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Evaluation of Antiaris africana methanol extract and
compounds for antioxidant and antitumor activities
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'Department of Biochemistry, Faculty of Science, University of Dschang, Dschang, Cameroon, *Department of Organic
Chemistry, Faculty of Science, University of Yaoundé, Yaoundé, Cameroon, *Department of Biochemistry, Faculty of
Science, University of Yaoundé, Yaoundé, Cameroon, and *Department of Animal Biology and Physiology, University of
Yaoundé, Yaoundé, Cameroon

Abstract

A methanol extract from the stem bark of Antiaris africana Engler (Moraceae), as well as compounds iso-
lated and identified as betulinic acid (1), 3B-acetoxy-1(3,11a-dihydroxy-olean-12-ene (2), ursolic acid (3),
oleanolic acid (4), strophanthidol (5), periplogenin (6), convallatoxin (7), strophanthidinic acid (8), methyl
strophanthinate (9), and 3,3’-dimethoxy-4'-O-3-b-xylopyronosylellagic acid (10), were tested for their anti-
oxidantand anticancer activities. The DPPH radical scavenging assay was used for the antioxidant test while
the potato disk tumor induction and XTT assays were used to detect antitumor activities. The antioxidant
test showed that the methanol extract and compounds 1,9, and 10, as well as vitamin C, used as reference
antioxidant drug, were able to interact with more than 50% DPPH. The results of the potato disk tumor
induction assay also indicated a pronounced tumor reducing activity of the methanol extract (83.12%)
and compound 10 (96.64%). Samples showing more than 20% inhibition of Crown gall tumors were then
tested against human DU-145 and hepatocarcinoma Hep G2 cells. The results showed inhibitory activities
of 64.12% and 73.62%, respectively, on DU-145 and Hep G2 cells for the methanol extract. Compound 10
showed the highest inhibition potency on both cell lines with more than 70% inhibition at 50 pg/mL. The
methanol extract showed an IC,  value lower than this at 30 ug/mL, a threshold value for potential antine-
oplastic extracts. The results of the present study provide supportive data for the traditional anticancer use
of A. africana and indicate that the methanol extract as well as compound 10 represent a potential source
of medicine for the treatment of cancer, having also interesting antioxidant properties.

Keywords: Antiaris africana; Moraceae; 3,3’ dimethoxy-4'-0-f-p-xylopyronosylellagic acid; antioxidant;
antitumor; activity

Introduction

Antiaris africana Engler (Moraceae) is a tree usually
about 15-20 m high, but it can grow sometimes up to
40 m, and has white latex and alternate dissymmet-
ric leaves (Berg et al., 1985; Berhaut, 1979). The wood
is used in some regions of Africa as timber (Berhaut,
1979; Okogun et al., 1976). The bark extract is used in
traditional medicine for the treatment of chest pains
(Okogun et al., 1976). Leaf decoctions are applied in the
treatment of syphilis (Berhaut, 1979), and the latex is a
purgative agent. It is also used as a cure for sore throat

and leprosy. This plant is also used in Cameroon folk
medicine in the treatment of cancer (personal commu-
nication; by Victor Kuete as collected from traditional
healers). Cancer is the largest single cause of death in
both men and women. Recently, resistance to antican-
cer drugs has been observed. Therefore, the research
and development of more effective and less toxic drugs
by the pharmaceutical industry has become necessary.
Many substances derived from medicinal plants are
known to be effective and versatile chemopreventive and
antitumoral agents in a number of experimental models
of carcinogenesis. Crown gall tumor antiproliferative
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screening models in vitro provide important preliminary
data to help select plant extracts with potential anti-
neoplastic properties for future study. The inhibition of
A. tumefaciens-induced tumor (or Crown gall) in potato
disk tissue is an assay based on antimitotic activity, and
can detect a broad range of known and novel antitumor
effects (McLaughlin & Rogers, 1998). Crown gall is a neo-
plastic plant disease caused by A. tumefaciens (Kahl &
Schell, 1982; Lippincott & Lippincott, 1975). The validity
of this bioassay is predicted on the observation that cer-
tain tumorigenic mechanisms are similar in plants and
animals (Becker, 1975; Braun, 1972; Karpas, 1982). The
present study was therefore aimed to assess the antioxi-
dant and anticancer activity of the methanol extract and
compounds from the stem bark of A. africana.

Materials and methods

Plant material and extraction

The stem bark of Antiaris africana was collected from
Mont Eloundem (Yaoundé) in the Central Province of
Cameroon, in May 2006. Mr. Victor Nana of the National
Herbarium of Cameroon identified the plant. A voucher
specimen (No. 5925 SRF/Cam) is deposited at the
National Herbarium, Yaoundé, Cameroon.

Extraction and compound isolation

The air-dried and powdered stem bark (5kg) of Antiaris
africana was macerated with 15L MeOH at room
temperature for 72h. Removal of the solvent from the
extract under reduced pressure yielded a dark brown
residue (100 g).

A part (80 g) of the methanol extract was adsorbed
on 100 g of silica gel 60 (0.05-0.2 mm (230-400 mesh))
with 0.1L methanol as solvent, and dried under
reduced pressure. The brown powder obtained was
submitted to gradient flash chromatography on a
600 g silica gel 60 column (open, 15 x 15cm) (eluent:
n-hexane, n-hexane-EtOAc, EtOAc, as the mobile
phase and collecting 500 mL fractions). This yielded
75 fractions pooled into eight major components by
combining the eluates on the basis of thin layer chro-
matography (TLC). Further separation of these frac-
tions was done by repeated column chromatography
using silica gel 60 (0.05-0.2mm, 230-400 mesh) and
Sephadex LH-20. Fraction 3 (5.1 g) (eluted with n-
hexane-EtOAc 8:2) was further separated by silica gel
column chromatography (30 x 350 mm), eluting with
n-hexane-ethyl acetate in order of increasing polarity
from 15 to 35% to give 3p-acetoxy-1f3,11a-dihydroxy-
olean-12-ene C,H, 0O, (2; 3mg; white powder; m/z:

327752

500; m.p.: 246- 248°C) (Gonzalez et al., 1987), and a

mixture which was further purified on Sephadex LH-20
(20 x 750mm), eluting with CH,Cl,-MeOH 3:2 to give
ursolic acid C, H, O, (3; 8mg; white powder; m/z: 456;
m.p.: 283-284°C) (Seebacher et al., 2003), and oleanolic
acid C, H, 0, (4; 4mg; white amorphous powder; m/z:
456) (Seebacher et al., 2003). Further purification of
fraction 4 (2.5 g), eluted with n-hexane-EtOAc (6.5:3.5),
afforded betulinic acid C,H, O, (1; 8.6mg; white
grains; m/z: 456; m.p.: 282-283°C) (Mahato & Kundu,
1994). Fraction 6 (5.0 g) (eluted with n-hexane-EtOAc
1:1) gave periplogenin C,,H, O, (6; 35mg; white crys-
tals; m/z: 390; m.p.: 138- 139°C) (Junior & Wichtl, 1980)
when fixed on silica gel and subjected to silica gel col-
umn (25 x 500 mm) eluting with n-hexane-EtOAc 1:1
in order of increasing polarity up to n-hexane-EtOAc
25:75. Further purification of fraction 7 (eluted with
n-hexane-EtOAc 4:6) on a 25 x 300 mm silica gel col-
umn with n-hexane-EtOAc 1:1 in order of increasing
polarity up to n-hexane-EtOAc 2:8 gave strophanthidol
C,.H,,0, (5; 13mg; white crystals; m/z: 406; m.p.: 263-
265°C) (Sharipov et al., 1969). Fraction 8 (eluted with
n-hexane-EtOAc 2.5:7.5) afforded a white precipitate
identified as convallatoxin C,h,,0, (7; 5mg; white
amorphous powder; m/z: 550) (Schenk et al., 1980),
and a filtrate. The filtrate was chromatographed on a
15 x 250mm silica gel column with n-hexane-
EtOAc 25:75 to yield strophanthidinic acid C,H,,0.
(8; 9mg; white grains; m/z: 420; m.p.: 163-164°C)
(Robien et al.,, 1987), and 3,3'- dimethoxy 4'-0-B-D-
xylopyronosylellagic acid C,,H ,0,, (10; 3mg; yellow
amorphous powder; m/z: 462) (L1 et al.,, 1999) and
methyl strophanthinate C,,H, 0. (9; 15mg; yellow
amorphous powder; m/z: 434) (Robien et al., 1987).
The chemical structures of the isolated compounds are

illustrated in Figure 1.

General procedure

Aluminum sheet pre-coated with silica gel 60 F, , -
(Merck) was used for thin layer chromatography, eluted
with mixtures of solvents such as: hexane/CH,Cl, (9:1);
CH,CL/MeOH (19:1); CH,CL,/MeOH (9:1); and the
spots were visualized using both ultraviolet light (254
and 366 nm) and 50% H,SO, as spray reagent. The struc-
ture of an isolated compound was determined using
a Bruker AC 400 spectrometer and a Varian Gemini
400 MHz instrument for one-dimensional (1D) nuclear
magnetic resonance (NMR). Multi-impulsional 2D
NMR experiments ['H-'"H COSY (correlation spectros-
copy|, 'H-'H NOESY (nuclear Overhauser effect spec-
troscopy), *C-'H HSQC (heteronuclear single quantum
correlation), *C-'H HMBC (heteronuclear multiple
bond connectivity) were performed using standard
Bruker or Varian Gemini micro-programs. The melting
points were determined using a Kofler microhot stage
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Figure 1. Chemical structures of compounds isolated from the stem bark of Antiaris africana.

apparatus. Mass spectra were recorded with ZQ 2000
Waters and Q-Tofl Micromass spectrometers using
electrospray ionization (ESI-MS: U, = 30V), a Nermag
R10-10C spectrometer, and an HP-5973 mass selective
detector.

Antioxidant investigation: DPPH assay method

The free radical scavenging activity of the methanol
extract and compounds was evaluated as described
by Mensor et al. (2001). Briefly, the test samples, prior
dissolved in DMSO (dimethylsulfoxide; Sigma), were
mixed with a 0.3 mM 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) ethanol solution, to give final con-
centrations of 5, 10, 50, 100, and 500 pg/mL of sample
per microliter of DPPH solution. After 30 min at room
temperature, the absorbance values were measured
at 517nm and converted into percentage antioxidant
activity. Ascorbic acid was used as a standard control.

Each assay was repeated three times and the results,
recorded as a mean of the triplicated experiments, were
graphicallyillustrated (Figure 2). The inhibition ratio (%)
was calculated as follows: % inhibition = [(absorbance
of control - absorbance of test sample)/absorbance of
control] x 100.

Preliminary antitumor test: potato disk tumor
induction assay

The antitumor assay was carried out as described
by Coker et al. (2003) as follows. Agrobacterium
tumefaciens LMG 184 (provided by the Laboratory of
Microbiology, University of Gent, Belgium) was grown
on yeast extract medium (YEM) for 48h at 28°C. Red
potatoes [Solanum tuberosum (Solanaceae)] obtained
from the local market (Yaoundé, Cameroon) were
washed under running water and disinfected in 10%
bleach for 20 min. Potato sections (0.5 cm thick) were
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Figure 2. Free radical scavenging activity of the methanol extract, compounds from Antiaris africana, and vitamin C: values with the same letter
are not significantly different (ANOVA, p<0.05). 1, betulinic acid; 2, 3B-acetoxy-13,11a-dihydroxy-olean-12-ene; 3, ursolic acid; 4, oleanolic
acid; 5, strophanthidol; 6, periplogenin; 7, convallatoxin; 8, strophanthidinic acid; 9, methylstrophanthinate; 10, 3,3'-dimethoxy-4'-O-3-D-

xylopyronosylellagic acid.

made and placed in bleach (20%) for 15min, then
aseptically transferred in sterile distilled water. These
disks were placed in a 24-well culture plate contain-
ing 15% water agar. Suspensions of A. tumefaciens in
phosphate-buffered saline (PBS) were standardized to
1 x10° colony forming units (CFU), prepared following
a McFarland turbidity standard. The methanol extract
and compounds were dissolved in DMSO at a concen-
tration of 100 pg/mL. Controls included DMSO with
PBS; DMSO without the bacterium; and DMSO with
the bacterium. The test solutions consisted of 400 pL
of each solution, 100 pL water, and 400 pL of the stand-
ardized bacterium suspension. Each disk in the 24-well
culture plate was overlaid with 50 pL of the appropri-
ate extract/water/bacterium mixture and incubated at
room temperature for 12 days. On day 12, the disks were
stained with Lugol’s reagent. The stained potato disks

were viewed under a dissecting microscope and the
tumors were counted. Twelve replicates were analyzed
for each sample, and the final results were graphically
(Figure 2) reported as the mean of 12 experiments.
Bacterial viability was determined by incubating each
sample solution with 1x10° CFU of bacterial suspen-
sion. At 10, 20, 30, and 60 min after inoculation, 10 pL of
each solution was removed and placed on YEM plates,
and incubated for 24 h. Bacterial growth was evidenced
by growth across the plates.

Antitumor assay on human DU-145 prostate
carcinoma and hepatoma Hep G2 cells

The anticancer activity of samples showing more than
20% inhibition of Crown gall tumors on human DU-145
(androgen-insensitive prostate cancer cells) and
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hepatocarcinoma Hep G2 cells was evaluated following
XTT (2,3-bis[2-methoxy-4-nitro-5-sulfophenyl]-2H-
tetrazolium-5-carboxyanilide inner salt) assay (Gerlier
& Thomasset, 1986; Itharat et al., 2004; Zee-Cheng,
1997). Briefly, cells were cultured in Dulbecco’s mini-
mum essential medium (DMEM) supplemented with
5% fetal calf serum (FCS), gentamicin sulfate (0.004%),
glucose (0.57%), and NaHCO, (0.12%). Cells were seeded
into 96-well flat-bottomed plates at a concentration of
3.0x10° cells per mL. After 24 h, cells were treated with
samples, which were diluted with culture medium to a
final concentration of 25 wg/mL (Itharat et al., 2004; Zee-
Cheng, 1997). XTT labeling reagent (50:1) was added
and the absorbance (560nm) read after 72h (Gerlier &
Thomasset, 1986). Experiments were carried out three
times, in triplicate. Active samples (with less than 50%
survival) after an exposure time of 72h were serially
diluted in a concentration range of 3.12-50 pg/mL and
tested. The concentration of the sample that inhibited
50% cell proliferation (IC_) was determined graphically.
Doxorubicin, a known antitumor agent, was used as posi-
tive control. The cell survival percentage was determined
using the formula: % cell survival =(OD,/OD ) x 100; OD,
and OD_ being the absorbance of the test sample-treated
group and the control group (0.1% DMSO), respectively.

Statistics

One-way analysis of variance (ANOVA) at the 95%
confidence level was used for all statistical analysis.

120 4
100 +
83.12+8.84a
9
© 80 A
D
o
c
[0}
o 60 A
[0
Q
c
K]
S 40
<=
£ 24.23+1.17b 21.32+3.91b
20 4 15.89+1.08d
04

+
12.65+1.9d,4 702 258de. i

Results and discussion

The structures of the isolated compounds were estab-
lished using spectroscopic analysis, especially NMR
spectra in conjunction with 2D experiments, COSY,
HMQC, HSQC, and direct comparison with published
information and with authentic specimens obtained by
our research group for some cases. The compounds iso-
lated from the stem bark of A. africana (Figure 1) were
four pentacyclic triterpenes identified as betulinic acid
(1), 3pB-acetoxy-1B,11a-dihydroxy-olean-12-ene (2),
ursolic acid (3), oleanolic acid (4), cardenolide, known
as strophanthidol (5), periplogenin (6), convallatoxin
(7), strophanthidinic acid (8), methylstrophanthinate
(9), and a known ellagic acid derivative, 3,3’ -dimethoxy-
4'-0-B-p-xylopyronosylellagic acid (10). In this study,
we evaluated the DPPH scavenging activity and antican-
cer activities of these compounds together with those
of the methanol extract, and the results are reported in
Figures 2-4 and Table 1.

The DPPH scavenging activity of the tested samples is
summarized in Figure 2. It appeared that all tested com-
pounds showed dose-dependent inhibitory potency.
At the concentration of 500 pg/mL, only the methanol
extract, compounds 1, 9, and 10, and vitamin C, used as
the reference antioxidant drug, showed more than 50%
inhibition (Figure 2). Compound 10 and the methanol
extract exhibited very high activity (93.24 and 94.67%,
respectively), not significantly different (p<0.05) from
that of vitamin C (92.15%). The high scavenging potency

96.64h

33.64g

20.58+3.75b f
20.26+2.34b,f

afncana
extract

Tested samples

Figure 3. Antitumor activity of the methanol extract and compounds from Antiaris africana as obtained in Crown gall assay: values with the
same letter are not significantly different (ANOVA, p<0.05). 1, betulinic acid; 2, 33-acetoxy-18,11a-dihydroxy-olean-12-ene; 3, ursolic acid; 4,

oleanolic acid; 5, strophanthidol; 6, periplogenin; 7, convallatoxin;
B-Dp-xylopyronosylellagic acid.

8, strophanthidinic acid; 9, methylstrophanthinate; 10, 3,3'-dimethoxy-4'-O-
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Figure 4. Effects of the methanol extract and compounds from Antiaris africana on (A) DU-145 and (B) Hep G2 cell survivals: values with the

same letter are not significantly different (ANOVA, p<0.05). 1, betulinic acid; 2, 33-acetoxy-18,11a-dihydroxy-olean-12-ene; 7, convallatoxin; 8,
strophanthidinic acid; 9, methylstrophanthinate; 10, 3,3'-dimethoxy-4'-O-B-D-xylopyronosylellagic acid.

Table 1. Activity of the crude extract from A. africana, selected compounds, and doxorubicin on human cancer cell lines DU-145 and Hep G2.

Human cancer cell line

DU-145 Hep G2

% Inhibition at highest % Inhibition at highest
Tested sample? concentration® IC,, (ng/mL) concentration® IC_, (ug/mL)
A. africana extract 64.12+4.18 27.16 73.62+6.08 13.84
1 52.84+2.71 46.29 46.87+2.59 nd
2 44.26+3.87 nd 56.99+3.47 44.12
7 17.28+1.56 nd 26.37+2.09 nd
8 26.49+2.60 nd 34.55+6.18 nd
9 37.16+3.67 nd 19.28+1.13 nd
10 73.17+5.67 6.24 89.62+4.70 3.82
Doxorubicin 100.00+0.00 <3.12 100.00+0.00 <3.12

aTested samples: 1, betulinic acid; 2, 3B-acetoxy-183,11a-dihydroxy-olean-12-ene; 7, convallatoxin; 8, strophanthidinic acid; 9, methylstr-
ophanthinate; 10, 3,3'-dimethoxy-4'-0O-B-D-xylopyronosylellagic acid.
"The highest concentration tested was 50 pg/mL for compounds and doxorubicin, 100 pg/mL for the methanol extract.
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of the tested ellagic acid derivative (10) could also
explain the activity of the methanol extract. However,
the antioxidant activity of such derivatives is well known
(Liu et al., 2007).

The results of the potato disk tumor induction assay
are illustrated in Figure 3. It was found from the results
of the bacterial viability test that the concentration of
the tested sample did not alter A. tumefaciens growth
at 10, 20, 30 min, and 1h of treatment. The three con-
trols used in this assay included DMSO with PBS;
DMSO without bacterium; and DMSO with bacterium.
The two first controls did not induce tumor, showing
that neither DMSO nor PBS interfere with the activity
of A. tumefaciens or induce tumor themselves. DMSO
with A. tumefaciens induced an average of 32 tumors.
Pronounced tumor reducing activity was observed
with the methanol extract (83.12%) and compound 10
(96.64%). This experiment supports the traditional use
of this plant as an anticancer drug, and indicates that
compound 10 could be the most implicated antine-
oplastic principle. These data allowed selection of com-
pounds for more specific human tumor cell line testing.
It has been demonstrated that samples with more than
20% inhibitory potency of Crown gall tumors can show
interesting activity on many human cancer cells (Coker
et al., 2003; McLaughlin & Rogers, 1998). In this study,
more than 20% inhibition activity was obtained with the
methanol extract, and compounds 1, 2, 7, 8, 9, and 10.
They were therefore selected for their activity against
human DU-145 and hepatocarcinoma Hep G2 cells.
The results are illustrated in both Figure 4 and Table 1.

ThehighestDU-145and Hep G2 cell survival wasnoted
after treatment with compounds 7, 8, and 9 (Figure 4A
and B). At 50 pg/mL, compound 7 induced 73.63 and
88.72% survival of Hep G2 and DU-145 cancer cell lines,
respectively, while compound 8 allowed 73.51% DU-145
and 64.65% survival of the Hep G2 cell line. Compound
9 induced growth of 62.84% DU-145 and 80.72% Hep G2
cells (Figure 4A and B). The inhibitory activity recorded
with the methanol extract was 64.12 and 73.62% on
DU-145 and Hep G2 cells, respectively. Compound
10 showed the highest inhibition potency on both
cell lines, with more than 70% inhibition at 50 pg/mL.
The American National Cancer Institute guidelines set
the limit of activity for crude extracts at a 50% inhibi-
tion (IC, ) of proliferation of less than 30 p.g/mL after an
exposure time of 72h (Suffness & Pezzuto, 1990).

The methanol extract and compound 10 showed IC_
values lower than this threshold value, suggesting that
they are potential antineoplastic agents. The results of
this experiment validate the use of the disk tumor induc-
tion assay as a preliminary step for selecting anticancer
samples, as the good activity observed for the methanol
extractand the ellagic acid derivative (compound 10) was
confirmed on human carcinoma DU-145 and Hep G2

cells. However, the anticancer activity of ellagic acid-like
compounds is well demonstrated (Pettit et al., 1987).

The overall results of this study are very interesting,
taking into account the incidence of prostate cancer
and hepatocarcinoma. Prostate carcinoma appears
as the most common tumor in men (Thompson et al.,
1997). Human liver tumors, particularly hepatocellular
carcinoma, are among the most common malignancies
worldwide (Lotze et al., 1993), with an estimated annual
incidence of 1 million cases, mainly in Africa and Asia
(Carr et al., 1997).

The results of the present study provide supportive data
for the traditional anticancer use of A. africana. Further
studies on the effects of this extract as well as compound
10 on normal human hepatocytes will help to determine
whether the decoction has selective cytotoxic effects on
liver cancer cells. This will be done in conjunction with
the study of the mechanism of action of these samples.
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