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Abstract

Antibacterialbioassay-guideffactionationof Syzygiunguineensdeaf extractsafforded10 triterpenesnamelybetulinicacid 1, oleanolic
acid 2, a mixture of 2-hydroxyoleanoliacid 3a, 2-hydroxyursolicacid 3b, arjunolic acid 4a, asiaticacid 4b, a mixture of terminolic acid
5a, 6-hydroxyasiatiacid 5b, anda mixture of arjunolic acid 283-glucop/ranosylester6a andthe asiaticacid 283-glucop/ranosylester
6b. Isolatedcompoundsvere submittedto an antibacterialssaysystemagainstgram-positve and-negative bacteriaand humanpathogen
bacteria.Compound#4a and 4b shaved the mostsignificantantibacterialactivity againstEsderichia coli, Bacillus subtilis and Shigella
sonnei Thefraction5a-5b was the leastactive, whereasompoundd, 2 andthe mixturesof 3a-3b and6a—6b wereinactive in theassays.
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1. Intr oduction

Syzygiumguineense(Myrtaceae)is a small tree with
edible fruits (Ambég, 200J). It is widespreadin Subsaha-
ran Africa (Uganda,Swaziland and Cameroon)wherethe
barkis traditionally usedto treatstomachachanddiarrhea
(Tsakalaet al., 1996; Hamil et al., 2000; Oluwole et al.,
2002. Previous work on this speciegeportedthe antibac-
terial actvity of hydrosolubledry extracts (Tsakala et
al., 1996, but until todayno phytochemicastudieshasbeen
carriedoutto identify the active metabolitesin our system-
atic searcHor new and/orbioactive metabolitegrom plants,
we investigatedthe methanolicextract from the leaves of
Syzygiunguineenseln this paper we reportthe antibacte-
rial bioassay-guidetlentificationandcharacterisatiofrom
the leaves of Syzygiunguineenseof 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 termi-
nolic acid 5a and 6-hydroxyasiaticacid 5b, and a mixture
of arjunolic acid 283-glucopyranosylester6a and asiatic
acid 28-B-glucopyranosylesteréb. Somestructure—actiity
relationshipsarealsodiscussed.

2. Materials and methods
2.1. Plantmaterial

Leaves of Syzygium guineense were collected in
August2002in Fongo-Tongo,Menouasubdiision, western
Cameroon.The plant materialwas identified by Dr. Sata-
bier, formerdirectorof theNationalHerbariunmof Cameroon.
Voucherspecimenshave beendepositedin the Cameroon
NationalHerbarium.

2.2. ldentificationof pure compounds

Structuresfisolatedcompoundsvereelucidatedy spec-
troscopicmethodausinganAgilent 1100ESI/LCMSD/Trap



for massspectrameasurementtH NMR (400MHz), 13C
NMR (100MHz), DEPTs and 2D NMR spectra(COSY,
NOESY, HMQC, andHMBC) wererecordedn CD30D on
a Bruker AVANCE 400spectrometer

2.3. Extractionandisolation

The dried and finely ground leaves of Syzygium
guineensél.5kg) wereextractedat roomtemperaturevith
dichloromethan€CH,Cl,)/methanol(MeOH) (1/1 v/v) for
oneday and concentratedindervacuumto afford 1809 of
crude extract. Extract (100g) was dissolhed in water and
successiely extractedwith hexane, ethyl acetate(EtOAC)
and n-butanolto yield, respectrely, 20, 45, and 18g. The
resultanextractsweretestedor antibacteriahctivity viathe
disc diffusion method(Hadacekand Greger, 2000 against
Esderichia coli andBacillus subtilis

The active extracts, ethyl acetateand n-butanol, were
fractionatedby columnchromatographgver silicagelusing
agradientof CH,Cl,—MeOHassolvents.All fractionswere
testedfor antimicrobialactiity by directbioautographyon
TLC plates(HadacekandGreger, 2000 againstEsderichia
coli and Bacillus subtilis. Ethyl acetateextract (409), the
main active fraction,was subjectedo a columnchromatog-
raphy (75 x 5.2) filled with silica gel (63-200,60A) and
eluted with a gradientof MeOH in CHCl,. Sixty-eight
fractionsof 200ml werecollectedandregroupednthebasic
of analyticalTLC in threefractions.Themainactive fraction
12g was subjectedto repeatedcolumn chromatography
(60cm x 3cm) filled with silica gel (32—-63,604) eluted
with a gradientof MeOH in CHCI3 to yield compoundl
(50mg,1.25x 1073%),2 (70mg,1.75x 10~3%), 3 (60mg,
1.5x 1073%) a mixture of two isomers,and 4 (105mg,
2.62x 10~3%). Fraction4 (100mg), which was a mixture
of two compoundswas separatedby the methodof Lewis
(Lewis and Tucker, 1983, followed by a silica gel column
(50cmx 1.5cm) using isocratic system CHClz3—MeOH
(95-5) to afford 4a (10mg, 0.1%) and 4b (2mg, 0.02%).
Butanolicextract (15g) was subjectedo silica gel column
chromatography(60cm x 3cm) eluted with a gradientof
MeOHin EtOAc. Forty fractionsof 200ml was collectedand
regroupedin threefractionsalso on the basicof analytical
TLC. The active fraction was purified on silica gel column
chromatographyusing a gradientof MeOH in CHCI3 as
eluentto afford 5 (10mg, 0.66x 103%) and 6 (12mg,
0.8x 10-3%). Eachfractionwas a mixture of two isomers.
Furtherpurification of thesecompoundswas not achieved
becauseof lack of quantity The Rf valuesof compounds
1-6 in CHCl3—MeOH (9:1) are0.59,0.54,0.47,0.35,0.23,
and0.05,respectiely.

2.4. Microorganisms
Three bacteria were used in the bioguided assay

Esderichia coli (NEU 1006) and Bacillus subtilis (NEU
1) obtained from culture collection at the Institute of

Microbiology (Neuctatel),and Shigella sonnei(COP/2004/
4212) from the Institut Neuclatelois de Microbiologie
(La Chaux-De-Bnds,Switzerland).Only pure compounds
shawving actiity against Esderichia coli and Bacillus
subtilis were testedagainstShigella sonneiat the Institut
Neuclateloisde Microbiologie.

2.5. Antibacterialassays

2.5.1. Disk diffusion

The crude extract of Syzygiumguineense(1mg) was
testedat five differentconcentrationsangingfrom 0.0625
to 1 mg/mlin acetoneand40ul of the solutionwereapplied
to 8mm diametermpaperdisks. After evaporationof the sol-
vent, two paperdisks were placedin Petri dishesof 9cm
diametercontainingnutrientagarpreviously inoculatedwith
0.2ml of suspensionf bacteria(10°—10° CFU/mI). After 2
daysof incubationat 30°C for Bacillus subtilisand 37°C
for Esdherichia coli, theinhibition zonefor theactive extract
was measureqHadacelkandGreger, 2000.

2.5.2. Bioautagraphyon thin-layerplates

Differentconcentrationsf testcompoundsvereprepared
by the method of two-fold serial dilution. Test solutions
(10pl) were appliedas small spotson TLC plates(Silica
gel G, 20 x 20, 500um, Analtech)to give a concentration
serief 0.1-30ug/applicatiorzone Theorganicsolventwas
evaporateddy steamair and plateswere elutedby the ade-
quatesolventto obtaindifferentRf. Thesolventwasonemore
timeevaporatedby steanair. TLC platesverehomogenously
sprayedvith 10ml of nutrientagarinfectedby 1 ml of nutri-
entbrothcontainingbacteria108-10° CFU/ml). Platesvere
incubatedor 2 daysatthecorrespondingemperaturef each
bacteriumin thedark.Theappearancef blankafterspraying
the plate with a solution of thiazolyl blue tetrazoliumbro-
mide indicatedantibacterialactivity (Hadacekand Greger,
2000. Minimum inhibitory concentrationdMIC) against
Esderichia coli, Bacillus subtilis andShigella sonneiwere
determinedfrom the lowest test compoundconcentration
causingrecognisablébacterialgronth inhibition on nutri-
entagar In thesetwo methodsof assaysgchloramphenicol
(Sigma)was usedasa positive controlandacetoneasa neg-
ative control.

3. Results

The ethyl acetateand n-butanol extracts from leaves
of S. guineesewhich exhibited antibacterialactivity were
subjectedto chromatographigsolation and purification to
yield 10triterpenesFromtheethyl acetateextractalone six
compoundsvereidentified.Negative ion ESI/MS combined
to 1D NMR, 1H, 13C NMR and2D NMR, COSY, HMQC,
andHMBC identifiedthe compoundssbetulinicacid1 and
oleanolicacid 2 with m/z 455 (M—H)~ andthe molecular
formula of C3gH4g03 (Shashiand Asish, 1994, a mixture



Tablel
MICs of compoundsisolated from Syzygiumguineenseagainstgram-
positive and-negative bacteriain (p.g/spot)

Compound Esderichiacoli  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 actiity obsered;NT: nottested.

of 2-hydroxylursolicacid 3a and 2-hydroxyloleanolicacid
3b with m/z 471 (M-H)~ correspondingto CsgH804
(Chandan,1990 and a mixture of isomersin fraction 4
with m/z 487 (M—H)relating to C3oH480s. All fractions
were submitted to the antibacterial assaysand further
purification was carried out on the active fractions. Only
fraction4 exhibits a significantantibacteriabctvity against
Esderichia coli andBacillussubtilisby thin-layerbioautog-
raphy(Tablel). Compoundglaand4b precipitateasawhite
powderin CHClz:MeOH (9:1). 'H NMR dataweresimilar,
with the main differencesnotedin the DEPT experiment,
wereda and4b possesseten andnine CHy, six andeight

H O’”’h

CH, respectiely, with thenumberof methylgroupsfor each
compoundbeing seven. The 13C NMR spectrashaved 30
carbonatomsfor each.The chemicalshift of the carbon
atomsCioandCizaté 122.4;144.4ands 125.7;138.8for 4a
and4b, respectrely, suggestedhe presencef two classes
of triterpenes,the oleananeand ursane.Derivatisation of
100mg of fraction4 accordingto Lewis method(Lewis and
Tucker, 1983 leadto 10mg of arjunolicacid4aand2 mg of
asiaticacid 4b (Tsutomuet al., 1987; Collins et al., 1992.
For thesecompoundsthe dataobtainedcorrelatedrery well
with theliterature.

Thebioassay-guideftactionationof then-butanolextract
by columnchromatographyjeadto fractions5 with m/z 503
(M—H)f C3oH480g andm/z 649 (M—H)7C36H58010. Each
fractionwas a mixture of two inseparableompoundskFrac-
tion5wasobtainedasawhitepowderin CHCl3:MeOH (8:2).
Themaindifferencecomparedo 4aand4b beingrelatedto
the natureof the R,. The presencef oneCgH (5c 68.7,81
5.11)in 5 andthe absencef CgH> (5c 18,8y 1.41)in the
1H, 13C and DEPT spectrded to the identificationof 5a as
terminolicacidand5b as6-hydroxyasiaticacidin theration
3—2.While the constituentof fraction 6 wereidentifiedas
arjunolicacid28-3-glucopyranosylester6a (Adnyanaetal.,
2000 anda homologueo asiaticacid 2843-glucopyranosyl
ester6b (Tsutomuet al., 1987 following the ratio 1/1. The

HO ;
R\I§ R,

Compound R, R, R; R, Rs R

3a 2-hydroxyoleanolic acid CH; H H CH; CH; H

3b 2-hydroxyursolic acid CH;, H H H CH; CH;
4a arjulonic acid CH,0OH H H CH; CH; H

4b asiatic acid CH,0H H H CH; H CH;
S5a terminolic acid CH,OH OH H CH; CH; H

Sb 6-hydroxyasiatic acid CH,OH OH H CH; H CH;
6a arjunolic acid 28- - CH,OH H Glc CH; CH; H

glucopyranosyl ester

6b asiatic acid 28-p- CH,OH H Gle CH; H CH;

glucopyranosyl ester

Fig. 1. Chemical structures of isolated triterpenes.



1H NMR spectrumof 6b shoved oneanomericprotonsig-
nal at 4 5.37 (H-1, 3J1/,2 =8.1Hz) and carbonatom (5c

95.7)indicatingthe presenc®f onemonosaccharideonded
asa glucosylester The sugarmoiety was identified as 28-
B-glucopyranosylesterbasedon the coupling constantsof

eachprotonandthe3C NMR chemicalshifts(5c 62.2,71.2,
74.3,78.8,79.4,95.7).Theglucosidatiorof positionCog was
indicatedby thelong-rangecorrelatiorbetweertheanomeric
protonH-1" andthecarboxylcarbon(C-28,6c 178.06)in the
HMBC spectrumThe H and 13C NMR dataof the agly-

conemoietyweresimilarto thoserecordedor arjulonicacid
4aandasiaticacid4b. Asiatic acidandasiaticosidarewell

known. Thisisthefirsttimethatcompoundb (Fig. 1) isiden-
tified whereonly oneglucoseis foundto be attachedo the
carboxylicacid group.While minimal antibacterialctivity

was notedin fraction5 andnoactiity recordedn fraction,

nofurtherpurificationwascarriedoutdueto lackof sufficient
material.

4. Discussionand conclusions

Isolatedcompoundshaveddifferentactivities according
to the positionof thedifferentsubstituengroups.lt appears
fromthebiologicalassayesultghatthehydroxylgroupatthe
positionC,3 makesanimportantcontrikution to the expres-
sion of actvity in 4aand4b. The presencef onehydroxyl
group at the position Cg reducesconsiderablythe activity
of metabolitesba-5h. Furthermorewhenthe protonof the
acidfunctionis substitutedby a glucop/ranosylesterfunc-
tion or whenthehydroxylgroupatpositionCa3 is absentthe
metabolitedossall their activities.

Metabolites4a and 4b shaved significant antibacterial
actvity againstEsderichia coli, Bacillus subtilisandinter
estingly againstShiglla sonneiwith MICs of 3, 0.5, and
30pg for 4aand5, 0.75,and30 g for 4b. The mixture 5a
andsbwerelessactivewith MICs of 6, 3,and50 wg, whereas
no activity was recordedon metabolitesl, 2, the mixture of
3a-3b, and6a—-6b on Esderichia coli andBacillus subtilis
(Tablel).

Asiatic acid found in Centellaasiatica (Niranjanet al.,
1989 hasbeentraditionally usedasa tonicin skin diseases
andleprosy(Shuklaetal., 1999 whereasarjunolicacid has
beenisolatedrom Syzygiunsamaangensg Srivastaaetal.,
1995 andSyzygiuntordatum(Candyetal., 1968. Arjuno-
lic andasiaticacidisolatedfrom Syzygiuntlaviflorumwere
identified as anti-HIV agentswith ICsg of 36 and 8 wg/ml
(Yoshiki et al., 1998, but this is the first time that their
antibacterialactivity speciallyon humanpathogerbacteria
isreportedTerminolicacid5aand6-hydroxyasiaticacid5b
areidentifiedfor thefirsttime from the SyzygiungenusThis
might explain the useof this plantin folk medicinefor treat-
ment of variousinfectiousdiseasesFurtherinvestigations
will focusonthein vivo antimicrobialactuities.
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