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Abstract

A simple ultraviolet spectrophotometric method for the estimation of mefloquine hydrochloride in methanol (ME2)
has been developed and has been compared with the reported ultraviolet spectrophotometric method in 0.1 N
hydrochloric acid (ME1). Analytical parameters such as stability, selectivity, accuracy and precision have been
established for both the methods and evaluated statistically to assess the application of the individual methods. Both
the methods were compared with the existing pharmacopoeial method for estimation of the drug. Both the methods
were found to have the advantages for simplicity, stability, sensitivity, reproducibility and accuracy for using as an
alternate to the existing non-spectrophotometric methods for the routine analysis of the drug in pharmaceutical
formulations and also in pharmaceutical investigations involving mefloquine hydrochloride. © 2002 Elsevier Science
B.V. All rights reserved.
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1. Introduction

The recent resurgence of malaria has renewed
interest in hitherto lesser studied antimalarial
agents. One such therapeutic entity is mefloquine
hydrochloride, (+ )erythro-�-(2-piperidyl)-2,8-
bis(trifluoromethyl)-4-quinolinemethanol hydro-
chloride, a blood schizonticide used for
combating drug-resistant-falciparum malaria. The
drug is official in the European Pharmacopoeia
supplement 2001 and the official method of esti-

mation is titrimetry [1]. Various methods have
been reported for its determination out of which
high pressure liquid chromatography [2–12], gas–
liquid chromatography [13,14], gas chromatogra-
phy [15–17], thin-layer chromatography [18],
fluorimetry [19] and capillary zone electrophoresis
[20] are some important methods. Even though an
ultraviolet spectroscopic method [21] (ME1) has
been suggested as a method of analysis, no other
analytical parameter except absorptivity has so
far been reported. In this study, a simple, ultravi-
olet spectrophotometric method for the determi-
nation of mefloquine hydrochloride in methanol
(ME2) has been reported. Analytical parameters
for the method ME1 have also been established
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and compared with those established for the
method ME2.

2. Experimental

2.1. Apparatus

Hitachi U-2000 UV visible spectrophotometer
with quartz cells of 10-mm path length; Bath
sonicator (Model 120W, Vibronics Pvt. Ltd,
Mumbai), Mettler Toledo DL 67 Titrator (Met-
tler Toledo, Switzerland), 589 Blue ribbon S & S
filter paper circles of diameter 125 mm (Schleider
and Schuell GmbH, Germany).

2.2. Materials

Mefloquine hydrochloride (Pharmaceutical
grade) was kindly gifted by Sun Pharmaceutical
Advanced Research Centre (SPARC), Baroda and
was used without any further purification;
methanol, anhydrous formic acid, acetic anhy-
dride, perchloric acid and hydrochloric acid of
analytical grade (S.D. Fine Chem Ltd, Boisar);
0.1 N hydrochloric acid (prepared as per the
method given in the Indian Pharmacopoeia [22]);
stock solutions of mefloquine hydrochloride (i)
SS1 (10 �g ml−1) prepared by dissolving 20 mg of
mefloquine hydrochloride in 100 ml of 0.1 N
hydrochloric acid using a bath sonicator and di-
luting 5 ml of this solution to 100 ml with 0.1 N
hydrochloric acid (ii) SS2 (1 mg ml−1) prepared
by dissolving 10 mg of mefloquine hydrochloride
in 10 ml of methanol.

2.3. Preparation of calibration cur�e

2.3.1. For ME1

Suitable aliquots (1–10 ml) of the stock solu-
tion SS1 were pipetted into 10 ml volumetric flasks
and the volume was made upto 10 ml with 0.1 N
hydrochloric acid. The solutions were shaken well
for proper mixing and their absorbance measured
at 222 nm.

2.3.2. For ME2

Suitable aliquots (0.1–1.0 ml) of the stock solu-

Table 1
Mean absorbance values, regressed values and statistical data
of the calibration curve for the estimation of mefloquine
hydrochloride in 0.1 N hydrochloric acid (ME1)

Mean ABSaConcentration Regressed valuesb

(�S.E.)(�g ml−1)

0.1221 0.116�0.011
0.220�0.0222 0.226

3 0.329�0.014 0.324
4 0.442�0.025 0.423

0.619�0.0295 0.619
8 0.819�0.029 0.815

10 1.002�0.023 1.012

Regression equation++ statistical data. Intercept (a)=
2.974×10−2; slope (b)=9.82×10−2; correlation coefficient=
0.999; ++, n=42.

a Mean of six values.
b Using regression equation.

tion SS2 were pipetted into 10 ml volumetric
flasks. The volume was made up with methanol,
shaken well and the absorbance was measured at
283 nm.

The above procedure for both the methods was
repeated six times. Mean absorbance values along
with the regressed values (method of least
squares) and statistical data for the methods ME1

and ME2 are shown in Tables 1 and 2, respec-

Table 2
Mean absorbance values, regressed values and statistical data
of the calibration curve for the estimation of mefloquine
hydrochloride in methanol (ME2)

Concentrations Regressed valuesbMean ABSa

(�S.E.)(�g ml−1)

10 0.1660.155�0.009
20 0.293�0.017 0.303

0.4410.459�0.03030
0.585�0.02840 0.579

80 1.135�0.057 1.129
1.405100 1.396�0.072

Regression equation++ statistical data; intercept (a)=2.785×
10−2; slope (b)=1.377×10−2; correlation coefficient=0.999;
++, n=36.

a Mean of six values.
b Using regression equation.
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Table 3
Optical characteristics for mefloquine hydrochloride in 0.1 N
hydrochloric acid and methanol

Characteristic Value in 0.1 N Value in
methanolhydrochloric acid

Absorption maxima 221a, 281, 316 222, 283a, 315
(nm)

1–10 10–100Beer’s law limits
(�g ml−1)b

6160.9Apparent molar 44731.7
absorptivityb

(l mol−1 cm−1)

a Analytical wavelength for proposed method.
b At analytical wavelength.

Fig. 2. Wavelength scan for mefloquine hydrochloride in
methanol.

2.5. Selecti�ity

The selectivity of these methods for the estima-
tion of the drug in presence of various tablet
excipients such as starch, lactose, microcrystalline
cellulose, sodium starch glycollate, talc and mag-
nesium strearate was investigated.

A placebo comprising 63% w/w lactose, 15%
w/w starch, 15% w/w microcrystalline cellulose,
4% w/w sodium starch glycollate, 2% w/w talc
and 1% w/w magnesium stearate was prepared. A
1:1 blend of drug and placebo was prepared.
Drug was then extracted from this blend using
methanol and 0.1 N hydrochloric acid separately.
The methanol and acid extracts were filtered
through 589 Blue ribbon S & S filter paper circles
of diameter 125 mm (Schliecher and Schuell,
GmbH, Germany) and absorbance of the filtrates,
appropriately diluted, was measured at 283 and
222 nm for the methanolic acid extracts, respec-
tively. The above procedure was carried out in
triplicate. Results of these determinations are in-
cluded in Table 4.

2.6. Precision and accuracy

In order to determine precision and accuracy of
the methods, solutions containing known
amounts of pure drug were prepared and ana-
lyzed in three replicates. Drug was also extracted
from a blend of placebo and known amount of
drug and analyzed in three replicates. The analyt-
ical results obtained from these investigations for
both methods are summarized in Table 4.

tively. The optical characteristics for the solution
of mefloquine hydrochloride in 0.1 N hydrochlo-
ric acid and in methanol are given in Table 3.
Absorptivity scans over the UV wavelength range
between 200 and 400 nm for a 4 �g ml−1 solution
of mefloquine hydrochloride in 0.1 N hydrochlo-
ric acid and for a 40 �g ml−1 solution in
methanol are shown in Figs. 1 and 2, respectively.

2.4. Stability

Stability of the solutions of mefloquine hydro-
chloride, used for preparing the calibration curves
in both the methods, was ascertained by observing
for changes in the absorbance at their respective
analytical wavelengths over a period of 24 h.

Fig. 1. Wavelength scan for mefloquine hydrochloride in 0.1 N
hydrochloric acid.
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2.7. Comparison with pharmacopoeial method

Samples of pure drug were estimated using the
method detailed in the European Pharmacopoeia
[1]. Results of these estimations are tabulated in
Table 5.

3. Results and discussion

Mefloquine hydrochloride in 0.1 N hydrochlo-
ric acid yields a characteristic curve when scanned
in the ultraviolet wavelength range between 200
and 400 nm. The scan (Fig. 1) shows absorption
maxima at 221, 281 and 316 nm (Table 3) in close
proximity of the maxima reported (222, 283 and
317 nm) [21]. However, a reported peak at 303 nm
was not found to be prominent in our experiment.
The absorptivity at 222 nm was found to be
44731.7 l mol−1 cm−1, which was in good agree-
ment with the reported value [21] (41 800 l mol−1

cm−1) and hence this wavelength was chosen as
the analytical wavelength.

Mefloquine hydrochloride in methanol yields a
characteristic curve similar to that obtained with
0.1 N hydrochloric acid with absorption maxima
at 222, 283 and 315 nm (Table 3). Though the
absorptivity at 222 nm was high it was not se-
lected as analytical wavelength due to its proxim-
ity to the lower limit of the UV transparent region
of methanol (�220 nm). The absorptivity at 283
nm was found more suitable and hence was se-
lected for further investigations. The ultraviolet
spectra in both the cases can be attributed mainly
to the quinoline nucleus in the mefloquine hydro-
chloride molecule [23]. Correlation coefficients for
ME1 and ME2 were found to be 0.999 and 0.997,

respectively, signifying that a linear relation ex-
isted between absorbance and concentration of
the drug.

Beer’s law was found to be obeyed between 1
and 10 �g ml−1 for ME1 and between 10 and 100
�g ml−1 for ME2. Regression analysis was per-
formed on the experimental data. The raw data
along with the results of regression analysis
(method of least squares) is shown in Tables 1
and 2 for ME1 and ME2, respectively. Regression
equations for ME1 and ME2 were y=0.0982x+
0.02974 and y=0.01377x+0.02785, respectively.
The variance of the response variable, Syx

2 , for
ME1 was calculated to be 1.15×10−4 (six degrees
of freedom) and for ME2 was 1.745×10−4 (five
degrees of freedom). These low values indicate the
closeness of the experimental points to the least
squares line. The fact is in concurrence with the
low values of the standard error of the mean
(S.E.M.) absorbances of the solutions used for
preparing the calibration curve. The variances of
both the methods were compared using ‘F ’ distri-
bution to determine whether they were signifi-
cantly different from each other. The calculated
‘F ’ value was found to be 1.52 whereas the tabu-
lated ‘F ’ value was 4.39 for six and five degrees of
freedom in the denominator and numerator, re-
spectively. There is no significant difference in the
variances and hence no difference in variability
exists between the two methods. The variances of
the slope Sb

2, were calculated as 1.7×10−6 for
ME1 and 2.7×10−8 for ME2. The higher slope of
the regressed line of ME1 (0.0982) as compared
with that of ME2 (0.01379) indicates higher sensi-
tivity of ME1 as compared with ME2. This is
supported by the narrower range in which Beer’s
law is obeyed for ME1 (1–10 �g ml−1) as com-

Table 5
Results of pharmacopoeial method for estimation of mefloquine hydrochloride

Exact amount of drug ConfidenceIndividual amounts found (mg) mean Relative mean errorCoefficient of
added (mg) variation (CV)(S.D.)a (RME) limitsb

0.3478 2.02 0.0111 0.3461�0.01740.3509
0.35250.3502
0.33800.3514
0.3461 (0.007)
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pared with that of ME2 (10–100 �g ml−1) and the
higher absorptivity of mefloquine hydrochloride
at 222 nm (44731.7 l mol−1 cm−1) as compared
with the same at 283 nm (6160.9 l mol−1 cm−1).
The value of Sandell’s sensitivity coefficient for
ME1 (9.24×10−6 �g cm−2 per 0.001 abs unit) as
compared with that for ME2 (0.68×10−6 �g
cm−2 per 0.001 abs unit) supports the above
observation. The variances of the intercept, Sa

2,
determined were 5.82×10−5 for ME1 and 8.9×
10−5 for ME2. To examine whether these inter-
cepts were significantly different from zero, the
intercepts were subjected to a ‘t ’ test. The values
of ‘t ’ were obtained as 3.89 for ME1 (five degrees
of freedom) and 2.95 for ME2 (four degrees of
freedom). The corresponding tabulated values of t
were 4.03 and 4.60 at five and four degrees of
freedom at the 1% level. Thus acceptance of the
null hypothesis indicates that these intercepts were
not significantly different from zero. Therefore,
there are no interferences from the solvents used
in the methods, i.e. 0.1 N hydrochloric acid and
methanol.

The stability of mefloquine hydrochloride in 0.1
N hydrochloric acid and in methanol was moni-
tored over a period of 24 h. ANOVA studies of
the mean absorbance values of the solutions of
different concentrations at preselected time inter-
vals indicated that no significant difference existed
between the readings. Thus mefloquine hydro-
chloride is stable over a period of 24 h in both,
dilute acid and methanol.

Estimation of mefloquine hydrochloride was
carried out, using both the methods, in the pres-
ence of various commonly used tablet excipients
at the levels they are normally used. From Table
4, it can be seen that there is no significant
difference between the amount added to the
placebo and the amount recovered (computed ‘t ’
for ME1=0.772, for ME2=3.76, calculated t=
4.30 at two degrees of freedom) P�0.05. Thus,
excipients like starch, lactose, microcrystalline cel-
lulose, sodium starch glycollate, talc and magne-
sium stearate did not interfere with the
estimation. Also, the filtration medium did not
absorb the drug to any extent.

In order to determine the precision and accu-
racy of the methods, known amounts of pure

drug were subjected to recovery studies, using
both the methods, in triplicate. Table 4 summa-
rizes the results of these investigations. Accuracy
of each method was ascertained by using the ‘t ’
test at each level. The computed ‘t ’ values at 20,
25 and 30 mg for ME1 are 1.471, 1.450 and 0.637,
respectively, and for ME2 are 1.461, 0.262 and
4.04, respectively. These values are lower than the
tabulated ‘t ’ value of 4.30 (P�0.05) indicating no
significant difference between the added and the
estimated quantity. To compare the accuracy of
both methods the relative mean error (RME) of
each method was calculated and is shown in Table
4. The relative mean error for ME2 is less than
that for ME1 at each level signifying that ME2 is
more accurate as compared with ME1.

The precision of both the methods was evalu-
ated using the S.D. of the results, the coefficient
of variation and the F-test. The computed F-val-
ues at 20, 25 and 30 mg were 15.5, 53.78 and
711.1, respectively, which were found to be signifi-
cant at P�0.1, P�0.05 and P�0.01, respec-
tively, (tabulated F-values=9.00, 19.0 and 99.0,
respectively). This indicates that a significant dif-
ference exists between the precision of both the
methods. The higher S.D. of the results and the
higher coefficient of variation associated with
ME1 as compared with those of ME2 make the
former a relatively less precise method. This is
also reflected in the larger confidence limits (Table
4) for different levels when ME2 is used for esti-
mation. The decreasing level of significance with
increasing amounts of drug points to the impor-
tance of amount of drug when using method ME1

probably due to the limited solubility of
mefloquine hydrochloride in dilute acid [23]. The
results of recovery of drug from the drug–placebo
blend (Table 4) supports the above observations.

The proposed methods were compared with the
method given in the European Pharmacopoeia [1].
The pharmacopoeia method involved non-
aqueous titration using perchloric acid. Results of
the determination in triplicate are given in Table
5. From the results, it can be seen that the pro-
posed methods are comparable to the pharmaco-
poeial method in terms of accuracy and precision.
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4. Conclusions

Mefloquine hydrochloride can be estimated us-
ing both the methods ME1 (0.1 N hydrochloric
acid) and ME2 (methanol) at 222 and 283 nm,
respectively. Both methods have the advantages
of simplicity, stability, sensitivity, reproducibility
and accuracy. However, method ME1 is associ-
ated with higher sensitivity but lower precision as
compared with ME2. The non-interference of
tablet excipients makes the methods suitable for
the estimation of the drug in tablets and hence
can be used for routine quality control of
mefloquine hydrochloride formulations. It is rec-
ommended that ME1 be used when the amount of
mefloquine hydrochloride in the formulation is
low since mefloquine hydrochloride has limited
solubility in dilute acid. Mefloquine hydrochlo-
ride, being freely soluble in methanol, ME2 can be
used for formulations containing higher amounts
of mefloquine hydrochloride. It is also recom-
mended strongly that a bath sonicator be used
when ME1 is being used for estimation to ensure
fast and complete dissolution of the drug.

Results of the above study indicates the suit-
ability of the methods to estimate mefloquine
hydrochloride in bulk as well as in formulations.
The developed methods are comparable to the
official method elaborated in the European Phar-
macopoeia. They may also be selected as an alter-
native to the existing, time-consuming and
expensive methods like gas chromatography and
high performance liquid chromatography
(HPLC).
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