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The leaves of Dilobeia thouarsii (Roemer and Schulte), a tree that is endemic to Madagascar (Proteaceae), are
used in traditional Malagasy medicine to treat bacterial skin infections and wounds. This study investigated
the in vitro antibacterial activities of D. thouarsii leaf extracts and identified the bioactive compounds with
the aim of providing a scientific basis for its use against skin diseases. Using broth microdilution method
for leaf crude extract and its compounds, we investigated inhibition of the growth of Bacillus cereus,
Bacillus megaterium, Staphylococcus aureus, Enterococcus faecalis, Vibrio harveyi, Vibrio fisheri, Salmonella
Typhimurium, Salmonella antarctica, Escherichia coli, and Klebsiella pneumoniae. The two purified phenolic
compounds from leaf ethyl acetate extracts (1, 2) were found to be more active than the crude extract itself.
The structure of the two compounds was elucidated by NMR and mass spectrometry: compound 1 was
identified as 4-aminophenol and compound 2 as 4-hydroxybenzaldehyde. A marked inhibitory effect
(MIC b 0.1 mg/ml) was found against S. aureus, which is a major agent in skin infections. We observed
moderate activities (MIC values of between 0.1 and 0.5 mg/ml) for E. faecalis, Vibrio spp., and Bacillus spp. Neither
compoundwas active against Salmonella spp., E. coli and K. pneumoniae (MICs > 1 mg/ml). To conclude, the high
antimicrobial activity of D. thouarsii leaf extracts against S. aureus supports its traditional use to treat skin
infections.

© 2013 SAAB. Published by Elsevier B.V. All rights reserved.
1. Introduction

Traditional medicine is an important component of the health care
system in Madagascar and a large number of plants remain to be
studied, including Dilobeia thouarsii, a tree that belongs to the family
Proteaceae and is endemic to Madagascar (Boiteau, 1986). This
species is widely distributed in the Central, Eastern, South-Eastern
regions and in the high Matsiatra Fianarantsoa in Madagascar
(Bosser and Rabevohitra, 1991) and is known by the common
names of Vivaona, Hazontavolo and Tavolohazo (Rabesa, 1986). In
southern Madagascar, decoctions of the leaves and bark of D. thouarsii
are used for abortion, or as an anthelmintic, or a diuretic (Beaujard,
1988; Rabesa, 1986). Concerning the East coast of Madagascar
(Mandraka region), our ethnobotanical investigations confirmed
the use of the leaves in traditional medicine to treat bacterial skin
infections and wounds (Razafintsalama, 2012).
oda).

by Elsevier B.V. All rights reserved
In vitro assays have shown that phenolic compounds are often
responsible for the antimicrobial activities of different plant extracts
(Shikanga et al., 2010; Tepe et al., 2005; Zampini et al., 2005). Several
species belonging to the family Proteaceae, such as Grevillea robusta,
Toronia toru, Gevuina avellana, Kermadecia elliptica, Protea obtusifolia
or Lomatia hirsuta contain phenolic compounds (Ahmed et al., 2000;
Chuang and Wu, 2007; Moure et al., 2001; Perry and Brennan,
1997; Simonsen et al., 2006; Verotta et al., 1999). In addition, species
belonging to this family display antimicrobial activities against different
microorganisms. L. hirsuta, which is used in traditional medicine
in Chile, is active against the pathogenic fungus Candida albicans
(MIC = 8 μg/ml) (Simonsen et al., 2006). A phenolic glycoside ester
isolated from the New Zeland tree T. toru is active against Pseudomonas
aeruginosa, Escherichia coli and Bacillus subtilis (Perry and Brennan,
1997). A glycoside compound isolated from Persoonia linearis × pinifolia,
a cross hybrid of P. pinifolia and P. linearis, displays antimicrobial activity
against E. coli and Phytophthora cinnamoni (MacLeod et al., 1997). An
extract made from leaves of Protea simplex, a plant used in South Africa
against human dysentery and diarrhea, provides good antimicrobial
.
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Fig. 1. Structure of the two purified compounds 1 and 2 from the leaf ethyl acetate
extract of Dilobeia thouarsii.
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activities against E. coli, Staphylococcus aureus, B. subtilis and C. albicans
(Fawole et al., 2009).

To the best of our knowledge, no report has been published on the
chemical composition and the biological activities of D. thouarsii
(Bosser and Rabevohitra, 1991). In the present study, we investigated
the antibacterial activity of D. thouarsii and identified bioactive
compounds in order to provide a scientific basis for its traditional use,
and to characterize the potential of this medicinal plant in Madagascar.
Bioassay fractionation enabled isolation of two phenolic compounds
that were identified on the basis of spectroscopic data including 1D
NMR and mass spectrometry (MS).

2. Material and methods

2.1. Plant material

The leaves of D. thouarsiiwere harvested in Mandraka region, in the
eastern part ofMadagascar, 70 km fromAntananarivo. Leaveswere col-
lected in April 2008. The plant was identified by Dr. Rabarison Harison
from the Botany Department of Antananarivo Faculty of Sciences.
Reference specimens (HERB/DBEV/4708) were deposited in the
herbarium of the same department of the University of Antananarivo.

2.2. Extraction of D. thouarsii leaves

Plantmaterialswere dried at room temperature and ground to a fine
powder. The obtained powder (100 g) was extracted successively
through a maceration process using 500 ml × 6 of solvents of increas-
ing polarity (hexane, ethyl acetate and methanol). Each combined
extract was evaporated under reduced pressure to yield crude hexane
extract (0.7 g), EtOAc extract (5 g), and MeOH extract (10 g), respec-
tively. Extracts were stored at room temperature until use.

2.3. Bioassay-guided extract

Part of the ethyl acetate extract (1.5 g) was subjected to flash
chromatography on a silica gel 60 (10–40 μ) column (CC) eluted
with 0–100% gradient of EtOAc in hexane followed by MeOH in
EtOAc. Fourteen 100 ml fractions were collected: Hex–EtOAc 80:20
(1–4), Hex–EtOAc 40:60 (5–8), Hex–EtOAc 20:80 (9–12), EtOAc
(13), and MeOH (14). On the basis of the analytic TLC, and according
to the antimicrobial assay, similar active fractions 5–8 (0.15 g)
were combined and rechromatographed on the same support using
the same solvent system. Fourteen new fractions were obtained,
but only two displayed antibacterial activity. Each active fraction
was treated with 75% ethanol and concentrated to yield compounds
1 (100 mg) and 2 (40 mg). The antimicrobial activity of these com-
pounds was evaluated on Gram-positive and Gram-negative bacteria.

2.4. Antimicrobial assays

2.4.1. Microorganism strains
Four Gram-positive (Bacillus cereus LMG 6910, Bacillus megaterium

LMG 7127, S. aureus ATTC 25920, Enterococcus faecalis ATTC 29212)
and six Gram-negative bacteria (Vibrio harveyi ATCC 14126, Vibrio fisheri
ATCC49387, Salmonella TyphimuriumATCC14028, Salmonella antarctica
LMG 3264, E. coli CCM 451, Klebsiella pneumoniae ATTC 13883) were
used to study antibacterial activity. The bacteria were obtained from
the collections of both the University of La Réunion (LCSNSA: Laboratoire
de Chimie des Substances Naturelles et des Sciences des aliments,
Saint Pierre) and Cirad (Montpellier, France).

2.4.2. MIC and MBC determination
The MIC (minimum inhibitory concentration) and MBC (minimum

bactericidal concentration) were evaluated using the microdilution
method described by Kuete et al. (2009). The samples were first
dissolved in sterile distilled water. The concentration of the resulting
solutions was adjusted to 7 mg/ml. This was serially diluted twofold
to obtain concentration ranges of 0.027–7 mg/ml. Next, 100 μl of each
concentration was added in a well (96-well microplate) containing
95 μl of Zobell medium for vibrios (1 g/l yeast extract, 4 g/l peptone,
30 g/l NaCl) or Mueller-Hinton broth for the other microorganisms
and 5 μl of inoculum (standardized at 1.5 × 106 cfu/ml by adjusting
the optical density to 0.125 at 600 nm). A positive control containing
the bacterial culture without the extract and a negative control
containing only the medium were also analyzed. The plates were
covered with sterilized aluminum foil, and then incubated for 24 h at
25 °C for Vibrio sp. and at 37 °C for the other strains. The assay was
repeated three times. The MIC of each compound was defined as the
lowest concentration that inhibited themicroorganism growth. Bacterial
growthwas visually evaluated based on the degree of turbidity (Kil et al.,
2009).

For the determination of MBC, 5 μl from each well not showing
turbidity was placed on Mueller-Hinton agar and incubated at 37 °C
for 24 h. The lowest concentration at which no growth occurred on
the agar plates after 24 h of incubation at 37 °C corresponded to the
MBC.
3. Results and discussion

3.1. Active compounds identified

Compound 1 (Fig. 1) was isolated as an amorphous powder.
HRESI-TOF performed in the negative mode exhibited a deprotonated
molecular ion at m/z 108.0435 [M − H]− indicating a molecular
formula of C6H7NO (calcd. 108.0447) requiring 4° of unsaturation.
The 13C NMR spectrum revealed the presence of an oxygenated
quaternary carbon at δ 151.2, another quaternary carbon at δ 117.4
and a methine carbon at δ 115.8.

The 1H NMR spectrum of this small molecule displayed an intense
signal of four aromatic protons at δ 6.49. As the spectra were realized
in CD3OD, the three remaining protons not observed as suggested the
molecular formula are exchangeable protons. Comparison with RMN
data of the sample indicated that compound 1 was a 4-aminophenol
(Sigma-Aldrich catalog).

The molecular formula of compound 2 (Fig. 1) was deduced as
C7H6O2 from the deprotonated molecular ion peak at m/z 122.0368
[M − H]− observed in the HRESI-MS compatible with four degrees
of unsaturation. Its 1H NMR spectrum showed the presence of an
aldehyde proton at δ 9.73 and two doublets at δ 6.9 (2H, J = 8.4 Hz,
H-3; H-5) and 7.8 (2H, J = 8.4 Hz, H-2; H-6). In comparison with 1,
the difference of 13 uma suggested that the amino group was replaced
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by an aldehyde group (Chen et al., 1999). Consequently, compound 2
was identified as 4-hydroxybenzaldehyde.
3.2. Antibacterial activity

This is the first time that antimicrobial activity of D. thouarsii extracts
has been reported. The two phenolic compounds determined from the
leaf ethyl acetate extract (4-aminophenol and 4-hydroxybenzaldehyde)
weremore active against bothGram-positive andGram-negative bacteria
than the crude extract itself (Table 1). MIC and MBC values varied with
the extracts and compounds tested. S. aureus was the most sensitive
strain. According to Oussou et al. (2008), the ratio observed for MBCs
and MICs (MBC:MIC b 4) indicated that the bactericidal effect of the
compounds on the majority of strains tested could be expected. Globally,
Gram-positive bacteria were more sensitive to these compounds than
Gram-negative ones (Table 1).

MIC values obtained with the two compounds for S. aureus were
lower than those of leaves and bark extracts of P. simplex (a Proteaceae
from South Africa) which ranged between 0.147 and 0.780 mg/ml
(Fawole et al., 2009). MIC values of our extracts were lower than
0.1 mg/ml for S. aureus, which, according to Holetz et al. (2002),
can be considered as good antimicrobial activity. S. aureus, which is
a major agent in skin infections, was sensitive to other African plant
extracts of species including Combretum vendae (Combretaceae),
Commiphora harveyi (Burseraceae), Khaya anthotheca (Meliaceae),
Kirkia wilmsii (Kirkiaceae), Loxostylis alata (Anacardiaceae), Ochna
natalitia (Ochnaceae), Protorhus longifolia (Anacardiaceae), Lippia spp.,
Garcinia smeathmannii (Clusiaceae) and Ficus ovata (Moraceae) (Kuete
et al., 2009; Shikanga et al., 2010; Suleiman et al., 2010). Sato et al.
(1997) examined the activity of three extracts from the fruiting bodies
of Terminalia chebula RETS againstmethicillin-sensitive andmethicillin-
resistant S. aureus aswell as 12 other Gram-negative and Gram-positive
bacteria. The two compounds isolated from the Et2O soluble part mate-
rial, gallic acid and its ethyl ester derivative proved to bemore effective
against both types of S. aureus than against other species. It appears
that the ability to inhibit respiratory electron transport systems plays
an essential role in the antibacterial activity of alkyl gallates against
Gram-positive bacteria.

The MIC values of between 0.1 and 0.5 mg/ml that we observed
for E. faecalis, Vibrio spp., and Bacillus spp. can be considered as
moderate antimicrobial activity according to Holetz et al. (2002)
(Table 1). Neither purified compound (1, 2) was shown to be active
against Salmonella spp., E. coli and K. pneumoniae (MICs > 1 mg/ml).
Table 1
The minimum inhibitory concentration (MIC mg/ml) and minimum bactericidal
concentration (MBC g/ml) of Dilobeia thouarsii leaf ethyl acetate extract against bacteria
tested in microdilution assays.

Bacterial species Leaf ethyl acetate extracts (mg/ml)

Crude extract Compounds

1 2

MIC MIC MBC MIC MBC

Gram-positive
Bacillus cereus 12.5 0.109 0.437 0.054 0.109
Bacillus megaterium 12.5 0.109 0.218 0.437 3.5
Staphylococcus aureus 12.5 0.054 0.218 0.027 0.109
Enterococcus faecalis 12.5 0.437 0.875 3.5 1.75

Gram-negative
Vibrio harveyi 12.5 0.109 0.437 0.109 0.109
Vibrio fisheri 12.5 0.218 0.437 0.437 0.875
Salmonella Typhimurium >100 3.5 3.5 3.5 3.5
Salmonella antarctica >100 3.5 3.5 3.5 3.5
Escherichia coli >100 1.75 1.75 1.75 3.5
Klebsiella pneumoniae >100 1.75 1.75 7.0 7.0
4. Conclusion

Its antimicrobial activity against S. aureus, a major agent in skin
infections, provides a scientific basis for the traditional Malagasy use
of D. thouarsii (Roemer and Schulte) in the treatment of skin infec-
tions. The two purified phenolic compounds from leaf ethyl acetate
extracts involved in this antimicrobial activity were 4-aminophenol
and 4-hydroxybenzaldehyde. Consequently, leaf ethyl acetate extract
could be used in further investigations to identify the other molecules
present in this plant.

Acknowledgments

This work was financially supported by the project “Pôle d'Excellence
Régional” (AUF/ref/no. 2708PL708) funded by AUF (Agence Universitaire
de la Francophonie).

References

Ahmed, A.S., Nakamura, N., Meselhy, R.M., Makhboul, A.M., El-Emary, N., Hattoria, M.,
2000. Phenolic constituents from Grevillea robusta. Phytochemistry 53, 149–154.

Beaujard, P., 1988. Plantes et Médecine traditionnelle dans le Sud-Est de Madagascar.
Journal of Ethnopharmacology 23, 165–266.

Boiteau, P., 1986. Médecine traditionnelle et pharmacopée: précis de matière médicale
malgache. Karthala, Paris.

Bosser, J., Rabevohitra, R., 1991. Famille 57-Proteaceae. In: Morat, P. (Ed.), Flore de
Madagascar et des Comores. MNHN, Paris, pp. 47–57.

Chen, Y.-C., Chang, R.-F., Teng, M.-C., Wu, C.-Y., 1999. Cheritamine, a new N-fatty
acyl tryptamine and other constituents from the stems of Annona cherimola.
Journal of the Chinese Chemical Society 46, 77–86.

Chuang, T.H., Wu, P.L., 2007. Cytotoxic 5-alkylresorcinol metabolites from the leaves of
Grewillea robusta. Journal of Natural Products 70, 319–323.

Fawole, O.A., Finnie, J.F., Van Staden, J., 2009. Antimicrobial activity and mutagenic
effects of twelve traditional medicinal plants used to treat ailments related to the
gastro-intestinal tract in South Africa. South African Journal of Botany 75, 356–362.

Holetz, F.B., Pessini, G.L., Sanches, N.R., Cortez, D.A.G., Nakamura, C.V., Filho, B.P.D.,
2002. Screening of some plants used in the Brazilian folk medicine for the treatment
of infectious diseases. Memorias do Instituto Oswaldo Cruz 97, 1027–1031.

Kil, H.Y., Seong, E.S., Ghimire, B.K., Chung, I.-M., Kwon, S.S., Goh, E.J., Heo, K., Kim, M.J.,
Lim, J.D., Lee, D., Yu, C.Y., 2009. Antioxidant and antimicrobial activities of crude
sorghum extract. Food Chemistry 115, 1234–1239.

Kuete, V., Nana, F., Ngameni, B., Mbaveng, A.T., Keumedjio, F., Ngadjui, B.T., 2009.
Antimicrobial activity of the crude extract, fractions and compounds from stem
bark of Ficus ovata (Moraceae). Journal of Ethnopharmacology 124, 556–561.

MacLeod, K.J., Rasmussen, B.H., Willis, C.A., 1997. A new glycoside antimicrobial agent
from Persoonia linearis × pinifolia. Journal Natural Product 60, 620–622.

Moure, A., Franco, D., Sineiro, J., Dominguez, H., 2001. Antioxidant activity of extracts from
Gevuina avellana and Rosa rubiginosa defatted seeds. Food Research International 34,
103–109.

Oussou, K.R., Yolou, S., Boti, J.B., Guessennd, K.N., 2008. Etude chimique et activité
antidiarrhéique des huiles essentielles de deux plantes aromatiques de la
pharmacopée ivoirienne. European Journal of Scientific Research 24 (1), 94–103.

Perry, N.B., Brennan, N.J., 1997. Antimicrobial and cytotoxic phenolic glycoside
esters from the New Zealand tree Toronia toru. Journal of Natural Products 60,
623–626.

Rabesa, Z.A., 1986. Pharmacopée d'Alaotra. CIDST. Imprimerie Tatsinanana, Antananarivo.
Razafintsalama, V., 2012. Etudes chimique et biologique d'une plante médicinale

malgache: Dilobeia thouarsii (Proteaceae). Département de Biochimie Fondamentale
et Appliquée. Université d'Antananarivo, Antananarivo, p. 164.

Sato, Y., Oketani, H., Singyouchi, K., Ohtsubo, T., Kihara, M., Shibata, H., Higuti, T., 1997.
Extraction and purification of effective antimicrobial constituents of Terminalia chebula
RETS against methicillin-resistant Staphylococcus aureus. Biological and Pharmaceutical
Bulletin 20, 401–404.

Shikanga, E.A., Combrinck, S., Regnier, T., 2010. South African Lippia herbal infusions: total
phenolic content, antioxidant and antibacterial activities. South African Journal of
Botany 76, 567–571.

Simonsen, H.T., Adsersen, A., Berthelsen, L., Christensen, S.B., Guzmán, A., Molgaard, P.,
2006. Ethnopharmacological evaluation of radal (leaves of Lomatia hirsuta) and
isolation of 2-methoxyjuglone. BMC Complementary and Alternative Medicine 6,
29.

Suleiman, M.M., McGaw, L.J., Naidoo, V., Eloff, J.N., 2010. Evaluation of several tree
species for activity against the animal fungal pathogen Aspergillus fumigatus.
South African Journal of Botany 76, 64–71.

Tepe, B., Daferera, D., Sokmen, A., Sokmen, M., Polissiou, M., 2005. Antimicrobial and
antioxidant activities of the essential oil and various extracts of Salvia tomentosa
Miller (Lamiaceae). Food Chemistry 90, 333–340.

Verotta, L., Orsini, F., Pelizzoni, F., Torri, G., Rogers, C.B., 1999. Polyphenolic glycosides
from African Proteaceae. Journal of Natural Products 62, 1526–1531.

Zampini, I.C., Vattuone, M.A., Maria, I.I., 2005. Antibacterial activity of Zuccagnia
punctata Cav. ethanolic extracts. Journal of Ethnopharmacology 102, 450–456.


	Antimicrobial activities of Dilobeia thouarsii Roemer and Schulte, a traditional medicinal plant from Madagascar
	1. Introduction
	2. Material and methods
	2.1. Plant material
	2.2. Extraction of D. thouarsii leaves
	2.3. Bioassay-guided extract
	2.4. Antimicrobial assays
	2.4.1. Microorganism strains
	2.4.2. MIC and MBC determination


	3. Results and discussion
	3.1. Active compounds identified
	3.2. Antibacterial activity

	4. Conclusion
	Acknowledgments
	References


