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c Université deYaound́e I, DépartementdeChimie, BP 812Yaound́e,Cameroon

Abstract

Antibacterialbioassay-guidedfractionationof Syzygiumguineenseleafextractsafforded10 triterpenes,namelybetulinicacid1, oleanolic
acid2, a mixture of 2-hydroxyoleanolicacid3a, 2-hydroxyursolicacid3b, arjunolicacid4a, asiaticacid4b, a mixture of terminolicacid
5a, 6-hydroxyasiaticacid5b, anda mixtureof arjunolicacid28-�-glucopyranosylester6a andtheasiaticacid28-�-glucopyranosylester
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6b. Isolatedcompoundsweresubmittedto anantibacterialassaysystemagainstgram-positive and-negative bacteriaandhumanpathog
bacteria.Compounds4a and4b showed the mostsignificantantibacterialactivity againstEscherichia coli, Bacillus subtilis andShigel
sonnei. Thefraction5a–5b was theleastactive, whereascompounds1, 2 andthemixturesof 3a–3b and6a–6b wereinactive in theassay
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1. Intr oduction

Syzygiumguineense(Myrtaceae)is a small tree with
edible fruits (Ambé, 2001). It is widespreadin Subsaha-
ran Africa (Uganda,Swazilandand Cameroon)wherethe
bark is traditionallyusedto treatstomachacheanddiarrhea
(Tsakalaet al., 1996; Hamil et al., 2000; Oluwole et al.,
2002). Previous work on this speciesreportedthe antibac-
terial activity of hydrosoluble dry extracts (Tsakala et
al.,1996), but until todaynophytochemicalstudieshasbeen
carriedout to identify theactive metabolites.In our system-
aticsearchfor new and/orbioactivemetabolitesfrom plants,
we investigatedthe methanolicextract from the leaves of
Syzygiumguineense. In this paper, we reportthe antibacte-
rial bioassay-guidedidentificationandcharacterisationfrom
the leaves of Syzygiumguineenseof 10 triterpenesderiva-
tives,namely, betulinic acid 1, oleanolicacid 2, a mixture
of 2-hydroxyoleanolicacid 3a and 2-hydroxyursolicacid
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3b, arjunolic acid 4a, asiaticacid 4b, a mixture of term
nolic acid 5a and6-hydroxyasiaticacid 5b, anda mixtu
of arjunolic acid 28-�-glucopyranosylester6a and asia
acid28-�-glucopyranosylester6b. Somestructure–activit
relationshipsarealsodiscussed.

2. Materials and methods

2.1. Plantmaterial

Leaves of Syzygium guineense were collected i
August2002in Fongo-Tongo,Menouasubdivision,weste
Cameroon.The plant materialwas identified by Dr. Sat
bier, formerdirectorof theNationalHerbariumof Cameroo
Voucherspecimenshave beendepositedin the Camero
NationalHerbarium.

2.2. Identificationof purecompounds

Structuresof isolatedcompoundswereelucidatedbyspe
troscopicmethodsusinganAgilent 1100ESI/LCMSD/Tra



for massspectrameasurement.1H NMR (400MHz), 13C
NMR (100MHz), DEPTs and 2D NMR spectra(COSY,
NOESY, HMQC, andHMBC) wererecordedin CD3OD on
aBrukerAVANCE 400spectrometer.

2.3. Extractionandisolation

The dried and finely ground leaves of Syzygium
guineense(1.5kg) wereextractedat roomtemperaturewith
dichloromethane(CH2Cl2)/methanol(MeOH) (1/1 v/v) for
oneday andconcentratedundervacuumto afford 180g of
crude extract. Extract (100g) was dissolved in water and
successively extractedwith hexane,ethyl acetate(EtOAc)
andn-butanol to yield, respectively, 20, 45, and 18g. The
resultantextractsweretestedfor antibacterialactivity via the
disc diffusion method(HadacekandGreger, 2000) against
Escherichia coli andBacillussubtilis.

The active extracts, ethyl acetateand n-butanol, were
fractionatedby columnchromatographyover silicagelusing
agradientof CH2Cl2–MeOHassolvents.All fractionswere
testedfor antimicrobialactivity by directbioautographyon
TLC plates(HadacekandGreger, 2000) againstEscherichia
coli andBacillus subtilis. Ethyl acetateextract (40g), the
mainactive fraction,was subjectedto a columnchromatog-
raphy (75× 5.2) filled with silica gel (63–200,60Å) and
eluted with a gradientof MeOH in CH Cl . Sixty-eight
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Microbiology (Neucĥatel),andShigella sonnei(COP/2004/
4212) from the Institut Neucĥatelois de Microbiologie
(La Chaux-De-Fonds,Switzerland).Only purecompounds
showing activity against Escherichia coli and Bacillus
subtilis were testedagainstShigella sonneiat the Institut
NeucĥateloisdeMicrobiologie.

2.5. Antibacterialassays

2.5.1. Diskdiffusion
The crude extract of Syzygiumguineense(1mg) was

testedat five differentconcentrationsrangingfrom 0.0625
to 1mg/ml in acetoneand40�l of thesolutionwereapplied
to 8mm diameterpaperdisks.After evaporationof thesol-
vent, two paperdisks were placedin Petri dishesof 9cm
diametercontainingnutrientagarpreviously inoculatedwith
0.2ml of suspensionof bacteria(108–109 CFU/ml). After 2
daysof incubationat 30◦C for Bacillus subtilis and37◦C
for Escherichia coli, theinhibition zonefor theactiveextract
was measured(HadacekandGreger, 2000).

2.5.2. Bioautographyon thin-layerplates
Differentconcentrationsof testcompoundswereprepared

by the methodof two-fold serial dilution. Test solutions
(10�l) were appliedas small spotson TLC plates(Silica
gel G, 20× 20, 500�m, Analtech)to give a concentration
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ractionsof 200ml werecollectedandregroupedonthebasic
f analyticalTLC in threefractions.Themainactivefraction
2g was subjectedto repeatedcolumn chromatograph
60cm× 3cm) filled with silica gel (32–63,60Å) eluted
ith a gradientof MeOH in CHCl3 to yield compound1

50mg,1.25× 10−3%),2 (70mg,1.75× 10−3%),3 (60mg,
.5× 10−3%) a mixture of two isomers,and 4 (105mg,
.62× 10−3%). Fraction4 (100mg), which was a mixture
f two compounds,was separatedby the methodof Lewis
Lewis andTucker, 1983), followed by a silica gel column
50cm× 1.5cm) using isocratic system CHCl3–MeOH
95–5) to afford 4a (10mg, 0.1%) and 4b (2mg, 0.02%).
utanolicextract (15g) was subjectedto silica gel column
hromatography(60cm× 3cm) eluted with a gradientof
eOHin EtOAc. Forty fractionsof 200ml wascollectedand

egroupedin threefractionsalsoon the basicof analytica
LC. The active fraction was purified on silica gel column
hromatographyusing a gradientof MeOH in CHCl3 as
luent to afford 5 (10mg, 0.66× 10−3%) and 6 (12mg,
.8× 10−3%). Eachfractionwas a mixtureof two isomers
urtherpurification of thesecompoundswas not achieved
ecauseof lack of quantity. The Rf valuesof compound
–6 in CHCl3–MeOH(9:1) are0.59,0.54,0.47,0.35,0.23,
nd0.05,respectively.

.4. Microorganisms

Three bacteria were used in the bioguided assay.
scherichia coli (NEU 1006) and Bacillus subtilis (NEU
) obtained from culture collection at the Institute of
eriesof 0.1–30�g/applicationzone.Theorganicsolventwas
vaporatedby steamair andplateswereelutedby the ade-
uatesolventtoobtaindifferentRf.Thesolventwasonemore

imeevaporatedbysteamair.TLC plateswerehomogenousl
prayedwith 10ml of nutrientagarinfectedby 1ml of nutri-
ntbrothcontainingbacteria(108–109 CFU/ml).Plateswere

ncubatedfor 2daysatthecorrespondingtemperatureof each
acteriumin thedark.Theappearanceof blankafterspraying

he platewith a solutionof thiazolyl blue tetrazoliumbro-
ide indicatedantibacterialactivity (HadacekandGreger,
000). Minimum inhibitory concentrations(MIC) agains
scherichia coli, Bacillussubtilis, andShigella sonneiwere
eterminedfrom the lowest test compoundconcentration
ausingrecognisablebacterialgrowth inhibition on nutri-
nt agar. In thesetwo methodsof assays,chloramphenico
Sigma)wasusedasapositivecontrolandacetoneasaneg-
tivecontrol.

. Results

The ethyl acetateand n-butanol extracts from leaves
f S. guineesewhich exhibited antibacterialactivity were
ubjectedto chromatographicisolation and purification to
ield 10triterpenes.Fromtheethylacetateextractalone,six
ompoundswereidentified.Negative ion ESI/MScombined
o 1D NMR, 1H, 13C NMR and2D NMR, COSY, HMQC,
ndHMBC identifiedthecompoundsasbetulinicacid1 and
leanolicacid 2 with m/z 455 (M–H)− and the molecular

ormula of C30H48O3 (ShashiandAsish, 1994), a mixture



Table1
MICs of compoundsisolated from Syzygiumguineenseagainstgram-
positiveand-negativebacteriain (�g/spot)

Compound Escherichia coli Bacillussubtilis Shigella sonnei

1 NA NA NT
2 NA NA NT
3a–3b NA NA NT
4a 3 0.5 30
4b 5 0.75 30
5a–5b 6 3 50
6a–6b NA NA NT
chloramphenicol 0.3 0.1 2

NA: no activity observed;NT: not tested.

of 2-hydroxylursolicacid 3a and2-hydroxyloleanolicacid
3b with m/z 471 (M–H)− correspondingto C30H48O4
(Chandan,1990) and a mixture of isomersin fraction 4
with m/z 487 (M–H)−relating to C30H48O5. All fractions
were submitted to the antibacterial assaysand further
purification was carried out on the active fractions.Only
fraction4 exhibits a significantantibacterialactivity against
Escherichia coli andBacillussubtilisby thin-layerbioautog-
raphy(Table1). Compounds4aand4b precipitateasawhite
powder in CHCl3:MeOH (9:1). 1H NMR dataweresimilar,
with the main differencesnotedin the DEPT experiment,
were4a and4b possessedten andnine CH2, six andeight

CH, respectively, with thenumberof methylgroupsfor each
compoundbeingseven. The 13C NMR spectrashowed 30
carbonatomsfor each.The chemicalshift of the carbon
atomsC12 andC13 atδ 122.4;144.4andδ 125.7;138.8for 4a
and4b, respectively, suggestedthe presenceof two classes
of triterpenes,the oleananeand ursane.Derivatisationof
100mg of fraction4 accordingto Lewis method(Lewis and
Tucker, 1983) leadto 10mgof arjunolicacid4aand2mg of
asiaticacid 4b (Tsutomuet al., 1987;Collins et al., 1992).
For thesecompounds,thedataobtainedcorrelatedverywell
with theliterature.

Thebioassay-guidedfractionationof then-butanolextract
by columnchromatographyleadto fractions5 with m/z503
(M–H)− C30H48O6 andm/z 649 (M–H)−C36H58O10. Each
fractionwasamixtureof two inseparablecompounds.Frac-
tion5wasobtainedasawhitepowderin CHCl3:MeOH(8:2).
Themaindifferencescomparedto 4aand4b beingrelatedto
thenatureof theR2. Thepresenceof oneC6H (δC 68.7,δH
5.11) in 5 andthe absenceof C6H2 (δC 18, δH 1.41) in the
1H, 13C andDEPTspectraled to the identificationof 5a as
terminolicacidand5b as6-hydroxyasiaticacidin theration
3–2.While the constituentsof fraction 6 wereidentifiedas
arjunolicacid28-�-glucopyranosylester6a (Adnyanaetal.,
2000) anda homologueto asiaticacid28-�-glucopyranosyl
ester6b (Tsutomuet al., 1987) following theratio 1/1. The

3

Fig. 1. Chemical structur
es of isolated triterpenes.



1H NMR spectrumof 6b showedoneanomericprotonsig-
nal at δH 5.37 (H-1′, 3J1′,2′ = 8.1Hz) and carbonatom (δC
95.7)indicatingthepresenceof onemonosaccharidebonded
asa glucosylester. The sugarmoiety was identifiedas28-
�-glucopyranosylesterbasedon the couplingconstantsof
eachprotonandthe13C NMR chemicalshifts(δC 62.2,71.2,
74.3,78.8,79.4,95.7).Theglucosidationof positionC28 was
indicatedbythelong-rangecorrelationbetweentheanomeric
protonH-1′ andthecarboxylcarbon(C-28,δC 178.06)in the
HMBC spectrum.The 1H and13C NMR dataof the agly-
conemoietyweresimilarto thoserecordedfor arjulonicacid
4aandasiaticacid4b. Asiaticacidandasiaticosidearewell
known.Thisisthefirsttimethatcompound6b(Fig.1) isiden-
tified whereonly oneglucoseis foundto beattachedto the
carboxylicacidgroup.While minimal antibacterialactivity
wasnotedin fraction5 andnoactivity recordedin fraction6,
nofurtherpurificationwascarriedoutdueto lackof sufficient
material.

4. Discussionand conclusions

Isolatedcompoundsshoweddifferentactivitiesaccording
to thepositionof thedifferentsubstituentgroups.It appears
fromthebiologicalassayresultsthatthehydroxylgroupatthe
positionC makesanimportantcontribution to theexpres-
s
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