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ABSTRACT

A simple, stability-indicating, reversed phase high performanceliquid chro-
matographic method has been devel oped for the determination of artesunate
(ART) in presence of two of its alkaline degradation products. The analysis
was performed using aNucleosi| C18 column (150 x 4.6 mmi.d.) asagtation-
ary phase at ambient temperature with UV- detection at 215 nm. A mobile
phase consisting of of methanol: acetonitrile: 0.05M potassium dihydrogen
phosphate solution of pH 3.9 (50: 8: 42, v/ v) was pumped at aflow rate of 2
mL min. The method showed good linearity over the range of 25-200 ug
mL twith detection limit of 1.41 ug mL-*and quantification limit of 4.28 ugmL-
trespectively. The proposed method was applied for the analysisof ART in
pure form and commercial tablets with the mean % recoveries of 100.26 +
1.34 and 100.30 + 1.52 respectively. The results obtained were favorably
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compared to those obtained by the reference method.
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INTRODUCTION

Artesunate (ART); butaanedioic acid mono-
decahydro-3,6,9-trimethyl-3,12-epoxy-12-
pyrano| 3,4-j]-1,2-benzodioxepin-10-yl] ester.lM (Fig-
urel) isused primarily for thetreatment for malaria;
but it has al so been shown to be >90% efficacious at
reducing egg production in Schistosoma haematobium
infection.[

Few methods have been reported for theanalysis
of ART, theseinclude: high performanceliquid chroma-
tography,>% Gas Chromatography,® and capillary dec-
trophoresis.”

The aim of the present work was to develop,
validate and apply an efficient reversed phaseliquid

Figurel: Sructural formulaof artesunate

chromatographic method for therapid and simulta-
neous determination of ART and itsalkaline degra-
dation products using a mobile phase consi sting of
methanol: acetonitrile: 0.05 M potassium dihydrogen
phosphate solution of pH 3.9 (50: 8: 42, v/v) with
UV detection at 215 nm. Further more, the devel-
oped method was utilized for theanalysisof ART in
itstablets.
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Apparatus

- Separationwasperformed with aPerkin EImer tm
Series 200 Chromatograph equipped with a
Rheodyneinjector valvewitha20 pL loop and a
UV/VISdetector operated at 215nm. Total Chrom
workstation wasapplied for datacollectingand pro-
cessing(MA,USA).

- A Shimadzu UV 1601 PC Spectrophotometer
equipped with apair of 1cm matched cells. Re-
cordingrange: 0-2; wavelength: 215 nm; factor: 1,
number of cells. 1; reactiontime(min.); cycletime:
0.1min.

Materials and Reagents

e Artesunate(ART) puresamplewaspurchased from
Sigma(St. Louis, Mo, USA). Tablets containing
the drug (labeled to contain 60 mg ART/ tablet)
product of Multipharma, Cairo, Egypt) were ob-
tained fromthe manufacturer.

e Cholroquin phosphate product of Naser Pharma-
ceutical Companey, Cairo Egypt, wasused asin-
terna standard (1.S.) and stock solution containing
200 pg/ mL was prepared in methanol and was fur-
ther diluted with the same sol vent.

e Methanol and acetonitrile (HPLC grade) were ob-
tained from Merck (Darmstadt, Germany).

e Orthophosphoric acid (85 %) was obtained from
Prolabo (Paris, France).

e 0.05M agueous solution of phosphate buffer of
pH 3.9 was prepared.

Chromatogr aphicconditions
Columnsand mobilephases

e Separation wasachieved onaNucleosi| RP-18 (5
pm) (150 mm x 4.6 mm) combined with a guard
column (Merck, Darmstadt, Germany). The col-
umnswere operated at ambient temperature. The
anaytica system waswashed daily with 60 mL of
1:1 mixtureof water and methanol to eiminatethe
mobile phase and thisdid not cause any changein
the column performance.

e Themobilephase consistsof mixtureof methanol:
acetonitrile: 0.05 M phosphate buffer of pH 3.9
(50: 8: 42, v/v). The mobile phase was filtered
through a0.45-pum membrane filter (Millipore, Ire-

land).
Hnalytical CHEMISTRY o

e Theflowratewas2mL/ min.

e Thereferencemethod was performed onaNucleosl|
RP-18 (5 um) (150 mm X 4.6 mm) combined with
aguard column (Merck, Darmstadt, Germany) and
using amoble phase cons sting of acetonitrile: phos-
phate buffer (0.01 M of pH 2.9) (40: 60, v/v) was
used with UV detection at 220 nm and the flow
ratewas 1mL/min.

Stock solutions

Stock solution containing 1.0 mg/ mL of ART was
prepared in methanol and further diluted with2 M NaOH
for the spectrophotometric measurement and mixed with
Cholroquin phosphate (1S) (200 ug mL*) and diluted
with themobile phasefor the HPL C measurement. This
solution was found to be stablefor at |east oneweek
without dteration when kept intherefrigerator.

Preparation of alkalinedegradation products

Aliguot volumesof methanolicART (1000 ug mL2)
weretransferred into aseriesof 10mL volumetricflasks
and diluted with the 2 M NaOH to the mark. These
solutionswere heated in aboiling water bath for about
onehour and further diluted with the same solvent be-
fore measuring the absorbance at 237 nm.

For HPLC measurements, Aliquot volumes of
methanolicART (1000 ug mL) weretransferred into
aseriesof 10 mL volumetric flasksand diluted withthe
2 M NaOH to the mark. These solutionswere heated
inaboilingwater bath for about onehour. Then, diquots
equivaent to 400 pg mL*weretransferred to 10 ml
volumetricflasksdiluted with ImL of digtilled water to
obtain clear solution, neutralized with2 M HCI and
mixed with 1ml of Cholroquin phosphate (1S) (200 pg
mL-1) and diluted with the mobile phaseto the mark.
Then the peak arearation wasdetermined at 215 nm.

Construction of thecalibration curve

Transfer aliquots of the standard sol ution contain-
ing 25-200 ug mL-tof ART prepared by serid dilution
of diqotsof the sotck solution together with an aliquot
of IS containing 20 pg mL"* of Cholroquin phosphate
and completeto the 10 mL with themobile phase. In-
ject twenty uL aliquots (in triplicate) and elute with the
mobile phase under thereported chromatographic con-
ditions. Construct the cdlibration curve by plotting the
peak arearatio against thefinal concentration of the
drug (ug mL2). Alternatively, derivethe corresponding
regression equation.
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Analysisof tablets

Weigh, pulverize, and mix well twenty tablets.
Transfer an accurately weighed quantity of the pow-
dered tablets equivalent to 100.0 mg of ART into a
small conical flask, extract with 3x30 mL of methanol
and sonicatefor 30 min. Filter theextractintoa50 mL
volumetric flask and compl ete to volumewith metha-
nol. Follow the procedure as described under “Con-
gruction of theCdlibration Curve’. Determine the nomi-
na contents of thetabletsusing either thecalibration
graph or the corresponding regression equation.

RESULTSAND DISCUSSION

A smplereversed phased liquid chromatographic
method hasbeen utilized for the separation of ART and
itstwo degradation products. Figure 2 showsthechro-
meatogram obta ned for amixtureof thestandard solution
of ART and its two degradation products (A and B),
chloroquine phosphate was used asinterna standard
under the described chromatographic conditions. The
chromatogram reveal ed that ART waswel | separated
fromitsakalinedegradation products. Themobilephase
waschosnafter severd tridswithdifferent ratio of methar
nol, actonitrile, phosphate buffer and a different pH val-
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Figure2: Typical chromatogram of artesunate (200 ng mL™?)
and itsdegradation products (40 ug mL) under thedescribed
chromatogr aphicconditions. (A): Degradation product A, (B):
Degradation product B,ART: Artesunate, |.S.: Chloroquine
phosphate (20 pg mL?)
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—— Fyll Peper

ues. Thechromatographic system described above, a-
lowscompl etebaseline separation with good resolution
factor (3.77) between ART and degradation product B.
The proposed method was assessed for specificity, lin-
earity, precison, accuracy, stability and recovery.

Thedifferent experimentd parametersaffectingthe
Separation saectivity have beeninvestigated and opti-
mized. Hence, the method was applied to the determi-
nation of ART initstablets.

Chromatogr aphic performance

A mobilephase consisting of mixtureof methanol:
acetonitrile: 0.05 M phosphate buffer of pH 3.9 (50:
8:42, vIv) achieved an optimum separation of thedrug
fromitsdgradation products, resol ution factor of (3.77),
inareasonabletimelessthan 10 min. with maximum
detector response.

Choiceof column

Artesunate wasdetermined in pureform and tab-
letsmainly on reversed-phase c18 column. Reversed
phase chromatography was conducted using aphenyl
(250x 4.6 mmid) Sainlesssted columninstead of 18
column, Thetwo degradation productswered uted rap-
idly at retentiontimet_ 2 and 2.7 min, respectively.
WhileART waseluted at 5.3 min with broad and non

symmetrical pesk.
Choiceof appropriatewavelength

Artesunate exhibitslow absorbanceat 224 nmwith
A of about 100, whileitsalkalinedegradation prod-
uct shows maximum absorbanceat 237 nmwith high
A of about 425 nm (Figure 3). Using reversed -
phase HPL C method reveal ed good separation of the
drug fromitsdegradation products at 215 nm regard-
ing the sengitivity of themethod, whileat 200-210 nm
the sengitivity wasgreatly decreased.

Choiceof internal standard

Different drugswereinvestigated for the choice of
asuitableinternal stlandard. Thesedrugsinclude: Chlo-
roquine phosphate, flumequine, artemether and
lumifantrine. Artemether and lumifantrine are not de-
tected. On theother hand, flumequineinterfered and
greatly overlgpped with either the pesk of thedegrada
tion product or with that of the drug.

Chloroquine phosphate wasthe best internal stan-
dard producing awell resolved peak from each of the
drug and itsdegradation products (Figure 2).

—— a%a['yttaa[’ CHEMISTRY
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Figure 3: UV spectra of artesunate (20 pg mL™*) and its
degradation product obtained after boilingwith2M NaOH at
diffused day light for onehour: (A) Artesunateat 224 nm, (B)
Degradation product at 237 nm

M abile phase composition

Severa modificationsinthemobile phase compo-
gtionwereperformedin order to study the possibilities
of changing the selectivity of the chromatographic sys-
tem. Themodificationsinclude, thetypeand ratio of
the organic modifier, the pH, thestrength of phosphate
buffer and flow rate.

Typeof organic modifier

Methanol only and acetonitrileonly did not givegood
resolved peaks. While, mixture of methanol and
actonitrile produced well resolved and symmetrical
peaks. So mixture of methanol and actonitrilewasthe
organic modifier of choice used through out the study.

Ratio of organic modifier

Theeffect of changing theratio of organic modifier
onthe sdlectivity and retentiontimesof thestudied drug
and itsdegradation productswasinvestigated. A satis-
factory separation was achieved upon using amobile
phase cong sting of methanol: acetonitrile: 0.05M phos-
phate buffer of pH 3.9 (50: 8: 42, v/v) a ambient tem-
perature (Figure4). Increasing methanol ratio and de-
creasingtheacetonitrileratioresultedinagradud increase
in the resolution factor up to ratio (50: 8: 42, v/v) for
methanol: acetonitrile: 0.05 M phosphate buffer of pH

3.9 respectively. Then any further increaseinthisratio
leadsto poor separation and anincreaseintheretention
timeof thedrug anditsdegradation product. (Figure4).
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Figure4: Effect of acetonitrile: phosphatebuffer ratio (pH
3.9) ontheresolution of ART (200 pg mL™) formitsdegrada-
tion product usngtheproposed HPL C method.

pH

Theeffect of changing pH of the mobile phaseon
thesdectivity and retentiontimesof ART and itsdegra-
dation productswasinvestigated using mobilephase of
pH ranging from 2.7-7.0. Figure 5illustratesthat pH
3.9wasthemost gopropriategivingwell resolved pesks
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Figure5: Effect of pH ontheresolution of ART (200 ng mL™2)

form itsalkaline degradation product using the proposed

HPLC method.

inashort reasonabl etime regarding the peak symmetry
and sengitivity. Uponincreasing thepH vaueART and
itsdegradation product B were considerably retained,
withtheincreasein retentiontimeof ART and itsdeg-
radation product B. At lower pH lessthan 3.9 ade-
crease of theretention timewasachieved. (Figure5).

lonic strength buffer

Theeffect of changing theionic strengths of phos-
phatebuffer (pH 3.9) onthesdectivity and retentiontimes

Hnalytical CHEMISTRY o
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of ART and itsdegradation productswasinvestigated.
The study was performed over the range (0.02- 0.10
M) phosphatebuffer (pH 3.9). It wasfound that 0.05M
phosphate buffer (pH 3.9) was the most suitable one
giving the best resol ution and the highest detector re-
sponse. A gradual decreasein the pesk arearatiowas
observed by increasingthe molar strengthupto 0.1 M
buffer (Figure 6), whiletheretention timesof thedrug
anditsdegradation productswasdightly increased.
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r—o— ART
I —e—— Degradation product (B)

- —e— Resolution

Retention time (min)
o N o ©
T

w h o
T

1
0.02

1 1 1 " 1
0.04 0.06 0.08 o1 25

Phosphate buffer concentration (Mole)

Figure6: Effect of molarity of phosphatebuffer (pH 3.9) on
theresolution of ART (200 ng mL?) form its degradation
product using theproposed HPL C method.

Flowrate

Theeffect of flow rate on the separation of ART
from itstwo degradation productswas studied and a
flow rate of 2 mL min™ was optimal for good separa-
tioninareasonabletime.

Validation of themethod
Theproposed method wastested for linearity, Speci-
ficity, accuracy and precision
Linearity
Thepeak arearatio of ART varied linearly withthe
concentration over therange (25-250 ugmL?)
Linear regression analysis of the data gave the
followingequetions.
P=-0.021+0.0141C (r = 0.9999)
Where C isthe concentration in ug/ mL and Pisthe
peak arearatio.
Limit of quantitation (LOQ) and Limit of detec-
tion (LOD)

LOQ and LOD were cal culated accordingto ICH
Q2B recommendations® and they were found to be
4.28 and 1.41 pg mL* respectively.

LOQ and LOD were calculated according to the
following equations.®

—— Fyll Peper

LOQ=106/S
LOD=33¢/S

whereo is the standard deviation of the intercept of
regressonlineand Sisthe Sopeof thecdibrationcurve.

A plot of pesk arearatio versusthe concentration of
ART wasrectilinear over therangescitedin TABLE 1.

Thevalidity of themethod was proved by statisti-
cd evduation of theregressonlines, usingthestandard
deviation of theresiduals(S, ), thestandard deviation
of theintercept (S)) and standard deviation of theslope
(S)- Theresultsareabridgedin TABLE 1. Thesmall
valuesof thefigurespoint out to thelow scattering of
the calibration pointsaround the calibration curve and
high precison.

TABLE 1: Performancedata of theproposed method

Par ameter P&?ﬁ;ﬁd
Concentration range (ug mL™) 25-200
LOD (ug mL™) 1.41
LOQ (ug mL™ 4.28
Correlation coefficient (r) 0.9999
Slope 0.0141
I ntercept -0.021
Syix = standard deviation of the residuals. 6.9x 10°
S, = sta_\ndar_d deviation of the intercept of 6.04 x10°
regression line.
S = standar_d deviation of the dope of 4.82 x10°
regression line
% Error =RSD%/ Y n 0.60

Accuracy

Totest thevalidity of the proposed method it was
applied tothedetermination of authentic sampleof ART
over theworking concentration range. Theresultsob-
tained werein good agreement with those obtained us-
ing reference method.™ Using Student’s t-test and vari-
anceratio F-test” reved ed no significant difference
between the performance of thetwo methodsregard-
ing the accuracy and precision, respectively (TABLE
2). An HPLC reference method was adopted using a
mixture of acetonitrile-phosphate buffer pH 3 (40:60,
v/v) asamobile phase, at flow rate of 1ml min. The
detection was carried at 220 nm.

Precision
Repeatability

Therepeatability was eva uated through therepli-
cate anaysisof three different concentrationsof ART
samples, either in pure or in tablets, the mean percent-

—— a%a['yttaa[’ CHEMISTRY
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age recoveries based on the average of six separate
determinationsfor pureand dosageformsareabridged
inTABLE 3.

I ntermediateprecision

It wasperformed through replicateanaysisof three
different concentrationsof ART samples, eitherinpure
or tabletson six successive days. The percentagere-
coveriesare based onthe average of six separate de-
terminations. Theresultsareabridged in TABLE 3.

Sability

The stability of the methanolic sample solutionsat
room temperature (25 °C) for 24 hours after prepara-
tion, was verified by reassaying them (after dilutionwith
themobile phase). Therewasnoindication of any de-
composition of ART inthesamples.
Recovery

Therecovery of the method was checked by add-
ingknownamountsof degraded ART to known amounts

TABLE 2: Application of theproposed and r eferencemethods
tothedeter mination of artesunatein pureform and tablets

Parameters Proposed Reference
method M ethod™

1- ART in pureform

No of experiments 5 3
Mean found, % 100.26 100.03
+SD 1.34 0.59
RSD, % 134 0.59
Variance 1.795 0.348
Student'st-value 0.28 (2.45)
Varianceratio F-test 5.16 (6.94)

2- ART in tablets
containing 60 mg/tabl et

No of experiments 3 3
Mean found, % 100.30 98.93
+SD 152 1.36
RSD, % 152 1.36
Variance 231 1.845
Student'st-value 1.16 (2.78)
Varianceratio F-test 1.25 (19.00)

N.B.: Valuesbetween parenthesisarethetabulatedt and F
valuesrespectively, at p = 0.059.

TABLE 3: Validation of the proposed method for thedeter mination of ART in pureform and tablets

Intra-day precision Inter-day precision Intra-day precision Inter-day precision
Parameters  Concentration % Concentration % Parameters Concentration % Concentration %
taken taken taken taken
(ug mL'l) Recovery (ng mL .1) Recovery (ug mL'l) Recovery (ng mL .1) Recovery
Artesunate pure 50.0 101.99 50.0 95.78 ART 60 mg/ tablet 50.0 99.24 50.0 101.06
101.17 95.17 100.90 96.66
103.99 98.74 102.07 95.36
97.82 98.82 101.27 98.60
100.80 102.05 101.79 100.74
98.74 98.22 105.66 101.65
x+S.D. 101.34+1.91 98.13+2.47 x+S.D. 101.82+2.13 99.01+2.58
%RSD 1.88 2.52 %RSD 2.09 2.61
Y%Er 0.77 1.03 %Er 0.85 1.07
100.0 98.58 100.0 100.24 ART 60 mg/ tablet 100.0 103.83 100.0 103.17
102.43 101.48 100.49 96.61
98.21 99.18 99.02 100.49
96.46 98.43 104.37 104.67
9.797 99.19 98.96 97.66
101.47 105.06 100.16 101.47
X +S.D. 99.19+2.28 100.60+2.43 x+£S.D. 101.14+2.38 100.68+3.11
%RSD 2.30 2.42 %RSD 2.35 3.09
%Er 0.94 0.99 %Er 0.96 1.26
150.0 99.54 150.0 99.46 ART 60 mg/ tablet 150.0 97.47 150.0 99.59
101.99 103.05 100.44 98.71
104.76 100.46 95.39 106.52
98.47 99.69 106.21 105.53
99.86 101.70 98.79 98.07
103.06 94,91 99.45
x+S.D. 101.28+2.40 99.88+2.78 x+S.D. 98.49+3.29 101.31£3.70
%RSD 2.37 2.78 %RSD 3.34 3.65
%Er 0.97 1.13 %Er 1.36 1.49
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of slandard ART. Thecal culated recoverieswere satis-
factory indicating that nointerferencehad been observed
from the degradation products. The accuracy of the
proposed method was eva uated by analyzing standard
solutions of the studied drugs. Theresults obtained by
the proposed method were compared withthosegiven
by the reference method..”®

Application
Dosageform analysis

The proposed method was successfully applied to
thedetermination of thedrugintablets. The percentage
recoveriesareabridgedin TABLE 2. Theresultswere
compared with those obtained using the reference
method.®® Statistical analysis¥ of the results using
student'st test and varience ratio F- test showed no
sgnificancedifferencewith thoseobtained usngthetwo

—— Fyll Peper
methodsregarding accuracy and precision, repectively.
Chromatogr aphic performance

Threewell-defined symmetricd peskswereobtaned
upon measuring the UV-response of thed uateunder the
optimum experimenta parameters(Figure 2), a reten-
tiontimeof 7.07for ART andt_ 2.7 and 3.3 minfor its
two degradation productsA and B respectively.

Pathway of degradation

The chromatogram of ART degradation showed 2
degradation peaksin additionto that of ART.

Degradation product A waseluted first at retention
timeof 2.7 Snceitismore polar than degradation prod-
uct B which was eluted at t_ 3.3 min. photoinduced
akalinedegradation of ART issuggested to proceed as
showninthefollowing scheme.

(0]
Boil
OH
+ NaOH +
1 hour Q Ho)k/\f(
(0]
Product A

Scheme1: Proposal mechanism for induced alkaline degradation of artesunatewith 2M NaOH after boiling for onehour

CONCLUSION

A rapid, precise, and sel ective HPL C method us-
ingasingleisocratic system hasbeen developed for the
determination of ART either per seor in presenceof its
alkaline degradation products. The method isconsid-
ered asastability-indicating assay for the determina-
tion of ART in pharmaceutical preparations.A simple
sample preparation enablesthe use of thismethod for
routinequaity control andysisof ART initstablets, with
good accuracy. The proposed method is characterized
by high sengitivity for theanalysisof ART with LOD of
1.41and LOQ of 4.28 pg mL ™.
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