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The present work describes a simple, fast and inexpensive voltammetric method for diflunisal
measurement using a non-modified boron-doped diamond (BDD) electrode. The oxidation of the agent
was irreversible and was a diffusion-controlled process. The sensitivity of the square wave voltammetric
measurements were significantly improved when the cationic surfactant, cetyltrimethylammonium bro-
mide (CTAB), was present in the supporting electrolyte solution. Using the square-wave mode, a linear
response was obtained for diflunisal quantification in a 0.1 mol I* phosphate buffer solution (pH 2.5)
containing 5-10° mol I* CTAB at +1.07 V (vs. Ag/AgCl) (after 30 s accumulation under open-circuit
conditions). Linearity was found for 0.05 to 2.0 pg mI(2.0-107— 8.0-10°® mol I-*) with a detection limit
of 0.013 pg ml? (5.2:10°8 mol IY). The developed approach could be used for the quantification of
diflunisal in pharmaceutical formulations.

Keywords: diflunisal; boron-doped diamond electrode; voltammetry; cationic surfactant;
pharmaceutical formulation

BOJTAMETPUCKO OIIPEJAEJTYBAIBE HA HECTEPOMJHUOT AHTUNH®JIAMATOPEH JIEK
JUDITYHU3AJ BABUPAHO HA EOEKTOT HA 3TOJIEMYBAIBE HA KATJOHCKHU CYPO®AKTAHT
CO BOP MOINPUKYBAHA TUJAMAHTCKA EJIEKTPOJA

Bo oBoj Tpyxn e ommmiaHa eqHOCTaBHA, Op3a M €BTHHA BOJITAMETPUCKA METOJA 3a ONpEeyBame
JuIyHH3al co IpUMEHa Ha JiMjaMaHTCcKa enekTpona Moaudukysana co 6op (BDD). Okcunanunjara Ha
AHAINTOT € HWpeBep3uOMIIHA peakiyja ITO Ce CIydyBa BO TMpoIeC KOHTpoJMpaH oj audysuja.
OceTiIMBOCTa Ha KBaJpaTHO-OpaHOBaTa BOJITAMETPUCKA METO/A € 3HAYMTENHO 1M0Jj00pa BO NPUCYCTBO Ha
KaTjOHCKHOT cypdakTanT uetunarpuMmermiamonnymbpomusn (CTAB). Co mpummeHa Ha KBaapaTHO-
OpaHoBaTa BOJTaMETpHja, TMHEAPEH OATOBOP MOMely M3MepeHaTa CTpyja W AUGIyHU3aI € JeTeKTUpaH
BO (ochaTen nydep co konnentpauuja ox 0,1 mo/l u pH 2,5, Bo npucycrso Ha 5-10°° mol It CTAB, a
mo 30 cexyHIM akymylaidja MpH OTBOPEHO eNeKTpUYHO Kojo Ha +1,07 V (Bo ognoc Ha Ag/AgCl).
JluneapeH oricer nomery U3MEpeHUTE MUK-CTPYH M KOHIEHTPAIHjaTa Ha aHAJTUTOT MOCTOM BO TPAHULIATE
on 0,05 10 2,0 pg ml? (2,0-107-8,0-10° mol 1Y), co npecmeranara rpanuna Ha nerexkuuja ox 0,013 pg
ml? (5.2:10°8 mol IY). Onunanara BonTamMeTpucka MeTOa MOXE Jia CE YNOTPEOU 32 KBAHTUTATUBHO
olpejieyBambe Ha An(IIyHNH3aI BO (hapMaleBTCKU (GOpMyIIaliH.

Kayunu 300poBu: nudurynusai; co 6op-mMoauuKyBaHa AMjaMaHTCKa eJIeKTPOAA; BOJITaMETpHja;
KaTjOHCKH Cyp(aKTaHT; papMaIeBTCKu GOpMyIalinu
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1. INTRODUCTION

Non-steroidal  anti-inflammatory  drugs
(NSAIDs) are currently the most prescribed drugs
for the treatment of mild to moderate pain [1]. The
mechanism of relieving pain with these drugs oc-
curs mainly by inhibiting the cyclooxygenase en-
zyme and thus stopping the production of prosta-
glandins [2]. Diflunisal (abbreviated as DIF, name-
ly: 2'.4'-difluoro-4-hydroxybiphenyl-3-carboxylic
acid shown in Figure 1 is a difluorophenyl deriva-
tive of salicylic acid within the NSAID class of
drugs with long-term analgesic activity [3]. It is
mostly prescribed to relieve pain developing post-
operative to dental and surgical operations [4].

(o]

OH

F

Fig. 1. Chemical structure of diflunisal

To date, various analytical methodologies
were developed for the determination of DIF alone
or in combination with other drugs in pharmaceuti-
cal formulations, biological fluids, and wastewater.
The majority of these analyses are based on spec-
trophotometry [5], spectrofluorimetry [6, 7], liquid
chromatography (LC) [8-12], and capillary elec-
trophoresis [13, 14] methods. Although some of
these methods offer good selectivity and sensitivi-
ty, they involve disadvantages such as expensive
instrumentation, excessive chemical consumption,
and intense pretreatment procedures. Only two
electrochemical analysis methods have been pro-
posed for DIF analysis [15, 16]. In the first study,
the electrochemical behavior of DIF and its quanti-
tative determination was performed by using the
reduction peak of DIF on a static mercury drop
electrode (SMDE). In another study using SMDE,
the electrochemical reduction behavior of DIF and
its chlorinated analogs were investigated in non-
aqueous media [17]. This paper mostly focuses on
the reduction mechanism of DIF rather than its
guantitative analysis. Although DIF is a compound
containing an oxidizable functional group in its
chemical structure, there is only one study in the
scientific literature that conducted quantitative DIF
analysis using this oxidation peak [16]. In this

study, a carbon paste electrode modified with
montmorillonite-Ca was used, and a good level of
sensitivity was obtained. Despite the good sensitiv-
ity of the method, the modification of the electrode
has disadvantages such as being a time-consuming
step, requiring expensive chemical use, and the
electrodes providing poorly reproducible respons-
es. Due to the fact that DIF is a widely used drug
and considering its clinical importance, a more
practical methodology is needed. No methodology
for the electrochemical analysis of DIF in the pres-
ence of a surfactant was found in the scientific da-
tabase which uses a BDD electrode that is simple,
fast, economical, and also offers good sensitivity
and selectivity.

Electrochemical analysis methods differ
from other analytical methods with their speed,
ease of application, reliability, and simplicity [18,
19]. In addition, they offer considerable sensitivity
and selectivity depending on the type of working
electrode and the technique used [20, 21]. Un-
doubtedly another outstanding feature is that they
clarify the redox behavior of the related species
[22, 23]. It is a known fact that the type of elec-
trode used in the analyses performed with these
methods, the pretreatment procedures, and the
modification steps applied to the electrode play
great roles in the electrochemical behavior of the
analyte [24-26].

A boron-doped diamond (BDD) electrode is
a carbonaceous electrode material that offers dis-
tinctive features such as a wide working window
(both cathodic and anodic direction), low ground
current, low signal-noise ratio, operation in corro-
sive environments and reproducible responses to
electrochemical analyses. [27]. Electroactive spe-
cies that cannot be examined with conventional
metal and other carbon electrodes can be analyzed
with the wide working window of this electrode
material [28]. BDD electrodes permit limited mod-
ification with modifying agents compared to elec-
trode materials such as glassy carbon. The main
reason for this is the low adsorption of both the
analyte and the modifying agent on the surface of
the BDD electrode material [29]. However, the
sensitivity of this electrode can be increased with
some pretreatment steps applied to the electrode
material prior to analysis in the presence of various
surfactants [30].

The electrochemical pretreatment step is one
of the most widely used techniques to increase the
sensitivity of the BDD electrode. This procedure
applies a certain potential to the BDD electrode in
an anodic or cathodic direction for a certain period
of time. To improve the sensitivity, these pretreat-
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ment procedures applied to the electrode can be
performed anodically or cathodically, anodically
followed by cathodically, or vice versa. Many elec-
trochemical approaches based on BDD electrodes
have increased electrode sensitivity using such
steps [31, 32].

In electrochemical analysis, the presence of
an amphiphilic surfactant is known to increase
both the selectivity and sensitivity of some electro-
active species [33]. This phenomenon occurs as a
result of the increased solubility of the electroac-
tive species and the variation in electrode-
electrolyte interface characteristics in the surfac-
tant environment. This synergistic effect leads to
better adsorption of the related species on the elec-
trode surface and accelerates the charge transfer
between the electrode and the electrolyte [34]. Re-
cently, our research group focused on studies that
highlight this role of surfactants in electrochemical
analysis [26, 35, 36].

This article aims to develop an approach to
the practical use of the BDD electrode for the de-
tection and quantitative analysis of DIF in the
presence of cetyltrimethylammonium bromide
(CTAB). As far as we know, no approach is found
in the literature for DIF analysis that uses a BDD
electrode in surfactant media. The main motivation
for this study is to offer a good alternative method
for DIF analysis that is comparable with other ana-
Iytical methods in terms of sensitivity, selectivity
and practical use. In optimized conditions, the ap-
plicability of the method was successfully illustrat-
ed for commercial pharmaceutical samples.

2. EXPERIMENTAL

2.1. Chemicals and solutions

DIF standard (ReagentPlus®, >99.37 %) was
purchased from ChemScene LLC (USA) and used
as received. The stock standard solutions of 1 mg
ml-* of DIF were prepared by dissolving in etha-
nol, and they were stored in a volumetric flask in a
refrigerator at 4-6 °C in order to avoid degradation
when not in use. Analytical-grade reagents and
water purified in a Millipore Milli-Q system (Mil-
lipore, resistivity >18.2 MQ cm) were used for the
preparation of Britton-Robinson (BR, 0.1 mol I,
pH 2-10) phosphate buffer solution (PBS, 0.1 mol
I1, pH 2.5) and HNO;3 (0.1 mol I'%). The cationic
surfactant (CTAB) solution was prepared by dis-
solving the required amount of solid in a wa-
ter/methanol mixture (9:1, v/v). The working and
calibration solutions of DIF were prepared from
the stock solution before use by appropriate dilu-
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tion with the selected supporting electrolyte. All
analysis and voltammetric measurements were car-
ried out under laboratory conditions.

2.2. Apparatus and measurements

All CV and SW recordings were conducted
with a potentiostat/galvanostat analyzer (uAutolab
type 111, Metrohm Autolab B.V., The Netherlands)
driven by GPES (General Purpose Electrochemical
Software) software version 4.9 in connection with
a personal computer. All SW recordings were
smoothed using a Savicky and Golay algorithm
and baseline-corrected by the moving average al-
gorithm filtering technique (peak width of 0.01 V).
Electrochemical measurements were performed
using an electrochemical cell setup consisting of
three electrodes including a BDD working elec-
trode (diameter of 3 mm, boron doping level of
1000 ppm, Windsor Scientific Ltd., Slough, United
Kingdom), an Ag/AgCl/3 mol It NaCl reference
electrode (BAS, Model RE-1, USA), and a Pt
counter electrode (BAS, MW-4130, USA) within
the electrochemical cell. pH was measured at 25
°C using a pH meter model WTW inoLab720
equipped with a combined glass electrode (Xylem,
New York, USA).

At the beginning of each experiment day,
the anodic pretreatment procedure was performed
by applying +1.8 V potential to the BDD electrode
ina 0.5 mol I H,SO4 solution for 180 s. After this
process, the potential of —1.8 V was applied to the
BDD electrode for the same period and in the same
solution. As a result of these steps, the BDD elec-
trode surface acquired oxygen and hydrogen-
terminated properties [37]. Finally, this electrode
was gently polished with a polishing pad and
rinsed with deionized water before each voltam-
metric experiment.

Firstly, the cyclic voltammetry (CV) tech-
nique was used to elucidate the electrochemical
behavior of DIF and determine the reaction kinet-
ics on the BDD electrode in the selected supporting
electrolyte. Then, the optimization of experimental
parameters such as supporting electrolyte, accumu-
lation parameters and surfactant concentration
were conducted by using the SWV method in order
to improve the selectivity and sensitivity of DIF
analysis. The analytical performance and practical
applicability of the method were also examined
with the help of the same pulse technique (i.e.
SWV).

The quantitative analysis of DIF with the
square wave adsorptive stripping voltammetry
(SW-AdSV) technique first began by immersing
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the three electrodes into voltammetric cells con-
taining DIF, PBS (pH 2.5) and CTAB. After this
step, the open-circuit potential was applied during
a pre-concentration period of 30 s while the solu-
tion was mixed at 500 rpm. Then, the stirring was
stopped and the solution was left for 5 s to reach
equilibrium. Finally, anodic scanning was per-
formed from 0 V to +1.5 V by using the SWV
technique. The quantitative analysis of DIF was
carried out using an optimized 75 Hz frequency, 40
mV pulse amplitude, and 10 mV step potential
values with the SWV technique.

2.3. Sample preparation

A commercial sample of the tablet dosage
from Dolphin® was supplied by a local pharmacy.
According to the manufacturer’s information, each
film-coated tablet contains 500 mg DIF. Ten tab-
lets were accurately weighed and powdered in a
mortar. A sufficient amount (17 mg) of collected
content was transferred into a 100 ml calibrated
dark flask and completed to the volume with etha-
nol. Subsequently, the bottle content was sonicated
for 15 minutes to ensure complete dissolution. A
certain volume of this solution (10 ul) was trans-
ferred into 10 ml electrochemical cells with 0.1
mol It PBS buffer solution (pH 2.5) and 5-10°
mol I* CTAB. Then, the unknown sample analysis
was calculated using the corresponding regression
equation from the calibration graph obtained for
standard solutions.

3. RESULTS AND DISCUSSION

3.1. Electrochemical behavior
of DIF on BDD electrode

Firstly, cyclic voltammograms were record-
ed to obtain information concerning the electro-
chemical behavior of DIF. Three consecutive CVs
for 100 ug ml* DIF between 0 and +1.60 V poten-
tials were recorded in a 0.1 mol It PBS (pH 2.5)
solution at a potential scanning rate of 100 mV s,
As can be seen in Figure 2A, DIF showed a dis-
tinct anodic oxidation peak at around +1.04 on the
first scan in the oxidative direction. However, no
cathodic peaks were observed in reverse scanning.
This phenomenon indicates that the electrochemi-
cal behavior of DIF on the BDD electrode is irre-
versible. On the other hand, the anodic peak inten-
sity and sharpness of DIF decreased significantly
on the 2" and 3™ cycles of the scan. This phenom-
enon can be explained by passivation or fouling of
the electrode surface. To ascertain the effect of

scan rate on the oxidation peak current of 100 ug
ml~t DIF, scan rate studies were performed in the
range of 10 to 100 mV s using CV in 0.1 mol I*
PBS at pH 2.5 (Fig. 2B). The increase in scanning
rate resulted in increasing oxidation currents in
DIF and its anodic peak potential positions shifted
to a slightly more positive direction. The relation-
ship between the square root scan rate (v?) and
anodic peak current (ipa) of DIF was linear accord-
ing to the equation:

lea (NA) = 388.6 v¥2 (mV/ s %) — 686.3,
r=0.995

A similar linear correlation was found be-
tween log I, and log v in the following equation:

log I (NA) =0.733 log v (mV s7!) + 2.051,
r=0.997

These results indicate that the electrode re-
actions of DIF on the BDD electrode are mainly
diffusion controlled.

A

0 025 050 075 100 125 150 175
E/V (vs. Ag/AgCl)

0 025 050 075 100 125 150 175
E/V (vs. AgiAgCl)

Fig. 2. Repetitive cyclic voltammograms at scan rate of 100 mV s
(A) and cyclic voltammograms at different scan rates (10, 25, 50, 75
and 100 mV s %) (B) of 100 pg ml* diflunisal in 0.1 mol I*
phosphate buffer solution at pH 2.5.

Dashed lines in A represent background.
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In order to ascertain the electron number (n) in-
volved in the DIF oxidation process at the BDD elec-
trode, the n value was determined by CV voltammo-
grams using the following equation: an =47.7/(E—
Ex/2). In this study, the value of E—Ey/2 was 55 mV;
thus, the value of an was calculated as 0.87. Generally,
o (charge transfer coefficient) is assumed to be 0.5 in a
totally irreversible electrode process. Hence, the n val-
ue was found to be 1.74 (=2).

3.2. Influence of electrode pretreatment procedure

Before the voltammetric analysis of DIF,
preliminary studies showed that the unpretreated
BDD electrode was not be effective against pas-
sivation problems, especially at high DIF concen-
trations. This undesired situation prevented the
unpretreated BDD electrode from producing satis-
factory results in terms of sensitivity and reproduc-
ibility. To overcome this and to optimize the pre-
treatment procedures for the BDD electrode, the
effectiveness of three different pretreatment proce-
dures was investigated by SWV for 20 pg ml* DIF
in PBS at pH 2.5. First, the performance of an an-
odic-pretreated BDD electrode was examined in
voltammetric studies. Second, the performance of a
cathodic-pretreated BDD electrode was investigat-
ed. Finally, anodic and cathodic pretreatment steps
were applied to the BDD electrode sequentially,
and the performance in voltammetric analysis was
recorded. More sensitive and reproducible results
were obtained in the DIF analysis when the final
pretreatment procedure was applied to the BDD
electrode. For this reason, this procedure was cho-
sen as the optimum pretreatment procedure and
applied to the electrode at the beginning of each
experiment day. Also, a simple polishing step was
performed on the electrode before analysis in order
to obtain more stable voltammetric responses.

3.3. Effect of supporting electrolyte and pH

The influence of pH on the oxidation peak
current and potential of DIF was investigated with
SWYV on the BDD electrode using different sup-
porting electrolytes at various pH values in order to
obtain the best voltammetric response for analyti-
cal purposes. In Figure 3A, the baseline-corrected
SW voltammograms are depicted within the pH
range 2.0-10.0 in BR buffer for 20 ug ml* DIF
solution, with the potential ranging from 0 V to
+1.5 V. Furthermore, in Figure 3A DIF has two
oxidation peaks within the pH range 4.0-8.0 at the
working potential range studied. As for the posi-
tion of the peak potentials, they shifted towards
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slightly less positive values with the change from
pH 2.0 to pH 6.0. The plot of Ep versus pH was a
straight line between pH 2.0 and 6.0, which can be
expressed by the following equation: E, (V) =
—-0.026 pH + 1.116, with a linear correlation coef-
ficient of r =0.993 (Fig. 3A, inset).

Also, despite the pH increase at pH values of
6.0 and above, there is no significant change in the
position of the peak potential of DIF. These results
can be interpreted as indicating that there is no pro-
ton transfer phenomenon accompanying electron
transfer from pH 6.0 to pH 10.0. The effect of dif-
ferent supporting electrolytes on the voltammetric
signals of DIF was investigated in PBS and HNOs
solutions (Fig. 3B). Since the highest and most
uniform peak morphology was obtained in PBS
solution, among these three different supporting
electrolytes including BR, the next studies were
carried out in this optimum supporting electrolyte.

49 1.08+
1,064 I
3515 1%
3.0{ a.1.021
L 14
€ 251 098
= 0.96
~ 20 0.94
- 0 1 2
1.5
1.0
0.5
0
A

0 025 050 075 100 125 150
E/V (vs. Ag/AgCl)

a) Phosphate buffer (pH 2.5)

3, b) HNO solution

o

I/pA

1.5

0.5

B
0 025 050 075 100 125 150
E/V (vs. Ag/AgCl)

Fig. 3. SW voltammograms of 20 pg mi diflunisal in 0.1 mol I
BR buffer pH 2-10, and at 0.1 mol I* of various supporting electro-
lytes (B) at the BDD electrode. Inset in (A) depicts the plot of Ep vs.

pH. SWV parameters: frequency, 50 Hz; step potential, 8 mV;
pulse amplitude, 30 mV.
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3.4. Optimization of SWV parameters

Another important factor affecting the sensi-
tivity of DIF is the optimization of pulse parame-
ters such as frequency (f), pulse amplitude (AEsw)
and step potential (AEs). This optimization step
was done by changing one of the pulse parameters
while keeping the other two parameters constant
and recording the signal obtained. First, the f vari-
able was examined in the range of 25-125 Hz,
while AEsw and AEs parameters were kept constant
at 30 mV and 8 mV, respectively. So, the best sen-
sitivity and peak shape for this pulse variable was
recorded at 75 Hz. Next, the AEs, value was
changed between 20 and 60 mV, while AE; and f
values were kept constant at 8 mV and 75 Hz, re-
spectively. The same optimization process was
carried out by keeping f and AEqw constant and ex-
amining the values of AEs between 6 and 14 mV.
As a result, the best SWV instrumental parameters
for the BDD electrode with 10 ug ml™* DIF in 0.1
mol It PBS pH 2.5 buffer solution (not shown)
were obtained at values f 75 Hz; AEs 10 mV; and
AEsy 40 mV.

3.5. Influence of cationic surfactant

The role of cationic surfactant (CTAB) in
improving the electrode-solution interface on the
BDD electrode and its contribution to the sensitive
analysis of DIF was also investigated. To investi-
gate this effect, 100 ul of 0.01 mol I* CTAB stock
solution was transferred to the electrochemical cell
and measurements were carried out without any
accumulation step. Similar measurements were
carried out for CTAB-free solutions (containing
only DIF in supporting solution) and compared to
the former measurements. There was no significant
difference between the two measurements. How-
ever, it was observed that the sensitivity of DIF
measurements significantly increased in the pres-
ence of CTAB following the accumulation step (at
the open-circuit voltage for 30 s). After this step,
the optimization of CTAB concentration was car-
ried out to enhance DIF sensitivity. For this pur-
pose, CTAB concentration was enhanced from
5-10° mol I* to 1:10 mol I, keeping the DIF
concentration constant at 1.0 ug ml™'in 0.1 M PBS
solution (pH 2.5). There was a significant increase
in DIF oxidation signals with the addition of
CTAB to the supporting electrolyte (Fig. 4). More-
over, the positions of DIF signals with CTAB add-
ed to the buffer solution shifted to slightly positive
potentials. A more important observation was that
the DIF signal obtained in the presence of 5-107°

mol It CTAB was 6.8 times more sensitive than
the DIF signal without CTAB. The height of the
DIF oxidation signal was unchanged despite the
increase in surfactant concentration at this CTAB
concentration. As a result, it was decided that DIF
analysis produced more sensitive responses in the
presence of 5-10° mol I CTAB by applying a 30
s accumulation step. Therefore, both the determi-
nation of the linear working range and the subse-
quent drug applications were performed under
these optimized conditions.

6.0
6
5.0 5 ﬁ
401 — 3
o
= 21/
— 3.0 1
et
0+ T T T d
2.0 0 0025 005 0075 0.1
CTAB /x 10* mol L
1.0 a
0
0 0.25 0.50 0.75 1.00 1.25 1.50

E/V (vs. Ag/AgCl)

Fig. 4. SW stripping voltammograms of 1.0 ug ml™ diflunisal in 0.1
mol I phosphate buffer (pH 2.5) solution in the presence of
different CTAB concentrations (5.0-107-1.0-10"* mol I%).
Blue line (a) represents the voltammogram without CTAB. Inset:
plot of ip vs. Ccras. Electrode, BDD; accumulation time 30 s at
open-circuit condition. SWV parameters: frequency 75 Hz;
step potential 10 mV; pulse amplitude 40 mV.

3.6. Analytical performance evaluation

The performance of the developed SWV
method for the BDD electrode was tested in opti-
mized experimental and instrumental conditions.
Figure 5 shows the increase in anodic current ob-
tained as a function of the DIF standards added in
the range from 0.05 (2.0-107) to 2.0 pg ml (8.0-10°°
mol I'Y) with 5-10-° mol I"* CTAB. The highly lin-
ear relationship between the SW voltammograms
procured in response to these successively added
DIF concentrations is as follows:

lo(nA) = 4.806 C (ug ml™?) +0.148
(r=0.999, n=10)

where I, is the stripping peak current, C concentra-

tion, r the correlation coefficient, and n the number
of experiments.
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Voltammetric quantification of a nonsteroidal anti-inflammatory agent diflunisal based on the enhancement effect... 17

9.0] 101
B-
6.5] % 6 )
RN B
— L]
=40 21
.
C * T T T
0 05 1 15
15 Con. / pg mL"

0 025 050 075 100 125 150
E/V (vs. Ag/AgCI)

Fig. 5. SW stripping voltammograms for diflunisal levels of (1)
0.05, (2) 0.1, (3) 0.25, (4) 0.5, (5) 0.75, (6) 1.0 and (7) 2.0 pg ml™*
in 0.1 mol I phosphate buffer (pH 2.5) solution in the presence

of 5-105 mol It CTAB. Inset depicts the corresponding calibration
plot for the quantification of diflunisal. Other operating conditions
as indicated in Figure 4.

The developed methodology reached the
level of 0.013 ug ml? (5.2-10°8 mol I'!) LOD and
0.043 pg ml™ (1.7:107 mol I'Y) LOQ by using a

simple pretreatment procedure applied to the BDD
electrode and the presence of a cationic surfactant.
The LOD and LOQ values were calculated accord-
ing to the 3 s/m and 10 s/m formulas where s and m
are the standard deviation of ten consecutive
measurements of the lowest concentration in the
calibration range and the slope of the correspond-
ing calibration curve, respectively. This LOD value
proves that the sensitivity of the method is ade-
quate, and it can be applied to real samples. In ad-
dition, the developed method has a distinctive posi-
tion among other electroanalytical techniques de-
veloped for DIF analysis due to sensitivity level,
speed, and simplicity of the processing procedures
applied to the electrode (Table 1).

To test the precision of the method, the con-
centration of 0.05 pg ml™* DIF was examined for
intra-day (ten replicates) and inter-day (five days)
reproducibility in the same conditions, and relative
standard deviation (RSD) values were calculated as
7.79 % and 9.26 %, respectively. These values in-
dicate that the BDD electrode produces sufficiently
reproducible results for DIF measurements.

Table 1
Comparison with published electroanalytical methods for DIF detection

Working Supporting . Linear

electrode electrolyte Technique range, pM LOD, nM Analyzed samples  Ref.
SMDE BRpH 7.8 DPP, 36-160 20000 tablets [15]

DPAdSV 16-120 400
MMT-Ca/CPE  ABS pH 5.0 SWAdAS 0.03-0.5 3.0 tablets [16]
BDD PBSpH 25 SWV 0.2-8.0 52 tablets This work

Electrode: SMDE: static mercury drop electrode; MMT-Ca/CPE: montmorillonite-Ca-modified carbon paste electrode;
BDD: boron-doped diamond electrode. Technique: DPP: differential pulse polarographic; DPAdSV: differential pulse ad-
sorptive stripping voltammetric; SWAdAS: square-wave adsorptive anodic stripping voltammetric; SWV: square-wave volt-

ammetric.

3.7. Influence of some interfering species
on determination of DIF

Prior to the analyses of real samples, the se-
lectivity of the proposed SWV protocol was also
investigated in the presence of some species such
as lactose, sucrose, fructose, glucose, ascorbic ac-
id, dopamine, uric acid and ions such as Ti*, Fe*3,
Zn*?, Mg*, Ca*, K*, Na*, NOs, Cl, SO4?, and
some agents present in pharmaceutical formula-
tions such as starch, talc, cornstarch and magnesi-
um stearate. This interfering effect on the DIF sig-
nal was examined at 1:1, 1:10 and 1:100 (DIF: in-
terfering species) molar ratios in supporting elec-
trolyte containing 1.0 ug ml* DIF. The signal ob-
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tained from the mixture of DIF and the interfering
species was compared with the signals obtained
from the solution only containing DIF. The maxi-
mum concentration of the foreign substance that
affected the DIF signal less than 7 % was de-
scribed as the tolerance limit. Metal ions had no
significant effect on the quantitative determination
of DIF. This behavior may be due to metal ion sig-
nals being seen at negative potentials and DIF oxi-
dation having positive potential. The effects of in-
terfering species such as starch, talc, cornstarch,
and magnesium stearate on the oxidation signal of
DIF showed a negligible effect even at over 100
times concentration. Species such as lactose, su-
crose, fructose, and glucose did not show a signifi-
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cant interfering effect for the quantitative determi-
nation of DIF even at 100 times the DIF concentra-
tion. However, it was not possible to analyze DIF
when the concentration of dopamine and uric acid
were equal to DIF and the concentration of ascor-
bic acid was ten times higher than DIF. In order to
analyze these compounds together, either a pre-
separation method such as chromatography or a
chemometric method should be chosen. To con-
clude, the proposed voltametric protocol is suffi-
ciently selective and can perform DIF analysis in
complex matrices.

3.8. Application of the proposed method
to pharmaceutical formulation

The accuracy and practical usability of the
proposed electroanalytical methodology was tested
in commercially available pharmaceutical formula-
tions by using the multiple standard addition meth-
od. Sample preparation procedures are described in
detail in the experimental section. At this stage, it
should be stressed that the sample was used only
after a simple dilution step without any pre-
separation, filtering, and evaporation steps. Differ-
ent volumes of standard DIF stock solution were
transferred to the electrochemical cell containing
the drug sample. As a result of these successive
transfers, the final concentrations of DIF in the cell
were adjusted to 0.25, 0.5, and 0.75 pug ml?, re-
spectively. Figure 6 shows overlapping voltammo-
grams obtained from the drug sample before and
after each concentration was added.

I/pA

0 0.25 0.50 0.75 1.00 1.25 1.50
E/V (vs. Ag/AgCl)

Fig. 6. SW stripping voltammograms of the diluted samples of
tablet sample extracts before (dashed lines) and after standard
additions of 0.25 (a), 0.50 (b) and 0.75 (c) pg ml diflunisal in
0.1 mol It phosphate buffer (pH 2.5) solution in the presence
of 5-10° mol It CTAB. Other operating conditions
as indicated in Figure 4.

The peak appearing at approximately +1.07
V belongs to DIF oxidation, and it increased line-
arly with the increase in the concentration of added
standards. Each Dolphin® tablet was calculated to
contain an average of 480.0 mg DIF (RSD of 4.78
%) when evaluated on the basis of these successive
additions. This result also complies with the manu-
facturer's declaration claiming each tablet contains
500 mg DIF. To test the validity of the proposed
method, this stage was assessed with the recovery
method. Satisfactory recovery values were ob-
tained in the range from 99.3 to 108.4 %, indicat-
ing no notable interference in the commercial
pharmaceutical formulation forms. These results
proved that DIF analyses can be performed safely
without significant interference in commercial
drug samples.

4. CONCLUSIONS

In this paper, an unmodified BDD electrode
was used as a sensitive electrochemical sensor for
direct DIF determination in the presence of a cati-
onic surfactant (CTAB). Electrochemical behavior
and quantitative analysis of DIF were characterized
by a CV technique and an SWV method, respec-
tively. In addition to experimental parameters such
as surfactant concentration and supporting electro-
Iyte, the roles of SWV variables in improving DIF
signal sensitivity were investigated and optimized.
In these optimum conditions, the DIF concentra-
tion was observed to increase linearly from 0.05 to
2.0 ug ml? at the BDD electrode by using the
SWYV technique. Also, a low LOD level (0.013 ug
ml) was achieved thanks to the presence of
CTAB. The proposed protocol offers a good alter-
native to other analytical methodologies with ad-
vantages such as speed, simplicity, ease of use,
economics, and reasonable sensitivity. Thanks to
sufficient selectivity, the practical usability of the
method was demonstrated in pharmaceutical sam-
ples with an average recovery rate of 99.8 %. Fi-
nally, the developed method will constitute a good
reference point for electrochemical studies related
to DIF to be developed with different electrodes.
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