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This paper describes the development and validation of a HPLC-UV method (210 nm) for the simultane-
ous quantitation of artemether and lumefantrine in fixed dose combination tablets. The method showed
to be linear (r2 > 0.99), precise (R.S.D. < 2.0%), accurate (recovery of 101.07% for artemether and 101.58%
for lumefantrine), specific and robust. Four batches of artemether–lumefantrine tablets were assayed
by the validated method. The artemether contents in the tablets varied from 98.61% to 103.35%, while
lumefantrine contents were 97.92–100.48%.

© 2008 Elsevier B.V. All rights reserved.
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. Introduction

Malaria is the world’s most important parasitic infection, rank-
ng among the major health and developmental challenges for the
oor countries of the world [1]. One of the greatest challenges fac-

ng malaria control worldwide is the spread and intensification of
arasite resistance to antimalarial drugs. The limited number of
uch drugs has led to increasing difficulties in the development of
ntimalarial drug policies and adequate disease management [2].

Artemisinin-based combination therapy (ACT) is increasingly
eing advocated as promising treatment. ACT is based on the use of
wo drugs with different modes of action: an artemisinin-derivative
hat causes rapid and effective reduction of parasite biomass and
ametocyte carriage and a partner drug that has a longer duration
f action [3].

Artemether–lumefantrine is an ACT widely used nowadays and
onsists of a registered fixed dose combination of artemether
20 mg) and lumefantrine (120 mg) in tablets (Fig. 1). The ratio-
ale is that artemether will rapidly reduce parasitemia, resulting in
ymptomatic relief, and lumefantrine will eliminate the remaining

arasites [4]. World Health Organization (WHO) recommends this
ssociation as first line therapy for falciparum malaria in endemic
reas [5].
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The increasing use of artemether–lumefantrine association as
n effective treatment for resistant malaria demands the need
f analytical methods to simultaneously quantify these drugs in
ablets in order to evaluate its quality. Some papers have described
he analysis of artemether in plasma, based on HPLC with electro-
hemical [6–8] or mass spectrometry detection [9]. Few methods
re available to assay artemether in pharmaceutical products
10,11]. The quantitative determination of lumefantrine in plasma
as been described using HPLC with UV detection [12–15]. How-
ver, there is no method reported regarding the simultaneous
uantitation of artemether and lumefantrine.

Hence, the aim of this study was to develop and validate a HPLC
ethod, using UV detection, to simultaneously quantify artemether

nd lumefantrine in fixed dose combination tablets. Due to the low
olar absorptivity of artemether in the UV region (210 nm), and

he lower concentration of this drug in the tablets compared to
umefantrine, standard addition of artemether was carried out to
mprove its detection. The validated method was applied to the
nalysis of tablets containing the artemether–lumefantrine associ-
tion (20 + 120 mg).

. Experimental
.1. Reagents and materials

Artemether and lumefantrine reference standards were pur-
hased from Dafra Pharma (Turnhout, Belgium). Coartem®

Novartis, Basel, Switzerland) tablets were kindly donated by

http://www.sciencedirect.com/science/journal/07317085
mailto:isaccesar@bol.com.br
dx.doi.org/10.1016/j.jpba.2008.05.022
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Fig. 1. Chemical structures of artemether (A) and lumefantrine (L).

razilian Health Ministry and Co-artesiane® tablets were pur-
hased from Dafra Pharma (Turnhout, Belgium). Ultra-pure water
as obtained from a Millipore system (Bedford, MA, USA). Ace-

onitrile, trifluoroacetic acid and chloroform (HPLC grade) were
btained from Tedia (Fairfield, OH, USA).

.2. Instrumental and analytical conditions

The HPLC analyses were carried out on an Agilent 1200 system
Palo Alto, CA, USA), composed of a quaternary pump, autosam-
ler, diode array detector (DAD) and HP ChemStation software.
he columns evaluated were a Zorbax SB-Ciano (150 × 4.6 mm
.d.; 5 �m particle size) from Agilent (Santa Clara, CA, USA) and a
ymmetry C18 (250 × 4.6 mm i.d.; 5 �m particle size) from Waters
Milford, MA, USA), both maintained at 30 ◦C. UV detection was
erformed at 210 nm. UV spectra from 190 to 400 nm were online
ecorded for peak identification. The injection volume was 20 �l.
n isocratic mobile phase containing acetonitrile and 0.05% triflu-
roacetic acid (60:40, v/v) was used at a flow rate of 1.0 ml/min. The
eparation of artemether and lumefantrine was evaluated in differ-
nt proportions of these solvents and, for each condition, retention
actor (k) and resolution (R) were calculated. In order to determine
, t0 was estimated by injecting a 0.01% (w/v) NaNO3 solution in
obile phase onto the chromatograph. The optimized condition
as achieved using the Zorbax SB-Ciano column and a mobile phase

omposed of acetonitrile and 0.05% trifluoroacetic acid (60:40), pH
.35.

.3. Preparation of standard solutions

.3.1. Artemether–lumefantrine standard solution
Approximately 40 mg of artemether and 30 mg of lumefantrine

eference standards were accurately weighed and transferred to a
00 ml volumetric flask. Chloroform (2 ml) was added to ensure
omplete solubilization, followed by the addition of 80 ml of
cetonitrile. The volume was filled to the mark with 0.05% trifluo-
oacetic acid, to obtain a solution at 400 �g/ml of artemether and
00 �g/ml of lumefantrine.

.3.2. Artemether stock solution
Approximately 175 mg of artemether reference standard was

ccurately weighed and transferred to a 100 ml volumetric flask.
hloroform (2 ml) was added to ensure complete solubilization
nd the flask volume was completed with acetonitrile. The final
oncentration was 1750 �g/ml of artemether.
.3.3. Artemether work solution
An aliquot of 10 ml of artemether stock solution was transferred to

50 ml volumetric flask and the volume was adjusted with mobile
hase, to obtain a solution at 350 �g/ml of artemether.
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.4. Analysis of fixed dose combination tablets

Three different batches of Coartem® and one batch of Co-
rtesiane® were analyzed using the validated method. Artemether
tandard was added to the samples, with the aim of increasing the
eak area of artemether in the chromatograms and thereby improv-

ng the detection of this compound. Due to the poor solubility of
umefantrine, chloroform was added to ensure the complete sol-
bilization of the samples. For the analysis, six replicates of each
atch were assayed. The tablets were weighed and finely pow-
ered. An accurately weighed portion of the powder, equivalent to
bout 25 mg of artemether and 150 mg of lumefantrine, was trans-
erred to a 100 ml volumetric flask followed by the addition of 5 ml
f chloroform. The solution was sonicated for 3 min and diluted
ith acetonitrile to volume. An aliquot of 10 ml of this solution was

ransferred to a 50 ml volumetric flask and 10 ml of the artemether
tock solution (described in Section 2.3) was added. The volume was
djusted with mobile phase. An artemether work solution was also
repared by diluting 10 ml of the artemether stock solution to 50 ml
ith mobile phase. To calculate artemether content in the tablets,

he peak area of artemether obtained in the artemether work solu-
ion was subtracted from the peak area of artemether obtained in
he sample solutions. The difference corresponds to the amount of
rtemether originally present in the tablet samples.

.5. Validation

.5.1. Linearity
Standard solutions containing 750 �g/ml of lumefantrine were

repared, in triplicate. Aliquots of these solutions were diluted in
obile phase to five different concentrations, corresponding to 150,

25, 300, 375 and 450 �g/ml of lumefantrine. For the artemether,
olutions were prepared using the standard addition procedure.
tock sample solutions containing 250 �g/ml of artemether were
repared in triplicate. An aliquot of these sample solutions was
iluted in mobile phase and 10 ml of artemether stock solution, cor-
esponding to 350 �g/ml of artemether, was added. Therefore, the
nal concentrations were 375, 387.5, 400, 412.5 and 425 �g/ml of
rtemether. Calibration curves for concentration versus peak area
ere plotted for each compound and the obtained data were sub-

ected to regression analysis using the least squares method with a
eighting factor of 1/x.

.5.2. Precision
The intra-day precision was evaluated by analyzing six sample

olutions (n = 6), at the final concentration of analyses (400 �g/ml
f artemether and 300 �g/ml of lumefantrine). Similarly, the
nter-day precision was evaluated in three consecutive days
n = 18). The artemether and lumefantrine concentrations were
etermined and the relative standard deviations (R.S.D.) were cal-
ulated.

.5.3. Accuracy
Artemether and lumefantrine reference standards were accu-

ately weighed and added to a mixture of the tablet excipients,
t three different concentration levels (300, 400 and 500 �g/ml
f artemether and 225, 300 and 375 �g/ml of lumefantrine). At
ach level, samples were prepared in triplicate and the recovery
ercentage was determined.
.5.4. Specificity
Spectral purities of artemether and lumefantrine chromato-

raphic peaks were evaluated using the UV spectra recorded by
diode array detector. In addition, a solution containing a mixture
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Table 1
Chromatographic parameters for artemether and lumefantrine at different mobile
phase compositions using a Zorbax SB-Ciano column

Mobile phase composition,
Acetonitrile:0.05%
trifluoroacetic acid

Artemether
retention
factor (k)

Lumefantrine
retention
factor (k)

Resolution (R)

80:20 0.32 0.28 0.00
75:25 0.38 0.36 0.00
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Fig. 2. Chromatograms obtained for (A) a sample solution at 400 �g/ml of
artemether and 300 �g/ml of lumefantrine and (B) a mixture of the tablet excip-
ients, using a Zorbax SB-Ciano column (150 × 4.6 mm i.d.; 5 �m) and a mobile phase
c
1
(

r
c

3

d

0:30 0.48 0.56 0.00
5:35 0.63 0.91 0.54
0:40 0.86 1.53 2.38
5:45 1.14 2.19 3.23

f the tablet excipients was prepared using the sample prepara-
ion procedure and injected onto the chromatograph, to evaluate
ossible interfering peaks.

.5.5. Robustness
Six sample solutions were prepared and analyzed under the

stablished conditions and by variation of the following analytical
arameters: flow rate of the mobile phase (0.8, 1.0 and 1.2 ml/min),
cetonitrile proportion in mobile phase (58%, 60% and 62%), mobile
hase pH (2.15, 2.35 and 2.55) and column temperature (25, 30
nd 35 ◦C). The artemether and lumefantrine contents were deter-
ined for each condition and the obtained data were submitted for

tatistical analysis (ANOVA test).

.5.6. Detection and quantitation limits
Combined standard solutions were prepared by sequential

ilutions and injected onto the chromatograph, at decreasing
oncentrations, in the range of 0.13–15 �g/ml of artemether and
.10–11.25 �g/ml of lumefantrine. The limit of detection was
efined as the concentration for which a signal-to-noise ratio of
was obtained and, for quantitation limit, a signal-to-noise ratio

f 10 was considered.

. Results and discussion

The chromatographic parameters were initially evaluated using
Symmetry C18 column and a mobile phase composed of acetoni-

rile and 0.05% trifluoroacetic acid (80:20). Under these conditions,
he retention factors obtained for artemether and lumefantrine
ere 5.05 and 0.61, respectively. In spite of achieving a good resolu-

ion, this condition exhibited a long run time, since artemether peak
as eluted after 9 min. Hence, the Symmetry C18 was substituted by
Zorbax SB-Ciano column. Using this column, different proportions
f mobile phase solvents were evaluated, to obtain an adequate res-
lution between artemether and lumefantrine peaks (Table 1). The
obile phase composed of acetonitrile and 0.05% trifluoroacetic

cid (60:40) promoted an adequate separation (R = 2.38), and a
hort run time (5 min), and so, this condition was adopted in sub-
equent analyses (Fig. 2A).

Artemether shows UV absorption only in the initial wavelengths
f the spectrum (200–220 nm), due to the absence of chromophores
n its structure. Nevertheless, the artemether absorptivity is con-
iderably low in this region, resulting in HPLC-UV methods with
oor sensitivity. Hence, a HPLC method with UV detection was
eveloped by means of artemether standard addition to the sample
olutions. This approach allowed an adequate artemether detection
nd consequently quantitation at 210 nm.

.1. Validation
.1.1. Linearity
A linear correlation was found between the peak areas and

he concentrations of artemether and lumefantrine, in the assayed
ange. The regression analysis data are presented in Table 2. The

a
p
(
l
p

omposed of acetonitrile and 0.05% trifluoroacetic acid (60:40), at a flow rate of
.0 ml/min. Detection was performed at 210 nm. Peak assignation: (1) chloroform;
2) artemether and (3) lumefantrine.

egression coefficients (r2) obtained were higher than 0.99 for both
ompounds, which attest the linearity of the method.

.1.2. Precision
Mean contents of artemether and lumefantrine in the intra-

ay precision analysis (n = 6) were 405.95 �g/ml (R.S.D. = 1.23%)
nd 297.03 �g/ml (R.S.D. = 0.89%), respectively. For the inter-day

recision (n = 18), the mean contents obtained were 406.92 �g/ml
R.S.D. = 1.07%) and 297.35 �g/ml (R.S.D. = 0.89%) for artemether and
umefantrine, respectively. R.S.D. values, lower than 2.0%, assure the
recision of the method.
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Table 2
Calibration curve data for artemether and lumefantrine

Regression parameters Artemether Lumefantrine

Regression coefficient, r2 0.9984 0.9998
Slope ± standard error 1.08 ± 0.01 56.80 ± 0.24
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Table 3
Contents of artemether and lumefantrine in the fixed dose combination tablets
(n = 6)

Sample tablet Batch Content (%) ± S.D.

Artemether Lumefantrine

Coartem® A 101.69 ± 1.09 99.02 ± 0.63
B 103.35 ± 1.25 97.92 ± 0.24
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[
[

[

ntercept ± standard error −100.61 ± 4.74 192.65 ± 76.25
elative standard error (%) 0.25 0.57
oncentration range (�g/ml) 375–425 150–450
umber of points 5 5

.1.3. Accuracy
It was investigated by means of addition of artemether and

umefantrine reference standards to a mixture of the tablet excipi-
nts. Artemether mean recovery (n = 9) was 101.07% (R.S.D. = 0.52%)
nd lumefantrine mean recovery was 101.58% (R.S.D. = 0.25%),
emonstrating the accuracy of the method.

.1.4. Specificity
Peak purities higher than 99.0% were obtained for artemether

nd lumefantrine in the chromatograms of sample solutions,
emonstrating that other compounds did not co-elute with the
ain peaks. The chromatogram obtained with the mixture of the

ablet excipients showed no interfering peaks in the same retention
ime of artemether and lumefantrine (Fig. 2B).

.1.5. Robustness
Statistical analysis showed no significant difference between

esults obtained employing the analytical conditions established
or the method and those obtained in the experiments in which
ariations of some parameters were introduced. Thus, the method
howed to be robust for changes in mobile phase flow rate from
.8 to 1.2 ml/min, acetonitrile proportion from 58% to 62%, mobile
hase pH in the range of 2.15–2.55 and column temperature from
5 to 35 ◦C.

.1.6. Detection and quantitation limits
According to the determined signal-to-noise ratio, artemether

nd lumefantrine presented limits of detection of 5 and 0.1 �g/ml
nd limits of quantitation of 15 and 0.5 �g/ml, respectively. How-
ver, the objective of the method is the simultaneous quantitation
f artemether and lumefantrine, so that the values obtained for
rtemether should be considered as the limit of method sensitivity.
ence, the detection limit established was 5 �g/ml of artemether
nd 3.75 �g/ml of lumefantrine and the quantitation limit was
5 �g/ml of artemether and 11.25 �g/ml of lumefantrine, the same
ompounds proportion found in the sample solutions injected onto
he chromatograph.

.2. Analysis of fixed dose combination tablets

Samples of fixed dose combination tablets (Coartem® and
o-artesiane®) containing 20 mg of artemether and 120 mg of

umefantrine were analyzed using the validated method. The
esults obtained are presented in Table 3. All analyzed batches
resented artemether and lumefantrine contents very close to the

abeled amount. The artemether content in the tablet samples var-

ed from 98.61% to 103.35%, while lumefantrine content varied from
7.92% to 100.48%.

The development of simple and reliable methods is essential to
ssure the identification and quantitative determination of anti-
alarial drugs, since the problem of counterfeit or substandard

[

[

[

C 98.61 ± 0.59 98.89 ± 0.53

o-artesiane® A 101.71 ± 1.00 100.48 ± 0.23

.D. = standard deviation.

ntimalarials is well established all over the world. The use of
hese poor quality drugs might contribute to the development of
lasmodium resistance in endemic areas due to the exposition to
nti-infective subtherapeutic doses [10,11]. The quality control of
he antimalarial pharmaceutical preparations marketed nowadays

ay help to assure the treatment efficacy and avoid the develop-
ent of resistance to antimalarial drugs.

. Conclusion

This study was the first report of simultaneous determination of
rtemether and lumefantrine in fixed dose combination tablets. The
eveloped method showed to be a simple and suitable technique
o quantify these antimalarials and might be employed for quality
ontrol analysis, as well as in further studies in other matrices, such
s plasma. The artemether–lumefantrine tablets analyzed by the
alidated method showed adequate quality and drug contents in
oncordance with the labeled amount.
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