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RESUMO: “Varia¢io sazonal dos teores de taninos em cascas de espécies de barbatimao”.
A composi¢do de taninos em cascas de espécies de barbatimdo, Stryphnodendron adstringens
(Mart.) Cov. and S. polyphyllum (Mart.), foi analisada mensalmente durante um ano. Os resultados
foram correlacionados com as condigdes climaticas do periodo de coleta (precipitagdo, umidade e
temperatura média) através de métodos quimiométricos. Andlise de componentes principais dos
dados mostrou uma tendéncia de maior producao de taninos na esta¢do quente e chuvosa, sugerindo
que os fatores ambientais podem afetar os teores de taninos nestas espécies.

Unitermos: Stryphnodendron adstringens, Stryphnodendron polyphyllum, Barbatimao, taninos
condensados.

ABSTRACT: The contents of tannins in the barks of barbatimdo species, Stryphnodendron
adstringens (Mart.) Cov. and S. polyphyllum (Mart.), were analysed monthly during one year.
Results were correlated with climate conditions (rainfall, humidity and mean temperature) by
chemometric methods. Principal component analysis of the data showed a tendency for higher
production of tannins in the warm and wet season, suggesting that environmental factors can affect
the levels of tannins in those plants.

Keywords: Stryphnodendron adstringens, Stryphnodendron polyphyllum, Barbatimao, condensed

tannins.

INTRODUCTION

Stryphnodendron adstringens (Mart.) Coville
and S. polyphyllum Mart., Leguminosae-Mimosoideae,
both known as barbatimao are extensively used in folk
medicine for the treatment of diarrhoeas, gynaecological
problems and as wound healing (Nunes et al., 2003;
Macedo; Ferreira, 2004). Previous studies showed
significant cicatrizant properties (Panizza et al., 1988;
Neto et al., 1996), anti-inflammatory activity (Lima;
Martins; Souza, 1998; Falcao et al., 2005), antiparasitic
activity against Trypanosoma cruzi (Herzog-Soares
et al.,, 2002) and gastric antiulcerogenic effects (Audi
et al., 1999) for the stem bark crude extract from S.
adstringens. The importance of this plant promoted its
inclusion in Brazilian Pharmacopoeia (Branddo et al.,
2006). Pharmacological activities of these plants are
mainly due to the tannins present in their barks. Although
both species are rich in condensed tannins, a comparison
of their tannin level showed S. polyphyllum being more
astringent (Santos et al., 2002; Ardisson et al., 2002).
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Many factors, such as soil composition, water
stress, temperature and humidity, can affect the levels
of phenolics present in plants (Kouki; Manetas, 2002;
Monteiro et al., 2006). Tannin amounts alter during the
development of the plant and also as a response to the
environmental changes (Hatano et al., 1986; Salminen et
al., 2001). These variations influence directly the quality
of the plant for medicinal use. In the present study we
investigate the correlation between climate factors, such
as temperature, precipitation (rainfall) and humidity,
and seasonal variations on the levels of tannins from the
bark of both barbatimdo species. The results obtained
will presumably contribute to an understanding of the
metabolism of tannins in these plants and also they
will be useful for knowledge of the best period for bark
collection.

MATERIAL AND METHODS

Plant material and climatic data
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Barks of each species were collected monthly
during the period between June/97 and May/98 at the
outskirts of the city of Goiania and identified by Prof.
Heleno D. Ferreira. Vouchers were deposited in the
Herbarium of the Universidade Federal de Goias (code
number 25535 and 25700). Climate conditions of the
period of the study were furnished by the Estacdo
Evaporimétrica de 1° classe— Setor de Engenharia Rural,
Escola de Agronomia, UFG).

Extraction

Dried and ground barks (10g) of each species
were extracted by stirring in an erlenmeyer at room
temperature with acetone:water 7:3 (4 x 100 mL). Each
extract was evaporated under vacuum to 30% volume and
filtered to remove fats and then freeze-dried.

Colorimetric assays

Total phenolics assay: FeCl, (Synth) was added
to each extract solution (0.5 mg/mL) under alkaline
conditions to produce a coloured complex with phenols,
which was read at 510 nm, following the Hagerman and
Butler method (1978), adapted by Mole and Waterman
(1987). All solutions were analysed in triplicate. The
standard curve was constructed with tannic acid (Merck)
at the following dilutions: 0.08, 0.2, 0.4, 0.6, 0.8, 1.0 mg/
mL. The correlation coefficient calculated for this curve
was r = 0.99983.

Condensed tannins assay: The proanthocyanidin
method (Mole; Waterman, 1987) was used. It involves
an acid depolymerisation of the extracts solutions (0.5
mg/mL) in butanol, yielding anthocyanidin products.
Absorbance was read at 550 nm. All solutions were
analysed in triplicate. The standard curve was constructed
with Quebracho tannin (Hagerman, A.E., Miami
University) at the following dilutions: 0.2, 0.4, 0.6, 0.7,
0.9, 1.2, 1.4 mg/mL. The correlation coefficient calculated
for this curve was » = 0.99981.

Protein precipitation assay: Hagerman and
Butler method (1978) uses Bovine Serum Albumine
(BSA; fraction V, Sigma) solution (1.0 mg/mL) in 0.2
M acetate buffer (pH 4.9). The extract solutions were
precipitated with BSA and after centrifugation, the
precipitate was dissolved in sodium dodecyl sulfate
(Sigma)/triethanolamine (Merck) solution and the tannins
were complexed with FeCl.. The coloured complex was
read at 510 nm. Measurements were made in the range
0.2<A<0.9. All solutions were analysed in triplicate. The
standard curve was constructed with tannic acid at the
following dilutions: 0.2, 0.4, 0.5, 0.6, 0.8, 1.0, 1.5 mg/mL.
The linearity range was between 0.2 to 0.6 mg/mL. The
correlation coefficient for this range was r = 0.99932.

Statistical analyses

Principal component analysis (PCA) and Cluster
analysis (CA), using SPAD.N software package (Lebart et
al., 1994), was applied to examine the interrelationships
between the climatic data and their polyphenol
content. From PCA, correlation matrix, eigenvalue and
eigenvector evaluation showed that the whole data set
could be projected in the space defined by the first three
principal components retaining significant percentage of
the total variance in this projection. Nearest neighbour
complete linkage technique by Benzécri algorithm
(Benzécri, 1980) was used as an index of similarity and
hierarchical clustering was performed according to the
Ward's variance minimising method (Ward, 1963).

RESULTS AND DISCUSSION

Stryphnodendron  adstringens and S.
polyphyllum are semi-deciduous trees well adapted to dry
regions. They are native of Brazilian Cerrado, a region
characterised by two seasons: dry (April to September)
and wet (October to March). Fructification of both
species occurs during the dry season (July to September),
when part of the leaves falls, and flowering happens in
the beginning of the rains, in the late spring.

Barks collected monthly were assayed to
total phenolics, condensed tannins and tannins (protein
precipitation assay). Results listed in Table 1 were
correlated with climate conditions (rainfall, humidity and
mean temperature, Table 2) by chemometric methods.

A combination of CA and PCA showed the
existence of two principal clusters. The majority of the
data could be represented in three main axes, which
contained 90.8% of total variance (x =41.8, y = 30.0 and
z=19.0 %; Fig. 1).

Cluster 1 (Fig. 1 and 2) was characterised by
lower levels of total phenols, condensed tannins and
protein precipitation and also lower average of mean
temperature (23.9 £ 2.0°C), humidity (58.6 £ 9.7 %) and
precipitation (64.7 £ 97.8 mm), which occurred in June,
August, September, November and May.

Cluster II (Fig. 1 and 2) presented the opposite
behaviour: high levels of total phenols, condensed tannins
and protein precipitation, which occurred in October,
December, January, February and March, where the
average of mean temperature (25.5 £ 0.8 °C), humidity
(69.8 = 6.4 %) and precipitation (209.5 £ 89.5 mm)
were also high. Maximum of tannins, for both species,
were observed in the flowering period, October for S.
adstringens and December for S. polyphyllum.

In both clusters (Fig. 2), the average in the levels
of total phenols, condensed tannins and tannins (protein
precipitation) were higher for S. polyphyllum, which is
in accordance with previous study (Santos et al., 2002).
Only in October the levels of total phenols, condensed
tannins and tannins were higher for S. adstringens, which
can be correlated with the peak of flowering for this plant
in this month.
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Table 1. Concentration of total phenolics and tannins in mg/g dry weight (+ standard deviation) of barbatimdo

species.
Species S. adstringens S. polyphyllum
Months E.Y. T.P. C.T. P.P EY. T.P. C.T. P.P

JUN/97  21.2 81.0+0.1 490.0£1.5  69.0+0.1 242 119.640.1  703.9+1.0 107.140.1
AUG/97 199 78.0+0.1 449.8+0.5 61.910.2 30.1  153.6£0.2 899.5+1.6  126.8+0.1
SEP/97  23.1 114.3+0.1 713.040.3 115.2+0.1 224  93.3+0.2  563.240.5  81.0+0.05
OCT/97  31.5 181.540.2 1156.3+2.2 181.540.1 29.1 157.640.2 958.242.6  130.440.1
NOV/97  13.0 62.340.1 377.8+0.3  58.5+0.1 13.5  70.6+0.1 492.840.5  63.2+0.1
DEC/97 17.7 76.540.1 472.7£1.4  67.5+0.2 31,6 176.6£0.2 1131.7+1.7 145.740.1
JAN/98  19.6 101.440.1 617.140.8 106.540.2  28.6 150.0+0.2  830.542.3  124.1+0.2
FEB/98 7.9  36.0+0.2 211.620.7  39.040.05 32.6 195.3+0.2  892.0+2.5  141.440.2
MAR/98  21.9 142.540.1 621.1£0.7 144.040.2  25.9 142.0+0.1 727.140.9 113.610.2
MAY/98 6.5 32.3+0.05 160.240.1 28.5+0.06 17.6  87.0£0.1 47.01£0.5  70.4+0.04

E.Y.= Extraction yield (%), T.P.= Total phenols, C.T.= Condensed tannins, P.P.= Protein precipitation

Table 2. Climate conditions in the period of the study

Months Mean Temperature (°C) Humidity (%) Precipitation (mm)
JUN/97 20.56 64.99 10.22
AUG/97 23.78 42.22 0.0
SEP/97 26.07 53.11 33.33
OCT/97 26.67 57.78 72.22
NOV/97 25.71 68.89 266.67
DEC/97 24.29 71.78 144.44
JAN/98 25.33 73.89 244.44
FEB/98 25.56 75.89 322.22
MAR/98 25.89 69.67 264.44
MAY/98 23.33 63.89 13.33

PC3(19.0%)

Figure 1. Scatter plot of tannins seasonal variation of S.
adstringens and S. polyphyllum on the three main axes
of the PCA. Two general areas are clearly separated, each
for a specific distribution of total phenols, condensed and
precipitable tannins belonging to the same climatic data:
cluster I (O) and cluster II (®).
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Figure 2. Mean chemical composition of total phenols, condensed and precipitable tannins of clusters from S.
adstringens and S. polyphyllum. Vertical lines show + standard deviations.

Seasonal variations in leaf tannins have already
been reported for deciduous trees such as: Quercus robur
(Feeny, 1970) and Betula pubescens (Salminen et al.,
2001). These variations occurred during leaf growth
and development, from spring to fall, and were related
with herbivore resistance of plants. In the present study
only bark tannins were evaluated and they also showed
seasonal variations.

The statistical analyse (PCA and CA) suggested
that environmental factors could affect strongly the
production of tannins by both species of barbatimao,
being probably the main factor the shortage or the excess
of water. During the dry season, plants in Cerrado region
are under drought stress and carbon-based secondary
metabolites are reduced (Horner, 1990). On the other
hand, in the wet season there is an increase in the primary
metabolism of barbatimio, as new leaves and flowers are
produced. The wet and warm weather also enhances the
proliferation of insects and pathogenic microrganisms,
which means a need for a higher level of endogenous
defences, such as condensed tannins and other phenols.

Barks collected in the wet season should be
preferable for medicinal uses, as the contents of active
compounds are higher in this period.
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