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ABSTRACT

The electrochemical oxidation of mefenamic acid has been investigated by cyclic, linear sweep and differential pulse
voltammetry in phosphate buffer of different pH range 3-11, at glassy carbon electrode. Cyclic voltammetric studies
were performed in a wide range of sweep rates and various concentration of mefenamic acid. The effect of
surfactant was studied. The anodic peak was characterized and the process was adsorption controlled. The linear
relationship between peak current and the mefenamic acid concentration were studied using differential pulse
voltammetric technique, for the quantitative determination of mefenamic acid. The linear response was obtained in
the range of 8 x 10° to 2 x 10° M with detection limit of MFA 1.49 x 10" with good selectivity and sensitivity.
Furthermore, the proposed method was applied to in-vitro determination of mefenamic acid in pharmaceutical
sample, spiked human urine by adopting the differential pulse voltammetric technique.

Keywords: Mefenamic acid, Voltammetry, Glassy carbon elat#tdElectro-oxidation, Electro-analysis.

INTRODUCTION

Mefenamic acid, (MFA) 2-(2, 3-dimethylphenyl) amirteenzoic acid (Schemel) is a non- steroidal anti-
inflammatory drug used to treat pain, including stemal pain. It is a member of fenamate group of-si@roidal
anti-inflammatory drug. The compound is in the fasfrwhite or light gray powder odorless and bitetaste. It is
practically insoluble in water and soluble in acetochloroform and alcohols [1]. Mefenamic acid sedi in
treatment of menstrual related migraine (MRM) hehgawhich is common in women and associated with
substantial disability. Compared to non-menstruigraine, MRM attacks are more severe, longer iratiom, and
have a poorer response to analgesics [2]. Mefenaniitis metabolized by cytochrome P450 enzyme @D
3-hydroxymethyl mefenamic acid (Metabolite I). Fugt oxidation to a 3-carboxymefenamic acid (Metabdl)
occurs [3]. A peak plasma level approximating 20imtgvas observed at 3 hours for the hydroxy mei&bahd its
glucuronide after a single 1-gram dose. Similaalpeak plasma level of 8mcg/ml was observed ahéts for the
carboxy metabolite and its glucuronide. Approxinafdty-two percent of a mefenamic acid dose i€mted into
urine primarily as glucuronide of mefenamic acié&o}6 3-hydroxymefenamic acid (25%) and 3-carboxymafaic
acid (21%). The fecal route of elimination, accofamtup to 20% of the dose, mainly in the form atanjugated 3-
carboxymefenamic acid. The elimination half-life wfefenamic acid is approximately two hours [4]. SaV
methods have already been reported for the detatimimof mefenamic acid in pharmaceutical formolatand
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clinical sample including potentiometric [5], Flanjection analysis [6], and spectophotometric [8], [9], [10]
HPLC method [11], RP-HPLC [12], Spectofluorimetretinod [13].

In earlier reports we have studied the determinatioantiviral drug, acyclovir on fullerene modiiglassy carbon
electrode [14] and trazodone at multi-walled carbanotube-modified glassy carbon electrode [15].liddoature
was found on the voltammetric method of determaratif mefenamic acid at glassy carbon electrode. dim of
this study is to establish the suitable experimerdaditions, to investigate the oxidation mechanidf mefenamic
acid by cyclic, linear sweep voltammetry and deteation of MFA in pharmaceutical dosage forms andeiby
differential-pulse voltammetric technique. The mstsiking feature of the method is that as appl@the urine, no

prior extraction step is needed.
NH ;—OH
O
H;C CHj,

Scheme 1: Chemical structure of MFA
MATERIALS AND METHODS

Reagents and chemicals

The MFA was gifted and was used without furtherifization. A 1 mM stock solution was made in ethiand

stored in dark at low temperature. The phosphaffetletween pH 3.0-11.0 was used as the suppoetagrolytes
(I= 0.2M). All the chemicals and reagents were mdlgtical grade and used without further purifioatiand double
distilled water was used throughout the experiment.

Apparatus

Electrochemical experiments were performed with @émpany, USA (Model D630) electrochemical analyzer
The voltammetric measurement were carried out i anl single compartment three-electrode glasswith a
glassy carbon electrode as working electrode , gf\gCl (3M KCI) as a reference electrode and aifliah wire

as a counter electrode. The pH of the buffer smhutvas measured using Elico pH meter (Elico Ltddjd). All
experiment were carried out at an ambient temperaifi25 + 0.1°C. The area of the electrode was obtained by
cyclic voltammetric method using 1.0 mMike(CN) as a probe at different scan rate. For a revergificess at T

= 298 K, the Randles — Sevcik formula has been:used

lpa = 0.4463 (BRT)"*n*? Ay Dg"*v"2Cy (1)

In equation (1), the value of 0.4463RT) 2 is equal to 2.687 X faat T = 298 K, Hence equation (1) is written
as,

lpa= (2.687 x 18) n*?A, Dg"%v 2 Cy

Where |}, refers to the anodic peak current, n is the nurobelectron transferred. /As the surface area of the
electrode, Ris the diffusion coefficient is the scan rate and, @ the concentration of &e (CN). For 1.0 x 16

M KsFe (CN}in 0.1 M KClI electrolyte, n =1, = 7.6 x 1¢° cn? s* . Then from the slope of the plot ¢f Vs.v*?,
thrre]2 area of the electrode surface can be calculltealir experiment area of the electrode was faionbe 0.0423
c

Analytical procedure
The polishing was done on micro cloths glued tori@ror. The particle size of alumina used was |3m0. Before
transferring the electrode to the solution, it weshed with high purity water.
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The experimental conditions for differential pulsdtammetry were initial potential: 0.2 V, final fgmtial: 0.8 V,
sensitivity: 1.0 X 1d A/V, pulse width: 0.06 s, pulse increment of 4 npdlse period: 0.2 s, pulse amplitude of 50
mV.

Procedures for pharmaceutical preparations

Ten pieces of MFA tablets were powdered in a moAagortion equivalent to a stock solution of a centration of
about 1.0 X 18 M was accurately weighed and transferred in td@ thl calibrated flask and completed to the
volume with ethanol. The content of the flask wemnicated for 10 minutes to affect complete didsmiu
Appropriate solution was prepared by taking suéabiquots of the clear supernatant liquid andtutituwith buffer
solution of pH 5. The differential-pulse voltammagr was subsequently recorded following the optimum
condition. The content of the drug in the tabletsveletermined referring to the calibration graphregression
analysis.

To study the accuracy of the proposed method, hedkcthe interference from exepients used in tlsage forms,
recovery experiment were carried out by the stah@aldition method. This study was performed by taidiof
known amounts of MFA to known concentration of thlelets. The resulting mixture was analyzed asuine pMFA.

Analysis of urine

Human urine was obtained from healthy volunteersiwiilar sex and age. Aliquots were centrifuged@d0 rpm
for 5 min at room temperature (25 + @C). These urine samples were analyzed immediatellyay were stored at
low temperature until analysis.

RESULTS AND DISCUSSION

Voltammetric behavior of MFA

In order to understand the electrochemical processirring at glassy carbon electrode, cyclic angdr sweep
voltammetry were carried out. MFA was oxidized dasgy electrode between the pH 3.0-11.0, produairegwell
defined irreversible oxidation peak. Figure 1 shayslic voltammogram of MFA at pH 5 phosphate buffehe
blank solution was shown by curve (a) and anodakpmorresponding to MFA oxidation appeared at 0.678s
shown in curve (b), which corresponds to the oxitadf MFA.
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Figure 1: Cyclic voltammogram of 1.0 x 1M MFA on glassy carbon electrode in pH 5, phosphatbuffer (I = 0.2 M) (a) blank and (b)
MFA run at 0.05 Vs®*
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Effect of pH

Cyclic voltammograms of MFA recorded from pH 3.0t a scan rate of 0.05 Vsvas presented in Figure 2
with the increase of pH of the solution, the peakeptials shifted to less positive value and thedr relationship
between pH and Fwvas observed as shown in Figure 2a. The pH oftisol influenced peak current considerably
and is shown in Figure 2b. Above pH 9 there waexidation peak. The result showed that the highk mdsained

in buffer solution of pH = 5, hence we selectedtdér remaining studies.

Current pA

040 045 050 055 060 065 070 075 080 085 090
Potential Vs (Ag AgD

Figure 2: Cyclic voltammogram obtained for 1.0 x 18 M MFA in buffer solution at (a) pH 3; (b) pH4; (c) pH 5.0; (d) pH 6.0; (e) pH 7.0;
(f) pH 8.0; (g) pH 9.0; (h) pH 10.0; (i) pH 11
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Figure 2a: Influence of pH on the peak potential EV of MFA
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Figure 2b: Variation of peak currents I,/uA of MFA with pH

Effect of Scan rate

Useful information involving electrochemical meckan usually can be acquired from relationship betwpeak
current and scan rate. Therefore the electrochém@zavior of MFA at different scan rates from 2350 mVs'
was also studied at pH 5 by cyclic voltammetry Fég8 and linear sweep voltammetry Figure 4.
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Figure 3: Cyclic voltammogram of 1.0 x 1¢ M MFA in buffer solution of pH 5 (1= 0.2 M) at scan rate of : (a) blank; (b) 4; (c) 6; (d) 10
; (e) 20; (f) 40 ; (g) 80; (h) 100; (i) 120; (j) 30; (k)180; (I) 200; (M) 240 (n) 280 (o) 300 m\V*'s
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There is a good linear relationship between peatentiand scan rate. The equation representingviss), = 32.03

v+ 1.061; B = 0.995 as shown in Figure 3a. This shows thatrlde process was controlled by adsorption rather
than diffusion at pH buffer 5. In addition to thikere was a linear relationship between Iggahd logv,
corresponding to the following equation: Igg=10.825 log § + 1.474; R2 = 0.995 Figure 3b. The slope of 0.825
close to theoretical value of 1.0 for adsorptiontocalled.
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Figure 3a: Dependence of peak current,JuA on the scan ratev/Vs™
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Figure 3b: Plot of logarithm of peak current log L/MA versus logarithm of scan rate logy/Vs™.
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Figure 3c: Plot of variation of peak potential E/V with logarithm of scan rate logv/Vs™.

The peak potential shifted to more positive valtithvincreasing the scan rates. The linear relalignbetween
peak potential and logarithm of scan rate can Ipeessed as = 0.1 logv + 0.787; B = 0.992 Figure 3c.

For an adsorption controlled and irreversible et process according to Laviron, i defined by following
equation

E,=E+ |[2.303R1 log {RTKO J (2.303@11 )

anF ank onF

Where E is the transfer coefficientkhe standard heterogeneous rate constant of #etioe, n is the number of
electrons transferred, the scan rate and, s the formal redox potential. Other symbols hthair usual meaning.
Thus the value of%can be easily from the slope of €. logv. In this system, the slope was 0.1 taking T = R98
R =8.314 J mal K* and F = 96485¢n was calculated to be 0.59 According to Bard aadlier [16],a can be
given as,

a= 47.7 mv (3)

Ep - Ep/2
Where E, is the potential where the current is half the peakie. Generallyx is assumed to be 0.55 in totally
irreversible electrode process [17]. Further thenber of electron (n) transferred in the electrodaxion of MFA
was calculated to be 1.6871. The value of kcan be determined from the intercept of aboveiplbie value of gis
known. The value of &in equation (2) can be obtained from the interadd, versusv curve by extrapolating to
the vertical axis ab = 0 [18]. The intercept for Frersus log plot was 0.587 and¢Evas obtained to be 0.587 the k
was calculated to be 361.8.s
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Figure 4: Linear sweep voltammogram of 1.0 x M MFA in phosphate buffer solution of pH 5 at scarrate of: (a) blank; (b) 3; (c) 4;
() 8; (f) 20; (g) 40; (h) 60; (i) 80; (j) 120; (KL50 mVs!
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Figure 5: Linear sweep voltammogram of 1.0 x IHM MFA solution at pH 5 phosphate buffer and effeciof surfactant. (a) without
surfactant (b) anionic surfactant (sodium dodecyl gifate (SDS)) 10 x 18 M; (c) cationic surfactant (cetrimide) 10 x 16 M

Effect of surfactant

Surfactants even in trace quantities can exentoagteffect on the electrode process. Adsorptiosuch substance
at the electrode may inhibit the electrolytic pregebring about the irregularity in the voltammaogsa and causes
shift in the wave to more negative potentials [1Slirface active substances have the common tendaincy
accumulation at interfaces. The lack of affinityvieeen hydrophobic portions of the surfactant antewkeads to a
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repulsion of these substances from the water plseconsequence of the oxidation of the microsddpiA-water
interface. It was found that addition of the catioaurfactant cetrimide shifted peak potential oFMto more
positive value and also with increase in currenhevéas the anionic surfactant sodium dodecyclehatgpshifted
peak potential of MFA to positive value with degean current. The non ionic surfactant triton X31td no effect
on voltamogramme as shown in Figure 5.

Oxidation mechanism

The anodic peak present on reverse scan, corréispgoto MFA oxidation. In this irreversible systethge results
suggests a one electron transfer process in thedegermining step in the mechanism of oxidatiotM&fA. From
the results mentioned above, the following mechardan be presented for the oxidation of MFA atdhdace of
electrode. The reaction mechanism is given in Seh2m

_H* .

NH ;—OH s N 4 O
© H4C CH

H,C CHj g 2

Scheme 2: Reaction mechanism for oxidation of MFA

Calibration Curve

In order to develop a voltammetric method for deieing the MFA, the differential-pulse voltammetrieethod
was adopted, since the peaks are sharper and defieed at lower concentration of MFA than thostamed by
cyclic voltammetry, with a lower background curremsulting in improved resolution. According taetbbtained
results, it was possible to apply this techniquthtoquantitative analysis of MFA. The phosphatidisolution of

pH 5 was selected as the supporting electrolytethi® quantification as MFA which gave maximum peakrent at

pH 5. Differential pulse voltammogram obtained wititreasing amounts of MFA showed that peak current
increased linearly with increasing concentrati@ssshown in Figure 6.
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Figure 6: Differential-pulse voltammogram with increasing concentrations of MFA in pH 5, phospha buffer solution on glassy
carbon electrode (a) blank; (b) 1 x 16; (c) 3 x 10°% (d)5x1C (e) 7x 1 () 9 x 105 (g) 1 x 10*; (h) 2 x 10%; (i) 3x 10*M

Using the optimum condition described above, linesdibration curves were obtained for MFA in thaga of 8 X
10°Mto 2 X 10° M.
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The linear equation wag (4 A) = 1.849 C + 0.121; = 0.996. Deviation from linearity was observed foore
concentrated solutions, due to the adsorption ofAMfS oxidation product on the electrode surfacelaked
statistical data of the calibration curve were ot#d from five different calibration curves. Thensiivity of the
analytical method is determined by LOD and LOQ ®allLOD is defined as the lowest concentratiormefanalyte
that can be detected but cannot be accurately ifjednt_OQ is the lowest concentration that canpbecisely and
accurately quantified by the proposed analyticahme. The LOD and LOQ of MFA were 1.49 X 1and 4.8 X 10
"respectively (Table 1). The LOD and LOQ of MFA welculated using the following equations:

LOD = 3s/m ;. LOQ =10s/m (5)

Where s is the standard deviation of the peak ntigkthe blank (five runs), and m is the slopetaf calibration
curve. This method was better as compared withradported electrochemical sensors in Table 2.

Table 1: Characteristics of MFA calibration plot usng differential pulse voltammetry at glassy carborelectrode

Linearity range (M) 1.0 X 10t0 1.0 X 1C°
Slope of the calibration plot 1.849

Intercept (LA) 0.121

Number of data points 05

LOD (M) 1.49 X 10

LOQ (M) 4.8 X 10

Table 2: Comparison of analytical characteristics dr determination of MFA at several reported electrahemical methods

Method Linear range LOD Reference
Potentiometric 9 x 101 X102 4.5 X 1Bmol/l [5]
Flow injection analysis 0.05-6.0 pg/ml 2.1 X10M [6]
Spectrophotometric 0-60 pg/ml 2.16 pg/mi [7]
Spectrofluorimetric 0.05-5.0 mg/I 0.006 mg/I [8]
Chemiluminescence 05686.0 mg/l 0.051 mg/I [11]
HPLC (with UV detection) 0.025-40 mg/I - [20]
Differential pulse voltammetry 1496’ 4.8 x 70LOQ) This work
Tablet Analysis

In order to evaluate the applicability of the prepd method in the pharmaceutical sample analysiscpmmercial
medicinal samples containing MFA were studied. Tdmults are in good agreement with the content ethik the
label in Table 3.

Table 3: Determination of MFA in tablets

Sample Declared (mol/L) Detected hyg thethod (mol/L) Recovery (%) Meftal — p Saefl
0.03x 10 0.0287 x 10 95.6

Metftal — p Sample 2 0.1 x%10 0.0985 x 1d 98.5

Meftal — p Sample 3 0.3 x%10 0.299 x 10 99.3

Meftal — p Sample 4 1.0 X310 0.997 x 1® 99.7

The recovery test of MFA ranging from 1.0 x“® 3.0 x 10 was performed using differential-pulse voltammetry
Recovery studies were carried out after the addittd known amount of drug to the various pre-anedyz
formulations of MFA. The recoveries in differentgales were found to lie in the range from 95.69d89

Detection of MFA in Spiked Urine Samples

The developed differential pulse voltammetric meltifar the MFA determination was applied to urineypées. The
recoveries from urine were measured by spiking dreg urine with known amounts of MFA. The urinengdes
were diluted 100 times with phosphate buffer solutbefore analysis without further pretreatmentgjuantitative
analysis can be carried out, by adding standardtisal of MFA into the direct system of urine sampléhe
calibration graph was used for determination okespiMFA in urine samples. The detection resultthoée urine
samples obtained are listed in Table 4. The armysis carried out ranging from 1.0 x“fb 5.0 x 10 using
differential pulse voltammetry. The recovery detigration was in the range from 96.3 to 101.3.
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Table 4: Determination of MFA in urine

Sample Declared (mol/L) Dé¢elcby this method (mol/L) Recovén)

Urine Sample 1 1.0x10 0.968 x 1G 96.86

Urine Sample 2 3.0x10 3.039 x 16 101.3

Urine Sample 3 9 xfo 0.0983 x 18 98.3
CONCLUSION

The oxidation of MFA at glassy carbon electroddasteg was investigated by cyclic voltammetry. MFAdargoes
one electron and one proton change with adsorgimtrolled process. The effects of surfactants veeudied. A
suitable mechanism was proposed. The proposedadtitfal pulse voltammetric procedure can be usedessfully
to determine MFA in pharmaceutical samples. It carep reasonably well with the reported methodscamdbe a
good alternative for the analytical determinatidrivi-A. The proposed method offered the advantagescuracy
and time saving as well as simplicity of reagemtd apparatus. In addition, the results obtainethénanalysis of
MFA in spiked urine demonstrated the applicabitifyhe method for real sample analysis.
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