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Fractionation of an antitrypanosomal lipophilic leaf extract fistrychnos spinosad to the isolation of eight triterpenoids

and sterols in this plant part for the first time. Two of these were found to possess in vitro antitrypanosomal activity,
namely, saringosterolld) and 24-hydroperoxy-24-vinylcholesterdl), with ICso values of 7.8+ 1.2 and 3.2+ 1.2

uM, respectively. The latter compound was isolated from a plant source for the first time. A comparative study on the
antitrypanosomal activity of the isolated triterpenoids and sterols and some related compounds has indicated that the
presence of an oxygenated function at C-28 or an oxygenated side chain at C-17 seems to be important for the
antitrypanosomal activity of triterpenoids and sterols, respectively.

African trypanosomes (e.glyypanosoma bruceiubspecies) are  techniques allowed the identification of four triterpenoids-4)
protozoal parasites responsible for human African trypanosomiasisand four sterolsi1, 13—15) from the leaves of this plant.
(sleeping sickness) and nagana in cattle, and cause major health To determine their antitrypanosomal potency, these compounds
and economic problems in rural sub-Saharan Africa. Sleeping were tested orifrypanosoma brucei brucddloodstream forms
sickness currently affects about 70 000 people, but data are lackingcultured in vitro, as well as on mammalian cells (J774) to evaluate
for some regions. An estimated 60 million people are at risk of their selectivity. The analogous effects of some commercially
contracting this disease, which is fatal if left untreated. However, available related triterpenoids and sterols were evaluated in order
only a few drugs, with serious side effects, are currently registered to establish preliminary structurectivity relationships.
to treat African trypanosomiasis, and the efficacy of these seems Fractionation of the dichloromethane extracgokpinosdeaves
to be declining: Therefore, there is an urgent need for new, safe, by high-speed countercurrent chromatography (HSCCC) gave 14

effective, and cheap antitrypanosomal medicines as well as for newfractions, which were pooled on the basis of their TLC profiles.
leads with original mechanisms of actién. Eight of these were at least 4 times more active than the crude

In countries where sleeping sickness occurs, plants have beerfXtract (fractions 1, 2, 4, 5, 6, 7, 11, 13, withsivalues ranging
used traditionally for centuries and are still widely employed to 70M 2.7 10 5.2ug/mL), indicating that a number of antitrypano-

treat this illness and other parasitic diseases. It is estimated that als?km;atl_dcorrr]]pounds (‘j’V‘?feh Bresent(,j b#t hone of t_lk_mfcr:n Vc\:/ontﬁlned
least two-thirds of the world’'s population relies on traditional alkaloids that reacted with Dragendorlf reagent on - e chose

medical remedies due to the limited availability and affordability ]EO fc;_cus 0? thcte_ majclJrltrit%rqeénoidz _antlj ft%r?rlls in two of the dac]Eive
of pharmaceutical productsA decoction obtained from the leaves t;lacd'_or;ﬁ (frac |tc;]ns atn ¢ )gn dlifoaet e_?e (f[_om[i[aourr]l 'S from
of Strychnos spinosham. (Loganiaceae) is used traditionally to '€ dichioromethane extract using ditterent puritication techniques.

treat African trypanosomiasfsAccordingly, in a previous study . Y
our group showed that the leaf dichloromethane extract of this
species has promising antitrypanosomal activity in tiowever,

there is not much information on the constituents of the leaves of R R R
S. spinosa three indolomonoterpenoid alkaloids (akagerine, 10- ‘ : :
hydroxyakagerine, and kribine) have been isolated, and the presencé&® HO HO
of sterols and flavonols has been repoftéd. 1R=CH, 2R=CH, SR=CH,
Therefore, it was decided to undertake the bioassay-guided 4R =CH,0H 5R = CH,0H 6 R = CH,0H
fractionation of this dichloromethane extract®f spinosdeaves. 7R=COOH 8R=COOH 9R=COOH
Several active fractions were obtained, with none of them containing
alkaloids, but triterpenoids and sterols were detected in some of ™ R
the most active ones. A combination of different chromatographic 1MR= r\);/
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Table 1. In Vitro Antitrypanosomal Activity and Cytotoxicity of Triterpenoids and Sterols

ICs0* (averaget standard deviation)

Trypanosoma brucei. brucei J774 su
compound ug/mL uM ug/mL uM
o-amyrin (1) 48.9+ 3.1 1145+ 7.2 54.8+ 1.9 128.5+ 4.4 1.1
S-amyrin @2) 54.2+ 0.7 126.9+ 1.5 >100 >234.3 >1.8
lupeol @) 19.3+1.6 453+ 3.7 >100 >234.3 >5.2
uvaol @) 12.3+0.7 27.8+ 1.5 69.0+ 3.5 155.8+ 7.8 5.6
erythrodiol 6) 53+0.3 12.0+ 0.6 22.3+0.3 50.3+ 0.7 4.2
betulin ©) 40+15 8.9+ 3.3 29.7+ 35 67.1+ 7.9 7.4
ursolic acid 7) 1.0+0.2 2.2+0.3 6.0+ 0.4 13.1+ 0.9 6.0
oleanolic acid 8) 29+04 6.4+ 0.8 59.6+ 1.2 130.5+ 2.6 20.6
betulinic acid 9) 1494+ 2.9 32.6+6.2 20.14+0.3 44.0+ 0.7 1.3
stigmastanol10) >100 >240 >100 >240
[-sitosterol (1) >100 >241.1 >100 >241.1
stigmasterol 12) 55.5+4.19 134.6+ 10.2 >100 >242.3 >1.8
clerosterol 13) 53.6+ 3.2 129.8+£ 7.7 >100 >242.3 >1.9
saringosterol14) 3.3+ 0.5 7.8+ 1.2 >100 >233.3 >30.3
24-hydroperoxy-24- 14+05 3.2+1.2 7.3+ 0.05 16.4£ 0.1 5.2
vinylcholesterol 15)
suramin 0.059 0.004 0.041- 0.003 né@ nd®
colchicine nd nd® 0.084+ 0.017 0.210t 0.043

2Values indicate 50% inhibitory concentratiof§rypanosoma brucei brucdiloodstream formsMurine macrophages$.Selectivity index:

ICs0(3774§1Cso(rbny NOt determined.

clerosterol 13), saringosterolX4), and 24-hydroperoxyvinylcho-
lesterol (L5). For these last two compounds, a mixture of both

no toxic effects on the murine macrophages grown in vitrgIC
> 100uM) (SI > 30), unlike a hydroperoxyl group (Kg= 16.4

epimers (2&/S) was obtained. Structures were determined by a uM) (Sl 5.2).

combination of MS and NMR experiments and by comparison with
literature datd3 Identity with reference compounds was also
confirmed by LC-MS and GC-MS fom- and/-amyrin (L and?2),
lupeol @), uvaol @), s-sitosterol (1), and clerosterol3).14 As

p-Sitosterol (1), as well as other phytosterols, is known to
exhibit a variety of pharmacological activities, including hypo-
cholesterolemic and immunomodulating properties. Some phy-
tosterols have been shown to be cytotoxic or inhibitors of the growth

no or only few retention and mass spectrometric fragmentation dataof selected cell lines but also to be ineffective against otfferbe
are available for several of these compounds, these are given inlow toxicity of saringosterolX4) for normal cells has already been
Tables S1 and S2 (Supporting Information). It must be noted that reported in an in vitro study of its antitubercular activity. In the

24-hydroperoxy-24-vinylcholesterdl§) was not detectable by GC-

same study, the two isomers were separated and tRasder

MS (probably because of a thermal degradation of the peroxide was shown to be 8 times more active than th& Bé&mer?! This

function). These eight compounds were identified for the first time
in the leaves ofS. spinosa

Additionally, this is the first report on the presence of uva)) (
clerosterol 13), and saringosterolld) in the genusStrychnosand

the first report on the presence of 24-hydroperoxy-24-vinylcholes-

terol (15) in a plant®15-18
All isolated compounds were tested dimypanosoma brucei
bruceitrypomastigotes cultured in vitro as well as on J774 murine

suggests that the antitrypanosomal activity obtained for the epimeric
mixture could be higher for one of the stereoisomers, if they were
to be separatetf!

The in vitro cytotoxicity for various cancer cell lines of the sterol
peroxide 24-hydroperoxy-24-vinylcholesterdl5{ has also been
documented. The reported dvalues were in the range 0-19
uM depending on the cell line tested (murine leukemic cells and
human lung cancer, colon cancer, and leukemia c€lNgverthe-

cells to evaluate the selectivity of their antitrypanosomal effects less, this is the first time that the antitrypanosomal activity of

(selectivity index= Sl). As some triterpenoids and sterols are
already known to exhibit interesting antitrypanosomal actitfty,

saringosterol 14) and its hydroperoxy derivativelp) has been
documented.

several commercially available related compounds were also tested, This is also the first report on the antitrypanosomal activity of

namely, ursolic acid?) (ursane type), erythrodiob) and oleanolic
acid @) (oleanane type), betulir6) and betulinic acid¥) (lupane

type), and stigmastandlQ) and stigmasterollQ) (sterols), in order
to establish preliminary structur@ctivity relationships. The activi-

five of the nine triterpenoids analyzed in this study, whereas
B-amyrin @), uvaol @), ursolic acid ), and oleanolic acid8)
have already been tested on trypanosoifi@snyrin (2) was shown

to be inactive ofT. b. rhodesiensbloodstream trypomastigoté’.

ties and selectivity indices for these compounds are given in Table Taketa et al. did not detect any activity for uvad) 6nT. b. brucei

1.

Some of the major compounds of active fractions [ice.and
p-amyrins ( and 2), p-sitosterol (1)] of the dichloromethane
extract ofS. spinosalid not possess interesting antitrypanosomal
activity. This implies either that some minor compounds should
have a very high activity or that a synergistic effect should be
considered. Among the investigated sterols, stigmastdi®lapnd
[-sitosterol (1), which have a saturated side chain, were inactive
on the bloodstream forms of. b. bruceiand on the murine
macrophages (I§ > 100 uM). However, stigmasteroll@) and
clerosterol {3), which both have a double bond in their side chain,
had an effect onT. b. brucej even though quite weak. An

bloodstream forms (16 > 32 uM),?3 while a weak activity was
found in the present work. Ursolic acid)(and oleanolic acidg)
have exhibited toxicity for the South American trypanosome
cruzi, inducing 50% lysis at 21 and 80/, respectively, oriT.
cruzi blood trypomastigote' In contrast, the acetyl (on the C-3
hydroxyl group) and methyl ester (on the C-28 carboxyl group)
derivatives were inactive. It was concluded that the presence of
the two polar groups in botlY and 8 is important for their
antitrypanosomal effects. Ursolic acid)(and oleanolic acidg)
also restricted the movementBf cruziepimastigotes (vector form),
while betulinic acid ) was practically inactivé®26

Among the triterpenoids evaluated, ursolic aci§) (ursane

oxygenated side chain (hydroxyl or a hydroperoxyl group) present skeleton) was the most potent ®nb. bruceiblood trypomastigotes
in the sterol dramatically increased the resultant antitrypanosomal with an 1Gsp value of 2.24M, similar to the value reported by Taketa

activity (ICsp = 3—8 uM). An introduced hydroxyl group induced

et alZ Its in vitro selectivity index was small ($F 6). In contrast,
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oleanolic acid §) (oleanane skeleton) was 3 times less potent on (optimum-performance laminar chromatography) (Bionisis-OSN50, Le
trypanosomes, but its activity was more selective £SR0.6). Plessis Robinson, France) separations.

Betulinic acid @), the third triterpene (lupane skeleton) with a C-28 ~ Compounds were analyzed by HPLC-MS with a LC Thermo
carboxyl group, was much less active and showed no selectivity Separation Products (TSP, San ‘Jo€&) system equipped with a

for the trypanosomes. However, when comparing the antitrypano- P1000XR pump and a TSP AS 3000 autosampler. Separation of analytes

g . . was performed on a ¢ Prevail column (150« 2.1 mm i.d., particle
somal activity of the three triterpenes with a C-28 hydroxymethyl size: 3um) (Alltech), using a linear gradient from 75% methanol

group, the triterpene with the lupane-type skele@nas the most 5504 \ater (1% acetonitrile) to 100% methanol in 20 min and
trypanocidal, followed by the oleanane-type skeletshand the maintained for 20 min. The flow rate was 0.2 mL/min, and the column
ursane-type triterpenet); They were all 4 to 7 times more toxic  temperature was kept at 3. The injection volume was 1L. Mass
to trypanosomes than to mammalian cells. Among the triterpenes spectra were acquired using an LCQ mass spectrometer, equipped with
with a C-28 methyl substituent, only luped)(exhibited a low an APCI source (Finnigan-MAT, San JoseA) in the positive-ion
but selective activity on trypanosomes, in the same range of mode. The following APCI inlet conditions were applied: heated
concentration as its derivative with a C-28 carboxyl group, while Vaporization temperature: 39C, heated capillary temperature: 150
a- and8-amyrin (L and2) were inactive. C, sheath gas: 45 psi, a_&uxﬂ@ry_ gas: 20 psi, and discharge current:
S . . . 5 uA. Collision-induced dissociation (CID) spectra were recorded at
When considering the antitrypanosomal activity of the nine rejative collision energy of 33%. Solutions were made in absolute
triterpenoids evaluated, consistent with the results of Cunha et al. gthanol, methanol, and/or chloroform (HPLC grade) and filtered with
on oleanolic acid and ursolic acid derivativéshe presence of an  DynaGard filters (Microgon Inc.) before LC injection.
oxygen-containing moiety at C-17 favors the resultant in vitto ~ The gas chromatograph used was a TRACE GC 2000 series
antitrypanosomal activity. The order of preference for the substitu- (ThermoQuest, Italy), equipped with an autosampler AS2000 (Ther-
tion on C-17 (C-28 carbon type) was COOHCH,OH > CHs for moQuest) interfaced to a Trace MS mass spectrometer (ThermoQuest),
the ursane- or oleanane-type skeleton anc @ > COOH = Op(elrr?rttl)r;\%altr:)gt;r]aepiliicstreopr;?tie;cstvrpeorier;erformed on a capillary column
CHjs for the I.upa.ne-type_trlterpenes included in this study. (DB-XLB: column length 15 mx 0.25 mm with a 0.25:m film
Pentacyclic triterpenoid compounds are also characterized by anihickness) from J&W Scientific (Agilent Technologies, Santa Clara,
eXtremer leerse pI’Oflle Of b|O|Og|CaI activities |nC|Ud|ng anti- CA) Helium was used as carrier gas at a flow rate of 1.2 mL/min.
inflammatory?” hepatoprotectivé® antiviral (including anti-HIV)?° Samples (1 mL, in ethanol) were injected in the split mode (split ratio
antiparasitic® and antitumor propertie®:31 Especially with regard 1:9). The injector temperature was set at 2&) and the oven was
to the latter property, there is an increasing number of publications programmed from 50 to 32T (10°C/min); this last temperature was
on these pentacyclic triterpenes as well as on other natural maintained for 3 min. The electron energy was 70 eV, and the ion
triterpenoids$! Betulinic acid @) is undergoing preclinical develop- ~ Source was at 25C. Samples were analyzed in a full-scan mode {250

; 650 amu).
ment for th? treatment _Of mallgnar]t melanoffid . The sterol standards used wereamyrin (with HPLC, Extrasyn-
The precise mechanisms of action of oleanofi (rsolic @), these), -amyrin (with HPLC, Extrasynttee), S-sitosterol (95%,

and betulinic acids9) have not been elucidated, but they have been sjgma), lupeol (with HPLC, Extrasyntse), clerosterol (Herbstandard),
shown to induce apoptosis and to inhibit several enzymes, including and uvaol (with HPLC, ExtrasyntBe). Suramin and colchicine were
human topoisomerases | ancdf4t34 It seems that their carboxylic ~ purchased from Sigma.

acid functionalities are essential for the significant inhibitory activity Plant Material. Leaves ofS. spinosavere collected in the savannas
of these DNA-manipulating enzymé&Since the topoisomerases ~ Of Zou Province (Savane de Dan, near Abomey) in Benin in April 2002.
of kinetoplastids such as African trypanosomes have been identified The plant was identified by Prof. V. Adjakidj@Jniversited’Abomey-
as interesting potential drug targétstit would be of interest to Calavi, Benin). A voucher specimen was deposited at the Herbarium

o of the Belgian National Botanical Garden at Meise (BR S.P. 848106).
ts;l;)g?/sgr:se‘?:sg; of those peniacyclic triterpenes on trypanosomal Extraction and Isolation. Plant extracts were prepared by percolat-

ing aliquots of 50 g of dried and powdered leaves with dichloromethane
The present comparative study on the antitrypanosomal activity for 24 h at room temperature. The quantity of solvent used for each
of isolated triterpenoids and sterols and related compounds hasextraction (500 mL) was at least 10 times the amount of plant material
indicated that the presence of either an oxygenated side chain orused (50 g). The extracts were evaporated to dryness under reduced
an oxygenated function at C-28 seems to be important for their Pressure. The solvent-free extracts were mixed and stored frozen. A
resultant activities. It can be noted that the sterols and triterpenestota! of 1.075 kg was extracted, with yields varying from 5% to 7%.
already reported for their activity on African trypanosofié&also Fractionation of 3.5 g of the dichloromethane extract by HSCCC

. . . . with the lower phase of the mixture heptarecetonitrile-CH,Cl, (10:
gﬁvg_g]Bodlfled oxygenated side chains or an oxygenated funCtIon7:3) as mobile phase in the head-to-tail mode gave 14 fractions.

Fractions were pooled following their TLC profiles. F13 (133 mg) was
) ) submitted to MPLC with a step gradient of toluerietOAc, 98:2 (F13-1
Experimental Section F13-6), toluene EtOAc, 95:5 (F13-7), and MeOH (F13-8). Fraction

. 13-2 (33.6 mq) afforded a mixture of andg-amyrin (L and?2), while
| 1
General Experimental ProcedurestH and**C NMR spectrawere = o~ "0a 50 o purg-sitosterol (4) (19.2 mg).

recolrded using a Bruker 320 NMR spectromet(_er in GI2CB00 MHz An aliquot (13.4 g) of the dichloromethane extract was fractionated
for H and 75 MHz for *C NMR. Iior 1§anngosterol 1) and by VLC on a funnel packed with 270 g of silica gel by a gradient
24-hydroperoxy-24-vinylcholesteral), *H, **C, COSY, HSQC, and  gjytion of solvents of increasing polarity-pexane;n-hexane with
_HMBC spectra were recorded using a Bruker DRX-400 spectrometer increasing proportions of CHElI CHCl; CHCl with increasing
in CDCl; at 400 MHz for*H and 100 MHz for'*C NMR. proportions of EtOAc; EtOAc; EtOAc with increasing proportions of
Fractionations by HSCCC were carried out on a Kromaton Ill MeOH; MeOH; 300 mL for each step). Altogether, 23 fractions were
(SEAB) (Villejuif, France) system, column length 200 m, internal obtained based on their TLC profiles. Fraction VLC-6 (5.2 g) was
diameter 2.5 mm, rotation speed 400 rpm, flow rate 2 mL/min. Medium- submitted to HSCCC using the same experimental conditions as above.
pressure liquid chromatography (MPLC) was conducted on silica gel The most active fraction, VLC 6-14 (84 mg), was further purified by
(Merck Lichroprep Si 60 1525 xm) on an Omnifit glass column (OM an MPLC with toluene-EtOAc (98:2) as solvent and led to the isolation
6427 15x 750 mm) with a flow rate of 1 mL/min. Vacuum-liquid of saringosterol 14) (3.2 mg), clerosterol13) (4.1 mg), and lupeol
chromatography (VLC) was carried out on Merck Lichroprep Si 60 (3) (3.2 mg).

(0.063-0.2 mm). Merck silica gel f54 TLC plates (mobile phases: Portions (8 g) of the dichloromethane extract were dissolved in 750
toluene-EtOAc—MeOH, 80:18:2, and toluereEtOAc—HCOOH, 8:2: mL of hexane and extracted by>5250 mL of 80% aqueous methanol.

1; detection: anisaldehyeesulfuric acid reagent) were used for TLC,  The polar phase was washed byx5250 mL of n-hexane, and both
and Gg silica gel kss aluminum foil-backed particles of 1Am, 0.2 phases were evaporated to afford 0.6 g of a polar fraction and 7.4 g of

mm sorbent bed thickness, and 0.5 mL/min flow rate, for OPLC a n-hexane fraction (H). Then, 1.3 g of the polar fraction was
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fractionated by HSCCC with hexar&tOAc—MeOH—H,0 (3:2:3:2)

as solvent system, using the upper phase as mobile phase in the tail-

to-head mode, to afford 16 fractions. Fraction 4, one of the most active
fractions, was purified by an MPLC separation with tolueB#OAc
(99:1) as mobile phase, to obtain 1.7 mg of practically pure uvol (
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(10) Kurata, K.; Taniguchi, K.; Shiraishi, K.; Suzuki, Mhytochemistry
199Q 29, 3678-3680.

(11) Sheu, J.-H.; Sung, P.-J. Chin. Chem. Sod 991, 38, 501-503.

(12) Dehmlow, E. V.; Van Ree, T.; Jakupovic, J.; Take, E.ngling, H.
J.J. Chem. Res., Synop998 252—-253.

The same procedure was repeated to isolate enough of this compound (13) Goad, L. J. IlMethods in Plant Biochemistry. \Viof. Terpenoids

for structure determination, and its final purification was achieved by
OPLC with MeOH-HCOOH (99:1) as mobile phase to obtain 7.4 mg
of uvaol @). Hexane fraction H was submitted to the same HSCCC
and MPLC procedures as fraction VLC 6 followed by OPLC under
the same conditions as described for uvaol, to afford 6.6 mg of 24-
hydroperoxy-24-vinylcholesterolLp).

Cell Culture. Trypanosoma brucei brucéstrain 427) bloodstream
forms and J774 cells (cancer murine macrophage-like cell line) were
grown in vitro in HMI 9 mediuni and RPMI 1640 with I-glutamine
medium, respectively. The media were supplemented with 10% heat-
inactivated fetal calf serum. All cells were incubated at°87in a
humidified atmosphere containing 5% €O

Antitrypanosomal Activity and Cytotoxicity Assays. The antit-
rypanosomal activity of all fractions and pure compounds and the
cytotoxicity of the pure compounds were assessed agairstbrucei
bloodstream forms and mammalian cells using the Alamar Blue assay,
as previously reportetiiCs, values were calculated by linear interpola-
tion and are given as mean valugsstandard deviations calculated
from at least four experiments. Suramin and colchicine were used as
positive controls. Selectivity indices were calculated as follows:
ICs0(3774§1Cs0(Tbby
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