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Abstract

The antioxidant activity of extracts and fractions of six
vegetal species from the Brazilian Atlantic Forest were
determined. The total antioxidant activity was assessed
based on the scavenging activity of the stable DPPH free
radical. Eight extracts or fractions of plants showed sig-
nificant DPPH scavenging activity (IC50� 10.0 mg=mL)
compared with the values obtained for ascorbic acid
(IC50 ¼ 8.4 mg=mL) and gallic acid (IC50 ¼ 2.6 mg=mL).
The extracts or fractions were as follows: ethanol extracts
of leaves, flowers, and stems of Baccharis illinita DC.,
ethanol extracts of leaves and stems of B. platypoda
DC., hydroalcoholic extract and ethyl acetate fraction
of leaves of Cyathea phalerata Mart. and hydroalcoholic
extract of bark of Trichilia catigua A. Juss. Seven flavo-
noids present in the plant extracts were also investigated.
The most active compounds were taxifolin, quercetin,
and luteolin, which possess the catechol group 30,40-
diOH. In addition, the total phenolic or flavonoid
contents of these extracts and fractions were evaluated.
The phenolic content of the sample was determined
using Folin-Ciocalteu reagent and varied from 489.07
to 11.29 mg=g dry weight expressed as gallic acid equiva-
lents (GAE). The total flavonoid concentrations,
detected using 2% aluminum chloride, varied from
61.82 to 5.6 mg quercetin equivalents (QE)=g dry weight.
These results suggest that the level of antioxidant activity
in these plants varies by a great extent. They also suggest
that the phenolic content in these plants provides sub-
stantial antioxidant activity. The flora of Brazil appears
to be a rich and interesting source for supplementary eth-
nomedical and phytochemical studies.

Keywords: Antioxidant activity, Brazilian species,
DPPH, flavonoids.

Introduction

During normal metabolism in aerobic cells, molecular
oxygen is reduced to water; yet the stepwise transfer of
electrons generates free reactive oxygen species (ROS),
including superoxide radicals (O2

�-), hydrogen peroxide
(H2O2), and hydroxyl radicals (OH�). Other radicals such
as alkyl (R�), alkoxyl (RO�), and peroxyl (ROO�) radicals
may also be produced endogenously, lipid peroxidation
being another significant source of ROS (Simic et al.,
1989). In addition, ROS may be formed in the cell as a
consequence of environmental stress. Excessive gener-
ation of ROS and other radicals can damage proteins,
carbohydrates, polyunsaturated fatty acids, and DNA,
and may thus lead to oxidative stress and to a variety
of degenerative processes and diseases such as aging,
immunodeficiencies, neurologic disorders, inflammation,
arteriosclerosis, coronary heart disease, and certain
cancers (Sies, 1991; Gutteridge, 1993; Kehrer, 1993;
Aruoma, 1994; Scandalios, 1997; Halliwell & Gutteridge,
1999).

ROS are continuously produced during normal phy-
siologic events and removed by antioxidant defense
mechanisms (Halliwell et al., 1992). There is a balance
between generation of ROS and their removal by the
antioxidant system in organisms. Under pathologic con-
ditions, ROS are overproduced and result in lipid peroxi-
dation and oxidative stress. An imbalance between ROS
and antioxidant defense mechanisms leads to oxidative
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modification in the cellular membrane or intracellular
molecules (El-Habit et al., 2000). Various endogenous
antioxidant defense mechanisms play an important role
in the elimination of ROS and lipid peroxides and there-
fore protect the cells against toxic effects of ROS and
lipid peroxides (Halliwell, 1991; Halliwell et al., 1992;
El-Habit et al., 2000).

Recently, interest in finding naturally occurring
antioxidants has increased considerably, with a view to
their use in foods or as medicinal materials to replace
synthetic antioxidants, which are being restricted due
to their side effects such as carcinogenecity (Ito et al.,
1983; Zheng & Wang, 2001). Natural antioxidants, the
most prominent representatives of which are carotenoids,
ascorbic acid, tocopherols, and flavonoids, can protect
the human body from free radicals and retard the pro-
gress of many chronic diseases as well as retard lipid oxi-
dative rancidity in foods (Pryor, 1991; Kinsella et al.,
1993; Lai et al., 2001). The antioxidative properties of
flavonoids are due to several different mechanisms, such
as scavenging of free radicals, chelation of metal ions,
such as iron and copper, and inhibition of enzymes
responsible for free-radical generation (van Acker
et al., 1996; Benavente-Garcia et al., 1997). Depending
on their structure, flavonoids are able to scavenge prac-
tically all known ROS including superoxide anions,
hydrogen peroxide, hydroxyl radicals, singlet oxygen,
alkoxy, aroxy, and peroxyl radicals, as well as alkyl-,
aryl-, and nitrogen-derived radicals. Hence, flavonoids
may protect biosystems against free-radical attack, which
may be involved in various cancers and coronary heart
disease.

A method based on the scavenging of the stable rad-
ical 2,2-diphenyl-1-picrylhydrazyl (DPPH) has been used
extensively to predict the antioxidant activities of

extracts of plants (Yen & Duh, 1994; Brand Williams
et al., 1995; Kulisic et al., 2004). DPPH is a stable radical
and it was used in this study for screening of the antiox-
idant antiradical activities of six plant extracts and its
phenolic secondary metabolites, (Fig. 1) which are used
in folk medicine for the treatment of some diseases.

Materials and Methods

Chemicals

2,2-Diphenyl-1-picrylhydrazyl (DPPH), ascorbic acid,
gallic acid, quercetin, and Folin-Ciocalteu reagent were
purchased from Fluka. All other chemicals were of ana-
lytic grade.

Plant material

Polygala cyparissias A. St.-Hill. & Moq., Polygala sabu-
losa A.W. Benn, and Cyathea phalerata Mart. were col-
lected in the Santa Catarina State, Brazil, and
identified by comparison with authenticated specimens.
The vouchers are deposited at the herbarium of the
Botany Department of Universidade Federal de Santa
Catarina (Polygala cyparissias 22.744),Universidade
Federal do Paran�aa (Polygala sabulosa 19.640), and
Universidade Federal Rural do Rio de Janeiro (Cyathea
plalerata RBR 4287), Brazil. B. illinita DC. (OUPR no
3450) and B. platypoda DC. (OUPR no. 4888) were col-
lected in the vicinities of Ouro Preto, Minas Gerais,
identified by Dr. José Badini, and vouchers are deposited
at the herbarium of the Botany Department, Universi-
dade Federal de Ouro Preto. The comercial sample of
Trichilia catigua A. Juss. bark was supplied by Labor-
at�oorio Catarinense S.A. (Joinville, SC, Brazil). In Table 1,
the trivial names, families, and popular uses for different
plants included in the study are indicated.

Preparation of plant extracts

The dried plant material samples (leaves, stems, and
flowers) of B. illinita and B. platypoda were powdered
separately and extracted first with chloroform and then
with ethanol at room temperature for 15 days. The
extracts were filtered and concentrated at reduced press-
ure, to yield the crude chloroform and ethanol extracts
for each of the plant parts. Details of the partitioning,
isolation procedures, and characterization of the sub-
stances are described in a previous paper (Verdi et al.,
2004).

Aerial parts (150 g) of P. sabulosa and P. cyparissias
were powdered and macerated at room temperature for
15 days in an alcohol=water mixture (4:1, v=v). After fil-
tration, the solvent was removed by rotatory evaporation
under reduced pressure to yield the hydroalcoholic crude
extracts of both species. The crude hydroalcoholic

Figure 1. Chemical structures of phenolic compounds 1–10.
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extract of P. sabulosa was suspended in water and sepa-
rated by liquid-liquid partitioning using ethyl acetate and
n-butanol.

Fresh wood samples (9.18 kg) of C. phalerata were cut
into small pieces and extracted with 96% EtOH (15 days
room temperature). After evaporation, the extract con-
taining water was left to stand for 1 day, allowing the
formation of an insoluble precipitate. This extract was
filtered to obtain the solid residue (48.0 g) and aqueous
phase. The aqueous phase was partitioned between
n-hexane, ethyl acetate, and n-butanol yielding respective
fractions. The ethyl acetate fraction (2.64 g) was chroma-
tographed on successive normal and flash silica gel 60
columns with hexane–ethyl acetate–ethanol and meth-
anol-chloroform gradients, respectively, and subsequent
recrystallization of fractions with acetone yielded a yel-
low solid (1.35 g), kaempferol-3-O-a-L-rhamnopyrano-
syl-(1!2)-b-D-glucopyranoside, a white solid crystalline
(74.0 mg), 4-O-b-D-glucopyranosylcaffeic acid, and
kaempferol (21.0 mg). The structure of the substance
was determined by IR, MS, and 1H and 13C NMR
(COSY, HETOR, APT) spectroscopies and by compari-
son with literature data (Dauguet et al., 1993; Bringmann
& Günther, 1999). The ethanol extract from the leaves of
C. phalerata was prepared in a similar manner as that of
the stems.

The dried powdered bark of T. catigua was extracted
with ethanol for 15 days. The ethanol extract was con-
centrated under vacuum, and 3 g of the residue were sub-
jected to repeated silica gel column chromatography,
eluted with a gradient of ethyl acetate–acetone–hexane,
to yield epimeric flavolignans (Pizzolatti et al., 2004).

Determination of total phenolic compounds in the extracts

The amount of total phenolics was determined using the
Folin-Ciocalteu method (Gutfinger, 1981). In this
method, the reaction mixture was composed of 0.5 mL
of extract, 5.0 mL of distilled water, and 0.5 mL of the
Folin-Ciocalteu reagent. After a period of 3 min,
1.0 mL of saturated sodium carbonate solution was

added. This mixtures were shaken and allowed to stand
for 1 h. The absorbance was measured at 725 nm (each
measurement was repeated three-times) in a Hitachi
UV-Vis U 3000 spectrophotometer (Tokyo, Japan). A
calibration curve of gallic acid was prepared, and the
results were expressed as mg GAE (gallic acid equiv-
alents)=g dry extract.

Determination of total flavonoid content in the extracts

The total flavonoid content was determined spectropho-
tometrically according to Lamaison and Carnat (Quettier-
Deleu et al., 2000). Briefly, 0.5 mL of 2% aluminum
chloride (AlCl3) ethanol was mixed with the same volume
of vegetal extracts (0.1–1.0 mg=mL). Absorption readings
at 415 nm were taken after 1 h against a blank (ethanol).
The total flavonoid content was determined using a stan-
dard curve with quercetin (0–50 mg=L). The mean of three
readings was used and expressed as milligrams of quer-
cetin equivalents (QE=g of dry extract).

Radical-scavenging effect of extracts in DPPH radicals

The free radical scavenging activity of the plants was
measured using the method described by BrandWilliams
et al. (1995) with some modifications. One milliliter of
the methanol extracts of the plants (200, 100, 80, 40,
20, 10, and 5 mg=mL) was added to 2 mL of a solution
of DPPH radicals in methanol (0.004%). The mixture
was shaken vigorously and allowed to stand for 30 min
at room temperature. The absorbance (Abssample) of the
resulting solution was measured at 517 nm and converted
into percentage of antioxidant activity (AA) using the
following formula: AA% ¼ 100–{[(Abssample–Absblank)�
100]=Abscontrol}. A methanol (2.0 mL) and plant extract
(1.0 mL) solution was used as the blank (Absblank). A
DPPH (2.0 mL) and methanol (1.0 mL) solution was
used as the control (Abscontrol). Ascorbic and gallic acids
were used as standards. The radical scavenger activity
was expressed in terms of the amount of antioxidants neces-
sary to decrease the initial DPPH absorbance by 50%

Table 1. Species screened for antioxidant activity.

Plant species Family Trivial name Part used Popular usea

Baccharis illinita DC. Asteraceae Carqueja Stems Leaves Flowers Hepatoprotective agent and
gastric diseases

Baccharis platypoda DC. Asteraceae Carqueja Stems Leaves Flowers Antiparasitic
Polygala cyparissias A.
St.-Hill & Moq.

Polygalaceae Pinheirinho-da-praia Aerial parts Kidney infections, parasitic diseases,
local anesthetic

Polygala sabulosa
A. W. Benn.

Polygalaceae Timutu-pinheirinho Aerial parts General pain, parasitic diseases

Cyathea phalerata Mart. Cyatheaceae Xaxim Stems leaves Expectorant and kidney diseases
Trichilia catigua A. Juss. Meliaceae Catuaba Bark Mental tonic, sexual stimulant

aBandoni et al. (1972); Korbes (1995).
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(IC50). The IC50 value for each sample was determined
graphically by plotting the percentage disappearance of
DPPH as a function of the sample concentration.

Results and Discussion

The effect of antioxidants on DPPH radical scavenging is
thought to be due to their hydrogen-donating ability.
DPPH is a stable free radical and accepts an electron
or hydrogen radical to become a stable diamagnetic
molecule (Soares et al., 1997).

Extracts of plants are allowed to react with the stable
radical, DPPH, in methanol solution. The reduction
capability of DPPH radicals is determined by the
decrease in its absorbance at 517 nm, induced by an anti-
oxidant (AH) after 30 min, as follows:

DPPH� þAH�!DPPH�HþA�

The concentration of antioxidant needed to decrease the
initial DPPH concentration by 50% (IC50) is a parameter
widely used to measure the antioxidant activity (Sanchez-
Moreno et al., 1998). A lower IC50 value corresponds
with a higher antioxidant power.

The eight plant extracts showed significant DPPH
scavenging activity (IC50� 10.0 mg=mL) compared with
the values obtained for ascorbic acid (IC50 ¼ 8.4 mg=mL)
and gallic acid (IC50 ¼ 2.6 mg=mL) standards. All results
are shown in Tables 2 and 3.

Natural extracts with proven antioxidant activity
usually contain compounds with a phenolic moiety, for

example coumarins, flavonoids, tocopherols, and cathe-
chins. Organic acids, carotenoids, protein hydrolysates,
and taninns can also be present and act as antioxidants
or have a synergistic effect with phenolic compounds
(Dapkevicius et al., 1998).

The extracts of B. illinita, B. platypoda, T. catigua, and
C. phalerata , with significant DPPH scavenging activity,
also had a higher quantity of total phenolics, for
example, 351.95 and 230.98 mg GAE=g extract for the
ethanol extracts of the leaves and stems of B. illinita,
respectively, and 486.07 mg GAE=g extract for the
hydroalcoholic extract of T. catigua. These extracts,
which have a high antioxidant activity, also had a great
quantity of flavonoids, between 61.82 and 26.68 mg
QE=g extract, as summarized in Table 2. However,
exceptions were observed for the leaves of C. phalerata
and the hydroalcoholic extract of T. catigua, where con-
centrations of total phenolics and flavonoids, respect-
ively, were low.

A high antioxidant activity (greater than the standard)
was found in the extract of T. catigua bark
(IC50 ¼ 2.1 mg=mL). For this extract, a high total phe-
nolic content was determined, this comprising a small
fraction of flavonoids, only 5.61 mg QE=g extract. From
the crude extract of this species, an epimeric mixture of
flavolignans has been isolated and identified (Pizzolatti
et al., 2004), with an IC50 value of 0.9 mg=mL (Table 3).

The extracts of the B. illinita leaves showed a higher
level of free-radical sequestering than the respective
extracts of B. platypoda. The former Baccharis species

Table 2. The phenolic and flavonoid contents and IC50 values of plants in relation to DPPH inhibition

Species Part used Extract=fractions mg GAE=g dry extract mg QE=g dry extract IC50 (mg mL� 1)

Baccharis illinita Leaves Hydroalcoholic 89.06� 2.99 25.96� 0.13 21.5
Ethanol 351.95� 1.48 61.82� 0.02 4.0
Chloroform 19.91� 1.72 8.22� 0.41 �

Flowers Ethanol 188.15� 2.63 53.10� 0.10 7.0
Chloroform 15.56� 0.09 5.22� 0.07 �

Stems Ethanol 230.98� 1.48 48.11� 1.45 9.0
Chloroform 35.16� 0.45 27.93� 0.20 85.0

Baccharis platypoda Leaves Hydroalcoholic 31.62� 0.18 10.24� 0.23 38.0
Ethanol 149.13� 3.91 28.88� 0.02 9.0
Chloroform 11.29� 0.46 7.71� 0.07 �

Stems Ethanol 127.63� 1.49 35.87� 0.01 9.0
Chloroform 49.13� 2.02 18.87� 0.06 �

Polygala cyparissias Aerial parts Hydroalcoholic 33.97� 0.72 12.08� 0.23 �

Polygala sabulosa Aerial parts Hydroalcoholic 64.92� 0.63 24.68� 0.56 57.0
Fraction: Ethyl acetate 102.94� 1.27 26.32� 0.88 15.0
n-Butanolic 82.80� 0.73 23.69� 1.14 30.0

Cyathea phalerata Leaves Hydroalcoholic 37.97� 1.27 26.68� 0.79 9.0
Wood Hydroalcoholic 54.85� 1.44 9.03� 0.72 20.0

Fraction: Ethyl acetate 305.57� 2.98 58.64� 0.32 7.0
Aqueous 82.98� 1.72 13.09� 0.39 17.0
Residue 119.00� 2.90 18.84� 0.51 13.0

Trichilia catigua Bark Hydroalcoholic 486.07� 3.90 5.61� 0.03 2.1

�No antioxidant activity observed at the concentrations tested.
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also showed a greater content of total phenolics and of
flavonoids. The ethanol extracts of different parts of
both Baccharis species were more active than the chloro-
form extracts (Table 2). From the ethanol extracts of the
B. illinita flowers, nine flavonoids of previously known
structure (Verdi et al., 2004) were isolated, and these
are generally responsible for the high antioxidant activity
of these extracts. Of these flavonoids, only six were eval-
uated in relation to their antioxidant activity: aromaden-
drin, naringenin, taxifolin, luteolin, apigenin, and
quercetin. The IC50 values are given in Table 3. Radical
scavenging activity of flavonoids toward DPPH radicals
is dependent on the number of hydroxyl groups in the B
ring. The greater the number of hydroxyl groups in the
B ring, the greater the radical-scavenging potency of fla-
vonoids. However, the C2-C3 double bond apparently
does not contribute to the hydrogen-donating ability of
flavonoids in the absence of a polyhydroxylated structure
in the B ring. These hydroxyl groups help to stabilize the
aryloxyl radical after hydrogen donation in the process
of scavenging the free radicals (Cao et al., 1997). Of
the polyhydroxylated flavonoids, the most notable are
those that have a 30,40-dihydroxy catechol system in the
B ring, as in the case of luteolin (IC50 ¼ 15.7 mM), quer-
cetin (IC50 ¼ 6.9 mM), and taxifolin (IC50 ¼ 6.6 mM),
which showed excellent inhibitory activity against DPPH
radicals when compared with ascorbic acid (IC50 ¼
47.7 mM), and gallic acid (IC50 ¼ 15.3 mM). In addition,
some flavonoids with only one hydroxyl group (40-
hydroxyl), such as naringenin and aromadendrin, were
also found to have inhibitory activity. This fact indicates
that ortho-hydroxyl substitutions, whether on the B ring
or the A ring, are the most important features for
the antiradical activity of flavonoids, while additional
substitution seems to have no obvious influence
(Yokozawa et al., 1998).

The C. phalerata leaves show a greater free radical
sequestering activity than the stem, although there was
no parallelism in relation to the phenolic compounds
content. However, a higher quantity of flavonoids was

observed in the extract with greater antioxidant activity.
On the other hand, in the ethyl acetate fraction, a greater
antioxidant activity was found and also a higher percentage
of total phenolics and of flavonoids (Table 2). From this
fraction, the compounds kaempferol-3-O-a-L-rhamnopyra-
nosyl-(1!2)-b-D-glucopyranosylcaffeic, 4-O-b-D-glycopyr-
anosylcaffeic acid, and kaempferol, were isolated, with
only kaempferol showing notable levels of antioxidant
activity (Table 3).

The effect of quercetin and kaempferol on DPPH radical
scavenging is well-known. The values of IC50 ¼ 9.8mM
(Torres et al., 2006), IC50 ¼ 7.94mM (Yokozawa et al.,
1998), and IC50 ¼ 8.1mg=mL (Choi et al., 2002) for quer-
cetin have been established. These values are close to the
values we determined. For kaempferol, the value of
IC50 ¼ 22.81mM was reported (Yokozawa et al., 1998).

In relation to the two Polygala species, it was observed
that P. sabulosa is more active than P. cyparissias, for
which no antioxidant activity was observed until the
highest concentration of extract tested (200 mg=mL).
For the ethyl acetate fraction of P. sabulosa, a greater
activity in relation to sequestering of free radicals was
found (Table 2).

These results indicate that all plant extracts have a
noticeable effect on the scavenging of free radicals. This
activity also increases with increasing concentration. The
extracts of these plants can be regarded as promising
candidates for a plant-derived antioxidant compound.

This study reveals that Brazilian species offer an inter-
esting source of new antioxidative plant extracts, such as
those of T. catigua and B. illinita, there being a potential
for their use in different fields (foods, cosmetics, pharma-
ceuticals). Flavonoids, phenolic acids, and flavolignans
may be the compounds responsible for the antioxidant
activity in these plants.
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Table 3. IC50 values of isolated compounds of B. illinita, C. phalerata, and T. catigua in relation to DPPH inhibition

Species Compound IC50 (mg=mL) IC50 (mM)

B. illinita Aromadendrin (1) 19.0 65.9
Naringenin (2) 18.0 66.2
Taxifolin (3) 2.0 6.6
Luteolin (4) 4.5 15.7
Apigenin (5) 31.0 114.8
Quercetin (6) 2.1 6.9

C. phalerata Kaempferol (7) 15.0 52.4
Kaempferol-3-O-a-L-rham(1!2)-b-D-glc (8) 425.3 673.0
4-O-b-D-glucopyranosylcaffeic acid (9) 150.0 438.0

T. catigua Cinchonain (10) 0.9 2.0
Ascorbic acid 8.4 15.3
Gallic acid 2.6 47.7
BHT 17.3 84.8
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