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Abstract

Acacia mellifera has been used widely in traditional African meaks against various diseases. Among the
Kipsigis community of Kenya, water extracts frone thlant is used for the treatment of skin diseasmsghs and
gastrointestinal ailments. The aim of the study wasrovide scientific rationale for the use of thkant in
traditional medicine through bioassay-guided frawdtion of A. mellifera stem bark. Bioactivity testing was done
against selected microbes using disc diffusion niggke as outlined in Clinical Laboratory Standardtitute
(CLSI). Structure elucidation of the isolated compds was based primarily on 1D and 2D NMR analyses,
including HMQC, HMBC, and NOESY correlations. Fianation yielded three triterpenoids; @xolupane-30-
al, (2(R)-oxolupane-30-al, and betulinic acid. The threenpounds were active againSiaphylococcus aureus
ATCC 25923 and only (Z9-oxolupane-30-al against clinical isolate Mficrosporum gypseum. The three
compounds had no activity agair&cherichia coli ATCC 25922, Enterococcus feacalis, Candida albicans ATCC
90028, Cryptococcus neoformans, Trichophyton mentagrophyte, Candida krusei, Microsporum gypseum, and
Sacharomyces cerevisiae. These results explain and support the usA. ofiellifera stem barks for the treatment of
infectious diseases in traditional Kenya medicin@lso shows that the antimicrobial activity is centrated in the
triterpenoid fractions.

Keywords: Acacia mellifera; Antimicrobial pentacyclic triterpenes; Kenya madal plant

Introduction

Acacia mellifera is a shrub or tree belonging to the family Leguosie. It is widely distributed in Kenya
and is widely used for medicinal purposes in batman and veterinary medicine in resource-poor ramal urban
households. The decoction of its stem barks is aggdhst diarrhea and eye problems in livestoadmathache,
malaria, coughs, primary infection of syphilis,réiy, and pneumonia in human being (Kokwaro, 1/ ants in
the family Leguminosae are known for their manygséerpenoids (Dastalik et al., 1991), diterpenksski et al.,
1979), triterpenoids (Mutai et al., 2004) and flae@ms (Malan, 1995) which are responsible for wvasio
pharmacological properties including antimalariativaty (Rajic et al., 2000; Alves et al., 1997; ihisa et al.,
2002).
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Nevertheless, no exhaustive phytochemical studi@e fheen conducted on the mellifera species. The
present paper reports on the chemical and antitvigrproperties of stem bark extractsfofmellifera in an attempt
to provide scientific justification of its use ineyan traditional medicine and to identify the loitbze compound.

Materials and methods
Plant material

The stem bark of. mellifera was collected in January 2000 from Machakos, Kemydidentified by Mr.
Onesmus Mwangangi of East Africa Herbarium-Natiok&seums, Nairobi. A voucher specimen (ChM-1) was
deposited at the same institute.

Extraction and isolation

Dried powdered stem bark @& mellifera (2.25kg) was successively extracted with dichlaetmane
(100%) and methanol (100%). The resulting extraaee filtered and concentrated under vaccum tor@féodark
brown residue. The dichloromethane residue wasestdsj to column chromatography on silica gel, usiygjo-
hexane, cyclo-hexane and EtOAc mixture of increpgnlarity, and finally pure EtOAc, to yield 61 ftaons.
These fractions were further combined to fractibib$ on the basis of TLC. Fractidil was eluted with cyclo-
hexane-EtOAc (gradient, 98:2), and further puriftedsilica gel using cyclo-hexane EtOAc (9:1) teldirelatively
pure triterpenoids. The triterpenoid extract waghier purified by normal phase HPLC to obtain thpee
triterpenoids identified by spectroscopic technigjue

IR spectra were recorded on a Paragon 500 PerkieiEinfrared spectrophometer. EIMS data was
obtained with a Hewlett Packard 5973 GC/MS speottem The NMR spectra were recorded on a Bruker BBX
for *H and Bruker AC 200, respectively, in CDELChemical shifts are given id (ppm) scale using TMS as
internal standard. The 2D experimentsi-{H COSY, HMQC, HSQC, HMBC) were performed using szl
Bruker microprograms. EIMS data were recorded dfewlett Packard 5973 Mass Selective Detector. Colum
chromatography was performed with Kiesegel 60 (MgrelPLC was conducted on an Agilent 1100 serieth wi
refractive index dectector, with Kromasil Sil 1@um, 280x8mm column. TLC was performed with Kiedeg) F-
254 (Merck aluminum support plates).

Antimicrobial assays

Antimicrobial activity was carried out at the Center Microbiology Research using disc diffusion thred
(Vlientinck et al., 1995). Antibacterial activityas done on Mueller Hinton agar (Oxoid) usi@gphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922, Enterococcus feacalis. Antifungal activity was determined on
sabourauds dextrose agar (Oxoid) us@andida albicans ATCC 90028 and clinical isolates @ryptococcus
neoformans, Candida krusei, Microsporum gypseum, andSacharomyces cerevisiae. Briefly, bacteria and yeast test
strains were cultured on Mueller-Hinton gar fort@4 at 37C and 35C respectively and the molds on Sabouraud
dextrose agar at 30 for 72 hrs ambient air. A 0.5 McFarland standsudpension was prepared in normal saline.
For molds, mycelia suspension was used. The sugpewss spread uniformly on Muller Hinton agar facteria
and sabouraud dextrose agar (SDA) for fungal straéin6 mm sterile paper disc was impregnated withullof the
test extracts, dried in a clean bench before asdlytiplacing onto the surface of the inoculateddiaglhe plates
were then incubated at temperatures ofG%or yeast, 37C for bacteria and 3C for dermatophytes for 24 and 72
hrs respectively. The zones of inhibition were meed as indicators of activities. Extracts withiwtt were
fractionated and retested for bioactivity as praslp described. All the tests were done in trigkca
Chloramphenicol (30ug) and fluconazole (99.6% pojerfizer) were used as standards. Discs imprednaith
extraction solvents were used as controls (Vlidntt al., 1995; National Committee for Clinical loabtory
Standards, 1997).

Data analysis

The diameter of inhibition zone around each diss waasured and recorded at the end of incubation
period. The average of the triplicate tests waertakhe degree of activity of the extracts was esgped according
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to inhibition zone diameter as follows; no activ{igy7 mm), 8-11 mm active, >12mm very active. Thévies
were compared using students‘t’- test with P <8. 0

Results

The antibacterial and antifungal activity-guideddtionation led to the isolation of three compouridse
three triterpenoids were (ZBoxolupane-30-al, (A)-oxolupane-30-al, and betulinic acid (Figure 1).

(209)-oxolupane-30-al Betulinic acid
and (2®R)-oxolupane-30-al,

Figure 1:. Structures of the tritepenoids isolated fr@voacia mellifera.

Betulinic acid was the most abundant of the thriéerpenoids identified. The (8)-oxolupane-30-al and
(20R)-oxolupane-30-al were eluded almost together. Bpswopic analysis and direct comparison with aniice
compounds identified the compounds on the basteeofollowing evidence(20S) 3-oxolupane-30at Colourless
gum, o] p?°=5.5 € 0.18, CHCJ); IR (CHCL) Vmax 2942, 2348, 1704, 1526, 1234 &mH NMR (CDCLs, 400 MHz)
and**C NMR (CDCE, 50.3 MHz), sedable 1 andTable 2, respectively; EIMS 70eMpz (rel.int. %): 382 (100),
163 (40), 205 (28), 81 (22), 55 (21), 107 (18), 189), 135 (12), 425 (4), 273 (4); HRFAB-M8V2): 441.3735
[M+H] " (calcd. for GoHagO,, [M+H]": 441.37347)(20R) 3-oxolupane-30al Colourless gum,o p*°=-3.14 (c 0.64,
CHCLg); IR (CHCL) Vmax 2942, 2348, 1704, 1526, 1234 tmMH NMR (CDCLs, 400 MHz) and*C NMR (CDCE,
50.3 MHz), sedable 1 andTable 2 respectively; EIMS 70eV, m/z (rel. int.%): 3820(Q), 163 (40), 205 (28), 81
(22), 55 (21), 107 (18), 189 (12), 135 (12), 425, @73 (4); HRFAB-MS (m/z): 439.3596 [M-H](calcd. for
CsoH4702, [M-H]", 439.35781).

Bioactivity testing of (28)-oxolupane-30-al (1IZD=10 mm), (R®)-oxolupane-30-al (IZD=10 mm) and
betulinic acid (IZD =9 mm) demonstrated antibaetierctivity againstS. aureus ATCC 25923(Table 3) at a
concentration of 1mg/ml. However, no significantidty was observed againg&scherichia coli ATCC 25922,
Candida albicans ATTC 90028 and clinical isolates dEnterococcus feacalis and Cryptococcus neoformans
common opportunistic pathogens.

The (2(R)-oxolupane-30-al and betulinic acid did not dentiie anyin-vitro antifungal activity against a
wide spectrum of pathogenic fungi namelf@andida albicans, Trichophyton mentagrophyte, Candida krusei,
Microsporum gypseum and Sacharomyces cerevisiae. However, (2@)-oxolupane-30-al (IZD=21 mm) was active
againstMicrosporum gypseum a common agent of dermatophytases
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Table 1 * H NMR spectral data of compounds §@xolupane-30-al, (Z®)-oxolupane-30-al, and betulinic acid

=]

Carbons | (209 3-oxolupane-30al (20R) 3-oxolupane-30al Betulinic acid
PMR PMR PMR
1 a, 1.90 (ddd, 4.41, 7.64, 13.24q, 1.40 (m), 0.86, 1.64 (m)
3, 1.38 (m) 3, 1.91 (m)
2 a, 2.40 (m) a, 2.40 (ddd, 4.76, 7.84, 15.68),1.52 (m), 1.61(m)
3, 2.47 (ddd, 7.35, 9.70, 15.883, 2.47 (ddd, 7.52, 9.56, 15.68)
3 - 3.17 (m)
4 B
5 1.32 (m) 1.33 (m) 0.66 (M)
6 1.41-1.53 (m) a, 1.44 (m), 1.50 (m)
3, 1.56 (m)
7 1.45 (m) 1.44 (m) 1.35 (m), 1.40 (n
8 R R
9 1.38 (m) 1.38 (m) 1.25 (m)
10 -
11 1.06 (m), 1.52 (m) 3, 1.40 (m) 1.37 (m)
a, 1.55 (m)
12 1.35 (m), 1.65 (m) a, 1.38 (m) 1.04, 1.68 (m)
3, 1.56 (m)
13 1.79 (ddd, 4.12,11.75, 11.75)  1.74 (m) 2.2p (m
14 - -
15 1.03 (m), 1.69 (m) a,1.05 (m) 1.14, 1.49 (m)
3, 1.69 (m)
16 1.6 (m), 1.53 (m) 2H, 1.47 (m) 1.27 (m)
17 - -
18 1.26 (m) 1.43 (m) 1.61 (m)
19 2.35 (m) 1.89 (m) 3.00 (m)
20 2.63 (dq, 2.94, 6.76) 2.60 (m)
21 1.5 (m), 1.68 (m) a, 1.51 (m) 1.99, 1.44 (m)
3, 1.88 (m)
22 1.39 (m), 1.45 (m) a, 1.36 (m) 1.96, 1.55 (m)
3, 1.47 (m)
23 1.06 (s) 1.06 (s) 0.95 (s)
24 1.01 (s) 1.01 (s) 0.73 (s)
25 0.93 (s) 0.91 (s) 0.80 (s)
26 1.07 (s) 1.06 (s) 0.91 (s)
27 0.93 (s) 0.92 (s) 0.96 (s)
28 0.78 (s) 0.75(s)
29 1.01 (d, 6.76) 1.07 (d, 7.17 Hz) 4.58 (s), 491
30 9.60 (s) 9.84 (d, 2.04 Hz) 1.67 (s)

)
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Table 2 °C NMR spectral data of compounds &@xolupane-30-al, (#®)-oxolupane-30-al, and betulinic acid
(Spectra recorded at 50.3 MHz in CR@t 25C)

Carbons| (28) 3-oxolupane-30al (20R) 3-oxolupane-30al Betulinic acid
CMR CMR CMR
1 39.5 39.4 38.7
2 34.1 34.0 27.4
3 217.8 218.5 78.9
4 47.3 47.3 38.8
5 54.8 54.7 55.3
6 19.6 19.6 18.2
7 33.6 334 34.2
8 40.8 40.6 40.7
9 49.3 49.2 50.5
10 36.8 36.7 37.2
11 21.2 21.3 20.8
12 26.5 27.4 255
13 37.8 37.8 38.3
14 43.1 42.9 42.4
15 27.2 27.1 29.6
16 35.2 35.1 32.1
17 42.9 43.0 56.2
18 47.0 48.9 49.2
19 37.3 42.6 46.9
20 49.7 48.9 150.4
21 23.6 25.0 30.5
22 40.4 39.9 37.0
23 26.6 26.6 28.0
24 21.1 21.0 15.3
25 15.9 15.7 16.1
26 15.8 15.7 16.0
27 14.3 14.2 14.7
28 17.9 17.5 181.4
29 7.4 14.4 109.7
30 205.1 207.1 19.3
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Table 3: Inhibition zone diameter IZD (mm) of tritepenesBugt the bacterial strains and fungal strains

Bacterial strains and fungal Oxolupane-30-al Betulinic Chloramphenical Fluconazole
strains acid

(209 (20R)
Staphylococcus aureus 10 10 9 19 N/A

(ATCC 25923)

Microsporum gypseum 21 - - - 0.25*

N.B there was no activity againsscherichia coli ATCC 25922, Enterococcus feacali, Candida albicans
ATCC 90028 , Cryptococcus neoformans, Trichophyton mentagrophyte, Candida krusei, Microsporum
gypseum, andSacharomyces cerevisiae

*Determined by MIC method

Discussion

The 2@ and 2R configurations are usually difficult to be distirighed and separated and have only been
previously isolated as a mixture (Corbett et a@87; Fang et al., 1984). But this is the first tithese two
compounds have been isolated as separate compeluuidated and tested for antimicrobial activityowever,
betulinic acid has been isolated from various @gWeinges and Schick, 1995). The $0xolupane-30-al, (2)-
oxolupane-30-al, and betulinic acid showed antdyalt activity againstS. aureus. However, there were no
significant difference in the activity of the threempounds again& aureus (p>0.05). Like other triterpenoids
such as Imberbic acid, which have been shown te patent bactericidal activity agairdi/cobacterium fortuitum
andS. aureus (Katerere et al., 2003), the three compounds wetigeaonS. aureus. Apart from antimicrobial and
cytotoxic properties, other biological propertidshetulinic acid have been reported (Bringmannletl®97; Pisha
et al., 1995). Betulinic acid derivatives appltegically have been shown to selectively treatntribit melanoma
(Pezzuto et al., 1999). Investigations of butuliacid derivatives have been shown to be a spedlficl inhibitor
and a potential candidate for anti-HIV drug (Kashia et al., 1998).

Previously we demonstrated cytotoxic activity gbdme types of triterpinoids against the NSCLC-Nb ce
line, derived from a human non-small-cell broncHomnary carcinom (Gh 15-30 pg/ml) (Mutai et al., 2004).
However, the two triterpenoids; (80oxolupane-30-al and (H)-oxolupane-30-al were found to have no cytotoxic
effect on the cells (Mutai et al., 2007). Therefdtee lack of cytotoxicity exhibited by (3poxolupane-30-al and
(20R)-oxolupane-30-al against NSCLC-N6 cell line sugg@sgood antimicrobial product.

In conclusion, the activity shown in bactericidadafungicidal activities of (28-oxolupane-30-al, (2®)-
oxolupane-30-al and betulinic acid indicate thaytlare a major active constituent of the stem lextkact ofA.
mellifera. Therefore, it partly explains and supports the aéthe decoction of the stem bark &f mellifera in
traditional medicine for the treatment of infecsadiseases and human mycoses in Kenyan popul&iodies with
(20S9)-oxolupane-30-al showed good antifungal potenay katk of cytotoxicity make it an important subjéot
structure-activity studies aimed at developmemamfel antifungal agents with an improved therapeintiex.
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