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ABSTRACT

Lumefantrine is an aryl amino alcohol derivative widely used in combination with artemether for the therapy of malaria. A simple
and accurate spectrophotometric method has been developed and validated for the quantitative determination of lumefantrine
in finished pharmaceutical products. The proposed method is based on the charge-transfer (CT) reaction of lumefantrine (as
n-electron donor) with picric acid (2, 4, 6-trinitrophenol) as m-acceptor to give a highly colored CT complex. The different
variables affecting the reaction such as reagent concentration, dilution solvent, and reaction time were carefully optimized to
achieve the highest sensitivity. The lumefantrine-picric acid CT complex was quantified spectrophotometrically at 420 nm, and
Beer’s law was obeyed over the concentration range of 20-100 pg/mL with correlation coefficient (r*) of 0.9981. The limit of
detection and quantification were found to be 0.884 pg/mL and 1.507 pg/mL, respectively, for the method. The proposed method
was also found to give comparable results with the official method as no statistically significant differences were found in the
percentage drug content for five brands assayed by both methods. The developed method can, therefore, be successfully applied
to analyze lumefantrine content in both raw materials and finished pharmaceutical products.
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1. INTRODUCTION

Malaria is a parasitic disease caused by protozoa belonging to
the Plasmodium species and is a leading cause of morbidity and
mortality globally. The latest WHO estimates show that there were
approximately 219 million cases of malaria in 2017 and an estimated
435,000 deaths [1]. The Plasmodium parasite has developed
resistance to almost all of the previously effective medications such
as chloroquine, sulfadoxine and this led the WHO to recommend the
use of artemisinin-based combination treatments as first-line therapy
for malaria [2]. Aside from the emergence of resistance, another major
challenge facing malaria control programs, especially in developing
countries is the high prevalence of substandard and counterfeit drugs.
A recent study reported that as much as 40% of the artemisinin-
containing antimalarial medicines circulating in some Asian and
sub-Saharan African countries are counterfeit [3]. This has been
linked to high demand for these drugs which provides an economic
incentive for unscrupulous individuals involved in counterfeiting
and adulterating these essential drugs. There is, therefore, the need to
continuously monitor the quality of the antimalarial drugs available
in the market.

Lumefantrine (or benflumetol) is an aryl amino alcohol class
antimalarial drug widely used in endemic areas for the treatment of
malaria [4]. It is commercially available as a fixed-dose combination
with artemether [5] and has been shown to be highly effective in the
treatment of resistant malaria. Chemically, lumefantrine is a racemic
fluorene derivative with the chemical name (1RS)-2-(dibutylamino)-
1-{(9Z)-2,7-dichloro-9-[(4-chlorophenyl)methylidene]-9H-fluoren-4-
yl}ethanol. Both the dextrorotatory and laevorotatory forms have been
demonstrated to have similar antimalarial action against the Plasmodium
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parasite. The drug is highly plasma protein bound (=99%) [6] and its
mechanism of antimalarial action is still a subject of investigation [7].

Lumefantrine monograph is official in USP Salmous [8] and also in
the International Pharmacopoeia [9] which specifies a non-aqueous
titrimetric method for the assay of the drug. A review of existing
literature reveals that several unofficial assay methods have been
developed and deployed for the determination of the drug. Some of
these include ultraviolet (UV) spectrophotometry [10-15]. Another
group [16] developed a colorimetric assay method in which a charge
transfer (CT) complex was formed between lumefantrine and chloranilic
acid with measurements carried out at 520 nm. High-performance
liquid chromatography (HPLC)-UV methods have also been
developed for the drug [17-24]. Several reverse phase-HPLC methods
have also been used for the simultaneous estimation of lumefantrine
and artemether [25-29]. Several liquid chromatographic tandem-mass
spectrometry methods have also been developed as alternatives to
HPLC-UYV forthe determination of lumefantrine [30-37]. Other methods
that have been used for lumefantrine assay include: High-performance
thin-layer chromatography [38], potentiometry [39], microemulsion
electrokinetic chromatography [40], and gas chromatography [41].
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The aforementioned methods each have their unique strengths and
advantages, but many of them are generally complex in nature and
may require the use of expensive instruments.

The ever increasing use of lumefantrine (in combination with
artemether) as first-line treatment for malaria in malaria-endemic
regions demands the development of new and alternative methods
which are simple and easy to carry out to enable the successful assay
of the drug. The aim of the present work is, therefore, to develop a
validated, rapid, reliable, and sensitive analytical method for the
quantification of lumefantrine in pure form and also in the combined
pharmaceutical dosage form.

2. MATERIALS AND METHODS
2.1. Materials

Analytically pure drug sample of lumefantrine was obtained from
Emzor Pharmaceuticals, Lagos, Nigeria. Five different brands of
marketed tablet formulation (Artemether 80 mg and lumefantrine
480 mg) were procured from local pharmacy stores in Jos, Nigeria.
All solvents and chemicals were of analytical grade and used without
further purification.

2.2. Instruments and Software

Lumefantrine quantification was performed using double beam
UV-visible spectrophotometer (Shimadzu Corporation, model UV
1650) having two matched quartz cells with 1 cm optical pathlength
in the wavelength range from 200 to 800 nm. Other equipment used
included electronic analytical balance (Mettler Toledo, UK). UV Probe
Software version 2.35 (Shimadzu 1650, Japan) was used for method
development and validation of the spectrophotometric method. The
rest of the calculations were performed with the help of Microsoft
Excel 2010 software (Microsoft Corporation, USA).

2.3. Preparation of Lumefantrine Standard Solution

An accurately weighed 100 mg of standard lumefantrine was
transferred into a 100 mL volumetric flask, dissolved in 25 mL
dimethylformamide, and the volume was made up to mark with
dimethylformamide to obtain a 1000 pg/mL stock solution. This
stock solution was subsequently diluted to obtain a working standard
solution and was used for optimization experiments.

2.4. Preparation of Picric Acid Solution

A 100 mg of the crystals of picric acid was weighed accurately and dissolved
in dimethylformamide which was made up to the 100 mL marks of the
volumetric flask to give a concentration of 100 mg/100 mL (0.1% w/v).
This solution was further diluted to give a concentration of 0.01% w/v.

2.5. General Procedure

Different aliquots (1.0, 2.0, 3.0, 4.0, and 5.0 mL) of the standard
lumefantrine solution (200 pg/mL) in dimethylformamide were
transferred to a series of pre-calibrated 10 mL-volumetric flasks
followed by addition of 2.0 mL of picric acid solution (0.01% w/v)
to each of the flasks in order. The flasks were shaken and the contents
allowed to react for 10 min before their volumes were made up to
10 mL with dimethylformamide to give final drug concentration in
the range of 20—100 pg/mL. The above solutions were all prepared in
triplicates. The absorbance of each solution was measured at 420 nm
against a reagent blank.

2.6. Optimization of Reaction Conditions

The optimal conditions for the CT reaction between lumefantrine
and picric acid were determined using the single factor test method
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in which a single analytical condition is varied while keeping others
constant. The conditions studied include investigating the effect of
varying concentration of picric acid, solvent polarity, and reaction time.

2.7. Stability of the CT Complex

The stability of the complex was monitored at 420 nm over a 24 h
period.

2.8. Stoichiometry of the Reaction

To establish the mole ratio of the reaction between lumefantrine and picric
acid, Job’s method of continuous variation of equimolar solutions was
employed. The solutions equivalent to 4.365x10° M were prepared by
dissolving the calculated amounts of lumefantrine in DMF. A solution of
picric acid of similar concentration (4.365x 10> M) was also prepared in
DMF. A series of solutions were then prepared in which the total volume
of lumefantrine and picric acid was maintained at 5 mL. The drug and
the reagent were mixed in various proportions (0:5, 1:4, 2:3,3:2,4:1, and
5:0), and the absorbance of the resultant charge-transfer complex was
measured at 420 nm. The absorbance was then plotted against the mole
fraction of the drug ([drug]/([drug] + [reagent]).

2.9. Method Validation

The method was validated with respect to linearity, sensitivity, precision,
and accuracy in accordance with ICH Q2 (R1) guidelines [42].

2.9.1. Linearity

The linear relationship between concentration and absorbance for the
drug was evaluated over the concentration range of 20-100 pg/mL.
The linearity range for lumefantrine was replicated 5 times.

2.9.2. Sensitivity

The sensitivity of the method was measured in terms of limit of detection
(LOD) and limit of quantification (LOQ). LOD and LOQ of the
developed method were calculated from the standard deviation of the
response (o) and slope of the calibration curve (S) of each drug using
the formula, limit of detection =3.3*c/S; Limit of quantitation=10*c/S.

2.9.3. Precision

The precision of the developed method was evaluated by performing
intraday and inter-day precision studies. Intraday precision was
carried out by performing three replicates (at morning, afternoon, and
evening) at three different concentrations (50, 100, and 150 pg/mL for
lumefantrine) on the same day, and percent relative standard deviation
(%RSD) was calculated. Interday precision study was assessed by
analysis of the mentioned concentrations of the drug on three different
days in triplicate, and % RSD was calculated.

2.9.4. Accuracy

To ascertain the accuracy of the proposed method, recovery studies
were carried out using a standard addition method by adding a known
amount of standard (5, 10, and 15 pg/mL) to the marketed tablet
(10 pg/mL) at 50, 100, and 150% level. The mean percentage recovery
was calculated. Recovery studies were performed in triplicate.

2.10. Analysis of Marketed Formulation

For the analysis of lumefantrine in the tablets, an amount of powdered
drug equivalent to 0.10 g for each brand was weighed and dissolved in
some DMF in a 100 mL volumetric flask. The solution was sonicated
for 30 min, and the volume was later made up to mark with the same
solvent. The solution was filtered through Whatman filter paper
No. 42. Then, 1 mL filtrate was taken and transferred to another
10 mL volumetric flasks and further processed using the optimized CT
complexation procedure as outlined above. The content of lumefantrine
in the brands was also analyzed using the official assay method which
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is non-aqueous titration with perchloric acid [9]. Sample solutions
were prepared and analyzed in triplicate.

2.11. Statistical Analysis

Statistical analysis was performed using the student’s t test to compare
the assay results for different brands containing lumefantrine using
the newly developed method and the standard non-aqueous titrimetric
method. p<0.05 was considered significant.

3. RESULTS AND DISCUSSION

The interaction between CT reagents and basic drugs in certain solvents
leads to the formation of colored products which has been attributed to
the dissociation of ion-pair salt into radical anions [43]. Lumefantrine
usually shows maximum absorption at 234 nm which is in the UV
region. On its reaction with the CT reagent (picric acid), it shows a red
(bathochromic) shift. The nitrogen atom present in the tertiary amine of
lumefantrine serves as n-electron donor, donating electrons to the picric
acid which is a pi-acceptor and this result in the formation of the CT
complex. The dissociation of this CT complex leads to the formation
of the intensely yellow colored radical ions which gives maximum
absorbance at 420 nm. The proposed mechanism for the formation of
the CT complex is illustrated in Figure 1. Picric acid has been used for
the spectrophotometric determination of drugs containing n-electron
donors [44].

3.1. Optimization of Reaction Conditions

3.1.1. Effect of reagent volume

It was found that increasing the reagent concentration increases the
absorbance of the colored complex. However, 2 mL of 0.01% picric
acid was found to be sufficient for the attainment of maximum and
reproducible color intensity (Figure 2).

HaC

OH
= NO
—
+
——
NO 2

3.1.2. Effect of solvent

Different solvents such as chloroform, methanol, dichloromethane,
acetonitrile, and dimethylformamide were tried for the CT reaction in the
present study. Dimethylformamide was found to be best suited as it leads
to the formation of stable complex and also gives maximum color intensity
(Figure 3); hence, it was also used as the diluting solvent in the study.

3.1.3. Effect of reaction time

The optimum reaction time was determined by following the
absorbance of the color developed with respect to different time
intervals (Figure 4). In this study, complete color development was
attained after 10 min, and the complex remains stable for 10 h at room
temperature.

3.2. Stoichiometry of the Reaction

The composition of the complex formed was determined by employing
Job’s method of continuous variation [45]. A mole ratio of 1:1 was obtained
from the reaction of equimolar solutions of lumefantrine and picric acid.
The stoichiometric ratio of drug: reagent is illustrated in Figure 5.

3.3. Method Validation
3.3.1. Linearity

Using the optimized experimental conditions for the reaction,
calibration graphs (Figure 6) were obtained by plotting the measured
absorbance versus varying concentration of lumefantrine and linear
regression analysis by least squares method was carried out to obtain
the values of correlation coefficients. The proposed method obeys
Beer’s law and linear plots with low intercept, and good correlation
coefficients were obtained in the concentration ranges of 20-100 pg/
mL. Other statistical parameters, namely, intercept (b), slope (a), molar
absorptivity, and Sandell’s sensitivity values were calculated as well
and are given in Table 1.

HaC
OH
NO 2
NO 2
HaC
HaC 0N
= O
[»]) N i nQ NO 2
OzN

Figure 1: Possible reaction pathway for the formation of charge-transfer complex between lumefantrine and picric acid.
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3.3.2. Sensitivity

LOD and LOQ were determined based on the standard deviation of
response (intercept) and slope of the calibration curve, according to
ICH guideline (ICH, 1996). LOD and LOQ of the developed method
were found to be 0.884 and 1.507 pg/mL indicating the sensitivity of
the proposed method (Table 1).

3.3.3. Precision

The experiment was repeated 3 times within a day (intraday precision),
and the average %RSD values of the results were calculated. Similarly,
the experiment was repeated on 3 different days (interday precision)
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Figure 2: Effect of reagent (picric acid) volume on lumefantrine-
picric acid charge transfer complex formation.

0.4 -
0.35 4
0.3 A
0.25
0.2 A

Absorbance

0.15
0.1
0.05

Solvent

Figure 3: Effect of solvent on lumefantrine picric acid charge
transfer complex formation.
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Figure 6: Calibration curve for lumefantrine picric acid charge-
transfer complex.
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and the average %RSD values were calculated. The interday variation
ranged between 0.19 and 1.90% while the intraday variation ranged
from 0.29 to 1.88% for the method. The developed method was found
to be highly precise as the %RSD values for intraday and interday
precision were all <2% [42].

3.3.4. Accuracy

The accuracy of the method was evaluated by applying the standard
addition method where good mean recoveries were obtained ranging
from 99.96 to 100.49% for the method. %RSD values were found to be
<2% confirming the accuracy of the proposed method.
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Figure 4: Effect of reaction time on lumefantrine picric acid
charge transfer complex formation.
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Figure 5: Continuous variation plots for lumefantrine picric
acid charge-transfer complex.

Table 1: Summary of analytical parameters for the proposed
method.

Parameter Result
Absorption maximum 420 nm
Regression equation Yabs=0.0108x+0.1037
Correlation coefficient (rz) 0.9981

Beers law limit
Molar absorptivity
Sandell’s sensitivity
Limit of detection

Limit of quantification

20-100 pg/mL
8.63x10* L/mol/cm
1.632 pg/em’
0.884 pg/mL
1.507 pg/mL
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Table 2: Percentage content (%) of lumefantrine£SD in
tablets using proposed method compared to the International
Pharmacopoeia method.

Brand Label claim Titrimetric Developed
method [9] method
Coartem™ 480 mg 102.31+0.88 103.06+0.75
Gvither Plus® 480 mg 100.19+0.84 101.80+0.43
Kart-Lu® 480 mg 98.01+0.84 99.67+0.68
Larict Forte®™ 480 mg 100.68+1.04 101.90+0.54
Co-mal Forte®™ 480 mg 99.43+0.92 98.96+0.63

n (number of replicates) = 3, *indicates significant difference at
p<0.05. SD: Standard deviation

3.4. Method Application in Dosage form Analysis

The proposed method was applied to the determination of lumefantrine
in pharmaceutical dosage forms, and the results obtained are given in
Table 2. The percentage content in the brands was also determined
using the official non-aqueous titrimetric method and the statistical
values of the t-test obtained at 95% confidence level, indicate that
there were no significant differences found between the drug contents
in the brands as assessed by both the new method and the official
method. This suggests that the CT complexation method is reliable and
accurate and can produce comparable results with the official methods
for the assay of the drug. The high percentage recovery values also
show that the method has the advantage of being potentially free from
interference by excipients indicating that the method can be applied
in the routine quality control of lumefantrine in bulk form and for
marketed formulations in the combined dosage form.

4. CONCLUSION

A simple and rapid spectrophotometric method for the determination
of lumefantrine by CT complexation with picric acid was successfully
developed and validated as per the ICH guidelines. The procedure is
accurate and precise and could find application in quality control of
this essential antimalarial agent.
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