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ABSTRACT
Purpose: A stability indicating high performance thin layer chromatography 
(HPTLC) method has been established and validated for analysis of two 
anti-malarial drugs, ART and LUM in bulk drug as well as nanoliposomal 
formulation. Materials and Methods: Study was performed on pre-coated 
silica gel HPTLC plates using toluene:ethyl acetate:amonia (2:6.5:0.5 
v/v/v) as the mobile phase.  Densitometric analysis was carried out in the 
reflectance mode at 269nm for LUM and 519nm for ART. The method 
is specific for analyte constituents examined and characterized by high 
sensitivity. Results: The correlation coefficients of calibration curves were 
found to be 0.997 and 0.998 in the concentration range of 20-120 and 100-
300 ng spot-1 for ART and LUM, respectively. The method had an accuracy 
of 100.5 % for ART and 100.4% for LUM. Conclusion: The method had the 
potential to determine these drugs simultaneously from bulk drug as well 
as nanoliposomal formulation without any interference of the excipients. 

As the method could effectively separate the drug from its degradation 
products, it can be employed as a stability indicating one. Moreover, 
the proposed HPTLC method was utilized to investigate the kinetics of 
acid and base degradation process. Arrhenius plot was constructed and 
activation energy was calculated.
Key words: HPTLC, Artemether, Lumefantrine, Nanoliposome, Validation, 
Degradation kinetics.
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INTRODUCTION
Combination therapy of artemether (ART) and lumefantrine (LUM) is 
well-established for the treatment of uncomplicated malaria to obtain a 
synergistic effect and to reduce adverse effects and are the first fixed-dose 
artemisinin-based combination therapy currently available.1 Combination 
therapy of ART with LUM decreases the probability of development 
of resistance to ART; therefore, it is vital to supervise the therapeutic 
efficacy of the combination and thus offer advance caution in case of 
slight changes in efficacy.2

ART is a semisynthetic polyoxygenated amorphene which is chemically 
[(3R, 5aS, 6R, 8aS, 9R, 10S, 12R, 12aR)-decahydro-10-methoxy-3,6,9-
trimethyl-3,12-epoxy-12H-pyrano(4,3-j)-1,2-benzodioxepin] (Figure 
1a), hold a peroxide bridge that confers potent antimalarial activity. It is 
powerful and fast acting blood schizonticide, highly efficacious in treating 
chloroquine-resistant falciparum malaria along with complicated 
falciparum malaria and cerebral malaria. Chemical activation of drug 
within the food vacuole of the intraerythrocytic stage of the parasite 
is endorsed for its antimalarial activity. It is anticipated that reductive 
cleavage of peroxide bridge by heme liberated for the period of digestion 
of hemoglobin generates free radicals, which provoke oxidative stress, 
alkylate heme and vital parasite proteins.3,4

On the other hand, LUM is a synthetic aryl-amino alcohol which is 
chemically (z)-2,7–dichloro–9–((4-chlorophenyl)methylene)–alpha–
((dibutylamino)methyl)-9h–fluorene–4–methanol (Figure 1b) and 
is active against erythrocytic stages of Plasmodium falciparum. It is a 
blood schizonticide, inhibits the formation of b-hematin by forming a 
complex with haeme and, as a result, inhibits the synthesis of nucleic 
acid and protein.
Several methods including liquid chromatography for the determination 
of LUM alone in biological fluids (serum/plasma) have been reported.5-10 

ART alone has also been analyzed by HPLC-UV detection,11-13 HPLC 

with electrochemical detection14-16 and HPTLC methods.17-19 ART has 
also been analyzed by gas chromatography mass spectrometry and 
capillary electrophoresis technique in pharmaceutical formulation and 
plasma20,21 Only a few HPLC methods have been reported for analysis 
of LUM and ART in combination using UV detection22 and mass 
spectrometry.23,24 Many of these methods need special equipment and are 
expensive and slow. HPTLC is becoming a routine analytical technique 
due to its advantages of low operating cost, high sample throughput and 
need for minimum sample clean up. The major advantage of HPTLC is 
that several samples can be run simultaneously using a small quantity of 
mobile phase unlike HPTLC, thus lowering the analysis time and cost 
per analysis. In a combination containing LUM and ART, LUM shows 
UV absorbance and ART shows weak UV absorbance due to the lack 
of chromophore. ART shows considerable UV absorbance only below 
220nm. Therefore, it is poorly detected by a standard spectrophotometric 
method. Hence, it became an enormous challenge for the simultaneous 
determination of LUM and ART by HPTLC using densitometric 
determination. To overcome this problem, after chromatographic 
development of both the drug in the same plate, LUM was detected at 
269nm and ART at 519nm after derivatization with an anisaldehyde 
sulfuric acid reagent, thus enabling simultaneous determination of both 
compounds in combined form.
The aim of the present work is to develop an accurate, specific, repeatable 
and stability indicating HPTLC method for simultaneous determination 
of ART and LUM in the presence of its degradation products. Acid-
induced degradation kinetics was investigated by quantitation of drug by 
validated stability-indicating HPTLC method.
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MATERIALS AND METHODS 
ART and LUM were procured as a gift sample from IPCA Laboratories 
Ltd. (Mumbai, India). All the solvents used were of chromatographic  
grade, other chemicals were of analytical reagent (AR) grade and  
purchased from Merck Chemicals, India. Aluminium backed silica 
gel 60F-254 plates (20×10 cm: 200 μm thickness) were purchased from  
E. Merck (Darmstadt, Germany).

Instrumentation and chromatographic 
conditions
The samples were spotted to the plates, 10 mm from the bottom and 
10 mm from the side edges in the form of bands or streaks with band 
length of 6 mm with a Camag microlitre syringe on precoated silica gel 
aluminium plate 60F-254, (20×10 cm: with 250 mm thickness; E. Merck, 
Germany) using a Linomat V (CAMAG, Muttenz, Switzerland). The 
mobile phase consisting of toluene:ethyl acetate:amonia (2:6.5:0.5 v/v/v) 
was used in each chromatographic run. Linear ascending development 
technique was carried out in a 20×10 cm twin trough chambers. The 
optimized chamber saturation time for the mobile phase was 20 min 
at room temperature (25±2°C) and relative humidity of 60±5%. The 
development includes chromatogram run of 8 cm, 20 ml of mobile 
phase and time duration of 10 min. The slit dimension 3×0.45 mm and 
scanning speed 20 mm/sec was chosen as optimized equipment parameters. 
A constant application or spraying rate of 160 nL/sec and scanning speed 
20 mm/sec were employed. Subsequent to the development, TLC plates 
were dried in a current of air with the help of air dryer. Initially, for 
detection of LUM, densitometric scanning was carried out using TLC 
scanner in the absorbance/reflectance mode at 269 nm. Subsequent to 
this scanning, TLC plates were derivatized with anisaldehyde–sulfuric 
acid reagent for 4 sec and heated for 3 min at 110°C. Densitometric 
scanning was performed in absorbance/reflectance mode at 519 nm. 
Thus, both LUM and ART can be developed and scanned in a single 
plate prior to and after derivatization with the anisaldehyde sulfuric 
acid reagent. Densitometric scanning was performed on CAMAG TLC 
scanner III, using tungsten lamp as a radiation source and operated by 
winCATS software (Version 1.2.0).

Preparation of standard solutions and 
calibration standard
Standard stock solutions were prepared separately by dissolving 
accurately weighed 10 mg of both ART and LUM in 100 mL of methanol 
to obtain a concentration of 1000 µg/mL. The standard stock solutions 
were suitably diluted with methanol to obtain combination solution 
containing ART (20-120 ng/ml) and LUM (100-600 ng/ml). 10 µL of each 
solution were spotted as bands in the plate to furnish a concentration of 
20-120 ng/spot-1 for ART and (100-600 ng spot-1) for LUM, respectively. 

QC samples as low, medium and high at concentration level of 20, 60 
and 120 ng spot-1 were taken for ART and 100, 300 and 600 ng spot-1 
were considered for LUM to carry out validation of the method.

Method validation
The method was validated in compliance with ICH guidelines for linearity  
range, precision, accuracy, recovery, limits of detection (LOD) and 
quantification (LOQ).

Linearity
Linear relationship between peak area and concentration of the drugs 
was evaluated over the concentration range expressed in ng spot-1 by 
making five replicate measurements in the concentrations range of 60–
120 ng spot-1 for ART and 100–600 ng spot-1 for LUM, respectively.

Precision and accuracy
The precision and accuracy of the method was validated for intraday 
precision at intervals of 3 hr and inter-day precision on 3 consecutive 
days. Precision was measured at three different samples at concentrations 
of low, medium and high QC levels of LUM and ART by spotting the 
samples in triplicate. Precision was expressed as the coefficient of 
variation (CV, %) of measured concentrations for each calibration 
level whereas accuracy was expressed as percentage recovery [(Drug 
found/drug applied) × 100].

Recovery studies
Recovery studies were carried out by spiking three different known 
amounts of the standard substances to the drug product (standard 
addition method). Hence, 30, 60 and 90 ng spot-1 of ART and 150, 300 
and 450 ng spot-1 of LUM were spiked to the sample that contained 60 
and 300 ng spot-1 of ART and LUM, respectively.

Robustness of the method
The effect of deliberate variations in parameters like mobile phase 
composition, volume of the mobile phase, saturation time of TLC plate 
and detection wavelength were evaluated in this study. The effect of these 
changes on Rf values, assay percentage and RSD percentage were evaluated. 
Mobile phases prepared from Toluene/Ethyl acetate/Ammonia in 
different proportions (1.75:7:0.5 and 2.5:6:0.5, v/v/v) were used for 
chromatography. Mobile phase volume and duration of saturation 
investigated were 12 ± 2 ml (10, 12 and 14 ml) and 20 ± 10 min (10, 20 
and 30 min), respectively. 

Limit of detection (LOD) and limit of 
quantitation (LOQ)
The limits of detection and quantification of the developed method were 
calculated from the standard deviation of the y-intercepts and slope of 
the calibration curves of ART and LUM using the formulae as given 
below.
Limits of Detection = 3σ/S
Limits of Quantification = 10 σ/S
where σ is the standard deviation of the y-intercepts and S is the slope of 
the calibration curve. 

Analysis of ART and LUM in developed 
nanoliposome
To determine the content of ART and LUM in nanoliposomes prepared 
in our laboratory. An accurately weighed quantity of formulation 
equivalent to 20 mg ART and 120 mg LUM was extracted with 100 

Figure 1: Structure of (a) artemether and (b) lumefantrine.
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ml methanol by sonication for 20 min and volume was made up to  
100 ml. The resulting solution was centrifuged at 5000 rpm for 10 min 
and supernatant was analyzed for drug content. One microlitre of the 
filtered solution was applied to a TLC plate followed by development and 
scanning as described earlier. The analysis was repeated in triplicate. The 
possibility of excipient interference in the analysis was studied.

Stability studies
To evaluate the stability indicating properties of the developed HPTLC 
method, forced degradation studies were carried out in accordance to 
the ICH guidelines. The standard drugs were subjected to acid, base, 
oxidation, wet heat, dry heat and photo-degradation studies.

Acid- and base-induced degradation study
To 5 mL methanolic stock solutions of ART and LUM, 5 ml each of HCl 
and NaOH (0.001 M) were added separately in 25 mL volumetric flasks. 
The mixtures were refluxed at 60°C for 1 h. The forced degradation was 
performed in the dark to exclude the possible degradation effect of light. 
The resulting solutions (20 ng sopt-1 and 100 ng sopt-1 for ART and for 
LUM, respectively) were applied to TLC plates and the chromatograms 
were run as described above.

Hydrogen peroxide-induced (oxidation) 
degradation study
5 mL H2O2 (50% w/v) was added separately to 5 mL methanolic stock 
solutions of ART and LUM in 25 mL volumetric flasks. The solution 
was heated in boiling water bath for 10 min to remove completely the 
excess of hydrogen peroxide and then refluxed at 60°C for 1 h. The 
resulting solutions (20 ng sopt-1 and 100 ng sopt-1 for ART and for LUM, 
respectively) were applied to TLC plates and the chromatograms were 
run as described above.

Wet heat and dry heat degradation study
For wet heat degradation study, 5 mL stock solutions of each drug were 
transferred to 25 mL volumetric flasks separately. To each 5 mL methanol 
was added and the samples were refluxed for 8 h on boiling water bath. 
For dry heat degradation study, the standard powder drugs were placed 
in an oven at 100°C for 24 h. Appropriate dilutions were prepared in 
methanol and then analyzed under the optimized chromatographic 
conditions.

Photo-degradation study
For the photo-degradation study, the standard powder drugs were 
exposed to UV light in a photo-stability chamber for 24 h. Appropriate 
dilutions were prepared in methanol and then analyzed under the 
optimized chromatographic conditions. 

Study of acid-induced degradation kinetics
Accurately weighed 50 mg of each drug was dissolved in 100 ml methanol. 
15 ml of this standard solution were transferred into 100 ml of double-
neck round-bottom flask. To it 15.0 ml of 1 N HCl was added to get 
final concentration of 250 µg/ml and refluxed at different temperatures 
(40, 50, 60, 70 and 80°C). At specified time intervals the contents of the 
flask (100 μl) were quantitatively transferred to 10 ml volumetric flasks 
with the help of microsyringe. Then 1 μl were spotted to TLC plate and 
estimated by developed method by one-point standardization using 
external standard. The experiment was carried out in triplicate. The 
concentration of the remaining drug was calculated for each temperature 
and time interval. Data were further processed and degradation kinetics 
constants were calculated.

RESULTS AND DISCUSSION
HPTLC method optimization
The TLC procedure was optimized with a view to develop a stability 
indicating assay method to quantify ART and LUM simultaneously. 
Different solvent systems were tried for the separation of pure drug 
as well as degraded products on the TLC plates. For the selection of 
appropriate mobile phase for the effective separation of both the drug, 
several runs were made by using mobile phases containing solvents 
of varying polarity, at different concentration levels. Different mobile 
phase systems like toluene:ethyl acetate, chloroform:ethyl acetate, 
chloroform:ethyl acetate:acetic acid, toluene:ethyl acetate: ammonia 
at different concentration levels were tried. Among the different 
mobile phase combinations employed, the mobile phase consisting of 
toluene:ethyl acetate:ammonia in the ratio of 2:6.5:0.5 v/v/v gave the best 
resolution with sharp well defined peaks with Rf values of 0.70±0.02 and 
0.52±0.02 for ART and LUM, respectively (Figure 2). Resolution between 
spots of standard and depredates appeared better when TLC plates were 
saturated with conc. ammonia vapors for 20 min in TLC chamber prior 
to application. It was required to eliminate the edge effect and to avoid 
unequal solvent evaporation losses from the developing plate that can lead 
to various types of random behavior usually resulting in generally lack of 
reproducibility in Rf values. 

Method validation
Linearity
Peak areas were found to have better linear relationship with the 
concentration than the peak heights. For ART, the regression coefficient 
(r2) was found to be 0.997 and for LUM the r2 was 0.998. Calibration 
graphs were constructed in the concentration range of 20–120 ng spot-1 
for ART and 100–600 ng spot-1 for LUM, respectively. The correlation 
coefficients, y-intercepts and slopes of the regression lines of the two 
drugs were calculated and are presented in Table 1. No significant 
difference was observed in the slopes of standard plots (ANOVA, P > 
0.05).

Precision and accuracy
Intra-day and inter-day precision as coefficient of variation (%CV) and 
accuracy of the assay as percentage recovery for ART and LUM at three 
QC levels are presented in Table 2. Intra-day precisions (n = 6) for ART 
and LUM were ≤0.99% and ≤0.84%, however the inter-day precisions 
were ≤1.12% and ≤0.62%, respectively, which demonstrated the good 

Figure 2: Chromatogram of standard ART (20 ng spot-1), Peak 1: Rf: 0.70± 0.02 
and LUM (100 ng spot-1), Peak 2: Rf: 0.52± 0.02, mobile phase- 2:6.5:0.5 v/v/v.
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precision of proposed method. Intra-day accuracy for ART and LUM 
were 99.2-99.8% and 99.6-99.8%, however inter-day accuracy for ART 
and LUM were 99.1-100.2% and 99.7-99.9%, respectively. These values 
are within the acceptable range, so the method was accurate, reliable and 
reproducible.

Recovery studies
The recovery studies were carried out at 50%, 100% and 150% of the test 
concentration as per ICH guidelines. The percentage recovery of ART 
and LUM at all the three levels was found to be satisfactory (Table 3). For 
ART, the % recovery was found between 98.4% and 101.7% and for LUM 
between 99.8% and 100.3%, respectively.

Limit of detection (LOD) and limit of 
quantitation (LOQ)
The limits of detection and quantitation were found to be 1.73 and 5.19 
ng spot-1 for ART and 5.24 and 15.72 ng spot-1 for LUM, respectively, 
indicating the sensitivity of the developed method.

Robustness of the method
To determine the robustness of the method, the experimental conditions 
were deliberately altered and the retention factor (Rf), assay percentage 
and RSD (%) were evaluated. Conditions altered were the mobile phase 
composition, mobile phase volume, duration of saturation and detection  
wavelength. Assay of ART and LUM for all deliberate changes of 
conditions was within 97.4–100.4%. The low values of %RSD (less than 
2%) indicated robustness of the method. The summary of results is 
shown in Table 4.

Analysis of ART and LUM in developed 
nanoliposome
Two spot at Rf 0.70 and 0.52 corresponds to ART and LUM were  
observed in the chromatogram extracted from nanoliposomal formulation.  
No interference from the excipients present in the formulation was  
observed. The drug content was found to be 99.8±0.52% with a %RSD 
and SEM of 0.56 and 0.42, respectively. It may be, therefore, concluded 
that degradation of ART and LUM have not occurred in the prepared 
formulation and there was no interaction with the excipients. The low  
%RSD and SEM further indicates the suitability of the method for routine  
analysis of the drug in novel pharmaceutical formulations.

Stability studies
The results of the forced degradation study of ART and LUM using  
toluene:ethyl acetate:ammonia in the ratio of 2:6.5:0.5 v/v/v as the  
mobile phase system are summarized in Table 5. 

Table 1: Summary of linear regression data.

Parameters ART LUM

Linearity range 20-120 100-600

Linear regression equation y=118.4x + 52.03 y=176.7x + 2183

Slope ± SD 118.4±0.252 176.7 ± 0.426

Intercept ± SD 52.03 ± 0.725 2183 ± 1.236

Correlation coefficient (r2) 0.997 0.998

Limit of detection (LOD) 1.73 5.19

Limit of quantification (LOQ) 5.24 15.72

Table 2: Precision and accuracy of the proposed method (n=3).
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ART

Intra-day batch Inter-day batch

20 19.84 ± 0.16 0.81 99.2 20.04 ± 0.13 0.65 100.2

60 59.6 ± 0.43 0.72 99.3 59.48 ± 0.22 0.34 99.1

120 119.75 ± 1.18 0.99 99.8 119.18 ± 1.34 1.12 99.3

LUM

100 99.63 ± 0.84 0.84 99.6 99.83 ± 0.54 0.54 99.8

300 299.75 ± 2.12 0.71 99.9 299.17 ± 1.86 0.62 99.7

600 598.94 ± 2.78 0.46 99.8 599.62 ± 2.75 0.46 99.9

Table 3: Recovery of the proposed method (n=3).
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50

60

30 29.53 ± 0.44 98.4 1.49

100 60 61.02 ± 0.78 101.7 1.27

150 90 89.53 ± 0.44 99.4 0.49

LUM

50

300

150 149.62 ± 1.23 99.8 0.82

100 300 299.17 ± 2.56 99.7 0.85

150 450 451.39 ± 2.92 100.3 0.65

Table 4: Robustness of the method (n=3).

Parameters Retention 
factor (Rf)

Assay (%) RSD (%)

ART LUM ART LUM ART LUM

Mobile phase composition (v/v/v)

1.75:7:0.5 0.72 0.51 99.5 98.6 0.67 0.72

2:6.5:0.5 0.70 0.52 100.3 99.8 0.47 0.73

2.5:6:0.5 0.71 0.51 98.6 100.1 0.72 0.37

Mobile phase volume (ml)

10 0.71 0.50 100.3 97.4 0.29 0.83

12 0.70 0.52 99.8 98.5 0.49 0.56

14 0.72 0.51 100.3 99.4 0.62 0.48

Saturation time (min)

10 0.72 0.51 100.4 98.5 1.24 0.95

20 0.70 0.52 99.4 99.7 0.73 0.48

30 0.71 0.52 99.2 98.6 0.73 0.62

Detection wavelength (nm)

267/517 0.70 0.51 99.8 97.6 0.82 0.97

269/519 0.70 0.52 99.9 100 0.72 0.39

271/521 0.71 0.51 98.4 99.6 0.29 0.69
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Acid- and base-induced degradation study
Acid induced degradation study ART and LUM, both were found to  
undergo acid degradation very rapidly. The reaction in HCl showed  
extensive degradation for LUM with additional peaks at Rf values of 0.17, 
0.34, 0.42. For ART additional peaks were observed with Rf values 0.83 
(Figure 3). In base induced degradation study, LUM and ART showed 
additional peaks at Rf values 0.20, 0.23 and 0.84, respectively (Figure 4).

Hydrogen peroxide-induced (oxidation) 
degradation study
In the oxidative degradation study, it was found that both ART and LUM 
were extremely liable to degradation. LUM exhibited degradation peaks  
at Rf values 0.15. 0.28, 0.35 and for ART at Rf values 0.63. The densitogram  
for the oxidative degradation study is shown in (Figure 5).

Wet heat and dry heat degradation study
The wet degradation studies suggested that both LUM and ART were 
labile to wet degradation and showed additional peaks at Rf values of 
0.13, 0.21 and 0.90, respectively (Figure 6). In the dry heat degradation 
study, LUM and ART showed additional peaks at Rf value at 0.18 and 
0.87, respectively (Figure 7). 

Photo-degradation study
LUM and ART both showed additional peaks at Rf value 0.25 0.43 and 
0.05, 0.85, respectively, in the photo-degradation study (Figure 8).

Degradation kinetics
The kinetic of degradation of ART and LUM was investigated in conc. 
HCl. Each experiment was repeated three times at each temperature and 

Table 5: Stability studies for the developed method.

Degradation 
condition

No. of degradation 
products

Rf value

Acid 4 0.17, 0.34, 0.42, 0.83

Base 3 0.20, 0.23, 0.84

Oxidative 4 0.15.0.28, 0.35, 0.63

Wet Heat 3 0.13, 0.21, 0.90

Dry Heat 2 0.18, 0.87

Photo 3 0.25, 0.43, 0.85

Figure 3: Chromatogram of acid treated ART and LUM (peak 1: degraded, 
Rf: 0.17; peak 2: degraded, Rf: 0.34; peak 3: degraded, Rf: 0.42; peak 4: LUM, Rf: 
0.70; peak 5: ART, Rf: 0.52; peak 6: degraded, Rf: 0.83). 

Figure 4: Chromatogram of base treated ART and LUM (peak 1: degraded, 
Rf: 0.20; peak 2: degraded, Rf: 0.23; peak 3: LUM, Rf: 0.70; peak 4: ART, Rf: 0.52; 
peak 5: 0.84).

Figure 5: Chromatogram of peroxide treated ART and LUM (peak 1: de-
graded, Rf: 0.15; peak 2: degraded, Rf: 0.28; peak 3: degraded, Rf: 0.35; peak 4: 
LUM, Rf: 0.70; peak 5: degraded, Rf: 0.83; peak 6: ART, Rf: 0.52). 

Figure 6: Chromatogram of wet heat degraded ART and LUM (peak 1:  
degraded, Rf: 0.13; peak 2: degraded, Rf: 0.21; peak 3: LUM, Rf: 0.70; peak 4: 
ART, Rf: 0.52; peak 5: degraded, Rf: 0.90).
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time interval. The mean concentration of ART and LUM was calculated 
for each experiment. A decrease in concentration with increasing time 
was observed.
At the selected temperatures (40, 50, 60, 70  and  80°C  for acidic degradation), 
the degradation process for ART and LUM followed pseudo first-order 
kinetic (Figure 9 and 10). Apparent first-order degradation rate constant, 
half-life (t1/2) and t90 (i.e. time where 90% of original concentration of the 
drug is left) were obtained from the slopes of the straight lines at each 
temperature (Table 6). Data obtained from first-order kinetics treatment 
were further subjected to fitting in Arrhenius equation:

log K = log A - Ea/2.303 RT

Where K is rate constant, A is frequency factor, Ea is energy of activation 
(Cal mol–1), R is gas constant (1.987 cal deg-1 mol-1) and T is absolute 
temperature (oK). A plot of (2 + log Kobs) values versus (1/T × 103) the 
Arrhenius plot was obtained (Figure 11), which was found to be linear in 
the temperature range of 40-80°C.

CONCLUSION
The developed HPTLC technique was precise, specific, accurate and 
stability-indicating. Statistical analysis proves that the method is suitable 

Figure 7: Chromatogram of dry heat degraded ART and LUM (peak 1: de-
graded, Rf: 0.18; peak 2: LUM, Rf: 0.70; peak 3: ART, Rf: 0.52; peak 4: degraded, 
Rf: 0.87). Figure 9: Pseudo first-order plots for the degradation of ART with conc. HCl 

at various temperatures; Ct = Concentration at time t; C0 = Concentration at 
time zero. 

Figure 10: Pseudo first-order plots for the degradation of LUM with conc. HCl 
at various temperatures; Ct = Concentration at time t; C0 = Concentration at 
time zero.

Figure 8: Chromatogram of photo degraded ART and LUM (peak 1:  
degraded, Rf: 0.25; peak 1: degraded, Rf: 0.43; peak 3: LUM, Rf: 0.70; peak 4: 
ART, Rf: 0.52; peak 5: degraded, Rf: 0.85).

Table 6: Details of degradation kinetic data at 25°C.

Parameters ART LUM

k25 (h-1)a 0.342 0.489

t1/2 (h)b 2.02 1.42

t90 (h)c 0.31 0.21

a = Degradation rate constant; b = Half-life; c = Shelf Life (Time left for 90%  
potency)

for the analysis of simultaneous estimation of ART and LUM. This 
study is a typical example of development of a stability-indicating assay, 
established following the recommendations of ICH guidelines. It is one of 
the rare studies where forced decomposition was done under all different 
suggested conditions and the degradation products were resolved. It is  
proposed for the analysis of the drug and degradation products in stability  
samples in industry. Further, it can be concluded that the impurity present  
in the drug could be due to hydrolysis or oxidation during processing 
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and storage of the said drug. The above results showed the suitability 
of proposed method for acid-induced degradation kinetic study of ART 
and LUM. The degradation rate constant (K25°), half-life (t1/2) and shelf 
life (t90) of ART and LUM can be predicted for acid degradation process. 
It may be extended for quantitative estimation of said drug in plasma and 
other biological fluids. The method, however, is not suggested to establish 
material balance between the extent of drug decomposed and formation 
of degradation products. As the method separates the drug from its 
degradation products, it can be employed as a stability-indicating one.
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PICTORIAL ABSTRACT

The present research work described about the development of stability 
indicating high performance thin layer chromatography (HPTLC) method 
for analysis of two anti-malarial drugs (artemether and lumefantrine) in 
bulk as well as liposomal formulation. Study was performed on pre-coated 
silica gel HPTLC plates using toluene:ethyl acetate:amonia as the mobile 
phase. Densitometric analysis was carried out in the reflectance mode at 
269nm for LUM and 519nm for ART. The proposed method was utilized to 
investigate the kinetics of acid and base degradation process. Arrhenius 
plot was constructed and activation energy was calculated. As the method 
separates the drug from its degradation products, it can be employed as a 
stability-indicating one. The present method can be suitably applied for the 
routine analysis of both artemether and lumefantrine in both bulk drug and 
in liposomal formulation.

SUMMARY
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