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Introduction

Malaria is a life threatening disease caused by Plasmodium strains
and transmitted by female anopheles mosquitoes. Artemether is a potent
and rapidly acting antimalarial agent which is enlisted in World Health
Organization (WHO) list of essential medicines for the treatment of se-
vere multi-resistant malaria'. Artemether (ART) (Fig.1), chemically, deca-
hydro-10-methoxy-3,6,9-trimethyl-3,12-epoxy-12H-pyrano[4.3-j]-1,2-
benzodioxepin, more active than parent compound artemisinin and it is
used in combination therapy for malaria?.

ART was analyzed in pharmaceutical dosage forms alone or along
with combination drug component of dosage form, in plasma samples
alone or along with its metabolite. In this context, numbers of analytical
methods were reported to determine ART and its metabolite dihydro-
artemisinin in biological matrix to study pharmacokinetic vis. chroma-
tography-mass spectrometry-selected ion monitoring?, liquid chromatog-
raphy-tandem mass spectrometry*’, LC method®!!. HPLC-ESI-MS/MS
method was applied to a pharmacokinetic study in healthy volunteers
who received fixed-dose combination tablets of ART, lumefantrine and
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Figure 1
Structure of ART

artesunate!?. Fourteen antimalarial drugs and their metabolites were si-
multaneously determined by another LC-MS/MS method's. It was de-
termined in dosage forms by LC'*!¢, HPTLC!7; in fixed dosage form with
lumefantrine!®?! and with preservatives (methylparaben and propylpara-
ben) in suspension®? by LC. Differential pulse polarography was applied
to determine drug in pharmaceutical preparations which require neither
extensive separation nor extraction of ART23.

As per knowledge of authors there is no report on inherent stability
of the ART, which is still gap in research. Inherent stability of the active
pharmaceutical ingredient (API) should be performed according to ICH
guidelines which include hydrolytic stability, susceptibility to oxidation,
and thermal stability?*. Forced degradation studies provide information
about degradation pathways and degradation products and establish the
inherent stability of the API?526.

Thus, objective of present work was to develop a stability-indicating
LC method for analysis of ART in bulk drug and in its pharmaceuti-
cal dosage forms and establish inherent stability by conducting differ-
ent forced degradation studies as per ICH guidelines. Validated stability
indicating assay method would be used for analysis of ART in presence
of its degradation products and for evaluation of purity of bulk drug and
stability of dosage forms of ART.
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Materials and Methods

Instrumentation and chromatograph

HPLC chromatograph was Agilent Infinity 1260 series equipped with
1260 binary pump VL 400 bar, 1260 manual injector 600 bar, Rheo-
dyne 7725i 7-port sample injection valve with 20 uL fixed loop, ZORBAX
Eclipse Plus C18 (250 x 4.6 mm, 5 mm), 1260 DAD VL, 20 Hz detector,
standard flow cell 10 mm, 13 mL, 120 bar, OpenLab CDS EZChrom Ed.
Workstation and syringe 50.0 pL, FN, LC tip. All weighing for analysis
was performed on Shimadzu electronic analytical balance AX-200. All
dilutions, mobile phase and other solutions were used for the analysis
were filter through 0.2 m nylon filter (Ultipor®N66 Nylon 6,6 membrane,
Pall Sciences, Pall India Pvt. Ltd. Mumbai, India). Hot air oven with digi-
tal controller (Tempo; TI-126B), UV chamber fitted with two long wave-
length (365 nm) UV tubes were used of degradation of powder form of
ART sample.

Chemicals and reagent

Working standard was used as ART which was supplied by IPCA
laboratories, Ratlam as a gift sample. Triple distillation water was pre-
pared from distillation assembly. Methanol, acetonitrile, sodium hydrox-
ide, hydrochloric acid and hydrogen peroxide were procured from Merck
Specialties Private Limited Mumbali, India.

Chromatography

Accurately weighed about 100 mg of ART was dissolved in 50 pL
of acetonitrile and volume to 100 ml with triple distilled water to pre-
pare stock P (1000 pg/mL). Aliquot of the stock P was diluted by ten
times to prepare stock Q, which was used to prepare standard dilutions
of ART containing 5, 10, 15, 20 and 25 pg/mL. All standard dilutions
were filtered through 0.2 p nylon filter (Ultipor®N66 Nylon 6,6 membrane,
Pall Sciences) and chromatographed on Agilent Infinity 1260 series with
above described conditions of chromatograph. The mixture of acetoni-
trile and water (70:30) was used as mobile for elution of drug on Zorbax
Eclipse Plus C18 column (250 x 4.6 mm, 5 ym) at 1.0 pL/min flow rate.
ART was successfully eluted at 13.48 min with run time of 20 min and
detection was performed by photodiode-array detector (PDA) at 216 nm.
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Method Validation

System suitability

Six replicates of standard ART sample (15 pg/ml) were repeatedly in-
jected subsequently to determine system suitability parameters of the chro-
matograph for ART analytical method vis. number of theoretical plates, tail-
ing factor, capacity factor, retention time and peak purity of the analytes.

Linearity, range and calibration

A new stock solution (1,000 pg/mL) of ART was prepared in 50%
acetonitrile and six replicates of the each standard solution (5, 10, 15,
20 and 25 pg/mL) were prepared from aliquots of the stock solution by
diluting with the same solvent. The standard samples were chromato-
graphed and average peak areas of respective chromatograms were plot-
ted against concentration.

Accuracy

Accuracy of the developed method was confirmed by apparent re-
covery method. The standard dilutions were spiked to pre-analysed ART
samples containing concentration (10, 15 and 20 pg/ml). This experi-
ment was repeated three times and statistical parameters were calculated.

Precision

The repeatability was established by peak area of six replicate injec-
tions of standard ART samples containing concentration of 10, 15 and 20
mg/mL on same day, while and intermediate precision was confirmed by
variation in days of analysis and analyst-to-analyst.

Robustness

The ability to reproduce the developed analytical method in different
under different circumstances was confirmed by two different parameters
vis. amount of the organic modifier and temperature of real time analysis.
The effect of three variations in amount of organic modifier (concentration
of acetonitrile 69, 70 and 71%) and temperature variation (20, 25 and 30
°C) were observed on the retention time, peak symmetry as well peak area
at three different concentration levels (10, 15 and 20 pg/mL).
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LOQ and LOD

The limits of detection (LOD) and quantitation (LOQ) were deter-
mined by signal-to-noise ratio (S/N) method; where diluent was injected
six times repeatedly and serial standard dilutions were injected, respec-
tively. The LOD and LOQ were determined as the amounts for which S/N
was 3:1 and 10:1, respectively.

Specificity

The specificity of developed method was evaluated by comparing the
analysis of standard ART dilutions and degraded ART samples in differ-
ent forced degradation conditions. The retention time, peak symmetry,
peak purity and UV spectrum of the recorded chromatogram different
samples were confirmed to assure the specificity.

Stability of samples

As above, three concentrations were used for chromatographic analy-
sis and these samples were analysed during all six days; response ratios
and statistical parameters were evaluated.

Forced degradation

Six different types of stress conditions were used to study forced
degradation profile of the drug. Drug was refluxed at 60 °C temperature
under neutral (water), acidic (0.1 N HCI) and alkali (0.1 N NaOH) condi-
tions, respectively. Solid drug powder was degraded in temperature (60
°C) and UV light (265 nm), while oxidative degradation was performed in
3 and 10% H,O, solution. The degradation was performed on the 1 mg/
mL of ART in 50% acetonitrile in respective solution condition.

Results

ART was successfully eluted at on C18 column (250 x 4.6 mm, 5 um)
at 13.48 min by using mixture of acetonitrile and water (70:30) at 1.0 pL/
min flow rate and detection was performed by photodiode-array detec-
tor. The average number of theoretical plates for ART was 19873 with
capacity factor of 133.65; while peak purity was unit with tailing factor
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of 1.142. The regression equation for drug was AUC = 59998 x — 8385 for
5-25 mg/pL as linearity with correlation coefficient of 0.9998. Accuracy,
precision (repeatability and intermediate precision) and robustness (mo-
bile phase composition and temperature) were determined within 100.15
- 99.82%. LOD and LOQ for the ART were assured as 0.5 yg/mL and 1.0
pg/mL with response ratio of 1153.03, respectively. Drug was extensive
degraded in hydrolytic conditions viz. 90% in 0.1 N HCI within 8 days;
100% in 0.1 N NaOH within five days and 83% in neutral conditions
within four days. No degradation was found at 60 °C, in UV light and in
hydrogen peroxide solution (3 and 10%).

Discussion

Optimization of the chromatography

Although number of the LC methods were reported for determination
of ART along with its metabolites as well as other antimalarial drugs, but
none of them able to resolve the ART from its different degradation prod-
ucts when they were tried for the present study. The separation of degra-
dation products formed during different conditions of forced degradation
study was the major challenge for development of RP-HPLC method. The
ZORBAX Eclipse Plus C18 (250 x 4.6 mm, 5 pm) column was used for the
elution of analytes. Mixture of ammonium salts and acetonitrile was used
for pharmacokinetic study for ART [8,17,23]; so, mixture of ammonium
acetate (40 mM) and acetonitrile (35:65) was used for separation of ART
from its degradation products. The little bit separation was achieved but
drug was eluted with diluents peak. When ammonium acetate content
was increased from 35% to 40%; the degradants were separated but the
shape of the ART peak was not acceptable form and retention time for
degradation was far away from 20 min run time. Then, gradient pro-
gramming was planned for above mobile phase but we have not able to
separate the analytes.

Keeping the solubility and nature of the drug; the water and aceto-
nitrile (40:60) was introduced to elute the analytes; the degradants were
well separated but ART peak was merged with diluent peak. When wa-
ter content was increased then more complexity in chromatogram was
appeared. So, water content was decreased to 35%; interestingly all
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analytes were well separated; but still there was gap for better resolution
and finally, the mixture of water and acetonitrile (30:70) was confirmed
the separation of all analytes with acceptable resolution and peak sym-
metry. As the structure of ART (Fig. 1) indicates that there is no promi-
nent chromophore for UV absorption, so the detection wavelength was
decided to be 216 nm.

Method Validation

System suitability

System performance consistency was confirmed by analyzing system
suitability parameters; where six replicates of ART sample (15 pg/mL)
were chromatographed subsequently and retention time (RT), number
of theoretical plates, tailing factor, plates per meter, capacity factor and
peak purity were evaluated and % RSD values for these parameters were
found within acceptance criteria of system performance. The ART drug
was eluted at 13.48 min with higher theoretical plates (19873) with lower
RSD value (0.023) indicate superior separation of the drug on C18 col-
umn in defined chromatographic conditions; while the plates per meter
was determined as 79492.25 (Table I). Tailing factors of peak should be
in between 0.9-1.4; ART has 1.142 with 0.033 % RSD value which in-
dicates that peak is in symmetrical shape. The capacity factor for ART
was found to be 133.65 (Table I); means C18 column has better retaining
capacity of the drug. As peak purity of the peak of ART at retention time
(13.4 min) was unit (Fig. 2); there was no interference in elution at the
time of retention time of drug. It was best explained by the use of PDA
detector.

Linearity, range and calibration

The linearity was confirmed over the concentration of 5 — 25 pg/mL
and the regression equation was estimated as: AUC (area under curve) =
59998 x — 8385 with higher correlation coefficient near to unit (0.9998).
The working range was also confirmed as 10 -20 pg/mL (Table I).

Accuracy

The pre-analysed samples of ART was spiked with 50, 100 and 150%
of the drug and recovery was 99.62-100.56 with standard deviation of
0.484 (% RSD =+ 0.263) (Table I).
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TABLE 1

Validation parameters of RP-HPLC method for ART

Validation parameters

Value® + SD® + RSD*

System Suitability

RT¢

13.48 + 0.114 = 0.008

No. of Theoretical Plates

19873 + 456.85 + 0.023

Tailing Factor

1.142 + 0.038 = 0.033

Plates/meter 79492.25 + 18822.45 + 0.023

Peak purity 1.00 = 0.000 + 0.000

Capacity factor 133.65 + 1.135 *= 0.008
Linearity 5 - 25 pg/mL

Regression equation

AUC* = 59998 XF - 8385

Correlation coefficient

r2 = 0.9998 + 0.004, 0.100

Range 10 -20 pg/mL
Accuracy 100.02 + 0.484, + 0.263
Precision

Repeatability 100.01 = 0.532, = 0.193

Intermediate precision

Day-to-day

99.98 + 0.875, = 0.655

Analyst-to-analyst

99.82 + 0.759, = 0.302

Robustness

Mobile phase composition

100.15 + 0.963, + 0.832

Temperature 99.92 + 0.732, = 0.504
LOD¢# 0.5 pg/mL * 1.153, = 0.879
LO@Q" 1.0 pg/mL = 1.096, = 0.504
Ascertained by analyzing standard drug
Specificity samples and degraded samples of different

conditions

Stability in sample solution
Response ratio

1153.03 + 40.73, = 0.035

a mean of six replicates; b Standard deviation; ¢ % Relative standard deviation; d
Retention time; e Area under curve; f concentration in pg/mL; g Limit of detection; h

Limit of quantitation
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Counter plot [A], chromatogram [B] of ART; spectrum and peak purity curve at 13.48 min
of ART in mixture of water and acetonitrile (30:70)

Precision

The repeatability of sample injections was measured as peak area of
chromatogram which was expressed 100.01% with RSD of 0.193, while
intermediate precision was evaluated on the heads of inter-day analysis
as well as analyst-to-analyst. Both parameters were determined more
than 99% with less than unit standard deviation (0.759 and 0.875) at all
three levels of concentration (Table I).

Robustness

To confirm the reliability of the developed method in slight variation
of analysis, the robustness study was conducted where two parameters
were taken into consideration such as organic modifier concentration and
temperature variation. There was no significant effect of above change in
parameters on results; which were 100.15 and 99.92 respectively with
far less than two % RSD value (Table I).

LOQ and LOD

The sensitivity of the developed method was ascertained by determin-
ing LOD and LOQ. The signal to noise (S/N) ratio of 3:1 was 0.5 pg/mL
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(% RSD = 0.879) for LOD and S/N ratio of 10:1 was 1.0 pg/mL (% RSD =+
0.504). The RSD values for the both parameters were indicated the sen-
sitivity of method was satisfactory (Table I).

Specificity

The standard ART samples were subjected to forced degradation fol-
lowed by chromatographic analysis. The AUC of ART peak in chromato-
gram has been decreased with increase in the AUC of degradant’s peak.
This experimental evidence confirmed that the developed method was
specific for the analysis of ART.

Forced degradation

About 90% ART was degraded in 0.1 N HCI at 60 °C within 8
days and it gradually decreases with time and seventeen degradation
products were formed during this degradation (Fig 3). Peak area of peaks
at 4.1, 5.0, 5.3, 7.1, 8.3, 9.1 and 9.8 min were increased with degrada-
tion of ART, while peaks at 4.7, 6.2, 6.6, 8.3, 11.3, 11.8 and 14.3 min
were first increased and followed by decreased. It may be due to further
degradation of formed degradation products of ART. Peaks at 7.3, 14.3
and 15.3 min have variable fluctuation on degradation pattern (Fig. 4).
Degradants at 4.1, 5.3, 8.3 and 9.1 min were prominent acidic hydro-
lytic products; as their area under curve were more than other degrada-
tion products.

ART was completely degraded in basic conditions (0.1 N NaOH) at
60 °C within five days (Figure 5 & Figure 6). Although sixteen degrada-
tion products were formed in this degradation but peaks at 4.5, 6.6, 7.6
and 10.1 were major degradation products of ART. These degradation
products increase with time except degradant at 6.6 min, which first
increased and then decreased. Other degradants at 4.1, 4.7, 6.3 and 9.2
min were also degraded as same fashion as 6.6 min’s degradant.

Neutral (water) degradation of ART at 60 °C was faster than acid
and basic conditions. It was degraded about 83% in neutral conditions
within four days. Although fourteen degradation products were formed
during this degradation study, but only few of them were increased with
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Representative chromatogram of ART in acidic degradation (0.1 N HC]) at 60 °C
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Figure 4
Degradation profile of ART in acidic conditions (0.1 N HC]) at 60 °C
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Representative chromatogram of ART in basic degradation (0.1 N NaOH) at 60 °C
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Degradation profile of ART in basic conditions (0.1 N NaOH) at 60 °C
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time of stressed conditions. The gradual sharp increase in area of peak
at 10.45 min with gradual decrease in ART concentration, which ap-
peared in first day sample (Figure 7 & Figure 8). Peak at 4.45 min was
also gradually slow increased. Other peaks were not observed in first day
sample and/or subsequent days.

There was no degradation was observed in hydrogen peroxide (3%
and 10%) at room temperature for 10 days. The drug was also stable at
60 °C and UV light irradiation for 10 days i.e. there was no degradation
product was observed in both conditions. As concern with comparative
hydrolytic degradation profile of ART, the fastest degradation was in neu-
tral condition followed by basic and then acidic (Fig. 9).

Conclusion

The RP-HPLC-DAD method has been developed and validated to as-
sure the reliability of assay method and successfully applied to study the
forced degradation profile of ART in different conditions. The ART was
degraded in all three hydrolytic conditions (neutral, acidic and basic),
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Figure 7
Representative chromatogram of ART in neutral degradation (water) at 60 °C
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Degradation profile of ART in all hydrolytic conditions
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but it was not degraded under temperature (60 °C), UV irradiation and in
hydrogen peroxide solution (3 and 10%). As the ART was well separated
from its degradation products; the validated chromatographic method
may be applied for impurity profiling, routine analysis in pharmaceutical
industry, bioequivalence and dissolution studies.
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Summary

A novel stability-indicating RP-HPLC method for artemether has been
developed and validated as per ICH guidelines and applied successfully to
establish inherent stability of the drug by performing forced degradation
in different stress conditions. The chromatographic separation of arte-
mether and its degradants was achieved on Zorbax Eclipse Plus C18 col-
umn (250 x 4.6 mm, 5 um) by employing the mixture of acetonitrile and
water (70:30) at 13.48 min with 1.0 pyL/min flow rate. The detection was
performed by photodiode-array detector at 216 nm and room tempera-
ture was monitored for column. The degradation behavior drug was deter-
mined by performing forced degradation profile viz. hydrolysis, oxidation,
photolysis and thermal decomposition. Extensive degradation was found
in hydrolytic conditions (neutral, acid and alkaline), while it was stable
under temperature (60 °C), UV irradiation and in hydrogen peroxide solu-
tion (3 and 10%). The validated RP-HPLC-DAD method may be applied for
impurity profiling, quality control for purity of drug, routine analysis in
pharmaceutical industry, bioequivalence and dissolution studies.

Key words: Artemether, Forced degradation profiling, RP-HPLC-DAD
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Ozet

Artemether’ in Stres Bozundurma Profilinin Stabilite
Gostergeli Valide Edilmis RP-HPLC-DAD Metoduyla Belirlenmesi

Artemether icin yeni bir stabilite gostergeli RP-HPLC method
gelistirilmistir ve ICH kilavuzlarina gore valide edilmistir. Gelistirilen y6n-
tem farkli stres kosullarinda Artemether’ in kararliligimi gostermek icin
kullanilmistir. Artemether ve bozunma tirtinlerinin ayrimi Zorbax Eclipse
Plus C18 kolon (250 x 4.6 mm, 5 um) kullanilarak asetonirtil ve su (70:30)
karisim ile 1.0 mL/dak akis hizinda 13.48 dakikada gerceklestirilmistir.
Dedeksiyon, dizi diyot dedektér aracilifiyla 216 nm dalga boyunda
gerceklestirilmistir ve kolon oda sicaklhiginda tutulmustur. Artemether’
in bozunma davranisi stres kosullarinda hidroliz, oksidasyon, fotoliz ve
termal bozunma uygulanarak incelenmistir. Diistik sicakliklarda (60 °C)
kararhh olan Artemether icin sulu ortamda (nétr, asidik, bazik), UV 1sik
altinda ve hidrojen peroksit (%3 - %10) ortaminda bozunma gézlenmistir.
Gelistirilen valide edilmis RP-HPLC yontemi, imptrtite profillenmesinde,
ilacin kalite kontroltinde, ila¢ sanayisinde rutin analizlerde, biyoesdegerlik
calismalarinda ve dissoltisyon ¢alismalarinda kullanilabilir.

Anahtar kelimeler: Artemether, Stres Bozundurma Profili, RP-HPLC-
DAD
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