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determination of mefenamic acid
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Introduction

Analytical methods must be validated so that
the performance characteristics meet the re-
quirements for the intended analytical appli-
cation. Many excellent papers on validation of
analytical methods have been published [1-7],
and typical analytical parameters used in assay
validation have been specified [1, 2, 4, 7-10]:
these include precision, accuracy, limit of
detection, limit of quantitation, selectivity,
linearity and ruggedness. In particular, devel-
opment of a stability-indicating assay to
monitor unchanged drug is of paramount
importance in the course of stability studies on
pharmaceutical dosage forms [11-14].

The selectivity (specificity) of an analytical
method determines its ability to measure
accurately and precisely the analyte in the
presence of components of the sample matrix
such as inactive ingredients, impurities and
degradation products [15, 16]. In the develop-
ment of a stability-indicating assay, selectivity
is the most critical criterion of the method’s
validity.

Liquid chromatography (LC) is usually the
analytical technique most suitable for a
stability-indicating assay of pharmaceuticals.
Although LC has powerful resolving capacity,
it is still quite often a challenge for the
analytical chemist to develop a truly specific
assay method.

It is usually not difficuit to check for inter-
ferences from the placebo ingredients or
impurities. A placebo mixture can be easily
prepared and analysed. Information on in-
herent impurities is often available from the
drug manufacturer, as are authentic samples of
relevant chemicals. The most difficult problem
that the analyst faces is validation of the
method’s selectivity against potential degrad-
ation products. Even for commonly used
drugs, potential degradation products are not
always known, and reference chemicals are
frequently not available. In many cases, this
problem can be overcome by producing de-
gradation products, in situ, under different
stress conditions, and analysing them without
isolation or identification. Often degradation
products are chromatographically very similar
to the parent compound and they may elute at
the same time. Therefore, it is critical to
evaluate peak identity and homogeneity:
whether the eluting peak observed on a
chromatogram represents one component or a
coeluting mixture of two or more components.
Therefore, a technique that permits judgement
with some certainty of the purity of an eluting
chromatographic peak is of particular benefit
to the analytical chemist.

There are several methods of determining
the purity of a peak, including techniques such
as comparing the retention time of the eluting
peak with the retention time of a known
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standard, comparative detection techniques
(e.g. UV versus electrochemical), spectral
overlays, absorbance ratios, and most recently
photodiode array detection. The advantages
and deficiencies of these techniques have been
reviewed by Tompkins [17] and Alfredson and
Sheehan [18].

Photodiode array detection with numerical
output format (purity parameter), is very
useful in assessing peak identity and integrity.
Objectivity is the main advantage of the
numerical schemes and the evaluation of the
peak’s purity is straightforward. Compared
with most graphical diode array outputs, the
numerical format also allows the data to be
reduced more rapidly.

The purity parameter employs an absorb-
ance weighting factor in order to minimize the
effect of noise on the calculations. This format
yields a single value in units of nanometers that
represents a characteristic average wavelength
(weighted mean wavelength) of a spectrum.
The calculation of purity parameter is
analogous to a statistical calculation of the
moment of a distribution. The wavelength
range over which the purity parameter is
calculated can be selected to focus on a
characteristic absorbance band or bands of a
spectrum to enhance discrimination between
the spectra of two different compounds, there-
by increasing the specificity of the method.

Experimental

Reagents

Mefenamic acid (Parke-Davis, Holland,
Michigan), glacial acetic acid and 0.5 N sodium
hydroxide (BDH, Toronto, Ontario) were
used as received. All solvents were HPLC
grade (Caledon, Georgetown, Ontario).

Equipment

The HPLC system consisted of a model
6000A pump, a WISP 710-B autosampler (both
Waters Associates, Mississauga, Ontario), a
Polychrom 9060 photodiode array detector
(Varian, Georgetown, Ontario), a Hewlett
Packard 3390 integrator and a Think Jet
printer (Hewlett Packard, Mississauga,
Ontario).

Chromatographic conditions 1
A reversed-phase 10 pm pBondapak Phenyl
Column (10 pm, 300 X 3.9 mm) was used,
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together with a Guard-Pak Precolumn Module
and a pBondapak C18 disposable insert (all
Waters Associates). The analytical wavelength
for peak detection was set at 278 nm on a
Polychrom 9060 detector. Mobile phase was
methanol-glacial acetic acid-water (85:2:15,
v/v). The flow rate was set at 1 ml min~! and
the resultant pressure was approximately 2800

psi.

Chromatographic conditions 11

An HPLC method previously developed in
Parke-Davis laboratories (McLaughlin, un-
published data) was modified as follows.

A reversed-phase Nova-Pak C18 column
(5 pm, 150 x 3.9 mm; Waters) and the pre-
column system described under Chromato-
graphic conditions I were employed. The
mobile phase composition was acetonitrile—
THF-water—glacial acetic acid (15:40:45:2,
v/v). The flow rate was set at 1 ml min~! and
the resultant pressure was approximately 1500
psi. All the other parameters were set as
described in Chromatographic conditions 1.

Preparation solvent

The sample preparation solvent was ob-
tained by adding 20 ml of glacial acetic acid to
11 of methanol.

Standard preparation

A standard solution of mefenamic acid was
prepared in the preparation solvent to contain
5 pgml~t

In situ preparation of degradation products
Degradation products of mefenamic acid
were prepared, in sifu, as specified below:

Sample 1. Decomposition under acidic con-
ditions. Mefenamic acid (94.5 mg) was re-
fluxed with 20 ml of 0.5 N H,SO, for 48 h.

Sample 2. Decomposition under basic con-
ditions. Mefenamic acid (81.6 mg) was re-
fluxed with 20 ml of 0.1 N NaOH for 48 h.

Sample 3. Decomposition under oxidative
conditions. Mefenamic acid (107.0 mg) was
refluxed with 30 ml of 30% H,O,and 1 ml1 N
HCI for 24 h.

Atfter the specified times, the reaction mix-
tures were quantitatively transferred to separ-
ate 200 ml volumetric flasks, and adjusted to
volume with methanol (sufficient DMSO was
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added if a precipitate insoluble in MeOH was
present).

Results and Discussion

Analysis of the degraded samples

The concentrated solutions of samples 1-3
(about 5 ug ml™?) were filtered and chromato-
graphed for 1 h each under Chromatographic
conditions I. The respective chromatograms,
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together with the chromatogram of the mefen-
amic acid standard solution are presented in
Fig. 1.

The chromatogram of sample 1 (acidic de-
gradation) showed only one peak with a
retention time of approximately 4 min (Fig.
la). Sample 2 showed some additional minor
peaks at approximately 5.6 and 7 min (Fig. 1b).
Chromatogram of sample 3 was the most
complex and indicated extensive decom-

( (a)
(b)
—v—”JT‘_) Ll
¢ t ----—
1] 5 . 10 60
t (min.)
l:) :5 1;0 T 6:0
t (min.)
1 ©
(d)
— . .,.\,
0 3 t (min.) 10 60 0 t (min.) s

Figure 1

Chromatograms of mefenamic acid and its degradation products, in situ, under (a) acidic, (b) basic, and (c) oxidizing
conditions. Chromatogram (d) represents a mefenamic acid standard.
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position of mefenamic acid (Fig. 1c). All three
samples after dilution with methanol, (1:10)
were assayed for unchanged mefenamic acid
using an external standard method and
Chromatographic conditions I. The recoveries
were: sample 1, 98.5%; sample 2, 102.6%; and
sample 3, 63.8%.

The next step in the analysis of the forced
degradation products involved peak identity
and homogeneity checks employing the purity
parameter under Chromatographic conditions
I and the photodiode array detector set at the
wavelength range 249-367 nm. Purity para-
meters obtained for samples 1-3 and for the
mefenamic acid standard are listed in Table 1.

From the analysis of purity parameters, it
was concluded that unchanged mefenamic acid
appeared as a pure peak, resolved from de-
gradation peaks in samples 2 and 3. In con-
trast, in sample 1, the peak at about 4 min
clearly represented mefenamic acid coeluting
with another compound or compounds. There-
fore, it was necessary to modify the chromato-
graphic conditions in such a way that the
mefenamic acid peak was separated from the
coeluting peak or peaks. Chromatographic
conditions II resolved mefenamic acid and the
product of acidic hydrolysis (Fig. 2). The
degradation product was identified as N-
phenyl-2.3-xylidine by comparison of the re-
tention times, UV spectra, and purity para-
meters of the unknown and pure N-phenyl-2,3-
xylidine.

All reaction mixtures obtained during forced
degradation experiments were re-examined
under the new chromatographic conditions.
Their chromatograms and purity parameters
for the mefenamic acid peak were compared
with the corresponding data for the mefenamic
acid standard. In all samples, the unchanged
mefenamic acid was well resolved from de-
gradation products. Therefore, the LC method
based on Chromatographic conditions II was
considered to be stability-indicating.

Table 1
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Figure 2

Chromatogram of the acidic degradation products of
mefenamic acid (Chromatographic conditions II): 1,
mefenamic acid; 2, degradation product.

Validations

Placebo sample. A placebo sample was
prepared and analysed under Chromato-
graphic conditions II. No interference from the
placebo ingredients was observed.

Linearity. Detector response (peak height)
was linear for the mefenamic acid concen-
tration range between 25-150 pg ml™! (50—
300% of the expected sample concentration).
The straight line passed through the origin and
the correlation coefficient (r) was 0.9993 for
n=4

Reproducibility. Six consecutive injections of
the standard preparation gave an RSD of
0.4%.

Accuracy. Six placebo samples were spiked
with mefenamic acid at 100% of the label

Purity parameters for mefenamic acid peak in the standard solution and three degradation mixtures

(detector range 249-367 nm)

Purity parameters

Time Sample 1 Sample 2 Sample 3
(min) Peak type Standard [H*] degr. [OH™] degr. [O] degr.
3.902 Upslope 304.55 298.71 304.68 304.50
3.971 Upslope 304.30 299.76 304.54 304.46
4.040 Apex 304.37 302.53 304.42 304.32
4.087 Downslope 304.35 303.51 304.46 304.35
4.235 Downslope 304.51 303.75 304.57 304.56
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Table 2
Assay of mefenamic acid in a solid dosage form (mg/unit dose)

Assay 1 Assay 2 Average Theory % Recovery
Formula 1 251.2 254.7 253.0 250 101.2
Formula 2 253.2 249.8 251.5 250 100.6
Formula 3 248.1 2477 2479 250 99.2
Formula 4 245.5 249.1 2473 250 98.9

claim. The average recovery was 100.7%
(RSD = 0.8%).

Assay of mefenamic acid in a new (proprietary)
dosage form

Four solid formulations were assayed in
duplicate for mefenamic acid. The solid dosage
forms were reduced to a powder using mortar
and pestle. Samples containing approximately
250 mg of mefenamic acid were weighed and
transferred to 100-ml volumetric flasks. To
each flask 20 ml of 0.5 N NaOH solution was
added and the mixture was agitated in the
ultrasonic bath for 30 min. Solutions were
made up to volume with water and 2-ml
samples were diluted further to 100 ml with the
preparation solvent. Samples were filtered
through Millipore filters and 20-pl aliquots
were injected into the chromatographic
system. The results are presented in Table 2,
which shows that the recovery of drug from the
four formulae studied was 98.9-101.2%.

Conclusions

Although spectrophotometric [19] and
chromatographic [20-25] methods for deter-
mination of mefenamic acid in a variety of
matrices have been reported, none of them was
validated with respect to assay specificity re-
garding potential degradation products. In this
method, the diode array detector with the
numerical output of the purity parameter was
employed to validate the specificity of the
method. Use of this parameter showed a
previous method to be non-specific and led to
development of an improved specific method.

This method is suitable for stability studies on
dosage forms containing mefenamic acid.
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