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Baccharis articulata is traditionally used as diuretic and
digestive in local folk medicine of south of Brazil, Uruguay
and Argentina. The antioxidant activity of crude ethanol
and aqueous extracts, together with dichloromethane,
ethyl acetate and n-butanol fractions obtained from
aqueous extract of B. articulata was determined using
TRAP and TBARS assays. The n-butanol fraction was
found to be the most active and its major compound (BaII)
was isolated, identified and assayed. The structure of the
phenolic compound BaII was established by means of
spectroscopic and chemical methods as 40-O-b-D-gluco-
pyranosyl-30,50-dimethoxybenzyl-caffeate. This previously
unreported metabolite presented similar antioxidant
capacity when compared to Trolox.
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INTRODUCTION

Baccharis articulata, a member of Asteraceae, is a
shrub native of South Brazil, Paraguay, Uruguay and
Argentina. Its aerial parts has been used in folk
medicine as diuretic and digestive.[1] Whereas
previous studies have reported the identification of
flavonoids and diterpenes from its chloroformic
extract,[2 – 4] the chemical composition of other
extracts of B. articulata has not been investigated yet.

Clinicians and biomedical scientists are interes-
ted in antioxidants because they could retard

the oxidative damage of a tissue by increasing
natural defenses. There is an increasing interest in the
antioxidant effects of compounds derived from herbs
which could be relevant in relation to their nutritional
incidence and their role in health and disease.[5]

Several disease of the gastrointestinal tract seems to
be induced by oxidative stress. The role of oxygen-
derived free radicals has been studied in acute
gastric and esophageal mucosal injury caused
by ischemia, anti-inflammatory drugs, or ethanol.[6]

Administration of free radical scavengers has been
found to prevent esophageal mucosal damages.[6]

These suggest that the folk use of B. articulata could be
associated with antioxidant properties. Despite the
extensive history and popular acceptance of products
containing B. articulata, however, no articles in the
literature have discussed its antioxidant properties
and their physiological effects in biological systems.

This paper reports the antioxidant activity of crude
extracts, dichloromethane, ethyl acetate and
n-butanol fractions obtained from B. articulata aerial
parts through the evaluation of total antioxidant
potential (TRAP), the prevention of formation of
thiobarbituric acid reactive species (TBARS) induced
by hydrogen peroxide and by the determination of
the protection of Sertoli cells against hydrogen
peroxide induce cell damage. The n-butanol fraction
was found to be the most active and its major
compound (BaII) was isolated, identified and
assayed.
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MATERIALS AND METHODS

Reagents

Thiobarbituric acid, hydrogen peroxide, luminol
were purchased from Sigma, St. Louis, MO. 2,20-
azobis (2-methylpropionamidine) dihydrochloride
(AAPH) and Trolox were purchased from Aldrich
Chemical Co., Milwaukee, WI.

Instrumentation

FAB-MS analysis was performed on a VG ZAB HS
spectrometer. Ultraviolet absorbance measurements
were obtained on a Shimadzu UV-2201 spectro-
photometer. Infrared spectrum was recorded on a
Shimadzu DR-800 spectrophotometer. Optical
rotation was measured on a Perkin Elmer 341
polarimeter. NMR spectra were recorded on a Bruker
Avance 500 spectrometer. Scintillation counting was
performed on a Beckman instrument.

Plant Material

Aerial parts of Baccharis articulata (Lam.) Person
were collected in Porto Alegre, State of Rio Grande
do Sul, Brazil, in March 2000. A herbarium
specimen is on deposit at the Herbarium of the
Botany Department of Universidade Federal do Rio
Grande do Sul, Porto Alegre, Brazil (Voucher leg.
Sobral 9057). Plant material was air-dried and
powdered.

Extraction and Isolation

Evaluation of the antioxidant activity was performed
on ethanol, dichloromethane and water extracts.
Plant material (1.5 kg) was macerated in ethanol
(plant–solvent, 1:10, w/v) (2 £ 10 days). The crude
ethanol extract was obtained after filtration and
evaporation of the ethanol under vacuum. The
aqueous extract was obtained by decoction of the
plant material (1 g, 2 £ 100 ml) during 30 min.
The dichloromethane extract was obtained by
refluxing the plant material (1 g, 2 £ 100 ml) during
4 h. After preliminary assays, the aqueous extract
was partitioned with dichloromethane, ethyl acetate
and n-butanol yielding three the fractions (20, 3 and
178 mg, respectively) together with an aqueous
residue (6 mg). Each extract or fraction was evapo-
rated to dryness under reduced pressure.

For phytochemical analysis, the ethanol extract
was prepared as mentioned above. The ethanol
extract was suspended in water and extracted
successively with dichloromethane, ethyl acetate
and n-butanol. The n-butanol fraction (12 g)
was column chromatographed on silica gel
(Merckw, 70-230 mesh) using a gradient of ethyl

acetate–ethanol as a solvent and yielding BaII
(150 mg) that was further purified by precipitation
with methanol.

BaII. 40-O-b-D-glucopyranosyl-30,50-dimethoxy-
benzyl-caffeate. White amorphous powder.
[a]D ¼ 2148 (c ¼ 0.4, pyridine, 268C). UV lmax: 330,
212 (MeOH); 376, 205 (MeOH/NaOH); 360, 261, 225,
207 (AlCl3); 330, 206 (AlCl3/HCl). IR in KBr (cm21):
3900, 3273, 1870, 1840, 1770, 1500, 1400, 1160. FAB MS
(positive mode) m/z 531 [M þ Na]þ. 1H and 13C
NMR data: see Table I and Fig. 1.

Alkaline Hydrolysis of BaII

Thirty milligram were hydrolyzed using sodium
hydroxide 2% at room temperature during 2 h. Then,
the solvent was evaporated by reduced pressure and
the residue, suspended in water. After neutrali-
zation, the solution was extracted with ethyl acetate
yielding two compounds. One was identified as
caffeic acid through thin-layer co-chromatography
using a reference substance (caffeic acid from
Aldrichw, Si gel, dichloromethane–ethanol, 80:20,
v/v), the other (BaII-H, 5 mg) was isolated through
column chromatography using Lichroprepw RP-18
(Merckw, 40–63mm) and water–methanol as eluent.

Ball-H. 4-O-b-D-glucopyranosyl-3,5-dimethoxy-
benzylalcohol (5 mg). 1H NMR (500 MHz, metha-
nol-d4) d: 3.00 (m, 1H, glc-5), 3.20 (m, 2H, glc-3, glc-4),
3.25 (m, 1H, glc-2), 3.45 (m, 1H, glc-H6b); 3.55 (dd,
1H, J ¼ 2.5; 12.0 Hz, glc-H6a), 3.70 (s, 6H, 2 £ CH3–
O–), 4.35 (s, 2H, CH2–O–), 4.65 (1H, H-1, under
HDO signal), 6.55 (s, 2Harom). 13C NMR (500 MHz,
methanol-d4) d: 57.0 (2 £ CH3O–), 62.2 (glc-6), 64.4
(CH2O–), 71.1 (glc-4), 75.5 (glc-2), 77.8 (glc-3), 78.5
(glc-5), 104.4 (glc-1), 105.2 (2 £ CHarom), 152.0
(2 £ Cq).

Antioxidant Activity

The in vitro antioxidant potential of B. articulata
extracts were estimated by the total radical-trapping
antioxidant parameter (TRAP). The principle of
TRAP measurement has been described pre-
viously.[7] Briefly, the reaction was initiated by
injecting luminol and AAPH in glycine buffer that
resulted in steady luminescence emission. The
addition of different concentration of plant extracts,
BaII (0.1, 0.2 and 2.0 mM), and Trolox (0.1, 0.2 and
2.0 mM, as the standard antioxidant) decreases the
luminescence proportionally to its antioxidant
potential. The luminescence emission was followed
for 70 min after the addition of plant extracts or
Trolox. Results are expressed as percentage of
solvent control.

The ex vivo antioxidant potential of B. articulata
was estimated by the prevention of formation of
TBARS, and by the determination of cell viability in
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cultured rat Sertoli cells exposed to hydrogen
peroxide as previously described.[8] Briefly, Sertoli
cells were isolated and cultured for 48 h. After this
cells were treated with crude ethanol, and aqueous
extracts (1.0 and 10 mg/ml), ethyl acetate fraction,
n-butanol fraction of aqueous extracts and aqueous
residue (1 mg/ml), BaII (0.2 and 2.0 mM) and Trolox
(0.2 and 2.0 mM) for 24 h. Control cells received the
same volume of solvent. After treatment, the
medium was removed, cells were washed with
phosphate-buffered saline and exposed to hydrogen
peroxide (400mm) for 15 min. Cells were then
washed with phosphate-buffered saline, scraped
and sonicated. TBARS production was estimated by
absorbance at 532 nm, and expressed as malondi-
aldehyde (MDA) equivalents (nm/mg protein).[8]

Cell viability was determined by the Trypan blue
exclusion test.[9] Briefly, cells were treated with plant
extracts and H2O2 as described above. After this cells
were incubated at 348C for 10 min with trypan blue
0.4% and the number of trypan blue permeable cells
and no-stained cells were counted in six randomly

chosen fields. By counting the cells in the field and
calculating the ratio blue/white, we can express the
viability of the culture as the percentage of viable
cells.

Results are expressed as means and p values were
considered significant when p , 0:05: Differences in
experimental groups were determined by ANOVA.
Comparison between means was carried out using a
Newman–Keuls test.

RESULTS AND DISCUSSION

In this work, B. articulata extracts were studied for
their activity as inhibitors of lipid peroxidation and
scavengers of free radicals in vitro, by using different
systems. The TRAP, the TBARS and the cell viability
were evaluated in different extracts and fractions
from aerial parts of B. articulata.

In evaluating TRAP levels, crude ethanol and
aqueous extracts exhibited a dose-dependent anti-
oxidant activity in concentrations of 0.1, 1.0 and
10 mg/ml (data not shown). Considering that this
plant is prepared by infusion or decoction to be used
as tea, it was decided to search for the active(s)
compound(s) through partition of the crude aqueous
extracts using different organic solvents.

The n-butanol fraction and the aqueous residue, in
concentrations of 1 mg/ml exhibited a similar
antioxidant activity that was higher than that of the
ethyl acetate fraction, in relation to TRAP values
(data not shown). Crude extracts (ethanol and
aqueous) and fractions (n-butanol fraction and the
aqueous residue) were capable of inhibiting TBARS

TABLE I 1H and 13C NMR assignments (125–500 MHz) and their correlations of BaII in pyridine-d5

Carbon DEPT 13C (ppm) 1H (ppm) 1H1H-COSY (ppm) HMBC (ppm)

1 Cq 127.0 – – –
2 CH 116.6 7.70 s (1H) H7.20 C148.0; C151.0; C123.0; C147.0
3 Cq 148.0 – – –
4 Cq 151.0 – – –
5/6 CH (2X) 117.0 7.20 m (2H) H7.70 C127.0; C117.0; C116.6; C148.0; C151.0; C147.0

123.0
7 CH= 147.0 8.20 d (1H) H6.70 C123.0; C116.6; C168.0; C127.0

J ¼ 15:8 Hz
8 CH= 115.4 6.70 d (1H) H8.20 C127.0; C168.0

J ¼ 15:8 Hz
9 CO 168.0 – – –
10 Cq 133.0 – – –
20/60 CH (2X) 108.0 6.90 brs (2H) H 5.30; H3.80 –
30/50 Cq (2X) 154.0
40 Cq 136.0 – – –
70 H2C–O 67.0 5.30 brs (2H) H6.90 C168.0; C133.0; C108.0
80/90 H3C–O– (2X) 57.3 3.80 s (6H) H6.90 C154.0
Glc-100 CH 105.6 5.80 d (1H) H4.38 C79.1

J ¼ 7:0 Hz
Glc-200 HC–O 76.8 4.38 m (4H) H3.90; H4.41; H5.80 C105.6; C79.4; C79.1; C76.8; C72.3; C63.4
Glc-300 HC–O 79.4 4.38 m (4H) H3.90; H4.41; H5.80 C105.6; C79.4; C79.1; C76.8; C72.3; C63.4
Glc-400 HC–O 72.4 4.38 m (4H) H3.90; H4.41; H5.80 C105.6; C79.4; C79.1; C76.8; C72.3; C63.4
Glc-500 HC–O 79.1 3.90 m (1H) H4.38; H4.41
Glc-600 H2C–O 63.4 4.38 m (4H) H4.38; H3.90

4.41 m (1H)

FIGURE 1 Compound BaII (40-O-b-D-glucopyranosyl-30,50-
dimethoxybenzyl-caffeate). Its structural elucidation was
established on the basis of spectrometric methods (mass, UV,
NMR) and alkaline hydrolysis of the n-butanol fraction from aerial
parts of B. articulata.
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formation and cell mortality induced by hydrogen
peroxide (data not shown). None of these extracts
include a decreased in cell viability assessed by
trypan blue test (data not shown). The crude
dichloromethane extract and dichloromethane frac-
tion did not exhibit significant antioxidant activity
(data not shown).

The n-butanol fraction from aerial parts of
B. articulata yielded BaII (Fig. 1) as the main
component (2.5% of total constituents). Its structural
elucidation was established on the basis of spectro-
metric methods (mass, UV, NMR) and alkaline
hydrolysis. FAB MS (positive ion mode) of com-
pound BaII displayed a quasi-molecular ion peak at
m/z 531 [M þ Na]þ. This information together with
the presence of 24 signals in 13C NMR spectrum of
BaII suggested the molecular formula C24H28O12.
The UV spectrum of BaII in methanol (lmax 212 and
310 nm) and bathochromic effects observed after
addition of aluminum chloride and aluminum
chloride/hydrochloric acid provided preliminary
evidence for an ortho diphenol.[10] The DEPT
spectrum revealed two methyl, two methylene,
twelve methane and eight quaternary carbon atoms
(Table I). The chemical shift of the two methylene
groups (d 67.0 and 63.4) evidenced that they were
substituted by an oxygen atom.

1H NMR spectrum exhibited an AM system (d 6.70,
1H and 8.20, 1H, J ¼ 15.8 Hz) attributed to trans
olefinic protons. Together with the UV data, this
observation suggested the presence of a caffeic acid
derivative.[11 – 13] In addition, one singlet (6H) at d

3.80 indicated the presence of two methoxy groups.
Two broad singlets at d 6.90 (2H) and d 7.70 (1H) and
one multiplet at d 7.20 (2H) also suggested
the presence of two aromatic nuclei.[14] Analysis of
the remaining signals suggested the presence of a
sugar residue whose anomeric proton would appear
at d 5.80 (d, J ¼ 7.5 Hz, 1H) and whose H200 –H600

NMR pattern was typical of b-D-glucose.[14 – 16] The
13C NMR spectrum confirmed the presence of one
carbonyl function (d 168.0), one aliphatic double
bond (d 147.0 and 115.0), two methoxy groups
(d 57.3), three aromatic methine carbons (d 123.0,
117.0 and 116.6) attributed to the catechol nucleus
and, two additional aromatic methine carbons (d 108)
attributed to a symmetric nucleus substituted with
two methoxy groups.[14]

The final structural assignment was established
by heteronuclear 2D NMR experiments which
showed long range correlations between the
methoxy hydrogens (d 3.80) and quaternary carbon
of the tetrasubstituted aromatic nucleus (d 154.0).
Long range correlations between trans olefinic
protons at d 6.70 and 8.20 with the C-1 at d 127.0
of the catechol nucleus were also observed as well
as a correlation between H-20/H-60 and the
methylene atom of the benzyl alcohol moiety

establishing the location of the methoxy groups on
positions 3 and 5.

Nevertheless, the structural assignment was
further confirmed by alkaline hydrolysis of BaII
that led to caffeic acid identified by thin layer
chromatography and to BaII-H whose structure was
established by NMR spectroscopy (1H, 13C NMR,
HMQC and HMBC) to be 4-O-b-D-glucopyranosyl-
3,5-dimethoxy-benzylalcohol. Therefore, BaII
was identified as 40-O-b-D-glucopyranosyl-30,50-
dimethoxybenzyl-caffeate, a novel compound.

BaII was tested in concentration of 0.1, 0.2 and
2.0 mM (Fig. 2) for TRAP and exhibited an
antioxidant activity in a dose-dependent profile
and similar to the equal molar concentration of
Trolox. In addition, BaII at 0.2 and 2.0 mM
diminished the formation of TBARS and cell
mortality induced by H2O2 (Fig. 3). This protection
against H2O2 induced oxidative stress was higher
than equal concentrations of Trolox (Fig. 3). BaII did
not induce a decrease in cell viability assessed by
trypan blue test (Fig. 3).

Herbal extracts have been used for centuries
around the world to treat different diseases and there
is a long history of the use of plants in many cultures.
The beneficial effects of antioxidant nutrients are
supported by many studies, and epidemiological
evidence suggests an association between diets rich
in vegetables, fruits and red wine and a decreased
risk of degenerative disease.[17] The supplementation
of the natural antioxidant defense system of the body
through a balanced diet containing fruits, vegetables
or natural beverages derived from them, could
protect the body against various oxidative stresses.
Nowadays, Baccharis species continue to play an
important role in the traditional medicine of many
modern cultures, being used for treatment of
gastrointestinal disorders and hepatic alterations.
The established use of B. articulata preparations in

FIGURE 2 TRAP of compound BaII. BaII isolated from the
n-butanol fraction of B. articulata was evaluated for its total radical-
trapping potential in different doses (0.1, 0.2 and 2 mM). BaII and
Trolox (0.1, 0.2 and 2 mM) were added to a solution containing
AAPH and luminol and the luminescence was followed by 70 min
as described under “Material and Methods” section. The decrease
in the luminescence is proportional to the antioxidant potential.
Values are expressed as means ^ S.D. (n ¼ 4 each group). Values
are expressed as percentage of control (extract solvent) ¼ 100%.
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traditional medicine for treatment of a variety of
disorders might be attributed, to some degree, to the
antioxidant activity of compounds such as BaII.
Further investigations of purified B. articulata
components, therefore, are needed to discover
information about the biological basis for the efficacy
of B. articulata preparations.
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