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Lupeol Long-Chain Fatty Acid Esters with Antimalarial Activity from Holarrhena floribunda
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An ethnopharmacological investigation was conducted among the Baka pygmies of Dja biosphere reserve (Cameroon)
to collect information on the antimalarial plants used in their daily kelarrhena floribundais one of those plants.
Extracts of the stem barks ¢. floribunda showed remarkable inhibitory activity against drug-resistant strains of
Plasmodium falciparunat doses of 1.0218.53ug/mL when tested in vitro against two parasite clones designated as
Indochina (W-2) and Sierra Leone (D-6). The aqueous extract was the most active against Indochina (W-2}owith IC
values of 1.02«g/mL, while the ethanolic extract appeared to be the most active against Sierra Leone (D-6), with an
ICso of 4.33ug/mL. The bioassay-guided fractionation of the neutral fraction of the crude extract led to the isolation of
lupeol () and its three new long-chain fatty acid ester derivatives, nameB¢3-hydroxyeicosanoyl)lupeokj, 3-O-
[(2'-(tetracosyloxy)acetyl]lupeol3], and 3O-[(1"-hydroxyoctadecyloxy)-2hydroxypropanoyl]lupeol4). These new
compounds displayed some in vitro inhibition activity against the chloroquine-resistant strain FCR-3 isolated from
Gambia and the chloroquine-sensitive standard strain 3D7. The hydroxy group of the fatty acid side chain appears to
decrease the observed activity.

Due to its high morbidity and mortality, human malaria is an adults by Baka pygmies to fight malaria symptoms. Despite
infectious disease of enormous importance in tropical countries. extensive phytochemical and pharmacological investigatioifs of
Despite the eradication programs that started more than 80 yeardloribunda!®1>no antimalarial bioassay-guided isolation of active
ago, malaria is still a threat to over 2 billion people living in areas constituents from neutral fractions of this species has been reported.
of high incidence. Although the statistics vary widely, it is estimated Here we present the bioassay-guided fractionation of a neutral
that there are 200 million infected humans, along with 150 million fraction of H. floribunda stem bark, which led to the isolation of
new cases every year. It is also estimated to cause more than dupeol (1) and its three new long-chain fatty acid ester derivatives
million deaths annually among which half are children under five as well as their evaluation on both chloroquine-sensitive and
years old. Recent investigations have reported alarming deteriorationchloroquine-resistar. falciparumstrains.
in the effectiveness of the conventional antimalarial dii§s. ) )

Furthermore, resistance to artemisinin, which appears to be the mosft€sults and Discussion

effective and most promising actual antimalarial drug, has been Isolation and Characterization of Compounds.Following the
induced in a rodent malaria model and hence may occur natérally. fractionation process, the alkaloid constituentsioflorbundastem

If resistance to artemisinin emerges, no drug will be available that were removed from the extract, and their purification and evaluation
could offer protection against malaria in all regions of the world. as antimalarials will be reported elsewhere. The non-alkaloid
Therefore, the need for novel chemotherapeutic agents is acute. fraction exhibited a moderate antimalarial activity against chloro-

The treatment of malaria started with quinine, a botanical quine-sensitiveP. falciparumstrain 3D7. This active extract was
derivative that has been used for more than 1000 years. After severafractionated by vacuum liquid chromatography (VLC) on silica gel,
years of incursion in the synthetic drugs, the final compound to into six subfractions (F1 to F6), and the fraction F3 (hexane
replace quinine appears to be another botanical derivative, arte-CH,Cl, (7:3)) appeared to be the most active. A combination of
misinin, isolated from Chinese medicinal hedotemisia annua. flash silica gel and Sephadex LH-20 column chromatography (CC)
Nature may still have much to give to the treatment of this disease of fraction F3, followed by preparative TLC, yielded compounds
as well as several other human devastating ailments such as AIDS1—4. CompoundL (C3oHseO, [M*] 426) displayedH and3C NMR
and cancer. spectra exhibiting features characteristic of lup-20(29)-&mid o

As part of phytochemical and pharmacological investigations of 4.68 (brs), H-29ap 4.57 (brs), H-29bp 3.19 (dd,J = 4.8 and
antimalarial plants among the Baka pygmies of Dja biosphere 11.6 Hz), H-3;0 79.3, C-3;0 151.1, C-20; and 109.6, C-29] and
reserve (Cameroon), a pharmacological screening of agqueousgsignals due to seven tertiary methyl groups, which are also

ethanolic, and chloroformic extracts of the stemHidlarrhena reminiscent of a lupeol-type triterpef&!” The structure was
floribunda (Apocynaceae) exhibited significant activity against confirmed by comparison of spectroscopic data of our compound
drug-resistant clones ¢flasmodium falciparunw-2 and D-6.H. to those described for lupé®t” and by its mass (El) spectrum,

floribundais a species known for its amoebicidic, antidysenteric, which displayed characteristic fragment ionsrét 426 [M*], 218,
febrifugic, antiblennoragic, and diuretic activiti€sCommonly used 207, and 1898 The three other compounds displayed, in addition
preparations including palm kernel oil extractions, decoctions, and to these characteristic features of lupeol, broadened signals of the
cold concoctions are given to children with febrile convulsion long-chain fatty acid unit®1%2°The major differences between the
(probably due to cerebral malaria) in Nigérand to children and NMR data of compound and the three other compounds are the
chemical shifts of H-3 and C-3, which, when contrasted, show
* Corresponding authors. (J.F.) E-mail: jeanfotie@yahoo.co.uk. (D.S.B.) significant downfield shifts, withAdy 1.29-1.37 ppm andAdc

E-Tgitle:p;rct(r);té?ﬁrgfejc(?hn;rcn%!lt'r(;a'l\/[lzfé;TlraL‘J)n?vl:rss;g/S 3797. 2.0-2.4 ppm, respectively. Compounds3, and4 are therefore
# Institute of Parasitology, McGill University. : Iup_eol_ derivatives possessing a long-chain fatty acid unit at CS
§ Kenyan Institute of Medicinal Research. This linkage was conflrmeo_l by the observed HMBC correlation
U University of Yaounde. from the oxygenated methine proton aroutid4.49-4.57 (1H,
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overlapped with H-29b, H-3) to the ester carbonyl carbodat Its 'H and3C NMR spectra were similar to those of compoufds
170.8-173.0 (C-1). and 3. The'H NMR spectrum showed, in addition to features of

Compound2 was obtained as a resinous substance showing lupeol with a long-chain fatty acid ester, four multipletsja4.86
[0]%% +7.9 (CHCE). Its ESIMS spectrum (positive ion mode) (1H, m, H-1'), 4.29 (1H, m, H-2, 4.14 (2H, m, H-3, and 1.81
displayed a molecular peak a¥z 759 ([M* + Na'], [M*] m/z (2H, m, H-2"). These observations were confirmed byi@&NMR
736), an observation confirmed on its EIMS by the signaméat spectrum, assisted by HMQC, by the appearance of signals at
737 (IM*+ H]). Its molecular formula was assigned agdssOs 98.9 (C-1'), 69.1 (C-2), 68.4 (C-3), and 36.9 (C-2). The HMBC
on the basis of HREIMS measurements. In addition to the features SPectrum showed correlations between H-3 4t50 and the C-1
characteristic of lupeol mentioned above, a terminal methyl signal ¢arbonyl atd 170.8. Correlations between H-@t 6 4.29, H-3 (6
at 6 0.82 and a strong methylene proton signal aroond.30 4.14), and carbon C-Iwere also observed. The same spectrum
indicative of the presence of a fatty acid long chain were observed displayed correlations between H-ato 1.81 and C-T atd 98.9,
in its IH NMR spectrum. These observations were supported by Petween H-T ato 4.86 and C-2 at¢ 36.9 and C-3(0 68.4). No
the appearance 6fC signals due to an ester carbonyl grouppat ~ Correlation was observed between Hand C-2 (4 69.1) and C-1
173.0, a long chain of methylene carbonsda?4.1-32.3, and a (6 170.8), indicating that. Hllaqd C-2are separated by more than
terminal methyl group ab 14.6. HREIMS spectra indicated adC th_ree bonds. The ch(_emlcal shlfts_of H_-and_ C_—l’ are consistent
fatty acid chain. Thé3C NMR spectrum (Experimental Section) with Fhose of a hemiacetal fu_nctlonallty, indicating that C4i%
indicated the presence of a carbon bearing a hydroxyl gréup ( Carying a hydroxyl group and is separated from'®2an oxygen
68.5) in the fatty acid chain, which was attributed to carbory C-3 @tom. The rest of the fatty acid moiety comprised @ hain by
according to itstH—!H COSY, HMQC, and HMBC spectra. In s[mple calc_ulatlor_w _from HRFABMS_ e}nd_conflrmed by EIM_S, which
fact, the COSY spectrum displayed a correlation between the two displayed, in addition to characteristic signal of lupeol, an |mportant
protons atd 2.98 (H-2a and H-2b) and H-3 at 6 4.02. On the but small signal atm'z 299 [CH(CH;)1¢CH(OH)OCH,"]. This
other hand, the HMBC spectrum showed correlations between theragment, the only major one obtained from the fatty acid moiety,
protons a® 2.98 and the carbons at173.0 (C-1) and 68.5 (C-3 is indicative qf the fragility of the hemlacet.al functionality, which
and correlations between the protoryat.02 and the carbons at was cleaved into small fragments by the high energy of the EIMS,
173.0 (C-1), 43.3 (C-2), and 38.4 (C-J. These observations and for the same reason, the HREIMS measurement of this
confirm the position of the hydroxyl group at C-The absolute compound was not possible. The 'absollute configuration 0}‘ the
configuration of this carbon was not determined. Compa2mas hydroxylated carbons of the fatty acid moiety V\{:els not determined.
then deduced as @-(3-hydroxyeicosanoyl)lupeol. The structure o4 was then deduced as@G{(1"-hydroxyocta-

Compound3 was obtained as a yellowish gum showingd %o decyloxy)-2-hydroxypropanoyljlupeol.
+29.0 (CHCY}). It displayed a molecular peak atz 843 [M* +
Na] ([M*], m/z 820) when analyzed by ESIMS, and its formula \
was assigned assgH10403, on the basis of HREIMS measurements.
The IH NMR spectrum showed, along with the typical chemical
shifts for lupeol, a pattern of signals attributable to a long-chain
fatty acid esterd 0.83, overlapped triplet, terminal methyl, and a
large broad signal ad 1.24 (—CH,—),]. The main differences
between théH NMR spectra of2 and 3 were the appearance of
two signals of two protons, a broad singletda#.24 (H-2) and a
triplet ato 3.82 (H-1'), in the spectrum of compouriias well as
the disappearance of the multiplet of one protod 402, which
in compound? is attributed to the presence of H-3These
observations were supported by the appearance of signals of two
oxygenated carbons at 69.5 (C-2) and 72.4 (C-1) in the 13C 1:R=H
NMR spectrum of compound instead of one ab 68.5 observed OH O
in the carbon spectrum & The HMBC spectrum o8 displayed
correlations between protons @&t.24 and the carbonyl carbon at 2:R=Cyrtes o
0 172.2 and the oxygenated carbordat2.4. Correlations between
protons atd 3.82 and one of the carbons of the long-chain fatty 3R=C, H‘w/o\)l\
acid were also observed, but no correlation between those protons OH O
(H-1") and the carbonyl was present. This suggests that these /k
protons and the carbonyl group are separated by more than three 4: R=Cqghy7
bonds. The fact that thiH—HCOSY spectrum o8 displayed no OH
correlation between H-2at 6 4.24 and any other proton proves
that they are separated from the rest of the long chain by an oxygen  gjplogical Evaluation. Antimalarial Screening of Crude
atom. Protons ab 3.82 are then connected to C-{0 72.4) and  Extracts. The in vitro assays on crude extracts of the sterhiof
separated from H:2by an oxygen atom. This was confirmed by  fioribunda were performed by using a modification of the semi-

the HMQC spectrum. The rest of the long chain compriseds C  automated microdilution technique described earlier by Desjardins
moiety according to HREIMS measurements and confirmed by the gt 5121 and Milhous et a?2 Two P. falciparummalaria parasite

presence in the EIMS spectrum of the signals naz 367 clones, designed as Indochina (W-2) and Sierra Leone (D-6), were
[CH3(CH,)250CH, "] and 295 [CH(CHy)zo"]. This spectrum even  ilized in susceptibility testing. The W-2 clone is resistant to
displayed a small but important signal @tz 395 [CHy(CH;)2s- chloroquine, pyrimethamine, and sulfadoxine, and the other clone
OCH,CO']. Compound3 was then deduced asG{(2'-(tetra- is resistant to mefloquin®. The tested extracts were dissolved in
cosyloxy)acetyl]lupeol. H,O or in a mixture of HO—DMSO and serially diluted with
Compoundt was also isolated as yellowish gum, showind?f, media. The uptake ofiH]-hypoxanthine monohydrochloride was

+14.0 (CHC}). It displayed a molecular peak atz 805 [M* + used as an index of inhibition of parasite growth. Chloroquine,
Na] ([M*], m/z 782) when analyzed by ESIMS, and its formula mefloquine, and quinine were used as reference drugs. The results
was assigned assgHq00s according to HRFABMS measurements.  of the in vitro screening of various extracts of the stem bark of
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Table 1. In Vitro Antimalarial Activity of H. floribunda Stem
Extracts against W-2 and D-6 Clones Pf falciparum

ICs0 (ug/mL) + SD

type of extract W-2 clone D-6 clone
CHCl; 2.29+0.91 18.53+ 3.54
EtOH 5.22+0.13 4.33+0.25
H>0O 1.02+ 0.01 5.91+ 0.98
neutral fraction 23.4& 2.95 28.76+ 3.55
Reference Drugs
mefloquine 0.0285: 0.00 2.55+0.03
chloroquine 1.95:0.15 0.021+ 0.01
quinine 0.067 0.01 0.025+ 0.00

floribunda are shown in Table 1. All the extracts inhibited the
uptake of hypoxanthine by the plasmodia at low concentrations,
with ICs¢'s ranging from 1.02 to 18.53g/mL. The aqueous extract

Fotie et al.

On the other hand, lupeol-treated parasite culture continued to grow
well in untreated erythrocytes. Similar results were obtained with
lupeol analogues (betulinic acid, betulinic aldehyde, betulin, &tc.).
They concluded that the antiplasmodial activity of this type of
compounds was indirect, exclusively due to stomatocytic transfor-
mation of the host cell membrane and not to toxic effects via action
on a drug target within the parasf€Their activity should then be
due to the incorporation of the compounds into the lipid bilayer of
erythrocytes that may cause the modification of cholesterol-rich
membrane rafts, recently shown to be important in parasite
vacuolizatior?” Therefore, the three new compoun@s3, and4),

as they are lupeol derivatives, might act in the same mechanistic
manner, and the difference observed in the inhibition of different
strains with compoun@ may be due to the difference in terms of
interaction with the erythrocyte membrane and not to any difference
of mode of action. To date, the nature of this difference in

appeared to be the most active against the W-2 strain followed by interaction with the erythrocyte membrane remains unclear. Thus,

the chloroformic extract, while the ethanolic extract was the least

an in vivo testing could be a better option since it might provide

active, but appeared to be the most active against the D-6 strain,more information not only on the nature of the interactions with

with an 1G;, of 4.33 ug/mL.
Antimalarial Evaluation of Isolated Compounds. The anti-
malarial evaluation of the isolated compountis4) was conducted

the membranes but also on the possible toxicity of the compounds.
In vivo testing is planned in our laboratory in order to check if the
combination of those compounds interacting with the erythrocyte

following almost the same method as for the crude extracts but on membranes and its shape change toward stomatocyte could result
different strains, as they were tested on chloroquine-sensitive jn petter activity.

standardP. falciparumclone 3D7 and the chloroquine-resistant

strain FCR-3 isolated from Gambia. Chloroquine was used here as
reference drug, and the results in Figure 1la show the effect of

increasing concentrations of CQ on the growth of 3D7 and FCR-3
strains, with IGg's of 9.09 and 81.81 nM, respectively. FCR-3
displays roughly a 9-fold increase in dCto CQ. Figures 1be
show the effect of increasing concentrations of compouhd4

on the growth of 3D7 and FCR-3 strains, respectively. Thg'sC

of all the tested drugs are reported in Table 2. With the exception
of compound4, which was inactive (16 > 500 uM), the tested
compounds appeared to inhibit growth of both the chloroquine-
sensitive and -resistant strains with almost the samgft€ each
compound, with a slightly higher activity against the resistant strain
[1: ICso = 97 uM (FCR-3), 106uM (3D7); 2: ICsp = 269 uM
(FCR-3), 282uM (3D7)]. The results obtained for lupeal)(are

It is important to notice that in the new naturally occurring long-
chain fatty acids ester derivatives of lupeol the side chain has a
positive effect on the antiplasmodial activity, as compouhd
appeared to be more active than the lupeol. However, the activity
in this case is markedly affected when the side chain is substituted
with hydroxyl groups. Compoung| the most active of all the tested
compounds, has no hydroxyl group in the side chain, followed by
compoundl, which has no side chain at all. Compou2chaving
one hydroxyl group on the side chain, was less active than
compoundsdl and3, and compound, with two hydroxyls groups
on the side chain, was inactive, although its side chain was similar
to compound3’s. However, the low number of our samples does
not enable any systematization of these observations and further
structure-activity studies are necessary.

consistent with previously characterized antimalarial effects as found  This investigation confirms the antimalarial activity of.

by Khalid et al?* The only noticeable difference in the inhibition
of the two strains was observed with compothfdCsy = 84 uM
(FCR-3), 13:M (3D7)], which appeared to be more active against
the chloroquine-resistant than the -sensitive strain.

floribunda a plant used by the Baka pygmies of Dja biosphere
reserve of Cameroon, to fight children’s febrile convulsions and
malaria in adults. The low activity of the isolated compounds
compared to those of the crude extracts indicates that those

The fact that all the tested compounds inhibited the chloroquine- compounds alone are not solely responsible for the antimalarial
sensitive and chloroquine-resistant strains in the same manneractivity of the stem bark of. floribunda and in fact might not
suggests that there may be different drug action mechanisms foréven be an important part. Therefore, the study of the alkaloidic

the lup-20(29)-ene derivatives and chloroquine, but certainly

fraction of the same plant is in progress in our laboratory. However,

indicates that the chloroquine resistance antiporter does not transporthere may be synergistic effects with other components of these

the lup-20(29)-ene type of compounds out of the digestive vacuole,

if they accumulate there.
The invasion of erythrocytes by. falciparummerozoites is a

complex mixtures, effects that can be lost when the components
are tested individually. In the present report, we also found that
the new long-chain fatty acid ester derivatives of lupeol possess

key step in the pathogenesis of the malaria disease since it is onlyinhibitory activity on both chloroquine-sensitive and chloroquine-

after that phase of the parasite’s life cycle that the first symptoms

resistant strains, almost at the same level. Rather than direct toxic

appear. In the first step, the merozoite attaches reversibly to theinteraction with a drug target in the parasite, the antiplasmodial

erythrocyte surface followed by apical reorientation and formation
of an irreversible junction. This is followed by a parasitophorous
vacuole stage and, finally, entry into the vacuole by movement of
the junction and resealing of the vacuolar and erythrocytic
membrane$® According to Ziegler et ak® the in vitro inhibitory
activity of lupeol against the. falciparum3D7 strain is associated
with a transformation of the erythrocyte shape toward that of cup-

activity of these types of compounds might be associated with the
membrane modification of the host cells. Although the established
link between erythrocyte membrane modification and antiplasmodial
activity may provide a novel target for potential antimalarial drugs,
the case of lup-20(29)-ene type compounds seems to be unsuitable
to the development of new drugs, as they interact with the
membrane in an irreversible manner. However, the nature and the

shaped stomatocytes. They observed a good correlation betweemmanner of this interaction are still to be confirmed by in vivo testing.
the 1G value and the membrane curvature caused by lupeol at The structure-activity relationships observed during this investiga-

different concentrations. In their investigations, preincubation of
erythrocytes with lupeol, followed by extensive washing, made the

tion may be useful in understanding the antiplasmodial activity of
these types of compounds and indicative of the influence that a

cells unsuitable for the parasite growth, suggesting that the long fatty acid ester side chain may have on this particular

compound incorporates into the erythrocyte membrane irreversibly.

antiplasmodial mode of action.
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Figure 1. Effects of increasing concentrations of drugs on the in vitro growth of chloroquine-sensitive (3D7) and -resistant (FCR-3) strains
of Plasmodium falciparumParasitized red blood cells were exposed for 48 h to increasing concentrations of chloroquine diphosphate
(3.9-500 nM) (a),1 (7.8-500uM) (b), 2 (7.8-500uM) (c), 3 (7.8-500uM) (d), and4 (7.8—-500uM) (e). The incorporation of3H]-
hypoxanthine was used to measure the effects of each drug on survival oBing FCR-3 4) strains. Results are expressed as %
survival as compared to control, in the absence of added drugs. Each graph represents the means of experimeBttrdeser2th each

drug concentration done in quadruplicate.

Table 2. In Vitro Antimalarial Activity of Compoundsl—4
against the Chloroquine-Sensitive 3D7 and
Chloroquine-Resistant FCR-3 Strainshf falciparum

3D7 FCR-3
compound  1G(uM) ICso(ug/mL)  1Cso(uM)  1Cso (ug/mL)
1 106 45 97 41
2 282 208 269 198
3 135 111 84 69
4 >500 >391 >500 >391
CQ 0.009 0.004 0.081 0.042

Experimental Section

General Experimental ProceduresMelting points were determined
by differential scanning calorimetric techniques on a Thermal Analysis
(TA) Instruments DSC 2010 (differential scanning calorimeter). Optical
rotations were recorded on a JASCO Model DIP-140 digital polarimeter.
UV spectra were recorded in CHCbn an HP 8453 UVvisible

Merck chromatographic supports were used: Si gel-2810 mesh

for column and silica gel 60 %, plates for analytical TLC. The
lipophilic Sephadex LH-20 was from Sigma and the Si gel GF plates
(150 um, 0.25 and 2 mm thick) for preparative TLC were from
Analtech, Uniplate. Chloroquine diphosphate and quinine sulfate were

from Sigma-Aldrich, and mefloquine hydrochloride was from Hoffman
La Roche.

Materials and Methods. Plant Material. H. floribundastem bark
was collected in April 2004 in the Dja biosphere reserve, South Province
of Cameroon, and identified at the National Herbarium of Cameroon
at Yaoundewhere voucher specimens are deposited (Nos. 29763HNC,
49821HNC, and 7789HNC).

Parasite Culture and Growth Inhibition Essays. The screening
of crude extracts was performed by the Kenyan Institute of Medicinal
Research of Nairobi. Cultures of the D-6 and W-2 clones were
maintained in modified candle jars as described previously by Trager
and Jenseff The in vitro efficacies of each extract agaiRstfalciparum
clone strains D-6 and W-2 were determined by assesshijghlypo-
xanthine incorporatio?3° Briefly, dilutions of each extract at con-

spectrophotometer, and FTIR (KBr pallet) spectra were measured Oncengrations ranging from & 104 to 3 x 10-° M in DMSO or H,0
an ABB-Bomem, MB series spectrophotometer. ESI spectra were were prepared from stock solutions and added in triplicate to wells of

obtained on a Finnigan LCWC and EI-MS, HREIMS, and HRFABMS
on Kratos MS25RFA or Kratos analytical spectrometidisNMR (400
MHz), 3C NMR (100 MHz), COSY, HMQC, and HMBC spectra were
recorded in CDGlon a Varian Oxford-400 spectrometer. The following

sterile flat-bottom 96-well microtiter plates (100L, Disposable
Products, Adelaide, Australia). Parasite cultures, diluted to a standard
2% parasiteamia and 4% haematocrit, were added to the wells (total
volume 200uL). Cultures were labeled with 0.6Ci of [*H]-hypo-



66 Journal of Natural Products, 2006, Vol. 69, No. 1

xanthine (10uL/well, Amersham, Australia), incubated for 48 h,

Fotie et al.

H-3), 4.57 (1H, brs, H-29b), 4.68 (1H, brs, H-298C NMR (CDCl)

harvested, and counted. Data are presented as mean percentage growth39.1, 27.8, 79.3, 39.2, 55.6, 18.7, 34.6, 41.2, 50.7, 37.5, 21.3, 25.5,

inhibition & SD compared to untreated controls for quadruplicate
experiments. The concentrations required to inhibit parasite growth by
50% (IGso) were determined by linear interpolati®hMefloquine,
quinine, and chloroquine were used as reference drugs.

For testing the isolated compound, falciparumstrains 3D7 and
FCR-3 (kindly provided by Dr. E. Schurr at the Centre for the Study
of Host Resistance, McGill University) were grown in continuous
culture as previously described by Trager and Jef&@rashed human
erythrocytes (type B) from freshly drawn blood were suspended in
culture medium (RPMI-1640 from Gibco supplemented with 0.5%
Albumax 1, 0.32 mM hypoxanthine, 2 mM-glutamine, 25 mM
HEPES, 24 mM NaHCg) 11 mM glucose) at 5% hematocrit and
inoculated with infected erythrocytes. The flasks were incubated in 20
mL of parasite suspension at 3T in a T-75 tissue culture flask by
candle jar metho& FCR-3 was grown in a 5% CQOncubator. Both

38.4, 43.2, 27.8, 35.9, 43.4, 48.3, 48.6, 151.1, 30.2, 40.4, 28.4, 15.8,

16.5, 16.3, 14.9, 18.4, 109.6, 19.7 (€C-30, respectively).
3-O-(3'-Hydroxyeicosanoyl)lupeol (2):yellowish gum; p]%% +7.9

(c0.76 in CHCH); UV(CHClIs) Amax€) 231(620.7), 281(199.4) nm; IR

(KBr) vmax 3551, 2915, 2847, 1728, 1463, 1382, 1253, 976, 875;

HREIMS (m/z) 736.67430 (calcd for &HggOs, 736.67335); ESIMS

m/'z 759 [M* + Na]; EIMS m/z (%) 737(9) [M" + H], 709(10) [M" —

28], 425(13) (lupeol), 409(17), 311(7) [GECH,)16CH(OH)CHCO™],

239(47) [CH(CH,)16"], 218(100), 208(53), and 189(79)H NMR

(CDCl;) ¢ 0.83, 0.88, 0.95, 0.98, 0.99, 1.07, and 1.74 (each 3H, s,

H-23, 24, 25, 26 27, 28, and 30), 0.86 (3H, t overlapped, H-229-

1.31 (brs, H-4-H-19), 2.45 (1H, m, H-19), 2.98 (2H, m, H2 4.02

(1H, m, H-3), 4.57 (1H, overlapped, H-3), 4.58 (1H, overlapped,

H-29b), 4.73 (1H, brs, H-29a}3C NMR (CDCk) 6 38.7, 28.4, 81.7,

40.3, 55.7, 18.5, 34.5, 41.9, 50.6, 37.4, 23.1, 25.9, 38.1, 43.2, 27.8,

cultures underwent daily changes of medium. The percentage of infected35.9, 43.2, 48.3, 48.6, 151.1, 30.0, 41.2, 29.8, 16.4, 17.0, 16.5, 14.9,

cells (parasitemia) was determined microscopically in thin, Giemsa-

18.4, 109.6, 19.7 (lupeol C-AC-30, respectively), 173.0, 43.3, 68.5,

stained smears. To assess the growth of chloroquine-sensitive and38.4 (fatty acid C-1C-4, respectively), 24.432.3 (fatty acid C-5-

chloroquine-resistant strains d?. falciparum (3D7 and FCR-3,
respectively), the Desjardins radioisotope method was adépBribfly,
parasite cultures were washed twice in 10 mL of culture medium
(RPMI-1640 from Gibco supplemented with 0.5% Albumax Il,.1¥
hypoxanthine, 2 mM.-glutamine, 25 mM HEPES, 24 mM NaHGO

11 mM glucose) and diluted to 2% parasitemia in 4% hematocrit (type
B*) in 100 uL of the culture medium and added to each well of 96-
well plates. After 30 min incubation at 37C, 100uL of the above
culture media containing increasing concentrations of various drugs
was added (final dilution; parasitemia 1%, hematocrit 2%) to each well
of the 96-well plates and incubated for 24 h at®7. The effect of

C-18), 21.3 and 14.6 (fatty acid C-19C-20).
3-O-[(2'-(Tetracosyloxy)acetyl]lupeol (3):yellowish gum; p]%%
+29.0 € 0.62 in CHC}); UV (CHCI3) Amax(€) 228(253.5), 243(201.7),
283(116.6) nm; IR (KBrvmax 2923, 2847, 1720, 1467, 1374, 1273,

976, 798; HREIMSfvz) 820.73483 (calcd for £H1000s, 820.73354);
ESIMS m/z (%) 843(100) [M" + Na]; EIMS m/z (%) 821(5) [M*

+ H], 806(13) [M" — CHy], 468(73) [lupeot-COCH;], 426(29)
[lupeol], 409(81) [lupeol-OH], 395(4) [CKHCH,).s0CH,CO], 367(13)
[CH3(CH,)230CHy], 295(23) [CH(CH,)2q], 218(64), 207(55), 189(100);
H NMR (CDCls) 6 0.77, 0.82, 0.84, 0.86, 0.92, 1.37, and 1.66 (each
3H, s, H-23, 24, 25, 26 27, 28, and 30), 0.83 (3H, t overlapped,'H;24

drugs on the growth of the parasite was assessed through thej 19-1.38 (brs, H-2—H-23"), 2.45 (1H, m, H-19), 3.82 (2H, t, H“},

incorporation of radiolabeled hypoxanthine. Briefly, 20 (25 uCi/
mL) of [®H]-hypoxanthine monohydrochloride was added to each well
of the 96-well plates, and incubation continued for an additional 18
24 h. The parasitized RBCs were harvested on glass fiber filters (Wallac
Printed Filtermat A) using the Packard Cell Harvester (FilterMate 96-
well), in distiled HO as a wash medium. Each filter well was
transferred to a separate vial containing 30 mL of scintillation fluid
(Betaplate). H]-Hypoxanthine monohydrochloride accumulation was
determined by fluorometry using the Perkin-Elmer 1450 Microbeta
counter. The 50% inhibitory concentration giCvalues were deter-
mined using Prism software (version 3.02). Each concentration of the
test substance was testeg2times in quadruplicate. The maximum
final concentration of solvents (namely DMSO) was under 2%, and
reference wells contained DMSO in the concentration of 0.5%.
Chloroquine was used as a reference drug for all experiments.
Extraction and Isolation. The air-dried stem oH. floribunda (1
kg) was ground and macerated in a mixture of,CH—MeOH (1:1)

4.24 (2H, brs, H-2, 4.50 (1H, t,J = 7.6 Hz, H-3), 4.52 (1H, dJ =

4.4 Hz, H-29b), 4.66 (1H, d] = 4.4 Hz, H-29a);'3C NMR (CDCk)

0 38.7, 28.3, 81.7, 40.3, 55.6, 18.6, 34.5, 42.5, 50.6, 37.3, 23.1, 25.8,

38.3, 43.1, 27.7, 35.9, 43.3, 48.3, 48.6, 150.8, 30.0, 41.1, 29.7, 16.3,

17.0, 16.5, 14.8, 18.4, 109.6, 19.7 (lupeol €4-30, respectively),

172.2, 69.5, 72.4 (fatty acid C51C-2, and C-1, respectively),

24.1-38.2 (fatty acid C-2—C-22'), 21.3 and 14.6 (fatty acid

C-23'-C-24").
3-O-[(1"-Hydroxyoctadecyloxy)-2-hydroxypropanoyl]lupeol (4):

yellowish gum; %% +14.0 € 0.72 in CHC}); UV (CHCl3) Amad€)

229(276.6), 283(122.2) nm; IR (KBmax 3491, 2919, 2847, 1736,

1700, 1458, 1378, 967, 875; HRFABM®&/g) 782.65486 (calcd for

Cs1HooOs, 782.65398); ESIMSWz (%) 805(100) [M™ + Na] ([M*],

782); EIMSm/z (%) 468(7) [lupeot-COCH;], 426(100) [lupeol], 299-

(7) [CH3(CHy)16CH(OH)OCH], 218(57), 207(53), 189(59¥H NMR

(CDCl3) 6 0.79, 0.86, 0.89, 0.94, 1.03, 1.36 and 1.69 (each 3H, s, H-23,

24, 25, 26 27, 28, and 30), 0.85 (3H, t overlapped, H}18.25-1.27

for 24 h at room temperature and extracted twice. The resulting extract (brs, H-3'—H-17"), 1.81 (2H, m, H-2), 2.50 (1H, m, H-19), 4.14 (2H,

(103.5 g) was dissolved in MeOHH,0O (9:1) and extracted with

m, H-3), 4.29 (1H, m, H-9), 4.50 (1H, tJ = 7.6 Hz, H-3), 4.57 (1H,

petroleum ether to remove fat. The aqueous residue was treated with Zprs, H-29b), 4.69 (1H, brs, H-29a), 4.86 (1H, m, M}13C NMR

N HCI and extracted with CHGIto yield the neutral phase. The acid
agueous layer was adjusted to pH 8 with 25%,9H and extracted
once to obtain the alkaloidic fraction (35.3 g), as indicated by TLC
analysis (hexaneEtOAc—EtLNH, 24:75:6, Dragendorff spray). The
neutral fraction was further washed with®ito yield a nonalkaloidic
fraction (21.3 g), which displayed a significant antimalarial activity. A
21.3 g portion of this extract was fractionated by VLC on silica gel
using a hexaneEtOAc gradient system. The eluate with hexane
EtOAc (95:5 to 90:10) was further purified on Sephadex LH-20
[MeOH—-CHCI, (1:1)] to afford compound. (451 mg). The fraction
eluted with hexane EtOAc (85:15 to 80:20) was chromatographed on
Sephadex LH-20, with MeOHCH,CI (1:1), and the different fractions
were purified by preparative TLC (hexan&tOAc 80:20) to yield
compounds (108.6 mg) and (319 mg) and (hexareEtOAc 70:30)
compound4 (379 mg).

Lupeol (1): white microcrystalline powder; mp 213 (AH =
17.2 kJ mot?) (lit.28 212-214 °C); [a]?>> +25.7 € 0.70 in CHC})
[lit. 8 [a]%%5 +26.2 € 0.67 in CHCE)]; UV(CHCI3) Amax(€) 228(60.1),
285(31.8) nm; IR (KBrvmax 3326, 2931, 1631, 1450, 1377, 1035, 874;
EIMS m/z (%) 425(18) [M" — H], 409(23) [M" — OH] 218(68), 207-
(60), and 189(100)*H NMR (CDCls) 6 0.77, 0.80, 0.84, 0.95, 0.97,
1.03 and 1.70 (each 3H, s, H-23, 24, 25, 26 27, 28, and 30), 2.38 (1H,
dt, J = 4.0 and 9.6 Hz, H-19), 3.19 (1H, dd,= 4.8 and 11.6 Hz,

(CDCl;) 6 38.7, 28.3, 81.3, 40.3, 55.7, 18.6, 34.5, 42.0, 50.6, 37.4,
23.1, 25.4, 38.4, 43.1, 27.8, 35.9, 43.3, 48.3, 48.6, 151.1, 30.0, 41.2,
29.7, 16.4, 17.0, 16.6, 14.9, 18.4, 109.6, 19.7 (lupeol—G430,
respectively), 170.8, 69.1, 68.4, 98.9, 36.9 (fatty acid' Gz12, C-3,

C-1", and C-2, respectively), 24.232.3 (fatty acid C-3—C-16"), 21.3

and 14.5 (fatty acid C-17C-18").
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References and Notes

(1) Brasseur, P.; Pathe-Diallo, M.; Druilhe, Rm. J. Trop. Med. Hyg
1987 37, 452—454.



Antimalarial Actwity of Holarrhena floribunda

(2) Dedet, J. P.; Germanetto, P.; Cordoliani, G.; Bonnevie, O.; Le-Bras,
J. Bull. Soc. Pathol. Exot. Filiales1988 81, 88—93.

(3) Nosten, F.; Kuile, F. T.; Chongsuphajaisiddhi, T.; Luxemburger, C.;
Webster, H. K.; Edstein, M.; Phaipun, L.; Thew, K. L.; White, N. J.
Lancet1991, 337, 1140-1143.

(4) White, N. J.J. Clin. Invest 2004 113 1084-1092.

(5) Kremsner, P. G.; Krishna, $ancet2004 364, 285-294.

(6) Chawira, A. N.; Warhurst, D. C.; Peters, Wrans. R. Soc. Trop.
Med. Hyg 1986 80, 477—480.

(7) Bouquet, A.; Debay, MPlantes mdicinales de la Cte d'lvoire;
Travaux et documents de 'ORSTOM, 32. ORSTOM, Paris, 1974;

p 25-27.

(8) Paris, R. R.; Moyse, HPrécis de la Matiee Mé&dicale, Vol. llI;
Masson and Cie: Paris, 1971; pp-5d4.

(9) Akah, P. A.; Nwambie, A. |.; Gamaniel, K. S.; Wambebe Btain
Res. Bull 1997, 44, 611-613.

(10) Paris, RGazette Md. Fr. 1951, Spec. No. 79-83.

(11) Quevauviller, A.; Blanpin, OTherapie 196Q 15, 1212-1220.

(12) Hoyer, G. A.; Huth, A.; Nitschke, I.; Von Szczepanski, &anta
Med 1978 34, 47-52.

(13) Bouillard, L.; Homes, J.; Vanhaelen, Mhytochemistryl987, 26,
2265-2266.

(14) Duez, P.; Chamart, S.; Lejoly, J.; Hanocq, M.; Zeba, B.; Sawadogo,
M.; Guissou, P.; Molle, L.Ann. Pharm. Fr 1988 45, 307—
313.

(15) Loukaci, A.; Kayser, O.; Bindseil, K. U.; Siems, K.; Frevert, J.; Abreu,
P. M. J. Nat. Prod 200Q 63, 52—56.

(16) Tomosaka, H.; Koshino, H.; Tajika, T.; OmatapB®sci. Biotechnol.
Biochem 2001, 65, 1198-1201.

(17) Sholichin, M.; Yamasaki, K.; Kasai, R.; Tanaka, Chem. Pharm.
Bull. 198Q 28, 1006-1008.

Journal of Natural Products, 2006, Vol. 69, No.6¥

(18) Aynilian, G. H.; Farnsworth, N. R.; Persinos, G Phytochemistry
1972 11, 2885-2886.

(19) Furukawa, S.; Takagi, N.; Ikeda, T.; Ono, M.; Nafady, A. M.; Nohara,
T.; Sugimoto, H.; Doi, S.; Yamada, HChem. Pharm. Bull2002
50, 439-440.

(20) Su, B. N.; Cuendet, M.; Farnsworth, N. R.; Fong, H. H. S.; Pezzuto,
J. M.; Kinghorn, A. D.Planta Med 2002 68, 1125-1128.

(21) Desjardins, R. E.; Candfield, C. J.; Haynes, D. J.; Chulay, J. D.
Antimicrob. Agents Chemothet979 16, 710-718.

(22) Milhous, W. K.; Weatherly, N. F.; Bowdre, J. H.; Desjardins, R. E.
Antimicrob. Agents Chemothet985 27, 525-530.

(23) Iwu, M. M.; Klayman, D. L.J. Ethnopharm1992 36, 133— 135.

(24) Khalid, S. A.; Farouk, A.; Geary, T. G.; Jensen, JJBEthnophar-
macol.1986 15, 201—209.

(25) Gaur, D.; Mayer, D. C. G.; Miller, L. Hint. J. Parasitol 2004 34,
1413-1429.

(26) Ziegler, H. L.; Staerk, D.; Christensen, J.; Hviid, L.;déastrand,
H.; Jaroszewski, J. WAntimicrob. Agents Chemothe2002 46,
1441-1446.

(27) Ziegler, H. L.; Franzyk, H.; Sairafianpour, M.; Tabatabai, M.; Tehrani,
M. D.; Bagherzadeh, K.; Hgerstrand, H.; Staerk, D.; Jaroszewski,
J. W. Bioorg. Med. Chem2004 12, 119-127.

(28) Trager, W.; Jensen, J. Bciencel976 193 673-675.

(29) Chulay, J. D.; Haynes, J. D.; Diggs, C.Exp. Parasitol 1983 55,
138-146.

(30) Geary, T. G.; Divo, A. D.; Jensen, J. B.; Zangwill, M.; Ginsburg, H.
Biochem. Pharmacoll99Q 40, 685-691.

(31) Huber, W.; Koella, J. CActa Trop 1993 55, 257-261.

(32) Trager, W.; Jenson, J. Blature 1978 273 621-622.

NP050315Y



