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REVERSED-PHASE HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHIC DETER-
MINATION OF ARTEMISITENE
IN ARTEMISININ

MAHER M. EL-DOMIATY*, IBRAHIM A. AL-MESHAL,
AND FAROUK S. EL-FERALY

Depariment of Pharmacognosy
College of Pharmacy
King Saud University

Riyadh 11451, Saudi Arabia

BSTRACT

A new, simple and selective reversed-phase HPLC assay
is developed for the determination of the clinically
undesirable artemisitensa in the antimalarial agent
artemisinin (ginghaosu). It involves the use of an in-
ternal standard (santonin) and the determination time
is less than 5 minutes. Detection was accomplished
using a UV detector set at 216 nm and limits were as
low as 15ng for a 10pl injection. Being simple and
selective this method is particularly useful for the
routine analysis of artemisinin to check its purity.
In addition, the method can be used for preparative
scale purification of these compounds. It has been ap-
plied for the evaluation of crystalline samples of ar-
temisinin without prior preparation.
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INTRODUCTION

artemisinin falso called artemisimning or arteannuin
and is often referred o as ainghoasu) 1s a =zesquiter -
pene lactone with an unusual endoperoxide Jroup. ft 1s
the clinically active antimalarial constirtuent isolated
from the Chinese traditional herb.@Ginghao or Artanizia
ANNUa  w. [Family Compositacl (13},
Saveral thouszand malaria cases in China have been =suc -
zesstully treated with artemisinin. :ncluding thoues
Cadzacd by both chlorocuine  sensitive and chiorogu. m-
tezlstant stratns of  Plasmodidin Falo v um. Interest
i bhe antimalarial ootenbial of ar Lemieinea ar owe] i ey
bty deraivatives and anaioot 1E cuirantly e ostboecth of
rume: cler anvestloations (2,350

I addition O artemieliiti, . ANNLA S1ADDE AL,
Ehe Jdeiydeo analog artemisitens (A3, alberl so zmalise
vicdad, Thivc compound was found o Le leso aclive s
o anvimalacial ageabt tnacm a bemssinea R, IR T TA B
tion, the pireasenca of an a.B-unvatourated carbonyl i

Lhis compound miaght confer upon ot cecbaln undesiiable

Biological activities such oo allergenicily o1
mubtagesnierlby (5), Even atter rapsated cryatallioat on
uf artamesinin, artemisitene co-crystallizses wilh a1
aad ahars mel bing canples of arboemisioin were cClaimed
Le contain az mucin a< 10% oF artemizitens {41,

Savaral HELC petnhods have Sean z2oploved for the

determination of arvvemisinin and i1bts derivalives i
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Bioloyical fluids (7.8) or in plant extracts (4, 9-11)

The only analytical technique available for the detar

mination of artemisitene i1nvolved an electrochem:cal
detection HPLC (4). This detection reaguired tedious
and complicated procedures to exclude oxygen and main-
tain the oxvgen fisse state of both Lhe buffered mobils
phase and the sample to be injected. The many pletan-
Lions (4) reqguirad throughoul the analysis, tn addirtion
to the unavailability ot such a detection system in
many laboratories, represented additional difficuitbies
forr routine analysis of arteinigsinin using thisg wmeLhod.
Therefore, it was necass=ary o develop a method which
1% simple, seisctive. raprd and sensitive to monitor
the councentrations of artamisiteng It artemescnin,
betore the later (s usned ciinically or used for
preparation of the more potant semisvnthstic del ivatbive
darteelher which is currently being evaluated by World
Hizalth Ordganization as= antimalarial drug (2). This
manuscript describes such a method., which has also peen
adaptad Lo be an zasy and raplid mathod for the HPLC
separation and puritication of artemisinin and ar-

temisitens on a preprative scale.

The HPLC =ystem consisted of a Waters Modular Sys-

tem (Waters Asocc. Inc.., milford, MA. U.5.4.). fitted
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with & model M-45 solvent delivery system abtached Lo
an automated controller model 680: & model Uek i1njector
with a 2 ml sample loop: a Lampda-Max amods) 481 LC
spectrophotometer and a data module model 734,

Chromatography was carried out on a stainle:

column (30 cm X 3.9 mm i.d.) packed with reversed-phase

uBondapak Cis (particle size 10um)

Chemicals

HPLC-grade acetonitrile and doubly distillenr water
were used. ALl solvents were degased and filteres
through Durapore filters O.22pX 47 mm using a wWatare
solvent clarification kit.

Crystalling artemisinin {coentarning artemisLlens
as an impurlity} was ls=colated from either locallv growi
A. annua (12 using a literaturse poocacdurs (L3) or from
plant material grown in University, Miczissippl. U.S. 4.
and harvested at the preflowsring =tayes 1o August
1984, It was purified by preparative HFPLD on a
uRondapack Crs columin (7.3mm X 30cm) using L5% agueous
acetonitrile as an eluenlt at & flow rate of 5Sml mic.

(Rt of artemnisinin and artamisitens ware 7.3 snd &.05

min., respectively). This treatment provided also pure
artemisitena, which was also obtainad ny chemical =vin-
thesis (129,

Santonin was of the extra pure grade (Merck,

Germany) . All reference compoundse were checked faor
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homogeneity and purity by determining their physical

constants and by spectral and HPLC analysis.

HELC Operating Conditions

The mobile phase consisted of a mixture of
acetonitrile and water (65:3%), at a flow rate of 1.5
ml/min. Wavelength of detection was 216 nm and 0.01
(AUFS) for sensitivity. All chromatographic analyses
were parformed isocratically and at ambient tempera-

ture .

Preparation of Internal Standard Solution

& stock solution was prepared by dissolving an ac-
curately weighed dguantity (100 mg) of the internal
standard, santonin, in 100 ml of acetonitrile. This
stock solution was diluted to give a working concentra-

tion of ¢.15 mg/ml of santonin in acetoni-trile.

Preparation of Zraondard Solutions of Artemisitene

A stock solution of artemisitene (1 mg/ml) was
prepared by dissolving an accurately weighed amount
{100 mg) of artemisitene in 100 ml of acetonitrile.
This solution was diluted to a concentration of 0.1
mg/ml with acetonitrile and used for the preparation of

the standard curve as described below.
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Calibration Graphs of Artemisitene

S1x aliquots equivalent to 25, 5%G. 100, 150, 200
anrd 750 pg of artemisitene (using the previously
n oepaied sbkack wolution) wers transfered to 10-ml
volumatric flasks. 1 1.5 wl of the stock solutien of
rhe nrarnal standard (0,15 ma/ml) was then added. The
colubtionz were bhon brought to volume with acetonitbtrile
and Lhorousihly mixed Lo obtain standasrd sclutions oon
taining ~.%, .0, 10, 15, ¢ and 7% pg/ml of a--
Pemisiteneg and 2900% wa/ml ool Dalernal shancatd, i
volume ©f 10 nl ot @ach wolutiron was Lngecied 1n

i gl ik antw The column to obtawn o Saliorab oo

t)l ARh

Conrsituribros wf Thae Calikration Geagh
Thter injections of each o the <iv «fandad cole-
Pionts conbtalaing artemisitena and Santonin weig wihad Loy

Labsl psiy Linearity and response ratios Fhe: calaiora

Pron curwe (Fryg. 23 was coosbiuchked by plont e e
bbbt of peal araa of A itaaesy Lenn Yo that of apternad

chandard wvorsds the vonecsntralbion ot o bemisitend .

Hiepairalbion

Fwe cioecballine sampls af as tevarsintn ot o dat

faroan: <UL Cwes Wera aapai4inly ducaolved o

Aacetnna b wle R cdive A concaenbiarton ot b Aml i
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volume of 1 ml of this solution was transferred to a 10
ml volumetric flask and 1.5 ml of the stock solution of
the internal standard were added and the voiume was
brought to 10 ml using acetonitrile. An appropriate
volume (usually 10 ul) of thig solution was injected

into the HPLC systemn.

RESULTS AND DISCUSSION

The chromatographic separation of artemisinin  and
artemisitene was calried out under a variety of condi-
tions. The selsction of a1 sultable aluent was studied
by invesligating combination: of organic solvents and
watker.

Tnitial work was aluo directad towards the saspara-
tion of artemisitens, artemisinin and the internal
standard. A& chromatographic svystem consists of
pBondapack Cig reversed-phase column and a mobile phase
of acetonitrile - water {(n5:3%) provided the best
separation. az shown in Fig. la. The retention times
{Pt) of artemisitens, artemiszinin and the internal
standard, santonin, were 4.30, 4.90 and 3.02 minutes.
raespectively. Thia saparation was sufficiently good and
reproducible to permit guantitative work. The capacity
factors (K' ) of artemsinin, artemisitens and inteipal
standard were 2.3, 2.4 and L.4, respectively, which are

in the optaimum ranae for quantitative analysesz (14).
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N

Taeg. Lot HP L separatior of pure rafsraence
sapgles of  artemicitende (2). a0 benescaia (3) 0 wand
the Lpncernal crandasd, rantonrin (L), B @A
ivtomatoagr am of 4 crystalline sample ol ar

temicirnin (UJ) showing the predsoenct: ol artemisitens
2y ochrwmatographic cenditions s Culumn. wBondapack
e P ROQem x5 mm o o1.d. Yy mobile phasea,
acetunitoot water (69%33%) at 10 wmiJSmin. Flow

tate: deboclion, UV at 216 nmn, 8 - colvent peaks.
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Santonin fulfilled the requirement for a good in-
ternal standard (14), as it is structurally similar to
both artemisinin and artemisitene, sluted close to both
of them (X' values were close) with a3 well resolved
peak and is commercially available in & highly pure
form.

As the absorption maximum of artemisinin and ar-
temisitene occurs at about 210-220 (7), the uUv absorp-
tion of the chromatographic solvents becomes a deter-
mining factor for the sensitivity of detection (14).
However, the transparency of the solvents iz greater in
the employed reversed-phase system, which permitted
detection at 216 nm. with & values of 140 and 5900 for
artemisinin and artemisitene, respectively. This
resulted in a linear response with an approximate
detection limit of 15 ng of artemisitene (per 10 ul in-
jection at a detector sensitivity of 0.01 AUFS).
Higher sensitivity may be obtained by the use of larger
injection volumes.

The calibraton graph (Fig. 2) was constructed by
plotting the ratio of peak area of artemisitene tec that
of santonin (internal standard) against the amount of
the former where a good linear responsg was observed in
the range of 25 to 250 ng of artemisitena, with an ex-
cellent correllation coefficient (r=0.299). This

calibration curve was used for the determination of ar-
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temisitene in the two crystalline samples of ar-
temisinin of different geographical origins., by simply
dissolving the samples in acetonitrile and direct in-
jection into the HPLC system. One sample was isclated
from A. annua grown locally (Rivadh, Saudi Arabia)
(12), and the other one was 130lated from a variant
Qrown in University, Mississippi, U.Z.A. an HPLC
chromataogram of the local crystalline sample of ar-
temisinin is shown in Figure 18, the presasnce of ar-
temisitene was evidant. The =second crystalline zample
(From USA} shawed a3 =imilar chromatogram and hence was
not included in the figure.

It is wurthwhile, to point out that the presence
of artemisitane in artemisiniin is pot dezirable as it
is less potent Lhan artemisinin (2,5).

Tha results showed Lhat, while the American sample
had 1.19% of artemisitene, Lhe content of the lucal
sample was a4 little highsr at 1.99%. These resulte
were based on the avarage of eight separate debormina-
tions for each run with a relative standard deviation
of 0.04% and 0.08% for the American and the local
samples, respectively.

The method was also exploited, with a slight
modification, for the separation and purafication of
borh artemisinin and artemisltene. A sami-preparalive

HPLC column and 1%% water in acstonitrile as a mobile



09:59 25 January 2011

Downl oaded At:

2328 EL-DOMIATY, AL-MESHAL, AND EL-FERALY

phase under isocratic mode were used as described in
“"Experimental”. The previously reported (4) method for
this purpose utilized a gradient elution system. a
technigue that is not optimum (14) for preprative work.
This report provides a much simpler and convenient
preparative HPLC method for artemisinin and ar-

temisitene in a short elution time (less than 8 min.).

CONCLUSION

This study has provided a very simple, quick,

i

alective and sensitive HPLC method for the gualitative
and guantitative evaluation of the antimalarial drug
artsmisinin concerning the presence of the undasirable
impurity artemisitens. The method provides a good tool
for a routina determination of artemisitene in dr-

temisinin, in less than 5 minutes, with a great degree

th

of precizion. The method may also be extaended for
monitoring the artemisitens contents of plant extracts
as therc was no interferences of okher related com-
pounds present in A. annua (13) including the major

sasqulterpena lactones artamisinic acid and artean-

nuin B.
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