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a b s t r a c t

Three compounds, ficusamide (1), ficusoside (2) and elasticoside (3), were isolated from the bark of aerial
roots of Ficus elastica (Moraceae), together with nine known compounds, including four triterpenes, three
steroids and two aliphatic linear alcohols. The chemical structures of the three compounds were estab-
lished by extensive 1D and 2D NMR spectroscopy, mass spectrometry and by comparison with published
data. The growth inhibitory effect of the crude extract and isolated compounds was evaluated against
several microorganisms and fungi. The cytotoxicity against human cancer cell lines was also assessed.
Ficusamide (1) displayed a moderate in vitro growth inhibitory activity against the human A549 lung can-
cer cell line and a strong activity against Staphylococcus saprophyticus, while elasticoside (3) showed a
potent activity on Enterococcus faecalis.

Crown Copyright � 2012 Published by Elsevier Ltd. All rights reserved.
1. Introduction

The genus Ficus (Moraceae) is represented by 750 species,
mostly distributed in tropical regions. About 100 species are re-
ported from Africa and over 600 from Asia and Australia (Friis,
1989). This genus is present in Cameroon with 13 subgenera and
99 species. As far as their applications are concerned, many Ficus
species are used as food and medicine in Traditional Chinese Med-
icine although their uses, however, have originated in the Middle
East (Bankeu et al., 2010). Plants of the genus Ficus are known as
012 Published by Elsevier Ltd. All r
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sources of biologically active compounds such as ficin, 3-keto-
urs-12-ene, a-amyrin, a-amyrin acetate, b-amyrin, b-amyrin ace-
tate, boswellonate, b-sitosterol, b-sitosterone, stigmasterol, lupeol
and lupenone (Pistelli et al., 2000; Peraza et al., 2002; Djemgou
et al., 2009).

The latex of some species of Ficus is used in traditional folk
medicine for its antihelmintic property in Central and South Amer-
ica (de Amorin et al., 1999). This parasiticidal activity was attrib-
uted to the presence of ficin (Pistelli et al., 2000). The latex of
Ficus elastica has been analyzed for its phytochemicals as an inter-
mediate energy source (Augustus and Seiler, 2011). However, to
the best of our knowledge, the bark of aerial roots of F. elastica
Roxb. ex Hornem. has not yet been studied phytochemically be-
fore. In our investigation for the search of bioactive constituents
of F. elastica, we examined the CHCl3/MeOH 1:1 extract of aerial
roots bark. The present paper deals with the isolation and the
ights reserved.
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characterization of two sphingolipids ficusamide (1), ficusoside (2)
and a triterpenoid saponin elasticoside (3). In order to shed some
light on biological activities, the antimicrobial and anticancer
properties of the isolates were evaluated.

2. Results and discussion

The CHCl3/MeOH 1:1 crude extract of bark of F. elastica aerial
roots was separated using different chromatographic techniques
affording a mixture of n-alkanes (NMR spectroscopy), friedelin
(Mahato and Kundu, 1994; de Carvalho et al., 1998), friedelinol
(Mahato and Kundu, 1994; de Carvalho et al., 1998), a mixture of
linear aliphatic primary alcohols with n-dotriacontanol as the ma-
jor compound (NMR spectroscopy and GC), a mixture of linear fatty
acids with tetracosanoic acid as major compound (NMR spectros-
copy and GC), phytosterols with stigmasterol and b-sitosterol (de
Carvalho et al., 1998), betulinic acid (Parnali et al., 1999), ursolic
acid (Werner et al., 2003), and sitosteryl 3-O-b-D-glucopyranoside
(Parwaiz et al., 2010). In addition, three products, namely ficusa-
mide (1), ficusoside (2) and elasticoside (3) were isolated. Their
structures were elucidated by extensive spectroscopic methods
including 1D (1H and 13C) and 2D NMR experiments as well as
EIMS analysis and comparison with reported data.

2.1. Characterisation of ficusamide (1)

Compound 1 was isolated as a colorless solid (m.p. 120–121 �C).
The positive HRESI-MS analysis showed a pseudo-molecular ion at
m/z 682.6372 ([M+H]+), consistent with the formula C42H84NO5

(calc. 682.6372, 1.2 ppm), which accounted for two degrees of
unsaturation. Subsequently, the structure was fully elucidated by
1H and 13C NMR spectroscopy. The 13C NMR spectrum revealed a
signal at dC 51.1 (C–N) and a carbonyl signal at dC 175.8, suggesting
the presence of an amide group. The 1H NMR spectra (Table 1) of 1
indicated a broad signal in the range of dH 1.22–1.35 (brs, CH2

group) and a triplet at dH 0.90 (6H; J = 6.3, two terminal Me groups)
assigned to two long aliphatic chains. A signal at dH 5.42 (2H, m)
suggested a double bond. Thus, the two unsaturations of 1 could
Table 1
1H (300 MHz) and 13C (75 MHz) NMR data of ficusamide (1) in CDCl3/MeOD (1:1) (d in pp

Position dH dC

CH2–OH 3.77 (dd, J = 4.4, 10.6)
3.72 (dd, J = 4.4, 10.6)

60.9

Long chain base
1 4.13 (m) 51.1
2 3.57 (m) 75.2
3 3.56 (m) 72.1
4 1.56 (m) 34.5
5–19 1.22–1.35 (br. s) 29.1–29.6
20 1.22–1.35 (br. s) 31.9
21 1.22–1.35 (br. s) 22.6
22 0.86 (t, J = 6.7) 13.6
NH – –

N-acyl moiety
10 – 175.8
20 4.06 (m) 71.8
30 1.73 (m) 34.8
40 1.45 (m) 25.9
50– 110 1.22–1.35 (br. s) 29.1–29.6
120 1.92 (m) 32.2
130 5.42 (m) 129.9
140 5.42 (m) 130.5
150 1.77 (m) 32.9
160 1.22–1.35 (br. s) 29.1–29.6
170 1.22–1.35 (br. s) 31.9
180 1.22–1.35 (br. s) 22.6
190 0.86 (t, J = 6.7) 13.6
be readily assigned to the double bond and a carbonyl group. Final-
ly, the presence of two carbinol H-atoms at dH 3.77 (dd, J = 10.6,
4.4) and 3.72 (dd, J = 10.6, 4.4) made compound 1 consistent with
the structure of a ceramide (Natori et al., 1994).

Further 1H NMR analysis confirmed the presence of six protons
geminal to hydroxy groups at dH 4.06 (m, H-20), 3.77 (dd, J = 10.6,
4.4), 3.72 (dd, J = 10.6, 4.4), 3.57 (m, H-2) and 3.56 (m, H-3). The
IR spectrum showed the absorption band at 3610 cm�1 for hydro-
xyl group(s). Further confirmation of hydroxy groups was made by
a peracetylation reaction with acetic anhydride, yielding quantita-
tively the tetraacetate 1a. A high resolution electrospray ionization
mass spectrometry (HRESIMS) of 1a exhibited a pseudo-molecular
ion peak at m/z 852.6923 [M+H]+ (calc. 852.6917, 0.7 ppm) consis-
tent with the molecular formula C50H94NO9. Comparison of mass
spectra of 1 and 1a suggested that 1 contains four free hydroxy
groups on the backbone. A fifth signal at dH 4.13 (m, H-1) was also
identified as a methine proton vicinal to nitrogen atom. This result
was also corroborated by the 13C NMR spectrum, which showed a
signal at dC 175.8 attributed to the amide carbonyl, four methines
at dC 75.2 (CHOH), 72.1 (CHOH), 71.8 (CHOH) and 51.1 (CHNH), and
a methylene group at dC 60.9 (CHOH).

The length of the fatty acid chain was determined by MS/MS,
which emphasized significant fragment ion peaks at m/z 355.3081
[CH3(CH2)5CH = CH(CH2)9CH(OH)CONH = CHCH2OH]+ and 382.3008
[CH3(CH2)5CH = CH(CH2)9CH(OH)CONHCH(CHOH)(CH2OH)]+. The
length of the long chain base was elucidated by the characteristic
ion at m/z 354.3404 [CH2 = CHCH(OH)CH(OH)(CH2)18CH3]+. The
typical fragment ion at m/z 71.0855 was formed by elimination of
pentene from [M]+ through McLafferty rearrangement (Pettit et al.,
2005; Konga et al., 2001), and also confirmed the position of the
double bond in the long fatty chain.

The D13 double bond was found to be trans, as evidenced by the
chemical shift of C120 at dC 32.2 and C150 at dC 32.9. Usually the
signals of the carbons next to a trans double bond appear at dC

32–33, while those of a cis double bond appear at dC 27–28
(Stothers, 1972; Jung et al., 1996). The positions of the hydroxyl
groups at C3 and C4 were ascertained by the mass fragmentation
pattern (Fig. 1) and especially from 1H–1H COSY (Fig. 1) and HMBC
m, J in Hz).

2J 3J

51.1 (C1) 175.8 (C10), 75.2 (C2)

75.2 (C2), 60.9 (CH2–OH) 175.8 (C10)
72.1 (C3), 51.1 (C1) 60.9 (CH2–OH)
– –
72.1 (C3), 29.1–29.6 (C5) –
– –
– –
31.9 (C20), 13.6 (C22) –
22.6 (C21) 31.9 (C20)
– –

– –
175.8 (C10) –
71.8 (C20) 175.8 (C10)
– –
– –
129.9 (C130) 130.5 (C140)
– –
– –
130.5 (C140) 129.9 (C130)
– –
– –
31.9 (C170), 13.6 (C190) –
22.6 (C180) 31.9 (C170)



Fig. 1. COSY correlations and MS–MS fragmentation of compound 1.
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spectra (Fig. 2). The long chain base and the fatty acid of 1
correspond to 1-amino-(1-hydroxymethyl)docosane-2,3-diol and
2-hydroxy-13-nonadecenoic acid, respectively. Thus, the structure
of ficusamide (1) was determined to be 2-hydroxy-N-[1-(hydroxy-
methyl)-2,3-dihydroxy-docosanyl]-13E-nonadecenamide. The abso-
lute configuration of the chiral centers at C1, C2, C3, and C20 could
not be established without chemical transformations that would
require much more material (Konga et al., 2001). We have named
the compound ficusamide after the producing organism, F. elastica.
2.2. Characterisation of ficusoside (2)

Compound 2 was isolated as a colorless solid (m.p. 149–150 �C).
The positive HRESI-MS analysis showed a pseudo-molecular ion at
m/z 884.6856[M+H]+, consistent with the formula C48H94NO10

(calc. 884.6842, 1.6 ppm). The existence of the two signals at dC

50.8 (C–N) and 176.1 (C–O) in the 13C NMR spectrum of 2 sug-
gested the presence of an amide group (Table 2). Compound 2 gave
a positive reaction in the Molish test, attesting for the presence of a
sugar moiety. The NMR spectra of 2 showed the anomeric center at
dH 4.30 (1H, d, J = 8.4)/dC 103.5, and a set of C-atom signals (dC 73.5,
76.4, 70.1, 76.3, and 61.7), consistent with a b-D-glucopyranoside.
The value of the coupling constant between H100 (dH 4.30 (1H, d,
J = 8.4)) and H200 (dH 3.21 (1H, dd, J = 4.4, 8.4)) corresponded to
two trans diaxial protons, and suggested a chair conformation of
the carbohydrate moiety. The C100 and C200 substituents occupied
an equatorial position indicating the presence of a b-glycoside.

The 1H NMR spectrum gave additional information on the struc-
ture of 2 showing two aliphatic chains as evidenced by an intense
signal between dH 1.25 and 1.29 (brs), and the triplet at dH 0.89 (t,
J = 7.6) (dC14.0). Moreover, two signals of olefinic protons at dH 5.37
(m) and 5.41 (m) matched well with a double bond. The three
unsaturations of 2 could thus be readily assigned to a double bond,
a carbonyl and a glucopyranosyl group.

The D10 double bond was found to be cis, as evidenced by the
chemical shift of C90 at dC 27.5 and C120 at dC 26.3 (Stothers,
1972; Jung et al., 1996). Furthermore, a CH2O group (dH 4.05 (Ha,
dd, J = 4.0, 10.4) and dH 3.82 (Hb, dd, J = 6.0, 12.0; dC 68.8)) and
CH–O groups (dH 4.02 (dd, J = 3.2, 8.8), dH 3.57 (m) and dH 3.54
Fig. 2. HMBC correlatio
(m); dC 72.2, 74.6 and 72.2) were also observed. From the foregoing
data, an unsaturated b-D-glucopyranosyl ceramide structure was
suggested for compound 2 (Fig. 4). The position of the glucose moi-
ety at C1 was evidenced by the downfield chemical shift observed
for the hydroxymethylene carbon at dC 68.8 (Kasai et al., 1999) and
further confirmed by HMBC spectrum in which the anomeric pro-
ton H-C1 correlated with the C-atom C (Ha, Hb).

Pertinent HMBC correlations (Fig. 3) were also observed between
H–C2 and C1 and C3, with H–C3 and multiple H-atom signals be-
tween dH 1.25 and 1.29, which showed cross-peaks with the Me
group at dH 0.90. H-C30 displayed correlations with C20, H–C100 with
C90, H–C110 with C120, H–C90 with C100, H–C120 with C110, H–C220

with C210 and C230. The COSY spectrum (Fig. 3) established that H-
C1 correlated with Ha, Hb, H–C2 and H–C3, H–C2 with H–C3, H–C3
with H–C4, H–C20 with H–C30, H–C90 with H–C100, H–C110 with
H–C120H–C210 with H–C220 and H–C220 with H–C230. The former
data suggest that the long chain base side is saturated. The length
of the long chain base was determined by the characteristic ions at
m/z 477.20 [Glc-CHCH(OH)CH(OH)(CH2)14CH3]+ (Fig. 4). The typical
fragment ion at m/z 155.13 was formed by elimination of undecene
from [M]+, through McLafferty rearrangement. This, together with
the correlations described above, also confirmed the position of
the double bond in the long fatty chain.

From the foregoing data, the structure of 2 was characterized as
2-hydroxy-N-[1-[(b-D-glucopyranosyloxy)methyl]-2,3-dihydroxy-
octadecanyl]-10Z-tricosenamide (Fig. 4). However, the absolute
configuration of 2 at the chiral centers C1, C2, C3, and C20 could
not be determined.
2.3. Characterisation of elasticoside (3)

Compound 3 was isolated as a white solid (m.p. 180–181 �C).
The high resolution electrospray ionization mass spectrometry
(HRESIMS) (positive-ion mode) exhibited a pseudo-molecular ion
peak at m/z 812.4806 [M+NH4]+ (calc. 812.4801, 0.6 ppm), sup-
ported a molecular formula of C42H66O14, which accounted for
ten degrees of unsaturation. Peracetylation of 3 yielded 3a which
was subsequently analyzed by HRESIMS, giving rise to a pseudo-
molecular ion peak m/z 1106.5542 [M+NH4]+ (calc. 1106.5537)
suggesting molecular formula C56H80O21. Comparison of mass
spectra of 3 and 3a indicated the presence of seven free hydroxy
groups in 3. The ESIMSMS (positive-ion mode) of 3a showed
molecular ion peaks at m/z 273.0969 (C12H17O7) and m/z
331.1026 (C14H14O9), corresponding to the loss of two hexosyl
units C6H11O4 and C6H11O5, respectively (Fig. 5).

On the basis of the 1H and 13C NMR spectra, compound 3 was
identified as an urs-12-ene type pentacyclic triterpene glycoside,
confirmed by comparison with NMR data of known urs-12-ene
derivatives (Dawidar et al., 1979; Arriaga et al., 1990; Hassanean
et al., 1993) (Table 3). Extensive analysis of 1D and 2D NMR spectra
indicated the presence of four tertiary methyl groups at dH 0.84,
0.89, 0.92 and 1.03, three secondary methyl groups at dH 0.91,
0.94 and 1.26 (d, J = 6.3 Hz), an olefinic broad single proton at dH

5.64 coupled to a carbon at dC 129.6 (C12), a quaternary carbon
at dC 132.1 (C13), and a oxymethine proton at dH 3.12 (dd, J = 3.9,
ns of compound 1.



Table 2
1H (400 MHz) and 13C (100 MHz) NMR data of ficusoside (2) in CDCl3/MeOD (1:1) (d in ppm, J in Hz).

Position dH dC
2J 3J

CH2–Glc 4.05 (dd, J = 6.0, 12.0)
3.82 (dd, J = 4.0, 10.4)

68.8 – 103.5 (C100)

Long chain base
1 4.27 (m) 50.8 68.8 (CH2–Glu) –
2 3.57 (m) 74.6 72.2 (C3), 50.8 (C1) –
3 3.54 (m) 72.2 – –
4 1.32–1.41 (m) 25.4 – –
5–15 1.25–1.29 (br. s) 29.6–29.9 – –
16 1.25–1.29 (br. s) 32.1 – –
17 1.25–1.29 (br. s) 22.9 32.1 (C16), 14.0 (C18) –
18 0.89 (t, J = 7.6) 14.0 22.9 (C17) 32.1 (C16)
NH 8.59 – – –

N-acyl moiety
10 – 176.1 – –
20 4.02 (dd, J = 3.2, 8.8) 72.2 – –
30 1.52–1.74 (m) 34.7 72.2 (C20) –
40–80 1.25–1.29 (br. s) 29.6–29.9 – –
90 2.06 (m) 27.5 129.9 (C100), 29.6–29.9 (C80) –
100 5.37 (m) 129.9 27.5 (C90) –
110 5.41 (m) 130.5 26.3 (C120) –
120 1.98 (m) 26.3 130.5 (C110) –
130–200 1.25–1.29 (br. s) 29.6–29.9 – –
210 1.25–1.29 (br. s) 32.1 – –
220 1.25–1.29 (br. s) 22.9 32.1 (C210), 14.0 (C230) –
230 0.89 (t, J = 7.6) 14.0 22.9 (C220) 32.1 (C210)

Sugar
100 4.30 (d, J = 8.4) 103.5 – 76.4 (C300), 68.8 (CH2–Glu)
200 3.21 (dd, J = 4.4, 8.4) 73.5 103.5 (C100), 76.4 (C300) –
300 3.41 (m) 76.4 – –
400 3.32 (m) 70.1 – 73.5 (C200)
500 3.25 (m) 76.3 – 76.4 (C300)
600 3.85 (dd, J = 4.8, 12.0) 61.7 – 70.1 (C400)

3.71 (dd, J = 1.6, 12.0) 76.3 (C500) –

Fig. 4. Important fragmentation of compound 2.

Fig. 5. MS-MS Fragmentation of compound 3a: R = Ac (3: R = H).

Fig. 3. Important HMBC and COSY correlations of compound 2.
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11.7 Hz, H-3a). The aglycone on 3 was recognized to be quinovic
acid by 1H and 13C NMR analyses (Table 3) using the correlations
observed in COSY, HSQC and HMBC spectra. This was in full agree-
ment with literature data (Mahato and Kundu, 1994), in particular
for C3 (Pollmanns et al., 1997). Glycosides of quinovic acid display



Table 3
1H (300 MHz) and 13C (75 MHz) NMR data of elasticoside (3) in CD3OD (d in ppm, J in
Hz).

Position dH dC

1 1.67 38.8
2 1.76 25.8
3 3.12 (dd, J = 3.9, 11.7) 89.3
4 – 38.7
5 3.85 55.7
6 1.52 18.0
7 1.68 36.8
8 – 39.5
9 2.23 47.1
10 – 36.5
11 1.96 22.6
12 5.64 (br. s) 129.6
13 – 132.1
14 – 56.0
15 1.36 29.7
16 2.07 25.1
17 – 48.4
18 2.31 54.0
19 0.96 38.9
20 1.02 36.9
21 1.31 30.1
22 1.71 35.7
23 1.03 (s) 27.4
24 0.92 (s) 16.8
25 0.84 (s) 15.6
26 0.89 (s) 17.9
27 – 177.9
28 – 176.6
29 0.91 18.3
30 0.94 20.2
3-O-Glc
10 4.27 (d, J = 6.6) 105.7
20 3.47 74.0
30 3.41 77.0
40 3.30 70.3
50 3.38 77.3
60 3.72 61.2

3.82
28-O-Rha
100 5.40 (d, J = 8.1) 94.3
200 3.48 71.3
300 3.61 71.9
400 3.35 72.6
500 3.39 69.9
600 1.26 (d, J = 6.3) 17.4

Assignments were based on the COSY, DEPT, HSQC and HMBC experiments. Over-
lapped proton NMR signals are reported without designated multiplicity.
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varied structures among which four groups can be discerned
including glycosides having as glycosylation pattern a C3, a C28,
a C3/C28 or a C3/C27 (Hassanean et al., 1993). The chemical shifts
of C3 (dC 89.3) and C28 (dC 176.6) (Table 3) indicated that 3 is a
bidesmosidic glycoside (Woldemichael and Wink, 2001; Sahu
and Achari, 2001) of quinovic acid, with sugar chains linked to
C3 and C28 of the aglycone, through an ether and ester bond,
respectively.

The 1H NMR spectrum showed in the sugar region two anomer-
ic proton signals at dH 4.27 (d, J = 6.6 Hz) and 5.40 (d, J = 8.1 Hz),
which were correlated by HSQC experiment to the corresponding
carbon atom resonances at dC 105.7 and 94.3, respectively. Com-
plete assignments of the resonances of each sugar unit were
achieved by extensive 1D and 2D NMR analysis. These data showed
the presence of one b-glucopyranosyl (Glc) and one b-rhamnopyr-
anosyl (Rha) units (Table 3). The anomeric protons of Glc and Rha
suggested a b-orientation, according to their relatively large values
of coupling constants 3J0H—1, 0H—2 (6.6 Hz) and 3JH–100, H–200 (8.1 Hz),
respectively (Agrawal, 1992). The absolute configurations of these
sugar moieties were determined to be D for Glc and L for Rha by
comparison of their NMR data (Table 3) with those found in the lit-
erature, for similar sugar derivatives (Agrawal, 1992).

In the HMBC spectrum, the correlation between H100 (dH 5.40) of
Rha and C28 (dC 94.3) of aglycone, suggested that Rha was attached
to C28 of the aglycone through an ester linkage. For the oligosac-
charide moiety at C3, a correlation was observed between H10

(dH 4.27) of Glc and C3 (dC 89.3) of the aglycone. As a result, Glc
is attached to C3 of the aglycone through an ether linkage. A per-
acetylation reaction with acetic anhydride of 3 yielded the hepta-
acetate 3a, confirming the presence of seven hydroxy groups in
compound 3, assigned to the three hydroxy groups of Rha and
the four hydroxy group of Glc. Thus, the ten unsaturations of the
molecular formula could be readily attributed to the double bond,
the two carbonyl groups and the seven cycles. Based on the
aforementioned evidences, elasticoside (3) was established as
3-O-[b-D-glucopyranosyl]-quinovic acid-28-O-[b-L-rhamnopyr-
anosyl] ester (Fig. 5).

2.4. Biological activities

The CHCl3/MeOH 1:1 crude extract and pure compounds of the
aerial root barks of F. elastica were screened for their antimicrobial
activity using the microbroth dilution method against several
microorganisms: gram (+) bacteria (Enterococcus faecalis, Staphylo-
coccus aureus, Staphylococcus saprophyticus, Staphylococcus epider-
mididis), filamentous fungi (Trichophyton rubrum), yeast (Candida
albicans) and gram (�) bacteria (Escherichia coli, Klebsiella pneumo-
niae, and Salmonella typhi) (Tables 4 and 5).

The CHCl3/MeOH 1:1 crude extract of the aerial root barks Ficus
elastic showed rather good bactericidal and bacteriostatic
activities. In particular, the activities of crude extract compared
to reference antibiotics were better against S. saprophyticus and
K. pneumonia, while the lowest activities were observed against
S. aureus and S. epidermididis. The compounds (1, 3) showed very
good antimicrobial activities against all the tested microbial
strains, particularly against gram negative bacteria such as E. coli
and K. pneumonia, compared to the reference antibiotic gentamy-
cin. The compound 1 was the most active compound with a MIC
of 3 lg/ml and a MMC of 6 lg/ml against S. Saprophyticus while
the values obtained for the reference gentamycin were of 980
and 1950 lg/ml, respectively (Table 4). Whereas the compound 3
was observed to be notably efficient against E. faecalis, with MIC
and MMC values of 30 and 60 lg/ml, respectively.

The known compounds isolated from the aerial root barks of F.
elastica also showed good antimicrobial activities, consistent with
the literature (friedelin, friedelinol, stigmasterol and b-sitosterol
(Jain et al., 2001), betulinic acid (Perumal and Dharmarajan,
2005), linear fatty acids (Agoramoorthy et al., 2007), mixture of lin-
ear aliphatic primary alcohols and sitosteryl 3-O-b-D-glucopyrano-
side (Mbosso et al., 2010). It can be noted that MMC/MIC ratios
lower than 4 were obtained with most of the studied samples, sug-
gesting that killing effects could be expected (Carbonnelle et al.,
1987). This important antimicrobial activity obtained is consistent
with the antimicrobial activity of another Moraceae, Ficus polita
(Kuete et al., 2011).

For examination of in vitro growth inhibitory activity on cancer
cell lines, the CHCl3/MeOH 1:1 crude extract of bark of F. elastica
aerial roots, friedelin, ursolic acid, betulinic acid, 1, 1a and 3 were
analyzed by means of the MTT colorimetric assay as previously re-
ported (Ingrassia et al., 2009; Van Goietsenoven et al., 2010). The
MTT assay allows to determine the in vitro concentration that de-
creases by 50% (IC50) the growth of cells cultured in our case for
72 h in the absence (control) or the presence of the extract or the
compound of interest. We made use of three human cancer cell
lines that display various levels of resistance to pro-apoptotic
stimuli, i.e. the U373 glioblastoma (Branle et al., 2002; Ingrassia



Table 4
Antimicrobial activities (Gram (+) bacteria) of total extract and pure compounds isolated from the CHCl3/MeOH 1:1 crude extract of bark of Ficus elastica aerial roots.

Gram positive bacteria

E. faecalis S. aureus S. saprophyticus S. epidermididis

MIC MMC MMC/MIC MICc MMCc MMC/MIC MIC MMC MMC/MIC MIC MMC MMC/MIC

Concentration (mg/ml)
FSBRa 12.0 50.0 0.39 0.78 2 6.25 12.5 2 0.02 0.05 2.5 6.25 12.5 2
Ficusamide (1) 21.0 6.0 0.19 0.38 2 0.75 1.50 2 0.003 0.006 2 0.75 1.50 2
Elasticoside (3) 2.00 4.0 0.03 0.06 2 0.50 1.00 2 0.13 0.25 1.92 0.50 1.00 2
Gentamycinb 22.0 500.0 0.98 1.95 1.99 1.95 3.91 2 0.98 1.95 1.99 0.49 0.98 2

a FSBR: CHCl3/MeOH 1:1 crude extract of bark of Ficus elastica aerial roots.
b Reference antibiotics (gentamycin for bacteria).
c MIC is considered as the lowest concentration of the sample, that inhibits the visible growth of the strain and MMC is considered as the lowest concentration of agent

capable of causing the deaths of at least 99.99% of an inoculums.
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et al., 2009), the A549 NSCLC (Mathieu et al., 2004; Mijatovic et al.,
2006) and the SKMEL-28 melanoma (Mathieu et al., 2009; Van Goi-
etsenoven et al., 2010) cell lines. Betulinic acid and ursolic acid dis-
played significant in vitro growth inhibitory activity in the three
cell lines analyzed as already reported by other groups (Bonaccorsi
et al., 2008; Huang et al., 2011; Fang et al., 2010; Ahmad et al.,
2010). In contrast, friedelin, ficusamide (1) and ficusamide Ac
(1a) displayed weak in vitro growth inhibitory activity in one
cancer cell line only, i.e. the A549 NSCLC model (Table 6). The
CHCl3/MeOH 1:1 crude extract and 3 did not display significant
in vitro growth inhibitory activity (Table 6). Finally, the compound
2 has not been tested due to lack of product.

3. Concluding remarks

We reported the first phytochemical investigation on the bark
of F. elastica aerial roots. Three compounds, namely ficusamide
(1), ficusoside (2) and elasticoside (3), were isolated and their
structures were established. These compounds showed remarkable
antibacterial activities against several microorganisms. In particu-
lar, ficusamide (1) displayed strong antibacterial activity against S.
saprophyticus and elasticoside (3) presented a good activity against
E. faecalis. To the best of our knowledge, F. elastica is not used in
traditional medicine in Cameroon while the latex of the plant Ficus
is generally exploited as anthelmintic. Our study has demonstrated
the antimicrobial activity of the bark of F. elastica aerial roots and,
for some isolated compounds, against bacteria, filamentous fungi
and yeast. Standardized extracts of F. elastica could be used in tra-
ditional medicine for the treatment of wounds and other topical
infections. Our results also suggest these compounds as potential
leads for natural product-based candidates for further studies.

4. Experimental section

4.1. General experimental procedures

Melting points were determined on an American Optical
(Reichert) Forty Stereomicroscope. The 1H and 13C NMR spectra
were recorded on a Bruker Avance 300 and Varian Inova 400 spec-
trometers, respectively, in CDCl3 and CD3OD using the residual
isotopic solvent CHCl3 and CH3OH, as references for dH = 7.26 ppm,
dC = 77.16 ppm, dH = 3.31 ppm, dC = 49.00 ppm. Chemical shifts
were measured relatively to tetramethylsilane as internal stan-
dard. The following abbreviations are used for spin multiplicity:
s, singlet; d, doublet; t, triplet; q, quadruplet; m, multiplet; br,
broad. 1H NMR and 13C NMR spectra were assigned by comparison
with NMR spectra of compounds previously described in the
literature.

Routine thin-layer chromatography (TLC) was performed on
silica gel plates (Silica gel GF254 from VWR), and spots were
visualized after treatment with an EtOH solution of phosphomo-
lybdic acid (20%, Aldrich). Flash column chromatography was car-
ried out using silica gel at moderate pressure (spherical particle
size 60–200 lm from MP Biomedicals). The following 2D NMR
spectra were also acquired as necessary: 1H, 1H COSY spectra (1H,
1H correlated spectroscopy), HMBC spectra (Heteronuclear Multi
Bond connectivity) and HMQC spectra (Heteronuclear Multiple
Quantum coherence).

High resolution mass spectra (positive mode) were recorded by
direct infusion in a 6520 series electrospray ion source (ESI)-quad-
rupole time-of-flight (Q-TOF) mass spectrometer (Agilent, Palo
Alto, CA, USA). The error between the observed mass and the calcu-
lated mass was expressed in ppm. Below 3 ppm, the compounds
were considered to have the predicted formula. Optical rotation
was measured with a polarimeter (ATAGO AP 100).

The separation of the extracts was screened according to the
common phytochemical methods described by Harborne (1973).

4.2. Plant material

The bark of F. elastica aerial roots was collected from Yaoundé
(Cameroon) in December 2007. Botanical identification was per-
formed at the National Herbarium of Cameroon (NHC) by Mr. Nana,
where voucher specimens (No. 65646 HNC) have been deposited.

4.3. Extraction and isolation

Dried bark material of F. elastica (1.1 kg) was percolated for 48 h
with MeOH at room temperature and the solution afterwards fil-
tered and concentrated under vacuum. The crude CHCl3/MeOH 1:1
extract (100.0 g) was subjected to column chromatography (CC)
on silica gel (cyclohexane/EtOAc/MeOH gradient of increasing
polarity) to give six fractions N1–N6 on the basis of TLC composition.

Fraction N1 (0.34 g) was subjected to CC on silica gel eluted
with cyclohexane to yield a mixture of n-alkanes (7.5 mg). Fraction
N2 (10.23 g) was submitted to CC with a gradient of cyclohexane/
EtOAc yielding friedelin (10 mg) at cyclohexane/EtOAc 98:02,
friedelinol (15 mg) at cyclohexane/EtOAc 94:06, a mixture of linear
aliphatic primary alcohols with n-dotriacontanol (9 mg) as the ma-
jor compound, a mixture of linear fatty acids(6 mg) with tetracosa-
noic acid as major compound (identified according to NMR
spectroscopy and GC) and a mixture of phytosterols (43 mg) with
stigmasterol and b-sitosterol at cyclohexane/EtOAc 90:10, betuli-
nic acid (56 mg) at cyclohexane/EtOAc 85:15 and ursolic acid
(10 mg) at cyclohexane/EtOAc 80:20.

Fraction N3 (2 g) was subjected to CC on silica gel eluted with
cyclohexane/EtOAc to afford ursolic acid (6 mg) at cyclohexane/
EtOAc 78:22. Fraction N4 (1 g) was subjected to CC on silica gel
eluted with CHCl3/MeOH gradient to yield ficusamide (1) (13 mg)
at CHCl3/MeOH 95:05 and sitosteryl 3-O-b-D-glucopyranoside



Table 5
Antimicrobial activities (filamentous fungi, yeast and Gram (�) bacteria) of total extract and pure compounds isolated from the CHCl3/MeOH 1:1 crude extract of bark of Ficus
elastica aerial roots.

Filamentous fungi Yeast Gram (�) bacteria

T. rubum C. albicans E. coli K. pneumoniae S. typhimurium

MICc MMCc MMC/MIC MIC MMC MMC/MIC MIC MMC MMC/MIC MIC MMC MMC/MIC MIC MMC MMC/MIC

Concentration (mg/ml)
FSBRa 12.0 50.0 3.13 6.25 2 3.13 6.25 2 6.25 6.25 1 0.78 1.56 2 0.50 1.00 2
Ficusamide (1) 21.0 6.0 1.50 1.50 1 0.75 1.50 2 0.19 0.38 2 0.38 0.75 1.80 0.75 1.50 2
Elasticoside (3) 2.00 4.0 0.50 0.50 1 0.50 1.00 2 0.50 0.50 1 0.25 0.50 2 0.50 1.00 2
Nystatinb 22.0 267.0 – – – 3.91 7.81 2 – – – – – – – – –
Gentamycinb 22.0 500.0 – – – – – – 7.81 15.63 2 7.81 15.63 2 0.12 0.24 2
Clotrimazoleb – 500.0 0.49 0.98 2 – – – – – – – – – – – –

a FSBR: CHCl3/MeOH 1:1 crude extract of bark of Ficus elastica aerial roots.
b Reference antibiotics (nystatin for yeast, gentamycin for bacteria and clotrimazole for filamentous fungi).
c MIC is considered as the lowest concentration of the sample, that inhibits the visible growth of a microbe and MMC is considered as the lowest concentration of agent

capable of causing the deaths of at least 99.99% of an inoculums.

Table 6
In vitro growth inhibitory activity of extract and compounds isolated from the CHCl3/MeOH 1:1 crude extract of bark of Ficus elastica aerial roots in a panel of 3 cancer cell line
cells.

# U373 (glioma) A549 (lung) SKMEL-28 (melanoma) Mean IC50

Human cancer cell lines(IC50 in vitro growth inhibitory concentrations (lM)a)
Ficusamide (1) >100 79 >100 >93
Ficusamide Ac (1a) >100 96 >100 >99
Elasticoside (3) >100 >100 >100 >100

IC50 in vitro growth inhibitory concentrations (lg/ml)a

CHCl3/MeOH 1:1 crude extract of bark of aerial roots of Ficus elastica >100 >100 >100 >100

a The IC50 in vitro growth inhibitory concentrations were determined using the MTT colorimetric assay. The human cell lines analyzed include the U373 (ECACC code
89081403) glioma, the A549 (DSMZ code ACC107) NSCLC and the SKMEL-28 (ATCC code HTB-72) melanoma models. The IC50 concentration represents the concentration of
extract or compound needed to decrease by 50% cell population growth after having cultured the cells for 72 h in the absence (control) or the presence of the extract or the
compound of interest.
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(30 mg) at CHCl3/MeOH 90:10. Fraction N5 (12.29 g) was subjected
to CC on silica gel eluted with CHCl3/MeOH gradient to afford sit-
osteryl 3-O-b-D-glucopyranoside (20 mg) and ficusoside (2)
(3 mg) at CHCl3/MeOH 90:10 and elasticoside (3) (16 mg) at CHCl3/
MeOH 85:15. Fraction N6 (15.88 g) obtained by elution with MeOH
was a complex mixture.

4.4. Ficusamide (1)

Colorless solid, m.p. 120–121 �C. ½a�24
D :+16.3(CHCl3; c 0.4). 1H

NMR, (300 MHz, CDCl3/CD3OD 1:1) and 13C NMR spectra,
(75 MHz, CDCl3/CD3OD 1:1) see Table 1; (+)-HRESI-MS: m/z
682.6383 [M+H]+ (calc. 682.6372, 1.2 ppm for C42H84NO5).

4.5. Acetylation of 1

Dry pyridine (0.5 ml) and Ac2O (0.5 ml) were added to com-
pound 1 (3 mg) and left overnight. The usual workup yielded 1a
(3.8 mg) which was identified without ambiguity with 1H NMR
and HRESIMS.

4.6. Ficusamide tetra acetate (1a)

Colorless solid, m.p. 52–53 �C. ½a�24
D :+10.7 (CHCl3; c 0.2). 1H

NMR, (300 MHz, CDCl3): d = 0.90 (t, J = 6.3 Hz, 6H, 190-H, 23-H),
1.21–1.36 (br. s, 52H, 50-110-H, 170-H, 180-H, 5–21-H), 1.62 (m,
2H, 40-H), 1.85 (m, 4H, 30-H, 150-H), 1.97 (m, 2H, 4-H), 2.09 (m,
2H, 120-H), 2.05–2.13 (12H, s, 4-OAc), 4.03 (dd, J = 3.0, 11.7 Hz,
1H, CH2(a)OH), 4.36 (dd, J = 6.3, 11.7 Hz, 1H, CH2(b)OH), 4.47 (m,
1H, 3-H), 4.97 (dd, J = 2.7, 12.0 Hz, 1H, 20-H), 5.12 (m, 1H, 2-H),
5.39 (m, 1H, 1-H), 6.62 (m, 2H, 130-140-H); (+)-HRESIMS: m/z
852.6923 [M+H]+ (calc. 852.6917 for C42H84NO5). 3.29 (m, 1 H,
400-H), 3.37 (m, 1 H, 200-H), 3.41 (m, 1 H, 500-H).
4.7. Ficusoside (2)

Colorless solid, m.p. 149–150 �C. ½a�24
D : �7.0 (CHCl3; c 0.22). 1H

NMR, (400 MHz, CDCl3/CD3OD 1:1) and 13C NMR spectra,
(75 MHz, CDCl3/CD3OD 1:1) see Table 2; (+)-HRESIMS: m/z
884.6856 [M+H]+(calc. 884.6842, 1.6 ppm for C48H94NO10).

4.8. Elasticoside (3)

Colorless solid, m.p.180–181 �C. ½a�24
D :+29.1 CH3OH; c 0.35). 1H

NMR, (300 MHz, CD3OD) and 13C NMR spectra, (75 MHz, CD3OD)
see Table 3; (+)-HRESIMS: m/z 812.4806 [M+NH4]+ (calc.
812.4801, 0.6 ppm for C42H66O14).

4.9. Antimicrobial assay using agar diffusion test

Nine microorganisms were tested among which 4 Gram posi-
tive, 3 Gram negative bacteria specimens, one yeast and one fila-
mentous fungi. The Gram positive bacteria included: E. faecalis, S.
aureus, S. Saprophyticus, S. epidermididis isolated from urine and
pus samples obtained from patients visiting the Tiko CDC Hospital.
The Gram negatives bacteria comprised: E. coli, K. pneumonia, and
Salmonella typhimurium, all obtained from urine and faecies speci-
men collected from patients. Yeast: C. albicans was isolated from
vaginal swab. Filamentous fungi: T. rubrum was isolated from skin
foot specimen.

The minimum inhibitory concentration (MIC), considered as the
lowest concentration of the sample, that inhibits the visible growth
of a microbe, was determined by the microbroth dilution method
(Carbonnelle et al., 1987; Berghe and Vlietinck, 1991) in Mueller
Hinton or Sabouraud broth supplemented with 10% glucose and
0.5% phenol red. For susceptibility testing, in a first step Mueller
Hinton broth (50 ll) was distributed from the first to the twelfth
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microwell. Dry extract and pure compounds were initially dis-
solved in DMSO (20%) (100 ll) and subsequently in Mueller Hinton
broth, to reach a final concentration of 1000 and 1600 lg/ml. These
solutions (50 ll) were added to the first well of each microtiter
line. Successive dilutions were done by transferring the mixture/
solution (50 ll) from the first to the eleventh well. An aliquot
(50 ll) was discarded from the eleventh tube. The twelfth tube
served as growth control since no sample (extract, pure com-
pounds, or reference antibiotics) was added. A microbial suspen-
sion (50 ll, 105 colony forming units/ml), obtained from an
overnight growth at 37 �C was added to each well. The final con-
centration of the extract adopted to evaluate the antimicrobial
activity ranged from 25,000 to 2.4 lg/ml and for pure compounds
from 2,000 to 0.98 lg/ml. Tests were incubated aerobically at 37 �C
for 24 h before being read. The MIC was considered as the lowest
concentration of the sample that prevented visible growth or chan-
ged in color from red to yellow due to the formation of acidic
metabolites corresponding to microbial growth.

The minimum microbicidal concentration (MMC), considered as
the lowest concentration of agent capable of causing the deaths of
at least 99.99% of an inoculums was also determined. After the MIC
determination, an aliquot (10 ll) from each microwell presenting
no visible growth was inoculated on fresh drug-free Mueller Hin-
ton agar plates and incubated at 37 �C for 24 h Plates showing no
growth indicated bactericidal effect of the fraction (sensitive) (Ber-
ghe and Vlietinck, 1991). Each experiment was performed in
triplicate.
4.10. In vitro growth inhibition activity towards human cancer cell
lines

The histological types and origin of the three cancer cell lines
under study are detailed in the legend of Table 4. The cells were
cultured in RPMI (Invitrogen, Merelbeke, Belgium) media supple-
mented with 10% heat inactivated fetal calf serum (Invitrogen).
All culture media were supplemented with 4 mM glutamine,
100 lg/mL gentamicin, and penicillin–streptomycin (200 U/mL
and 200 lg/mL) (Invitrogen).

The overall growth level of these human cancer cell lines was
determined using the colorimetric MTT (3-[4,5]-dimethylthiazol-
2yl-diphenyl tetrazolium bromide, Sigma, Belgium) assay as de-
tailed previously (Ingrassia et al., 2009; Van Goietsenoven et al.,
2010). Each experimental condition was performed in six
replicates.
Acknowledgments

The authors are grateful to the Belgium program (In -Wallonie-
Bruxelles International) for the fellowship to J.E.T. Mbosso, to Mr
Victor Nana (National Herbarium of Cameroon) for the botanical
identification, to Rita D’Orazio for recording NMR spectra, to Marc
Parmart for polarimeter and boiling point equipment. The authors
also warmly thank Thierry Gras for his excellent technical assis-
tance. RW and RK are Research Associate and Research Director,
respectively, at the National Fund for Scientific Research FNRS-
FRS (Belgium).This study was supported by grants from the Belgian
Fund for Scientific Research (FRS-FNRS), number 34553.08, and a
grant from the FER 2007 (ULB).
References

Agoramoorthy, G., Chandrasekaran, M., Venkatesalu, V., Hsu, M.J., 2007.
Antibacterial and antifungal activities of fatty acid methyl esters of the blind-
your-eye mangrove from India. Braz. J. Microbiol. 38, 739–742.

Agrawal, P.K., 1992. NMR spectroscopy in the structural elucidation of
oligosaccharides and glycosides. Phytochemistry 31, 3307–3330.
Ahmad, F.B.H., Moghaddam, M.G., Basri, M., Abdul, R., Mohd, B., 2010. Anticancer
activity of 3-O-acylated betulinic acid derivatives obtained by enzymatic
synthesis. Biosci. Biotech. Biochem. 74, 1025–1029.

Arriaga, F.J., Rumbero, A., Vasquez, P., 1990. Two triterpene glycosides from Isertia
haenkaena. Phytochemistry 29, 209–213.

Augustus, G.D.P.S., Seiler, G.J., 2011. Ficus elastica – the Indian rubber tree – an
underutilized promising multi-use species. Biomass Bioenergy 35, 3247–3250.

Bankeu, J.J.K., Mustafa, S.A.A., Gojayev, A.S., Lenta, B.D., Noungoue, D.T., Ngouela,
S.A., Asaad, K., Choudhary, M.I., Prigge, S., Guliyev, A.A., Nkengfack, A.E., Tsamo,
E., Shaiq, A.M., 2010. Ceramide and cerebroside from the stem bark of Ficus
mucuso (Moraceae). Chem. Pharm. Bull. 58, 1661–1665.

Berghe, V.A., Vlietinck, A.J., 1991. Screening methods for antibacterial and
antiviralagents from higher plants. In: Hostettmann, K. (Ed.), Methods in
Plant Biochemistry, vol. 6. Academic Press Limited, London, pp. 47–69.

Bonaccorsi, I., Altieri, F., Sciamanna, I., Oricchio, E., Grillo, C., Contartese, G., Galati,
E.M., 2008. Endogenous reverse transcriptase as a mediator of ursolic acid’s
anti-proliferative and differentiating effects in human cancer cell lines. Cancer
lett. 263, 130–139.

Branle, F., Lefranc, F., Camby, I., Jeuken, J., Geurts-Moespot, A., Sprenger, S., Sweep,
F., Kiss, R., Salmon, I., 2002. Evaluation of the efficiency of chemotherapy in
in vivo orthotopic models of human glioma cells with and without 1p19q
deletions and in C6 rat orthotopic allografts serving for the evaluation of
surgery combined with chemotherapy. Cancer 95, 641–655.

Carbonnelle, B., Denis, F., Marmonier, A., Pignon, G., Vargue, R., 1987. Bactériologie
Médicale. In: Techniques Usuelles. SIMEP, Paris, pp. 130–198.

Dawidar, A.A., Reisch, J.A., Amer, M., 1979. Structure of manevalic and azizic acids,
two new triterpenes from Cornulae amonaeantha Del. Chem. Pharm. Bull. 27,
2938–2945.

de Amorin, A., Helcio, R.B., Jorge, P.P.C., Daise, L., Maria, A.C.K., 1999. Anthelmintic
activity of the latex of Ficus species. J. Ethnopharmacol. 64, 255–258.

de Carvalho, M.G., Velandia, J.R., de Oliveira, L.F., Bezerra, F.B., 1998. Triterpenes iso-
lated from Eschweilera longipes Miers (Lecythidaceae). Quím. Nova 21, 740–743.

Djemgou, P.C., Ngandeu, F., Hegazy, M.E., Nkanwen, E.R., Neguim, G., Chosson, E.,
Verité, P., Tane, P., 2009. GC–MS Analysis of Terpenes from Ficus mucus.
Pharmacogn. Res. 1, 197–201.

Fang, Y.-C., Zhao, M.-L., Luo, Y., 2010. Study on bioassay-guided isolation of
cytotoxic compounds from bark of Betula albo-sinensis Burk. Medicinal Plant 1,
52–53.

Friis, I., 1989. In: Hedberg, I., Edwards, S. (Eds.), Flora of Ethiopia, vol. 3, Addis Ababa
and Uppsala University, Addis Ababa, Asmera, Ethiopia and Uppsala, Sweden,
pp. 271.

Harborne, J.B., 1973. Phytochemical Methods. Chapman and Hall, New York, pp. 1–
150.

Hassanean, H.H., Desoky, E.K., El-Hamouly, M.M.A., 1993. Quinovic acid glycosides
from Zygophyllum album. Phytochemistry 33, 663–666.

Jain, S.C., Singh, B., Jain, R., 2001. Antimicrobial activity of triterpenoids from
Heliotropium ellipticum. Fitoterapia 72, 666–668.

Jung, J.H., Lee, C.-O., Kim, Y.C., Kang, S.S., 1996. New bioactive cerebrosides from
Arisaema amurense. J. Nat. Prod. 59, 319–322.

Huang, C.-Y., Lin, C.-Y., Tsai, C.-W., Yin, M.-C., 2011. Inhibition of cell
proliferation, invasion and migration by ursolic acid in human lung cancer cell
lines. Toxicology in Vitro 25, 1274–1280.

Ingrassia, L., Lefranc, F., Dewelle, J., Pottier, L., Mathieu, V., Spiegl-Kreinecker, S.,
Sauvage, S., El Yazidi, M., Dehoux, M., Berger, W., Van Quaquebeke, E., Kiss, R.,
2009. Structure-activity relationship analysis of novel derivatives of
narciclasine (an Amaryllidaceae isocarbostyril derivative) as potential
anticancer agents. J. Med. Chem. 52, 1100–1114.

Kasai, R., Sasaki, A., Hashimoto, T., Kaneko, T., Ohtani, K., Yamasaki, K., 1999.
Glycosides from Trichosanthes tricuspidata. Phytochemistry 51, 803–808.

Konga, L.D., Abliz, Z., Zhou, Z.X., Li, J.L., Cheng, C.H.K., Tan, R.X., 2001. Glycosides and
xanthine oxidase inhibition from Conyza bonariensis. Phytochemistry 58, 645–651.

Kuete, V., Wabo, H.K., Eyong, K.O., Feussi, M.T., Wiench, B., Tane, P., Folefoc, G.N.,
Efferth, T., 2011. Anticancer activities of six selected natural compounds of
some cameroonian medicinal plants. PLoS ONE 6, e21762.

Mahato, S.B., Kundu, A.P., 1994. 13C-NMR spectra of pentacyclic triterpenoids. A
compilation and some salient features. Phytochemistry 37, 1517–1575.

Mathieu, A., Remmelink, M., D’Haene, N., Penant, S., Gaussin, J.F., Van Ginckel, R.,
Darro, F., Kiss, R., Salmon, I., 2004. Development of a chemoresistant orthotopic
human non small cell lung carcinoma model in nude mice. Cancer 101, 1908–
1918.

Mathieu, V., Pirker, C., Martin de Lassalle, E., Vernier, M., Mijatovic, T., De Nève, N.,
Gaussin, J.F., Dehoux, M., Lefranc, F., Berger, W., Kiss, R., 2009. The sodium pump
alpha-1 subunit: a disease progression-related target for metastatic melanoma
treatment. J. Cell Mol. Med. 13, 3960–3972.

Mbosso, T.J.E., Ngouela, S., Nguedia, A.J.C., Beng, P.V., Rohmer, M., Tsamo, E., 2010. In
vitro antimicrobial activity of extracts and compounds of some selected
medicinal plants from Cameroon. J. Ethnopharmacol. 128, 476–481.

Mijatovic, T., Mathieu, V., Gaussin, J.F., De Nève, N., Ribaucour, F., Van Quaquebeke,
E., Dumont, P., Darro, F., Kiss, R., 2006. Cardenolide-induced lysosomal
membrane permeabilization demonstrates therapeutic benefits in
experimental human non-small cell lung cancers. Neoplasia 5, 402–412.

Natori, T., Morita, M., Akimoto, K., Koezuka, Y., 1994. Agelasphins, novel antitumor
and immunostimulatory cerebrosides from the marine sponge Agelas
mauritianus. Tetrahedron 50, 2771–2784.

Parnali, C., John, M.P., Samir, A.K., 1999. Glucosidation of betulinic acid by
Cunninghamella species. J. Nat. Prod. 62, 761–763.



E.J.T. Mbosso et al. / Phytochemistry 83 (2012) 95–103 103
Parwaiz, A., Mohd, A., Maheesh, P.S., Humaira, F., Hamid, N.K., 2010. Phytochemical
investigation of fruits of Corylus colurna Linn. J. Phytol. 2, 89–100.

Peraza, S.S.R., Chai, H.B., Shin, Y.G., Santisuk, T., Reutrakul, V., Farnsworth, N.R.,
Cordell, G.A., Pezzuto, J.M., Kinghom, A.D., 2002. Constituents of the Leaves and
Twigs of Ficushispida. Planta Med. 68, 186–188.

Perumal, Y., Dharmarajan, S., 2005. Betulinic acid and its derivatives: a review on
their biological properties. Curr. Med. Chem. 12, 657–666.

Pettit, G.R., Tang, Y., Knight, J.C., 2005. Antineoplastic agents. 545. Isolation and
structure of turbostatins 1–4 from the Asian marine mollusc Turbo stenogyrus.
J. Nat. Prod. 68, 974–978.

Pistelli, L., Chiellini, E.E., Moselli, I., 2000. Flavonoids from Ficuspumila. Biochem.
Syst. Ecol. 28, 287–289.

Pollmanns, K., Gagel, S., Elgamal, H.A., Sheifert, K., 1997. Triterpenoid saponins from
the roots of Zygophyllum species. Phytochemistry 44, 485–489.
Sahu, N.P., Achari, B., 2001. Advances in structural determination of saponins and
terpenoid glycosides. Curr. Org. Chem. 5, 315–334.

Stothers, J.B., 1972. Carbon-13 NMR spectroscopy. Academic Press, Inc., New York.
Van Goietsenoven, G., Hutton, J., Becker, J.P., Lallemand, B., Robert, F., Lefranc, F.,

Pirker, C., Vandenbussche, G., Van Antwerpen, P., Evidente, A., Berger, W.,
Prévost, M., Pelletier, J., Kiss, R., Kinzy, T.G., Kornienko, A., Mathieu, V., 2010.
Targeting of eEF1A with Amaryllidaceae isocarbostyrils as a strategy to combat
melanomas. FASEB J. 24, 4575–4584.

Werner, S., Nebojsa, S., Robert, W., Robert, S., Olaf, K., 2003. Complete assignments
of 1H and 13C NMR resonances of oleanolic acid, 18a-oleanolic acid, ursolic acid
and their 11-oxo derivatives. Magn. Reson. Chem. 41, 636638.

Woldemichael, G.M., Wink, M., 2001. Identification and biological activities of
triterpenoid saponins from Chenopodium quinoa. J. Agric. Food Chem. 49, 2327–
2332.


	Ceramide, cerebroside and triterpenoid saponin from the bark of aerial roots of Ficus elastica (Moraceae)
	1 Introduction
	2 Results and discussion
	2.1 Characterisation of ficusamide (1)
	2.2 Characterisation of ficusoside (2)
	2.3 Characterisation of elasticoside (3)
	2.4 Biological activities

	3 Concluding remarks
	4 Experimental section
	4.1 General experimental procedures
	4.2 Plant material
	4.3 Extraction and isolation
	4.4 Ficusamide (1)
	4.5 Acetylation of 1
	4.6 Ficusamide tetra acetate (1a)
	4.7 Ficusoside (2)
	4.8 Elasticoside (3)
	4.9 Antimicrobial assay using agar diffusion test
	4.10 In vitro growth inhibition activity towards human cancer cell lines

	Acknowledgments
	References


