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ABSTRACT: A simple, sensitive, specific, precise, and accurate 

stability-indicating reverse phase liquid chromatographic method was 

developed to simultaneously determine Artemether and Lumefantrine 

in bulk drugs and pharmaceutical formulations. The chromatographic 

analysis was performed by Microsorb MV100-5 C-18 column (250 x 

4.6mm, 5 µm), with a mobile phase consisting of buffer and 

acetonitrile in the ratio of 65:35v/v, orthophosphoric acid used as a 

buffer (pH 3.5), at a flow rate of 1 ml/min and eluents monitored at 

254nm. The method was validated for linearity, accuracy, precision, 

robustness, and application for assay as per ICH guidelines. The 

retention times of Artemether and Lumefantrine were 2.67 and 4.62 

min, respectively. The calibration curves of peak area versus 

concentration, which were linear from 530µg/ml for Artemether and 

60-210µg/ml for Lumefantrine had a regression coefficient (r
2
) greater 

than 0.999 & precise (R.S.D. < 2.0%). The method had the requisite 

accuracy, precision, and robustness for simultaneous determination of 

Artemether and Lumefantrine in tablets. 

INTRODUCTION: Malaria is the world’s most 

important parasitic infection, ranking among the 

major health and developmental challenges for the 

world's poor countries 
1
. One of the greatest 

challenges facing malaria control worldwide is 

spreading and intensifying parasite resistance to 

antimalarial drugs. Artemisinin-based combination 

therapy (ACT) is increasingly being advocated as a 

promising treatment.  
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ACT is based on using two drugs with different 

modes of action: an artemisinin-derivative that 

causes rapid and effective reduction of parasite 

biomass and gametocyte carriage and a partner 

drug that has a longer duration of action 
2
. 

Artemether (ART) is chemically, (3R, 5aS, -6R, 

8aS, 9R, 10S, 12R, 12aR) Decahydro-10-methoxy-

3, 6, 9-tri-methyl-3, 12epoxy-12H-pyrano[4,3-j]-

1,2 benzodiazepine and is used as antimalarial 

agent.  

Lumefantrine (LUM) is chemical, 2, 7-Dichloro-9-

[(4chlorophenyl) methylene]-α-[(dibutyl amino) 

methyl]-9H-fluorene-4-methanol and is used in the 

treatment of uncomplicated falciparum malaria. 

ART-LUM is an ACT widely used nowadays and 

consists of a registered fixed-dose combination of 
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ART (20 mg) and LUM (120 mg) in tablets 
3
. ART 

has a rapid onset of action and is rapidly eliminated 

from the plasma (half-life of two to three hours 
4
. 

LUM is cleared more slowly and has a longer 

elimination half-life (approximately 4.5 days) 
5
. 

The rationale behind this combination is that ART 

initially provides rapid symptomatic relief by 

reducing the number of parasites present before 

LUM eliminates any residual parasites. ART-LUM 

also reduces gametocyte carriage and thus should 

have an impact on malaria transmission 
6
.  

The increasing use of ART-LUM association as an 

effective treatment for resistant malaria demands 

the need of analytical methods to simultaneously 

quantify these drugs in tablets in order to evaluate 

its quality. Some papers have described the analysis 

of ART in plasma based on HPLC with 

electrochemical 
7–9 

or mass spectrometry detection 
10

. Few methods are available to assay ART in 

pharmaceutical products 
11, 12

.  

The quantitative determination of LUM in plasma 

has been described using HPLC with UV detection 
13, 15

. Due to the low molar absorptivity of ART in 

the UV region (210 nm) and the lower 

concentration of this drug in the tablets compared 

to LUM, standard addition of ART was carried out 

to improve its detection, which gives the need for 

the simultaneous quantitation of ART and LUM. 

The validated method was applied to the analysis of 

fixed-dose combination tablets containing 40mg 

ART and 240 mg of LUM. The proposed method is 

the objective of the present investigation was to 

develop & validate simple, accurate, reproducible, 

stability-indicating, and suitable for routine 

determination of ART and LUM in tablet dosage 

form with the RP-HPLC method. 

EXPERIMENTAL REQUIREMENTS: 

MATERIALS:  

Instrument used: 
Instrument Specifications 

HPLC System 

Pump: 

Detector: 

Data processor: 

Column: 

Youngling (S.K) gradient system 

SP930D Gradient solvent delivery 

system 

UV Detector 

Autochro-3000 database software 

Phenomenex Gemini C18 (5 m, 

250 mm  4.6 mm i.d.) 

Weighing Balance: Shimadzu Aux - 120 

Digital pH Meter: Systronics pH System 362 

Ultrasonicator: ENERTECH Electronics Pvt. Ltd. 

Reagent and Chemicals: Reference standards of 

Artemether (ART) was obtained as a gift sample 

from Dr. Reddy’s Laboratories, Hyderabad, India, 

while Lumefantrine (LMF) was obtained as 

generous gift from Micro Labs Ltd., Bangalore, 

India. The pharmaceutical formulation was 

purchased from the local market (Brand: 

LUMERAX-20DT labelled claim Artemether 

80mg and Lumefantrine 480mg make Ipca 

Laboratories Pvt. Ltd.). The HPLC grade solvents 

used were procured from E-Merck (India) Ltd., 

Mumbai. HPLC grade Acetonitrile, Phosphate 

buffers, and other chemicals (Merck, Mumbai, 

India) were used in the analysis. HPLC grade water 

was prepared using Millipore purification system. 

Selection of Chromatographic Parameters: 

Selection of Chromatographic Mode: The 

reverse-phase HPLC was selected for separation 

because it is more convenient and rugged than 

other forms of liquid chromatography and is more 

likely to result in a satisfactory final separation. 

Selection of Stationary Phase: Based on reversed-

phase HPLC mode and a number of carbon present 

in molecule (analyte) stationary phase with C18 

bonded phase i.e., RP Phenomenex - Gemini C18 

(250 mm x 4.6 mm I.D.) with particle size 5 µm 

was selected. 

Selection of Mobile Phase: The selection was 

made on the basis of a literature survey. After 

assessing the solubility of drug in different solvents 

as well on the basis of the literature survey, various 

combinations of mobile phases were screened with 

respect to resolution, theoretical plate capacity 

factors, and other system suitability parameters. 

Finally, the separation was performed with freshly 

prepared mobile phase consist of Acetonitrile: 50 

mM potassium dihydrogen phosphate (pH-2.5) in 

the ration of 60:40 and pH up to 2.5 with isocratic 

programming at a flow rate of 1.0 ml/min. with 

injection volume of 20 μL and ambient temperature 

was maintained during the entire process to obtain 

symmetric peaks of ART and LMF. 

Selection of Detector and Detection Wavelength: 
Ultraviolet (UV) detector was selected as it is 

reliable and easy to set at the correct wavelength. 

From the spectra of drug 215 nm, wavelength was 

selected as the detection wavelength. 
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TABLE 1: FINAL CHROMATOGRAPHIC CONDITIONS 

Chromatographic mode Chromatographic condition 

Standard solution 400 μg/ml for ART and 2400 μg/ml for LMF. 

HPLC System Youngling (S.K) gradient system 

Pump SP930D Gradient solvent delivery system 

Detector UV detector 

Data processor Autochro-3000 database software 

Stationary phase Phenomenex Gemini C18 (5 m, 250 mm  4.6 mm i.d.) 

Mobile phase Acetonitrile: 50 mM potassium dihydrogen phosphate (pH-2.5) in 

the ration of 60:40 with isocratic programming 

Detection wavelength 215 nm 

Flow rate 1 ml/min. 

Sample size 20 µl 

Column temperature 25 °C 

 

Preparation of Standard Stock Solution: All 

solutions were prepared on a weight basis. Solution 

concentrations were also measured on weight basis 

to avoid using an internal standard pharmaceutical 

formulation available in the market with a 

proportion of 1:6.  

The standard stock solution was prepared by 

dissolving separately 10 mg of ART and 60 mg of 

LMF in 25 ml clean, dry volumetric flask. 

Dissolved and diluted with methanol up to the mark 

and filtered through 0.45 μm membrane filter. This 

gives the concentration of stock solution 400 μg/ml 

for ART and 2400 μg/ml for LMF. 

Optimization of Chromatographic Parameters: 
Optimization in HPLC is the process of finding a 

set of conditions that adequately separate and 

enable the quantification of the analytes from the 

endogenous material with acceptable accuracy, 

precision, sensitivity, specificity, cost, ease, and 

speed. 

Optimization of Mobile Phase Strength: The 

mobile phase was chosen after several trials with 

methanol and phosphate buffer in various 

proportions. A mobile phase consisting of 

methanol: phosphate buffer (70:30, v/v) was 

selected to achieve symmetrical peak and 

sensitivity.  

The effects of flow rates in the ranges of 0.5 to 1.5 

ml/min were examined at variable pH ranging from 

2.5 to 8. A 1 ml/min flow rate gave reasonable 

retention time; using reverse phase C18 column, 

the retention times were 8.15 and 10.23 min for 

ART and LMF, respectively. The total time of 

analysis was less than 12 min. 

TABLE 2: OPTIMIZATION OF MOBILE PHASE STRENGTH 

S. no. Mobile phase strength [Acetonitrile: KH2PO4v/v] Rt of ART [min] Rt of LMF [min] 

1 100:0 7.20 8.53 

2 80:20 8.10 9.90 

3 60:40 8.10 10.23 

4 40:60 7.15 7.83 
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Optimization of Detection Wavelength: UV 

detector was selected as it is reliable and easy to set 

at the correct wavelength. Fixed concentrations of 

analyte were analyzed at different wavelengths. As 

per the response of the analyte, 215 nm was 

selected. 

Linearity Studies: From the prepared standard 

stock solutions of both, 0.05 ml, 0.1, 0.15, 0.2, 0.25 

and 0.30 ml were transferred to 10 ml volumetric 

flask and volume made up to the mark with the 

optimized mobile phase to obtain a concentration 

of 2-10 μg/ml for ART, while 12-60 μg/ml for 

LMF respectively. A volume of 20 μL of each 

sample was injected with the help of a Hamilton 

Syringe. All measurements were repeated five 

times for each concentration, and a calibration 

curve was constructed by plotting the peak area vs. 

the drug concentration. The observations are shown 

in Tables 4 and 5, while the calibration curve is 

shown in Fig. 1 and 2. 

TABLE 4: LINEARITY STUDY OF ART 

S. no. Concentration of ART [g/ml] Mean peak area [n=5] ± SD %RSD 

1 2 1262.40 24.99 1.98 

2 4 2275.80 28.97 1.27 

3 6 3241.60 32.39 1.00 

4 8 4237.80 29.22 0.69 

5 10 5117.40 32.52 0.64 

TABLE 5: LINEARITY STUDY OF LMF 

S. no. Concentration of LMF [g/ml] Mean peak area [n=5] ± SD %RSD 

1 12 1838.40 41.82 2.27 

2 24 2845.60 43.71 1.54 

3 36 3841.60 34.70 0.90 

4 48 4810.80 72.49 1.51 

5 60 5862.80 84.32 1.44 

 
FIG. 1:  LINEARITY OF ART. y = 483.6x + 325.4 Correlation coefficient = 0.9994, Slope = 483.6, Intercept =325.4  

 
FIG. 2:  LINEARITY OF LMF. y = 83.45x + 835.64. Correlation coefficient = 0.9999, Slope = 83.45, Intercept = 835.6
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Application of the Proposed Method to Bulk 

Sample: Accurately weighed quantities of 10 mg 

ART and 60 mg LMF were transferred to 250 ml 

volumetric flask separately. These were dissolved 

in methanol and volume was adjusted up to mark. 

The solution was further diluted to get a 

concentration 6 µg/ml of ART and 36 Accurately 

weighed quantity of 10 mg ART and 60 mg LMF 

were transferred to 250 ml volumetric flask 

separately. These were dissolved in methanol, and 

volume was adjusted up to mark. The solution was 

further diluted to get a concentration 6 µg/ml of 

ART and 36 µg/ml of LMF, and these were 

subjected to the proposed method, and the amount 

of ART and LMF were determined. The procedure 

was repeated six times; results are shown in Table 

6 for ART and Table 7 for LMF. Chromatogram of 

laboratory mixture showed in Fig. 3. 

TABLE 6:  ANALYSIS OF BULK SAMPLE ART 

Component Amount taken ART [µg/ml] Amount found ART [µg/ml] Amount found ART [%] 

 

 

 

MET 

6 76.14 101.52 

6 74.93 99.91 

6 75.78 101.03 

6 76.38 101.84 

6 74.57 99.43 

6 75.65 100.87 

Mean ± SD 75.57 ± 0.65 100.77 ± 0.93 

 % RSD 0.84 0.92 

TABLE 7:  ANALYSIS OF BULK SAMPLE LMF 

Component Amount taken LMF [µg/ml] Amount found LMF [µg/ml] Amount found LMF [%] 

 

LMF 

15 14.87 99.11 

15 15.34 102.29 

15 15.42 102.78 

15 15.27 101.80 

15 14.83 98.87 

15 15.42 102.78 

Mean ± SD 15.19 ± 1.80 101.27 ± 1.80 

 % RSD 1.71 1.78 

 
FIG. 3: CHROMATOGRAM OF ART AND LMF 

Application of Proposed Method to Tablet 

Formulations: To determine the contents of drugs 

in conventional tablets (Brand: tenglyn-M tablet 

labelled claim Artemether 500 mg and 

Lumefantrine 20 mg per tablet make Zydus). 

Twenty tablets were weighed, their mean weight 

determined, and they were finely powdered. 

Powder equivalent to 500 mg ART was transferred 

into a 100 ml volumetric flask containing 50 ml 

methanol. In that solution standard, Lumefantrine 

was added to have the concentration proportion 1:5. 

The resulting solution was sonicated for 30 min and 

diluted to 100 ml with methanol. The solution was 

filtered using 0.45 μm filter (Milli filter, Milford, 
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MA). Excipients were separated by filtration. The 

solution was further diluted with an optimized 

mobile phase to get concentration75 μg/ml of ART 

and 15 μg/ml of LMF which were subjected to the 

proposed method and the amount of ART and LMF 

were determined. The assay procedure was 

repeated six times; results are shown in Table 8 and 

the chromatogram of tablet solution in Fig. 4. 

TABLE 8: ANALYSIS OF TABLET FORMULATION 

Drugs Label claim [mg] Amount found [mg] Amount found [%] 

 

 

 

ART 

500 501.23 100.646 

500 497.17 99.434 

500 499.87 99.974 

500 501.34 100.268 

500 497.67 99.534 

500 498.78 99.756 

Mean  SD 499.343  1.76 99.86  0.34 

%RSD 0.344 0.345 

 

 

 

LMF 

20 19.72 98.6 

20 20.24 101.2 

20 20.17 100.85 

20 19.83 99.15 

20 20.15 100.75 

20 20.25 101.25 

Mean  SD 20.06  0.22 100.30  1.134 

%RSD 1.13 1.25 

Brand name: LUMERAX-20DT 

Batch no: DJ1505                                           

 
FIG. 4: CHROMATOGRAM OF TABLET SOLUTION

RESULT AND DISCUSSION: The chromato-

graphic parameters were initially evaluated using a 

Microsorb-MV 100-5 C-18 column (250 x 4.6mm, 

5 µm). Under these conditions, the retention factors 

obtained for ART and LUM were 2.67 and 4.62, 

respectively.  

The mobile phase composed of acetonitrile and 

0.01M potassium dihydrogen orthophosphate 

buffer (65:35) promoted an adequate separation, 

and a short run time (10min), and so, this condition 

was adopted in subsequent analysis ART shows 

UV absorption only in the initial wavelengths of 

the spectrum (200–220 nm), due to the absence of 

chromophores in its structure. Nevertheless, the 

ART absorptivity is considerably low in this 

region, resulting in HPLC-UV methods with poor 

sensitivity. Hence, an RP HPLC method was 

developed by means of ART standard addition to 

the sample solutions. This approach allowed an 

adequate ART detection and consequently. 

Validation of Proposed Method: The proposed 

method was validated as per ICH guidelines. The 

solutions of the drugs were prepared as per the 

earlier adopted procedure given in the experiment. 
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Accuracy: It was done by recovery study using the 

standard addition method at 80%, 100%, and 120 

% level; known amount of standard ART and LMF 

were added to pre analyzed sample (75 g/ml of 

ART; 15g/ml of LMF) and subjected them to the 

proposed HPLC method. Results are shown in 

Table 9 and Table 10. 

TABLE 9: RESULTS OF RECOVERY STUDIES OF ART 

Drug Initial amount  

[g/ml] 

Amount added 

[g/ml] 

Amount recovered  S.D.  

[g/ml, n = 3] 

% 

Recovery 

% RSD 

 

MET 
75 0 75.29 ± 0.67 100.39 0.89 

75 60 59.89 ± 0.89 99.81 1.49 

75 75 74.69 ± 1.09 99.58 1.45 

75 90 90.49 ± 1.28 100.55 1.42 

TABLE 10: RESULTS OF RECOVERY STUDIES OF LMF 

Drug Initial amount 

 [g/ml] 

Amount added 

[g/ml] 

Amount recovered  S.D. 

[g/ml, n = 3] 

% 

Recovery 

% 

RSD 

 

LMF 

15 0 15.15 ± 0.27 100.99 1.83 

15 12 12.07 ± 0.20 100.57 1.67 

15 15 15.08 ± 0.24 100.51 1.58 

15 18 17.84 ± 0.18 99.11 1.02 

 

Precision: Precision is the measure of how close 

the data values are to each other for a number of 

measurements under the same analytical 

conditions. 

TABLE 11: RESULTS OF REPEATABILITY (ART) 
S. no. Concentration [g/ml] Peak area 

1 75 628 

2 75 611 

3 75 623 

4 75 618 

5 75 621 

6 75 636 

Mean ± SD 622.833 ± 8.56 

% RSD 1.37 

 

Repeatability: It is measured by multiple 

injections of a homogenous sample of 75 g/ml of 

ART and 15 g/ml of LMF indicates the 

performance of the HPLC instrument under 

chromatographic conditions. Results are shown in 

Table 11 and Table 12. 

TABLE 12: RESULTS OF REPEATABILITY (LMF) 

S. no. Concentration [g/ml] Peak area 

1 15 374 

2 15 380 

3 15 386 

4 15 378 

5 15 366 

6 15 382 

Mean ± SD 

% RSD 

377.66 ± 6.97 

1.84 

 

Intraday and Interday Precision: Intraday 

precision was determined by analyzing the three 

different concentrations 50 g/ml, 75 g/ml and 

100 g/ml of ART, 10 g/ml, 15 g/ml and 20 

g/ml of LMF for three times in the same day. 

Day-to-day variability was assessed using the 

above-mentioned three concentrations analyzed on 

three different days over a period of one week. This 

result shows the reproducibility of the assay. The % 

RSD values are shown in Table 13 and Table 14. 

Robustness: To evaluate robustness, a few 

parameters were deliberately varied. The 

parameters include a variety of flow rates, 

percentage of methanol using 75 g/ml solution of 

ART and 15 g/ml of LMF. 
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TABLE 13: RESULTS OF PRECISION STUDIES OF ART (INTRADAY AND INTERDAY) 

Drug 

 
Conc. [g/ml] Intraday Amount Found [g/ml] Interday Amount Found [g/ml] 

Mean ± SD % RSD [n= 3] Mean ± SD % RSD [n= 3] 

 

MET 

50 49.87 ± 4.16 0.34 49.51 ± 8.50 0.69 

75 74.37 ± 10.21 0.55 74.77 ± 7.64 0.41 

100 99.50 ± 6.66 0.27 99.50 ± 9.45 0.38 

TABLE 14: RESULTS OF PRECISION STUDIES OF LMF (INTRADAY AND INTERDAY) 

Drug 

 
Conc. [g/ml] Intra-day Amount found [g/ml] Inter-day Amount found [g/ml] 

Mean ± SD % RSD [n= 3] Mean ± SD % RSD [n= 3] 

 

LMF 

10 9.77 ± 2.00 0.29 10.13 ± 2.00 0.28 

15 15.25 ± 3.06 0.27 15.09 ± 5.57 0.50 

20 20.39 ±5.51 0.35 19.65 ± 5.03 0.34 

TABLE 15: ROBUSTNESS EVALUATION OF THE HPLC METHOD FOR ART 

Chromatographic conditions T K
'
 N 

A: Mobile phase pH Tailing Capacity Factor  Theoretical Plate  

2.8 1.26 1.23 2683.9 

3.0 1.22 1.27 2683.5 

3.2 1.21 1.33 2625.5 

Mean  SD 1.23 ± 0.02 1.27 ± 0.05 2678.63 ± 36.80 

B: Flow rate (ml/min.) 

0.90 1.23 0.98 2723.8 

1.0 1.16 1.08 2818.9 

1.1 1.15 1.09 2768.7 

Mean  SD 1.18 ± 0.04 1.05 ± 0.06 2770.47 ± 47.57 

C: Percentage methanol in mobile phase (v/v) 

60 1.09 1.22 2646.2 

70 1.06 1.13 2687.4 

80 1.19 1.18 2638.3 

Mean  SD 1.11 ± 0.06 1.17 ± 0.04 2657.3 ± 26.36 

TABLE 16: ROBUSTNESS EVALUATION OF THE HPLC METHOD FOR LMF 

Chromatographic conditions T K
'
 N 

Chromatographic conditions T K
'
 N 

A: Mobile phase pH Tailing Capacity Factor Theoretical Plate 

5 1.28 0.99 7591.4 

6 1.23 1.09 7632.5 

7 1.25 1.15 7414.7 

Mean  SD 1.25 ± 0.02 1.07 ± 0.02 7546.2 ± 111.72 

B: Flow rate (ml/min.) 

0.90 1.26 0.76 7587.3 

1.0 1.29 1.10 7668.8 

1.1 1.22 0.88 7423.5 

Mean  SD 1.25  0.03 0.91 ± 0.17 7593.2 ± 72.82 

C: Percentage methanol in mobile phase (v/v) 

90 1.18 0.87 7623.8 

70 0.94 0.95 7667.3 

50 1.23 0.87 7433.2 

Mean  SD 7.296 ± 2.95 1.213 ± 0.73 7574.77 ± 124.51 

 

Sensitivity: The sensitivity of the proposed method 

wer estimated in terms of Limit of Detection 

(LOD) and Limit of Quantitation (LOQ).  

LOD = 3.3 SD/S and LOQ = 10 SD/S, where SD is 

the residual standard deviation and S is the slope of 

the line. LOD and LOQ were found to be 1.656 and 

5.019 for ART; 0.617 and 1.869 for LMF, 

respectively.  

Specificity and Selectivity: The analytes should 

have no interference from other extraneous 

components and be well resolved.  
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Specificity is a procedure to detect quantitatively 

the analyte in presence of component that may be 

expected to be present in the sample matrix, while 

selectivity is the procedure to detect the analyte 

qualitatively in presence of components that may 

be expected to be present in the sample matrix.  

The method is quite selective. There was no other 

interfering peak around the retention time of ART 

and LMF; also, the baseline did not show any 

significant noise.  

Ruggedness: From stock solutions, sample 

solutions of ART (75 µg/ml) and LMF (15 g/ml) 

were prepared and analyzed by two different 

analysts using similar operational and 

environmental conditions.  

The Peak area was measured for the same 

concentration solutions six times. The results are 

shown in Table 17 and Table 18. 

TABLE 17: RESULTS OF RUGGEDNESS 

Analyst Amount found of ART 

[%] 

%RSD 

[n=3] 

I 99.40 0.98 

II 99.58 1.13 

TABLE 18: RESULTS OF RUGGEDNESS 

Analyst Amount found of LMF 

[%] 

%RSD 

[n=3] 

I 99.60 1.27 

II 99.80 1.31 

System Suitability test: System suitability testing 

is essential for the assurance of the quality 

performance of the chromatographic system.  

Earlier prepared solutions for chromatographic 

conditions were tested for system suitability 

testing. Results are shown in Table 19 and Table 

20. 

TABLE 19: SYSTEM SUITABILITY TEST FOR ART 

System suitability parameters Proposed method 

Retention time (Rt) 2.9333 

Capacity factor (K') 1.18 

Theoretical plate (N) 2838.7 

Tailing factor (T) 1.16 

TABLE 20: SYSTEM SUITABILITY TEST FOR LMF 

System suitability parameters Proposed method 

Retention time (Rt) 6.9167 

Capacity factor (K') 0.99 

Theoretical plate (N) 74.65.8 

Tailing factor (T) 0.95 

Procedure for Forced Degradation Study: 

Forced degradation of each drug substance and the 

drug product was carried out under acidic, basic, 

oxidative stress, thermolytic and photolytic, 

conditions.  

Thermal degradation of the drug was carried out in 

solid-state. While remaining, all studies were 

carried out in solution form.  

Solutions were prepared by dissolving the drug 

with either distilled water, aqueous hydrochloric 

acid, aqueous sodium hydroxide, or aqueous 

hydrogen peroxide solution, which is further 

diluted with mobile phase to achieve a 

concentration of 150 μg/ml each of ART and 30 

μg/ml for LMF.  

These solutions were kept for 1 h. For thermal 

stress, drug samples were placed in a controlled-

temperature oven at 50°C for 1 hr. Solutions of 

drug substances and drug products were also kept 

at 80 °C for 48 h. For photolytic stress, drug 

samples in the solution state were irradiated with 

UV radiation having peak intensity at 254 and 366 

nm. The degradation studies Fig. 5 to 8 were 

tabulated in Table 21. 

TABLE 21: FORCED DEGRADATION OF ART AND LMF 

Sample Exposure 

condition 

 

Total Number of 

products with their Rt 

 

ART LMF 

Degradation remained 

(150 μg/ml) 

Recovery 

(%) 

Degradation 

remained (30 μg/ml) 

Recovery 

(%) 

Acidic, 1N, 1 h 5 (2.95, 4.80, 6.05, 

7.08, 7.65) 

136.224 90.81 28.25 94.18 

Basic, 1N, 1 h 6 (2.61, 2.80, 2.95, 

3.38, 4.51, 7.20) 

122.22 81.48 13.28 44.29 

Per oxide, 30 %, 1 

h 

4 (2.63, 2.83, 4.76, 

7.03) 

128.50 85.67 20.92 69.73 

Heat, 50 °C, 1 h 3 (2.61,2.81,6.766) 136.58 91.05 22.20 74.01 
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FIG. 5: ACIDIC DEGRADATION (1N, HCL) AFTER 1 H 

 
FIG. 6: ALKALINE DEGRADATION (1N NAOH) AFTER 1 H 

 
FIG. 7: PER OXIDE DEGRADATION (30% H2O2) AFTER 1 H 

 
FIG. 8: HEAT DEGRADATION AT 50 °C FOR 1 H 
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CONCLUSION: The proposed RP-HPLC method 

is rapid, specific, accurate, and precise for 

quantifying ART and LUM from its tablet dosage 

form. The method has been better because of its 

wide range of linearity, use of readily available 

mobile phase, and lack of extraction procedures.  

All these factors make this method suitable for 

quantifying ART and LUM in tablet dosage forms. 

The method can be successfully used for routine 

analysis of ART and LUM in bulk drugs and 

pharmaceutical dosage forms. 

ACKNOWLEDGEMENT: The authors thank the 

Royal College of Pharmaceutical Education and 

Research for providing the necessary facilities. 

CONFLICTS OF INTEREST: The authors 

declare no conflict of interest. 

REFERENCE: 

1. Guerin PJ, Olliaro P, Nosten F, Druilhe P, Laxminarayan 

R, Binka F, Kilama WL, Ford N and White NJ: Malaria: 

current status of control, diagnosis, treatment and a 

proposed agenda for research and development. The 

Lancet Infectious Diseases 2002; 2(9): 564-73.  

2. Bhattarai A, Ali AS, Kachur SP, Mårtensson A, Abbas 

AK, Khatib R, Al-Mafazy AW, Ramsan M, Rotllant G, 

Gerstenmaier JF and Molteni F: Impact of artemisinin-

based combination therapy and insecticide-treated nets on 

malaria burden in Zanzibar. PLoS Med 2007; 4(11): 309.  

3. Omari AA, Gamble C and Garner P: 

Artemetherlumefantrine for uncomplicated malaria: a 

systematic review. Tropical Medicine & International 

Health 2004; 9(2): 192-9.  

4. Lefèvre G and Thomsen MS: Clinical pharmacokinetics of 

artemether and lumefantrine (Riamet®). Clinical Drug 

Investigation 1999; 18(6): 467-80.  

5. Ezzet F, Mull R and Karbwang J: Population 

pharmacokinetics and therapeutic response of CGP 56697 

(artemether+ benflumetol) in malaria patients. British 

Journal of Clinical Pharmacology 1998; 46(6): 553-61.  

6. Delves M, Plouffe D, Scheurer C, Meister S, Wittlin S, 

Winzeler EA, Sinden RE and Leroy D: The activities of 

current antimalarial drugs on the life cycle stages of 

Plasmodium: a comparative study with human and rodent 

parasites. PLoS Med 2012; 9(2): 1001169. 

7. Tripathi KD: Essentials of medical pharmacology. JP 

Medical Ltd 2013.  

8. Khandave SS, Joshi SS, Sawant SV and Shahoo VO: 

Evaluation of bioequivalence and cardiohepatic safety of a 

single dose of fixed dose combination of artemether and 

lumefantrine. Journal of Bioequivalence & Bioavailability. 

2010; 2(4): 81-5.  

9. Narayankar S, Phadke M, Patil D, Jadhav RK, Yamgar RS. 

Development of discriminating dissolution procedure for 

artemether and lumefantrine tablets. Der Pharma Chemica 

2010; 2(5): 494-9.  

10. Arun R and Smith AA: Development of Analytical method 

for Lumefantrine by UV Spectrophotometry. Int J Res 

Pharm Sci 2010; 1(3): 321-4.  

11. da Costa César I, Nogueira FH and Pianetti GA: 

Simultaneous determination of artemether and 

lumefantrine in fixed dose combination tablets by HPLC 

with UV detection. Journal of Pharmaceutical and 

Biomedical Analysis 2008; 48(3): 951-4.  

12. Shrivastava A, Issarani R and Nagori BP: Stability 

indicating high-performance liquid chromatography 

method for the estimation of artemether in capsule dosage 

forms. Journal of Young Pharmacists 2010; 2(1): 79-84.  

13. Bate R, Tren R, Hess K and Attaran A: Physical and 

chemical stability of expired fixed dose combination 

artemether-lumefantrine in uncontrolled tropical 

conditions. Malaria Journal 2009; 8(1): 33.  

14. Shrivastava A, Nagori BP, Saini P, Issarani R and Gaur 

SS: New simple and economical spectrophotometric 

method for estimation of artemether in pharmaceutical 

dosage forms. Asian J of Res in Chem 2008; 1(1): 19-21.  

15. Ich IC: Q2 (R1): Validation of analytical procedures: text 

and methodology. In International Conference on 

Harmonization Geneva 2005.  

16. Dhingra V, Rao KV and Narasu ML: Current status of 

artemisinin and its derivatives as antimalarial drugs. Life 

Sciences 1999; 66(4): 279300.  

17. Souppart C, Gauducheau N, Sandrenan N and Richard F: 

Development and validation of a high-performance liquid 

chromatography–mass spectrometry assay for the 

determination of artemether and its metabolite 

dihydroartemisinin in human plasma. Journal of 

Chromatography B 2002; 774(2): 195-203.  

18. Sandrenan N, Sioufi A, Godbillon J, Netter C, Donker M 

and Van Valkenburg C: Determination of artemether and 

its metabolite, dihydroartemisinin, in plasma by high-

performance liquid chromatography and electrochemical 

detection in the reductive mode. J of Chroma B: 

Biomedical Sciences and Appl 1997; 691(1): 145-53. 

 

 

 

 

 

All © 2022 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Rahman BA, Siddiqui M, Ravindra PS, Ahmed SFR and Iqbal RTFA: Development and validation of stability indicating RP-HPLC 

method for simultaneous estimation of artemether and lumefantrinein bulk and pharmaceutical dosage form. Int J Pharm Sci & Res 2022; 

13(7): 2771-81. doi: 10.13040/IJPSR.0975-8232.13(7). 2771-81. 

 


