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Abstract 

As part of an ethological-ecological project designed to explain on a chemical basis the feeding habits of the primate Propithecus verreauxi 
verreauxi, a lemur with reported self-medicating behaviour, we here study the phytochemical composition of the leaves of Baudouinia 
fluggeiformis, the preferred food source of these primates. More than 20 compounds were isolated and/or identified, including carotenoids, 
the flavanone hesperetin, several flavonols, catechins and gallotannins. This is the first phytochemical report on the genus Baudoinia, which 
is composed only by six species. The polyphenols were responsible for the high in vitro free radical scavenging activity of the methanol 
extract: the catechins -rich fractions were more active against peroxynitrite-induced tyrosine nitration while the fractions constituted mainly 
by flavonols showed a greater scavenger activity in the DPPH test. The hypothesis of pharmacophagy of B. fluggeiformis leaves by P. 
verreauxi verreauxi is discussed with emphasis on the protection against oxidative stress and prophylaxis of certain diseases endemic to the 
lemurs. 

Keywords: Baudouinia fluggeiformis; Propithecus verreauxi verreauxi, pharmacophagy, polyphenols, carotenoids. 

Resumen 

El presente trabajo expone la fitoquímica de las hojas de  Baudouinia fluggeiformis Baill. El interés en esta planta se debe a un proyecto eto-
ecológico que pretende explicar las bases químicas de los hábitos alimentarios del primate Propithecus verreauxi verreauxi, un lemur con 
antecedentes de farmacofagia. Se aislaron o identificaron mas de 20 compuestos que incluyeron carotenoides, la flavanona hesperetina, 
diversos flavonoles, la flavona  apigenina-6-C-neohesperidosido, así como catequinas y galotaninos. Esta es la primera vez que se hace un 
estudio fitoquímico del genero Baudoinia, que solo comprende seis especies en el mundo. Los polifenoles confieren un alto poder anti-
radicalario al extracto total de las hojas: las fracciones ricas en catequinas  fueron mas activas frente a la nitración de la tirosina inducida por  
peroxinitrito mientras que las fracciones ricas en flavonoles fueron mas activas frente al radical estable DPPH. La hipótesis de farmacofagia 
de hojas de B. fluggeiformis por P. verreauxi verreauxi es discutida en este trabajo con énfasis en la posible protección que el consumo de 
hojas de esta especie vegetal puede ofrecer a los Sifakas frente al  stress oxidativo y la profilaxis de ciertas enfermedades endémicas entre 
lemures. 

Palabras clave: Baudouinia fluggeiformis; Propithecus verreauxi verreauxi, farmacofagia, polifenoles, carotenoides. 

 

INTRODUCTION 

Verreaux Sifakas (Propithecus verreauxi 
verreauxi) is a primate species endemic to Western 
Madagascar. Studies at the Kirindy forest showed that 
these sifakas are highly selective in their plant-food 
choice, both in the sense of positive - feeding on rare 

plants - and negative - excluding abundant plants - 
selection (Carrai et al., 1999). 

Thirty-six plant species are known to compose the 
regular diet of these lemurs, but they spend the 97% of 
their feeding time only on nine of them (Carrai et al., 
2003). Among them, Baudouinia fluggeiformis Baill. 
is the preferred one (Norscia, 2002). This tree is an 
endemic plant of Madagascar belonging to the family 
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of Leguminosae, subfamily Caesalpinioideae, tribe 
Cassieae. The genus comprises only six species: B. 
capuronii, B. fluggeiformis, B. louvelii, B. orientalis, 
B. rouxevillei, and B.sollyaeformis (Du Puy et al., 
2002). No previous phytochemical studies for any of 
them has been yet reported and, hitherto, ours is the 
first phytochemical study on this genus. The popular 
Malagasy name of B. fluggeiformis is 
Manjakabenitany, meaning “Big King of the Earth”, 
also reflects the importance attributed to this plant 
species by the natives. It is mainly due to its unusual 
wood, used by local people to make ornaments and 
objects for magical rituals: the trunk and branches are 
deeply folded, with dark to blackish-brown wood in 
the centre and whitish wood at the ends of the ridges 
(Du Puy et al., 2002). These characteristics facilitate 
the identification of this rare tree.  

There are antecedents of self-medication behaviour 
–or pharmacophagy- among sifaka females during the 
pregnancy and birth seasons (Carrai et al., 2003). 
These authors hypothesized that the restricted 
selection of feeding sources exhibited by sifakas 
enhances both their health and chances of survival. 
Ingestion of tannins has been related with good health 
exhibited by periparturient females. Linking 
secondary metabolites present in the food with their 
contribution to health maintenance and physical 
performance of the consumers is a relatively new field 
of vertebrate behaviour, while lots of work had been 
made in arthropods for many years. In this study we 
aim first to establish the phytochemical composition 
of B. fluggeiformis. As illness, physical activity, and 
stress intensify oxidative processes (Frei and Higdon, 
2003), we therefore studied the in vitro free radical 
scavenging and protective activity of different 
fractions of the methanol extract of B. fluggeiformis in 
an attempt to gain into the possible link between the 
nutraceutical value of this plant and its central role in 
the Verreaux Sifaka’s diet. 

MATERIALS AND METHODS 

General Experimental Procedures 
1H and 13C-NMR spectra of the isolated 

compounds were obtained with a Bruker AC200 
spectrometer in CD3OD, DMSO-d6 and CDCl3 using 
TMS as internal standard. 

The following chromatographic media were used 
for purification: flash chromatography, Kieselgel© 60, 
230 - 410 mesh (Merck, Germany); TLC, Kieselgel© 
60 F254 precoated plates (Merck, Germany); 
chromatograms were visualized under UV light at 254 

and 366 nm and sprayed with concentrated sulphuric 
acid or Naturstoffereagenz A-PEG reagents; Medium-
pressure chromatography was done on a Büchi 
column (310 × 25 mm) packed with LiChroprep© diol, 
40 - 63  μm (Merck, Germany) and solvents were 
flushed using a Waters 600E pump (Waters, USA); 
Solid Phase Extraction (SPE) was performed on 
Bond-Elut© RP-18 cartridges (Varian, USA); Gel-
filtration chromatography was performed with 
Sephadex LH-20 (Pharmazia, Sweden). 

The HPLC-UV analyses were performed with a 
Waters system (Waters Corporation, USA) consisting 
of a 600E pump, a 717 Plus auto-sampler and a 996 
photodiode array detector, managed by Waters 
Millenium© v.3.2 software. The HPLC-MS-MS 
analyses were recorded with an ESI-MS LCQ 
Advantage© instrument with a Surveyor© LC pump 
system, supported by Xcalibur© software (Thermo 
Finnigan, USA). All HPLC analyses were performed 
using a Lichrosphere© 100 RP-18 column (5 μm, 250 
× 4.6 mm) (Merck, Germany). The identification of 
the compounds was achieved by comparison of their 
retention times, UV-vis, and MS spectra of authentic 
samples. 

The GC-FID analyses were obtained with a DANI 
GC 1000 (DANI, Italy) equipped with a 3% SE glass 
packed 80/100 Supelcoport© column (2.5 m × 3 mm) 
program: 160°C to 270°C, ΔT = 5.0°C/min, 
injector/detector temperature: 300°C; carrier gas: 
nitrogen (40 ml/min), volume of injection: 2 μl. The 
identification of the components was achieved by 
comparison of their retention times with those of pure 
authentic samples and the series of n-hydrocarbons. 

Reference standards for α-carotene, cis-β-carotene, 
lutein and zeaxanthin were obtained from natural 
sources as described in literature (Vinkler and Ritcher 
1972, Philip 1973, Daood et al.1987). β-carotene 
(Polichimica, Italy), n-alkanes (Sigma-Aldrich, Italy), 
hesperetin and quercetin-3-rhamnoside (Roth, 
Germany). Other flavonoids were isolated and 
characterized in our laboratory in previous studies. 

Plant Material 
Leaves were collected in June 2001 in the forest of 

Kirindy (Morondava, Madagascar, 44°39’E, 20°03’S) 
at an altitude of 30 m above sea level. The climate is 
characterized by a long dry season (April–November) 
and a short wet season (December– March). The mean 
annual rainfall is 800 mm, mostly in the rainy season. 
The temperature shows contrasting daily highs and 
lows (7 – 25°C) during the dry season, but is relatively 
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stable (25 – 30°C) during the wet season. Leaves were 
open air dried, then packed in sealed paper bags and 
stored in a fresh, dry atmosphere until used for 
chemical analyses. A voucher specimen 
(n3540/Baudouinia fluggeiformis /1) is deposited in 
the Herbarium Horti Pisani, Erbario generale - Nuove 
Acquisizioni section (University of Pisa, Italy). 

Extraction 
The ground dried leaves (380 g) of B. fluggeiformis 

were successively extracted at room temperature with 
increasing polarity solvents (2 l x three times, 5 days 
each, room temperature): petroleum ether, chloroform, 
chloroform/methanol 9:1, and methanol. After 
filtering and removal of the solvents under reduced 
pressure at up to 40°C, the respective petroleum ether 
(4.10 g), chloroform (6.90 g), chloroform / methanol 
(8.75 g), and methanol (33.65 g) extracts were 
obtained. 

2,2-Diphenyl-1-picrylhydrazyl Radical (DPPH·) 
Test 

Samples (10 μl) were added to a solution of freshly 
prepared methanol solution of DPPH (200 μl, final 
concentration 100 μM) in 96-well microplates. After 
incubation at room temperature for 20 min. the 
absorbance at 490 nm was measured with a UV-
spectrophotometer (Wallac Victor2 1420 Multilabel 
Counter©, Perkin-Elmer, USA). 

Peroxynitrite-Induced Tyrosine Nitration 
This method is based on the determination, by 

HPLC-UV analyses, of the quantity of 3-Nitrotyrosine 
(3-NT) formed from the reaction between free 
tyrosine and peroxynitrite at a physiological pH (7.4). 
The estimated value of 3-NT is in inverse relation 
with the scavenger activity of the tested compound. 
The reaction was carried out by adding, under 
vortexing, the peroxynitrite (5 - 40 μl, 1 mM final 
concentration) to a solution containing the methanolic 
extract or pure compounds at the desired 
concentrations, tyrosine (2 mM) and HCO3

- (50 mM) 
all dissolved in 50 mM phosphate buffer (pH 7.4). 
Test compounds were dissolved in methanol (final 
concentration 0.5%). Blanks, with or without 
methanol, were always performed to discard any 
interference of the solvent with the test. Quantitative 
determination of 3-NT was performed using an 
external standard calibration curve (r2 = 0.999). 

Peroxynitrite was synthesised from sodium 
nitrite/H2O2 acidified with HCl as previously 

described (Beckman et al., 1994) and the residual 
H2O2 was removed by passing the solution through 
granular MnO2. The yellowish solution was stored in 
aliquots at -80°C and the concentration of 
peroxynitrite evaluated immediately before use by 
measuring its absorbance at 302 nm 
(ε = 1670 M-1cm-1). 3-NT was synthesized and 
purified according to established procedures (Keith 
and Powell, 1969). Standard solutions were prepared 
by successive dilutions with phosphate buffer (50 
mM, pH 7.4). 

Ascorbic acid (Riedel-de Haën, Germany) was 
used as reference compound. All other chemicals were 
of analytical grade and aqueous solution were 
prepared by using freshly deionised, ultra filtered 
water (Milli-Q© system, Waters, USA). Elution 
conditions for the HPLC detection of 3-NT were: 20 
mM phosphate buffer, (pH 3.2)/methanol (92:8); flow 
1 ml/min in isocratic mode, UV detection at 356 nm. 
All analyses were performed in triplicate and the IC50 
calculated from dose-response regressions of an 
appropriate range of 4 – 5 concentrations. 

RESULTS 

Petroleum Ether Extract 
A portion of the extract (500 mg) was re-dissolved 

in n-hexane and submitted to flash chromatography, 
eluting first with n-hexane (400 ml), then with n-
hexane/chloroform 6:4 (350 ml), 1:1 (350 ml) and 2:8 
(350 ml), chloroform (300 ml), and finally 
chloroform/methanol 1:1 (500 ml). After TLC 
analyses, the fractions of similar composition were 
combined thus obtaining 6 homogeneous fractions 
(F1-F6). Fractions F1, F4 and F6 contained only 
chlorophylls and were not further investigated. 
Fraction F2 (29 mg) consisted in pure β-carotene. 
Fraction F3 (61 mg) gave spontaneously a precipitate 
(8 mg) that, after filtration and GC analyses, resulted 
constituted by a mixture of n-triacontane and n-
nonacosane. The filtrated supernatant of fraction F3 
(53 mg) was submitted to preparative HPLC, (Solvent 
A: acetonitrile/water 9:1; Solvent B: ethyl acetate; 
Elution program: 0 min, A 100%, 16 min A 60%, 20 
min A 0%; flow: 1 ml/min). The five isolated pure 
compounds were identified as the carotenoids 
zeaxanthin, lutein, α-carotene, β-carotene and cis-β-
carotene by comparison of their UV-VIS spectra, 
HPLC retention times, 13C NMR and MS-MS spectra 
with those of pure samples and data in literature 
(Hornero-Mendez and Mìnguez-Mosquera 1998; 
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Minguez-Mosquera and Hornero-Mendez 1993; de 
Pinho et al. 2001; Mercadante et al. 1999; Yen et al. 
1996). Fraction F5 (34 mg) was submitted to SPE, 
eluting first with methanol/water 85:15 then with 
methanol/water 95:5 and finally with 100% methanol. 
Three fractions (H1-H3) were obtained. Fractions H1 
and H3 contained only chlorophylls and were not 
further investigated. Fraction H2, was submitted to 
preparative HPLC chromatography under isocratic 
conditions (acetonitrile/0.1% aqueous formic acid 
55:45, flow 1.5 ml/min), and it gave a flavonoid 
identified as hesperetin (16 mg) after comparison of 
its HPLC retention time and UV spectra with those of 
a commercial sample. 

Chloroform Extract 
The qualitative composition of this extract resulted 

identical to the above described petroleum ether 
extract. 

Chloroform/Methanol 9:1 Extract 
A portion of the extract (500 mg) was re-dissolved 

in methanol (1 ml) and submitted to SPE eluting with 
methanol/water 1:1 (25 ml), methanol/water 7:3 (25 
ml), and finally with methanol/water 9:1 (25 ml) thus 
collecting three fractions (F1-F3). All the solvent 
mixtures were acidified adding 0.1% formic acid. 
Fraction F1 (226 mg) was submitted to HPLC/PDA 
chromatography under isocratic conditions 
(acetonitrile/0.2% aqueous formic acid water 17:83, 
flow 1.5 ml/min) to give two flavonols identified as 
quercetin-3-rhamnoside (62 mg) and 3-
methoxyquercetin  (29 mg) by comparison of their 
HPLC retention times and UV spectra with those of 
pure samples. Fraction F2 (67 mg) consisted in 3-
methoxyquercetin according to HPLC analysis. 
Fraction F3 (116 mg) gave, after preparative TLC, 3-
methoxykaempferol (70 mg). In order to check if the 
methyl ethers of quercetin and kaempferol were not 
artefacts, an extraction in chloroform/ethanol 9:1 was 
performed with 5 g of dried material defatted with 
petroleum ether. HPLC analyses in the above 
described conditions confirmed their presence in the 
original material. 

Methanolic Extract 
A portion of the extract (14 g) was re-dissolved in 

methanol (17 ml) and submitted to gel-filtration on a 
Sephadex LH-20 column, eluting with methanol 
100%. Fractions were combined according to TLC 
analyses obtaining 8 homogeneous fractions (S1-S8). 

Fraction S1 (8.0 g) was not further investigated since, 
after TLC analyses, were constituted only by 
carbohydrates. Fraction S2 (270 mg) was submitted to 
preparative TLC (solvent system: ethyl acetate/acetic 
acid/formic acid/water 35:3:3:8; single run 10 cm) and 
gave two compounds identified by NMR analyses as 
apigenin-6-C-neohesperidoside (12.7 mg) (Wagner, 
1979, Nikolov 1982) and 3-β-glucopyranosil gallic 
acid (9.7 mg) (Lu and Foo, 1999). Fraction S3 (320 
mg) was submitted to medium-pressure 
chromatography eluting first with 
chloroform/methanol 8:2 (0.7 ml/min, 350 ml), then 
with chloroform/methanol 7:3 (1 ml/min, 500 ml) and 
contained, besides the same compounds present in S2, 
1-O-galloyl-β-D-glucose  (46 mg) that was identified 
by 1H and 13C NMR analyses (El-Mekkawy et al., 
1995). Fractions S4 (480 mg), S5 (580 mg) S6 (340 
mg) were analysed by  HPLC/PDA under isocratic 
conditions (acetonitrile/water 17:83 added with 0.2% 
formic acid, flow 1.5 ml/min) leading to the 
identification of rutin (Häkkinen and Auriola, 1998) 
and quercetin-3-glucoside (Lu and Foo, 1999) in 
fraction S4, quercetin-3-rhamnoside in fraction S5, 
and kaempferol 3-β-D-glucopyranoside (Lu and Foo, 
1999) in fraction S6. Fraction S7 (550 mg) and S8 
(240 mg) were analysed by HPLC/PDA and HPLC-
MS-MS and resulted constituted by a mixture of (-)-
epicatechin gallate and (-)-catechin gallate in the case 
of  fraction S7 while fraction S8 contained (-)-
epigallocatechin gallate, (-)-epigallocatechin and (-)-
epicatechin (Zuo, 2002; Pelillo et al. 2002). 

DPPH Test 
The methanolic extract showed a remarkable 

scavenger activity with an IC50 of 13 μg/ml. Ascorbic 
acid exhibited an IC50 of 92 μg/ml. Among its more 
representative fractions, S4 (containing rutin and 
quercetin-3-glucoside) was the most active with an 
IC50 = 0.51 μg/ml followed by S3 (containing 
apigenin-6-C-neohesperidoside, 3-β-glucopiranosil 
gallic acid and 1-O-galloyl-β-D-glucose) with an IC50 
= 1.46 μg/ml, and S7 (containing (-)-epicatechin 
gallate and (-)-catechin gallate) with an IC50 = 4.0 
μg/ml.  

Peroxynitrite-Induced Tyrosine Nitration 
The methanol extract showed an IC50 value of 63.2 

μg/ml. Ascorbic acid exhibit an IC50 of 70.2 μg/ml. 
Fraction S7, containing a mixture of (-)-epicatechin 
gallate and (-)-catechin gallate was the most active 
one in this test with an IC50 of 28.6 μg/ml, followed by 
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fractions S3 (containing apigenin-6-C-
neohesperidoside, 3-β-glucopiranosyl gallic acid and 
1-O-galloyl-β-D-glucose) and S5 (quercetin-3-
rhamnoside) with IC50 = 85.16 and 43.3 μg/ml, 
respectively. 

DISCUSSION 

The phytochemistry of the species belonging to the 
genus Baudouinia remained unknown until now. Our 
study also aimed to gain into the feeding preference of 
P. verreauxi verreauxi, for B. flugeiformis and if it can 
be related to the secondary metabolites herein present. 

Leaves from B. fluggeiformis contain mainly 
carotenoids, flavonoids, gallotannins and catechins. 
All these types of compounds have been linked with 
the maintenance of healthy conditions in mammals. 
Carotenoids have antioxidant properties and are 
considered of great importance for a good eye health 
(Newport and Lockwood, 2005). In particular lutein 
and zeaxanthin are unique compared to other dietary 
carotenoids because they selectively accumulate in the 
retina of mammals (Bone et al., 2000) and make up a 
screening pigment, the macular pigment, which 
improve visual performance by providing a higher 
contrast sensitivity, less glare, and better contour 
perception (Mozaffariieh et al., 2003). Lutein and 
zeaxanthin are better antioxidants that other 
carotenoids, such as beta-carotene, in preventing 
direct oxidation of both DNA and lipids in mammal’s 
retina (Kruger et al., 2002; Beatty et al., 2002).  
Classic theories about food selection in species of 
primates, based on the correlation of preference with 
the protein concentration of foods and the role of 
phenolic compounds as antinutritional substances, are 
being revisited, and there is mounting evidence 
suggesting that they may be a necessary component of 
a mammalian herbivore's diet (Palo, 1984; Mole and 
Waterman, 1987; Mowry et al., 1996). Following 
consumption, the polyphenols remain predominantly 
in their conjugated forms and are primarily excreted 
intact in the urine but these forms keep their potent 
antioxidant properties (Rafi et al., 2003). 

Lemurs use to feed on tannins-rich plant species 
(Wood et al., 2003). Catechins are of particular 
importance for sifakas as previous reports described 
the important presence of these compounds in the 
periparturient females’ diet as a possible self-
medication case (Carrai, 2003). In fact catechins are 
able to diminish the oxidative stress induced by 
infections (Frei and Higdon, 2003), a high risk for 
Sifaka females during the birth period. Furthermore, it 

is known that lemurs are susceptible to suffer from the 
iron storage disease (ISD), an often lethal syndrome 
characterized by elevated percentages of transferrin 
saturation. According to recent findings, a high level 
of iron-chelating catechins in the lemur's diet like (-)-
catechin gallate, epicatechin gallate, (-)-
epigallocatechin gallate, (-)-epicatechin, and (-)-
epigallocatechin, all of them present in the leaves of 
B. fluggeiformis, decreases this parameter and 
contributes actively to the health of these animals 
when in captivity (Wood et al., 2003). Many 
flavonoids are also endowed with iron-chelating 
properties and are reported to form inert complexes 
unable to initiate lipid peroxidation (Middleton, 2000), 
therefore, they may assist tannins in chelating dietary 
iron.  

The antioxidant properties of flavonoids and 
catechins present in B. fluggeiformis has been 
determined in this work. These may give an indication 
of its nutraceutical value against oxidative stress 
caused by illness and physical activity (Frei and 
Higdon, 2003; Rafi et al., 2003). The methanol extract 
of leaves of this plant species acts as a powerful 
radical scavenger in the DPPH test, being ten-fold 
more active than ascorbic acid, the fractions 
containing flavonols showing an even greater 
scavenger activity in this test. Furthermore the 
methanol extract was equivalent to ascorbic acid 
preventing in vitro peroxynitrite-induced formation of 
3-nitrotyrosine, an important biomarker of the 
oxidative stress (Althaus et al., 2000). In this model, 
the fractions containing catechins   were more active.  

Even if there are still many factors to be 
understood, i.e. the antioxidant potential of other 
plants available to these lemurs, the presence of such a 
wide range of antioxidants of known and proved 
beneficial activity in mammals (Singh and Bhat 2003, 
Jung et al., 2003) may represent a promising clue to 
explain the particular preference of this primate for 
this plant species. Here we show that they are also 
able to scavenge nitrogen radicals in agreement with 
previous findings (Frei and Higdon, 2003). On the 
other hand catechins and some flavonoids with 
chelating properties are related to two nutrition 
deficiencies: iron leading to anaemia and protein 
indigestibility. A trade off must be achieved between 
antioxidant protection and these other problems in 
order to ascertain their actual dietary role in Sifakas. 
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CONCLUSIONS 

In summary, the results of this work offers for first 
time the phytochemical profile of a species belonging 
to the genus Baudouinia. The more than twenty 
known secondary metabolites so far identified in our 
study are carotenoids, flavonoids, gallotannins and 
catechins. The lack of novelty of the chemical 
compounds so far isolated from B. fluggeiformis is 
however of ecological importance, as it may be linked 
with previous findings of a high dietary intake of 
polyphenols by P. verreauxi verreauxi and the 
importance of tannins-rich food to maintain the health 
of lemurs in captivity. Moreover, extracts from this 
species are able to inhibit in vitro formation of 3-NT, 
a biomarker of the oxidative stress. Further studies on 
the composition and nutraceutical properties of new 
yet chemically unknown plants eaten by P. verreauxi 
verreauxi are in progress. 
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