPs was 0.6% for the
determination of benorilate.

3.4. Calibration curve and detection limit

The anodic peak currents were proportional to beno-
rilate concentrations in the range of 1.0× 10−7 to
2.5× 10−4 mol l−1 under the optimum experimental con-
ditions. The linear equation wasIp (�A) = 0.013 + 0.850×
106C (mol l−1) with the correlation coefficientr = 0.998.
The calibration curve deviated from the linear relation-
ship when the benorilate concentration was more than
2 −4 −1 o-
r l-
t it
c n.
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Fig. 7. Differential pulse voltammetry of 2.0× 10−6 mol l−1 benorilate in
the presence of salicylic acid, (A) benorilate, salicylic acid concentration:
(B) 1.5× 10−6 mol l−1, (C) 5.0× 10−6 mol l−1, (D) 7.5× 10−6 mol l−1, (E)
1.0× 10−5 mol l−1, (F) 1.25× 10−5 mol l−1, (G) 1.5× 10−5 mol l−1. The
other experimental conditions were: accumulation potential under stirring,
0.0 V; accumulation time, 30 s; quiet time, 20 s; scan rate, 0.01 V s−1; pulse
height, 0.050 V; sampling width, 0.05 s; pulse period, 0.2 s.

lowing solid pharmaceutical formulations analysis, tablet ex-
cipient, such as starch, was added in the system of the deter-
mination. It was not found that the results were changed in
the presence of the excipient. Some impurities, such as sal-
icylic acid, acetaminophen and aspirin from benorilate had
some responses at the electrode in the ranges of scan po-
tential. Fig. 7 shows that the peak of salicylic acid is very
near one of benorilate (benorilate: 0.970 V, salicylic acid:
0.880 V), but does not interfere with the measurement of
benorilate when the concentration of salicylic acid is lower
than 1.5× 10−5 mol l−1. In spite of their peaks of oxidation
currents approach, the method could be applicable to our
samples due to the fact that the amount of salicylic acid, de-
pending on the specific benorilate formulation, was limited
to 0.1%, as specified by the pharmacopoeia in solid pharma-
ceutical formulations[21]. Fig. 8shows that acetaminophen
does not interfere with the oxidation peak currents of benori-
late when the concentration of acetaminophen is lower than
1.0× 10−4 mol l−1. The determination of benorilate in the
presence ofp-aminophenol did not also be interfered because
obvious separation of anodic peak potentials. But we had
found the 1.0× 10−5 mol l−1 acetylsalicylic acid (aspirin) in-
terfered with the determination (Fig. 9). The peak current of
benorilate was decreased with increasing the concentration of
acetylsalicylic acid. In the presence of aspirin and excessive
acetaminophen, the peak currents of benorilate can decrease
o

3

t ted
i .2 to
1

.5× 10 mol l . In this study, the detection limit of ben
ilate was 1.0× 10−8 mol l−1 in terms of the role of signa
o-noise ratio of 3:1 (S/N = 3). A further lower detection lim
ould be obtained by prolonging the time of accumulatio

.5. Reproducibility

The benorilate of 2.0× 10−6 mol l−1 was determined re
eatedly with the same CPE for nine times. The average
ent was 1.72�A with the R.S.D. of 2.2%. Then the precisi
f peak current values with the CPE renewed after eac

ermination was also measured. The average peak curr
.0× 10−6 mol l−1 benorilate was 1.69�A with the R.S.D
f 3.1% (n= 9). With the same electrode, the measurem
esults were in a good agreement in 3 months indicating
he reproducibility of the electrode was remarkable.

.6. Interference

When 5.0× 10−6 mol l−1 benorilate was determined u
er the optimum experimental conditions, no interfere
ere observed in the presence of 1.0× 10−3 mol l−1 of
aCl, KNO3, (NH4)SO4, ZnSO4, Al(NO3)3, Mg(NO3)2,
a(NO3)2, glucose, oxalic acid, urea, tartaric acid, caffe
.0× 10−4 mol l−1 of cysteine, cystine,dl-tyrosine, glu

amic acid, citrate, malic acid, CuSO4, 2.0× 10−4 mol l−1

f albumin fraction and Fe(NO3)3 respectively. Some co
entional medicaments, such as 1.0× 10−4 mol l−1 of Vita-
in B1, Vitamin B2, Vitamin B6, atropine, penicillin, an

heine, did not interfere with the determination. For the
wing to Le Chatelier’s Principle.

.7. Recovery

The recovery tests of benorilate ranging from 5.0× 10−7

o 2.5× 10−4 mol l−1 were performed. The results are lis
n Table 1. The recoveries varied on the range from 95
03.6% and the R.S.D. was 3.6%.
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Fig. 8. Differential pulse voltammetry of 2.0× 10−6 mol l−1 benorilate in
the presence of acetaminophen, (A) benorilate, paracetamol concentration:
(B) 2.0× 10−6 mol l−1, (C) 4.0× 10−6 mol l−1, (D) 6.0× 10−6 mol l−1, (E)
1.0× 10−5 mol l−1, (F) 1.5× 10−5 mol l−1, (G) 2.0× 10−5 mol l−1. The
peak at 0.380 V was caused by paracetamol. The other experimental condi-
tions were: accumulation potential under stirring, 0.0 V; accumulation time,
30 s; quiet time, 20 s; scan rate, 0.01 V s−1; pulse height, 0.050 V; sampling
width, 0.05 s; pulse period, 0.2 s.

Fig. 9. Differential pulse voltammetry of 2.0× 10−6 mol l−1 benorilate
in the presence of acetylsalicylic acid, (A) benorilate, acetylsalicylic
acid concentration: (B) 1.0× 10−5 mol l−1, (C) 2.0× 10−5 mol l−1, (D)
3.0× 10−5 mol l−1, (E) 4.0× 10−5 mol l−1, (F) 5.0× 10−5 mol l−1, (G)
6.0× 10−5 mol l−1. The other experimental conditions were: accumulation
potential under stirring, 0.0 V; accumulation time, 30 s; quiet time, 20 s; scan
rate, 0.01 V s−1; pulse height, 0.050 V; sampling width, 0.05 s; pulse period,
0.2 s.

3.8. Determination of the pharmaceutical preparation
samples

The developed DPV method for the benorilate determi-
nation was applied to two different commercial preparations

Table 1
The recoveries of benorilate test using present method

Added (mol l−1) Found (mol l−1) Recovery (%)

5.00× 10−7 4.77× 10−7 95.4
1.00× 10−6 1.03× 10−6 103.0
2.50× 10−6 2.59× 10−6 103.6
5.00× 10−6 4.82× 10−6 96.4
1.00× 10−5 9.73× 10−5 97.3
5.00× 10−5 5.12× 10−5 102.4
7.50× 10−5 7.19× 10−5 95.9
1.00× 10−4 9.55× 10−5 95.5
2.50× 10−4 2.38× 10−4 95.2

(benorilate tablets: HEFEN Pharmaceutical Co. Ltd., China,
Jingnuopiling®, batch No. 0301001055 and 0303021075, la-
beled amount of 0.5 g per tablet. DIAO groups Co. Ltd.,
China, Bolelai®, batch No. 030715, labeled amount of 0.4 g
per tablet). A known number of tablets were grounded to fine
powders, and an accurate mass of powders about 500.0 mg
was transferred to a 50 ml calibrated flasks. It was extracted
for 5 min with 20.0 ml of cold ethanol. No change of the
peak potentials in the presence of the excipient was observed.
Table 2gives the results of DPV analysis of the commer-
cial preparations. The Chinese pharmacopoeia methods (UV
spectrophotometry) was employed as a comparison to evalu-
ate the validity of the developed method[21]. There was no
significant difference between methods and a good agreement
was achieved. The results obtained from this study show that
the proposed methods would be recommended for the deter-
mination of benorilate in tablets. The developed method could
be easily used in quality control laboratory for the analysis
of benorilate in solid pharmaceutical formulations.

3.9. Determination of the metabolite (salicylic acid) in
urine

After resorption of benorilate in the gastrointestinal tract,
the preparation is entirely hydrolyzed to acetylic salicylic
a a-
t car-
b tial
p so-
l
W m-
m en-
t n-
t dic
p tra-
t

Table 2
Determination results of benorilate in tablets

Batch number The method in pharmacopoeia (n= 3) (g/tablet) )

Sample 1 (0301001055) 0.498
Sample 2 (0303021075) 0.497
Sample 3 (030715) 0.397
cid and paracetamol[36,37]. The electrochemical oxid
ion of salicylic acid has been studied on a glassy
on electrode using cyclic voltammetry and differen
ulse voltammetric method in Britton–Robinson buffer

ution, pH 2.37 in solid pharmaceutical formulations[38].
e determined salicylic acid by differential pulse volta
etry on CPE modified by Ag NPs, with the experim

al conditions similar toFig. 2. The anodic peak pote
ial of salicylic acid was +0.880 V (vs. SCE). The ano
eak currents were proportional to salicylic acid concen

ions in the range of 7.5× 10−7 to 2.5× 10−4 mol l−1 un-

Present method (n= 5) (g/tablet) Present method (n= 5) R.S.D. (%

0.493 2.5
0.494 2.8
0.393 3.1
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Table 3
The recoveries of salicylic acid in urine using present method

Salicylic acid added
(×10−6 mol l−1)

Salicylic acid average found
(×10−6 mol l−1) (n= 5)

R.S.D. (n= 5) (%) Average of
recoveries (%)

0.952 0.929 4.1 97.5
4.76 4.57 3.7 96.0
9.52 9.75 3.2 102.4

14.3 13.65 3.3 95.4
19.0 19.48 2.2 104.2

der the optimum experimental conditions. The linear equa-
tion wasIp (�A) = 0.2703 + 5.062× 104C (mol l−1) with the
correlation coefficientr = 0.997. The detection limit was
5.0× 10−7 mol l−1 (S/N = 3).

When 1.0× 10−6 mol l−1 salicylic acid in urine was de-
termined, no interferences were observed in the presence
of 1.0× 10−3 mol l−1 of NaCl, KNO3, (NH4)SO4, ZnSO4,
Al(NO3)3, Mg(NO3)2, Ca(NO3)2, glucose, oxalic acid, urea,
tartaric acid, caffeine, 5.0× 10−4 mol l−1 of cysteine, cys-
tine, dl-tyrosine, glutamic acid, citrate, malic acid, CuSO4,
2.0× 10−4 mol l−1 of albumin fraction and Fe(NO3)3. Some
conventional medicaments, such as 1.0× 10−4 mol l−1 of Vi-
tamin B1, Vitamin B2, Vitamin B6, atropine, penicillin, and
theine, did not interfere with the determination. The content
of uric acid, ascorbic acid, adrenaline and dopamine in urine
of a healthy human did not interfere with the determination
of salicylic acid. Paracetamol was another main metabolite
of benorilate. Its anodic peak potential was +0.380 V, and
its currents were interfered by uric acid in urine because the
anodic peak potential of uric acid was +0.520 V.

An aliquot of original urine was collected. Two cer-
tain amounts of salicylic acid and paracetamol were
added into 50.0 ml of urine (both the concentrations were
2.0× 10−6 mol l−1), then 10.0 ml of above urine sample
was transferred into an electrolytic cell. Then 10.0 ml

F ting
e
6 l
( ndi-
t time,
3 g
w

2.5× 10−3 mol l−1 KH2PO4–Na2HPO4 buffer solution was
added to the electrolytic cell. The solution was stirred by a
magnetic stirrer. The accumulation was carried out at 0.0 V
for 30 s. Then the stirring stopped with quiet time 20 s. The
differential pulse voltammetry was immediately performed
from 0.0 to 1.4 V (Fig. 10), and other experimental parame-
ters were similar toFig. 2. The salicylic acid concentration in
the urine was determined by the multiple standard additions
of DPV.Table 3shows the average recoveries of salicylic acid
in urine was 95.4–104.2% with the desirable results.

4. Conclusion

This paper described a simple and sensitive method for
the detection of benorilate in solid pharmaceutical formula-
tions and its metabolite (salicylic acid) in urine by differential
pulse voltammetry with a CPE modified by Ag NPs. Signif-
icant advantages were achieved by the simple fabrication of
this electrode, rapid determination, excellent sensitivity and
selectivity. The reliability and stability of the CPE modified
by Ag NPs offered a good possibility for extending the tech-
nique in pharmaceutical analysis.
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ig. 10. Differential pulse voltammetry of salicylic acid in urine, suppor
lectrolyte: 1.25× 10−3 mol l−1 KH2PO4 and Na2HPO4 buffer solution (pH
.88), (A) salicylic acid concentration: 2.0× 10−6 mol l−1, (B) paracetamo
2.0× 10−6 mol l−1) and the uric acid in urine. The other experimental co
ions were: accumulation potential under stirring, 0.0 V; accumulation
0 s; quiet time, 20 s; scan rate, 0.01 V s−1; pulse height, 0.050 V; samplin
idth, 0.05 s; pulse period, 0.2 s.
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