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Chemical compounds studied in this article:
Aspidinol B (PubChem CID: 122841)
Methylene-bis-aspidinol
(PubChem CID: 617027)
(+)-tocophérol (PubChem CID: 14985)
lupeol (PubChem CID: 259846)
stigmasterol (PubChem CID: 5280794)
phytol (PubChem CID: 5280435)
bergenin (PubChem CID: 66065)
squalene (PubChem CID: 638072)
methyl gallate (PubChem CID: 7428)
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The two new acylphloroglucinol derivatives, methylene-bis-aspidinol AB (1) and mallopposinol (2), together
with the nine known compounds, aspidinol B (3), methylene-bis-aspidinol (4), (+)-α-tocopherol (5), lupeol
(6), stigmasterol (7), phytol (8), bergenin (9), squalene (11) and methyl gallate (10) were isolated from the
leaves of Mallotus oppositifolius. Their structures were elucidated by spectral analysis including MS, 1D and 2D-
NMR spectroscopy. In vitro trypanocidal and antileishmanial activities of compounds 1–9 were evaluated.
Mallopposinol (2) and aspidinol B (3) displayed weak antileishmanial activities against Leishmania donovani
promastigotes, with EC50 values of 21.3 and 38.8 μM, respectively. Only the methylene-bis-aspidinol (4) exhibit-
ed trypanocidal activity against Trypanosoma brucei brucei trypomastigotes (LC100= 0.8 μM) similar to the refer-
ence drug pentamidine (LC100 = 0.4 μM).

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Mallotus (Euphorbiaceae) are shrubs, trees and rarely climbers, with
about 150 species distributed in tropical and subtropical areas of the
OldWorld, mainly in Asia, Australia and the Pacific [1]. This genus is rep-
resented by five species in Africa and Madagascar tropical floras, includ-
ing 3 endemics to Madagascar [2]. Mallotus oppositifolius (Geisler) Müll.
Arg., known as “kisse kisse tree” is a diecious shrub growing in savanna
and secondary forests of Africa and Madagascar. In traditional medicine,

the leaves are used as analgesic, antibacterial, anthelmintic, hemostatic
and antimalarial [2,3]. Extracts of M. oppositifolius have been described
to possess anti-inflammatory, antioxidant [4–6], antidiabetic [6],
antidiarrheal [7], antibacterial, antifungal [8,9], antitrypanosomial and
antiplasmodial activities [10,11]. Mallotus are known for their richness
in natural bioactive compounds [12,13], mainly diterpenoids, triter-
penoids [14], cardenolides [15], benzopyrans [16], flavonoids [17],
coumarinolignoids and phloroglucinol derivatives [18,19]. Phloroglucinol
dimers have been isolated from M. oppositifolius [20]. In our ongoing re-
search on bioactivemolecules from Ivorianmedicinal plants, an ethnobo-
tanical study identifiedM. oppositifolius as a medicinal plant used against
African trypanosomiasis [21,22].We therefore examined the constituents
of the leaves ofM. oppositifolius. Eleven compoundswere isolated, includ-
ing two new dimeric phloroglucinols (1–2). In this paper, we present the
isolation and structural determination of the new compounds, and the
antiprotozoal activities of nine of these natural products.

Fitoterapia 107 (2015) 100–104

⁎ Correspondence to: F.A. Kabran, Laboratoire de Chimie Organique Biologique, UFR
Sciences des Structures de la Matière et Technologie, Université Félix Houphouët-
Boigny, 22 BP 582 Abidjan 22, Côte d'Ivoire.
⁎⁎ Corresponding author.

E-mail addresses: kabranakafaustin@yahoo.fr (F.A. Kabran),
alexandre.maciuk@u-psud.fr (A. Maciuk).

http://dx.doi.org/10.1016/j.fitote.2015.09.015
0367-326X/© 2015 Elsevier B.V. All rights reserved.

Contents lists available at ScienceDirect

Fitoterapia

j ourna l homepage: www.e lsev ie r .com/ locate / f i to te

http://crossmark.crossref.org/dialog/?doi=10.1016/j.fitote.2015.09.015&domain=pdf
http://dx.doi.org/10.1016/j.fitote.2015.09.015
mailto:kabranakafaustin@yahoo.fr
mailto:alexandre.maciuk@u-psud.fr
http://dx.doi.org/10.1016/j.fitote.2015.09.015
http://www.sciencedirect.com/science/journal/0367326X


2. Material and methods

2.1. General

Optical rotations were measured on a PolAAR 32 polarimeter (Opti-
cal activity Ltd., Ramsey, UK) equipped with a sodium lamp (589 nm)
and a 1 dm microcell. Melting points were determined using a Stuart
SMP10 apparatus (Nemours, France) and were uncorrected. IR spectra
were recorded on a Bruker Vector 22 (Champs-sur-Marne, France)
spectrometer. UV spectra were recorded in MeOH using a Philips
PU8720 spectrometer (Eindhoven, Netherlands). The chromatography
columns were performed on silica gel (Merck, 70–230 mesh) or
Sephadex® LH-20 (Pharmacia). Thin-layer chromatographies were car-
ried out on aluminium plates coated with silica gel 60 F254 (Merck),
and visualized with UV light then sprayed with vanillin-H2SO4 or Fast
Blue B salt. The 1H and 13C NMR, as well as 2D spectra (COSY, HSQC,
HMBC and NOESY), were recorded in CDCl3 on a Bruker AC-400 spec-
trometer (Sarrebourg, France) operating at 400 MHz for 1H spectra
and 100 MHz for 13C. A Bruker AM-300 spectrometer (Sarrebourg,
France) was used for 13C at 75 MHz. The EIMS spectra were recorded
on a Hewlett-Packard Agilent device 6890 series equipped with a
mass selective detector Agilent HP 5973 (EI mode, 70 eV) (Les Ulis,
France). GC-MS analyses were performed on a Thermo Scientific Trace-
GCUltra gas chromatographwithmass detection performed on a Thermo
Scientific ITQ900® (Courtabœuf, France). The injectorwas setwith a split
ratio of 1:10 at 230 °C. Compoundswere separatedwith an Agilent Tech-
nologies DB5HT column (30m×0.250mm×0.1 μm) and carrier gaswas
high-purity helium at 1.1 mLmin-1 flow. The oven temperature was ini-
tially held at 110 °C for 2min, then raised to 360 °C at a rate of 7 °Cmin-1
and held for 5 min. Compounds were detected by Electronic Impact (EI)
ionization, with the source temperature set at 200 °C. Data analysis was
performed with Xcalibur™ software using NIST and a homemade data-
base. APCIMS and ESIMSwere acquired using a Bruker Esquire spectrom-
eter (Champs-sur-Marne, France). HRESIMS spectrawere registeredwith
aAgilent 6530Q-ToF spectrometer (LesUlis, France). Leaveswere ground
using a Retsch apparatus (Eragny sur Oise, France).

2.2. Plant material

Leaves of M. oppositifolius were harvested twice, in May 2007 and
July 2009, in Akoupé, Adzopé Department, south-east of Côte d'Ivoire.
The plant samples were identified by Professor Aké ASSI of Centre
National de Floristique (CNF), University of Cocody-Abidjan, where
voucher specimens are deposited under the references MOK-07 (May
2007 sample) and MOT-09 (July 2009 sample). The samples were
dried at room temperature, then ground.

2.3. Extraction and isolation

Leaves powder of the May 2007 sample of M. oppositifolius (3.0 kg)
were extracted by maceration three times with 9 L of ethanol for 48 h.
After filtration and solvent evaporation, a residue of 397 g (KE) was ob-
tained. This residue was suspended in water/ethanol (1:1) (1.5 L) and
extracted sequentially at room temperature with increasing polarity
solvents to give after evaporation 116 g of n-hexane (KEH), 48 g of
dichloromethane (KED) and 87 g of ethyl acetate (KEA) extracts. The
isolation of pure compoundswas completed by combination of different
chromatographic techniques as described below.

A part of the hexane fraction (53 g) was first chromatographed on a
silica gel column (Merck 60) using a gradient n-hexane/acetone
(90:10–0:100), to give 21 fractions (F1–F21). Precipitated crystals
from F11 (1.24 g) were purified on Sephadex® LH-20, using CH2Cl2/
EtOH (2:1) as eluent to give an amorphous product, which after recrys-
tallization fromethanol provided compound4 (59mg). The fraction F12
(1.64 g), treated by successive chromatographies on silica gel 60H col-
umns (n-hexane/EtOAc, 75:25; CH2Cl2/EtOAc, 95:5), and on Sephadex®

LH-20 (CH2Cl2/EtOH, 2:1) led to compound 6 (20 mg). Another part of
KEH extract (50 g) was treated on a silica gel (Merck 60) column by
VLC, using n-hexane/EtOAc as gradient (90:10–0:100), and resulted to
11 fractions (H1–H11). The fraction H6 (3.40 g) was chromatographed
on a silica gel 60H column using n-hexane/petroleum ether/CH2Cl2
(20:10:80) to give six fractions (H61–H66). Fraction H61 was treated
on a silica gel 60H column, using n-hexane/CH2Cl2 (70:30) to give com-
pound 7 (20mg). From the fraction H63,first chromatographed on a sil-
ica gel 60H (n-hexane/petroleum ether/CH2Cl2, 10:10:80) and then on
Sephadex® LH-20 (CH2Cl2/EtOH, 2:1) columns, compound 1 was ob-
tained (6.6 mg). The methylene chloride fraction KED (48 g) was sub-
jected to column chromatography on silica gel (Merck 60) using a
gradient n-hexane/EtOAc (90:10–0:100) to give three major fractions
(D1–D3). The fraction D1 (8.54 g) was chromatographed on a silica
gel 60H column using n-hexane/CH2Cl2 (10:90) to give two major frac-
tions (D11 andD12). The fractionD11was treated on Sephadex® LH-20
column (CH2Cl2/EtOH, 2:1) and preparative thin layer chromatography
(Merck 60F254, 20 × 20 × 0.5 cm, petroleum ether/CH2Cl2/EtOAc,
50:30:10) to provide compound 3 (9.6 mg). From fraction D12 com-
pound 2 (46.7 mg) precipitated as crystals in n-hexane. From the
ethyl acetate fraction KEA (87 g), compound 9 (140.4mg)was obtained
directly as crystals. The KEA remaining portion was successively
chromatographed on a silica gel column 60H using CH2Cl2/EtOAc
(50:50) and Sephadex® LH-20 columns eluted with CH2Cl2/EtOH
(2:1), to provide compound 8 (9 mg).

The July 2009 sample of M. oppositifolius (4.8 kg) was treated
as above to give after drying 447 g of ethanol residue (TE), 50 g of
n-hexane residue (TEH), 49 g of dichloromethane residue (TED)
and 36 g of ethyl acetate residue (TEA). The fraction TED (49 g)
was chromatographed on a silica gel 60H column using a gradient cy-
clohexane/CHCl3/EtOAc (90:10:0–0:0:100) to give 11 major frac-
tions (D′1–D′11). The fraction D′4 (3.20 g) was subjected to column
chromatography on silica gel 60H using CHCl3 (100%) as eluent to
give four fractions D′42–D′45. From the fraction D′42 compound 5
(4 mg) was obtained after treatment on a silica gel 60H column using
CHCl3 (100%) as eluent. The fractions D′43 and D′45 were treated on a
silica gel 60H column, eluted with CHCl3 (100%), and on Sephadex®
LH-20 column, eluted with CH2Cl2/EtOH (2:1), to provide compound
10 (20 mg) and 11 (10 mg).

2.3.1. Methylene-bis-aspidinol AB (1)
Reddish spangle crystals; UV λmax (MeOH) nm (log ε): 286 (3.441),

279 (3.354), 207 (3.457); IR νmax (cm−1): 3336, 2961, 2361, 1625,
1601, 1419, 1280, 1134, 1101, 1021, 906, 726, 648; For NMR 1H and
13C spectra, see Table 1; ESI-MS m/z (%): 431 [M − H]− (100), 223
(6.2), 195 (4.8); HREIMSm/z 431.1715 [M−H]− (C23H27O8, calculated
431.1706).

2.3.2. Mallopposinol (2)
White amorphous powder; IR νmax (cm−1): 3260, 2990, 2950, 2400,

2350, 1670, 1600, 1550, 1280, 1350, 1300, 1200, 1150, 1050, 790; For 1H
and 13C NMR spectra, see Table 1; EIMSm/z (%): 447 [M+H]+ (3), 255
(4), 225 (100); EIMS m/z (%) : 445 [M− H]− (4), 223 (100); HRESIMS
m/z 445.1887 [M− H]− (C24H29O8 [M− H]−, calculated 445.1862).

2.4. Antiprotozoal assays

All experiments were performed in triplicate, using 3 wells per con-
dition. DMSOdid not show toxicity at themaximum concentration used
(0.1%).

2.4.1. Antileishmanial activity
The antileishmanial activity of the isolated compounds was tested

in vitro against Leishmania donovani (WHO designation: MHOM/ET/
1967/L82), according to amethod previously described [23]. Thismeth-
od is based on a dying agent specific of died parasites, thus allowing the
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