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Ethnopharmacological relevance: Baccharis trimera (Less.) (Asteraceae) is a native plant of Brazil. Also
known as “carqueja”, it has been popularly used to treat liver diseases, diabetes, as well as digestive dis-
orders. Other studies have described the hepatoprotective, antioxidant and anti-inflammatory activities
of the species.

Aim of the study: The aim of the present study was to investigate the antioxidant properties of Baccharis
trimera in the neutrophils of Fisher rats in both in vitro and in vivo experimental models.

g?cl Z\grdiz:trimera Material and methods: In the in vitro assay, the neutrophils of male rats were isolated and incubated with
Neutrophils Baccharis trimera extract at concentrations of 0.5, 5.0 and 50.0 pg/mL. In the in vivo assay, male rats were
Antioxidant first treated with crude extract 600 mg/kg body weight of Baccharis trimera or with 50 mg/kg body weight

of quercetin (reference substance) and then treated with 835 mg/kg of acetaminophen (APAP) after 24 h.
Results: The hydroethanolic extract of Baccharis trimera reduced the release of reactive oxygen species in
the neutrophils in both the in vitro and in vivo experimental models. Therefore confirming its antioxidant

Reactive oxygen species

effect.

Conclusion: The results of this study confirm the antioxidant effect of Baccharis trimera.

© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

The genus Baccharis (Asteraceae), which probably originated in
South America, consists of approximately 500 species (Carneiro and
Fernandes, 1996). Several Baccharis species are commercially used
in folk medicine as antiseptics and anti-inflammatory agents, and
to treat both gastric ulcers and skin sores (Verdi et al., 2005).

Baccharis trimera (Less.) DC is popularly known as ‘carqueja’
in Brazil. Infusions, decoctions, and tinctures of its aerial parts
are used in Brazilian popular medicine (Grance et al., 2008) for
the treatment of liver and gastrointestinal tract illnesses (Soicke
and Leng-Peschlow, 1987; Gamberini et al., 1991), inflammatory
processes (Gené et al., 1996), and diabetes (Oliveira et al., 2005).
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Because of these biological effects, research on the chemical com-
position of Baccharis trimera was conducted and demonstrated that
this plant has many bioactive compounds, such as flavonoids, diter-
penes and triterpenes (Verdi et al., 2005). Triterpenes, along with
a saponin described by Gené et al. (1996), have been reported to
be primarily responsible for the anti-inflammatory activity (Dela-
Loggia et al., 1994; Akihisa et al., 1996), while the flavonoids, due to
their antioxidant activity, have been linked to protecting the body
against reactive oxygen species (ROS) (Rodrigues et al., 2009).

It is well-known that radicals of oxygen or reactive oxygen
species (ROS) can be generated in the organism during metabolic
processes due to ambient stimulations or during the “burst” of
phagocytic cells in an infection by the action of NADPH oxidase
(Emerit and Chaudiere, 1989; Babior, 2000). ROS are able to oxi-
dize various biomolecules including DNA, proteins, carbohydrates,
fatty acids and many other cellular structures (Bagchi and Puri,
1998). There is evidence that ROS may be involved in more than
100 diseases and nosologic events, such as cancer, arteriosclerosis,
rheumatoid arthritis and post-ischaemic organ injury (Halliwell,
1994). In many of these events, the origin of ROS seems to be
directly related to the activation of neutrophils (Weiss, 1989).
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Neutrophils are polymorphonuclear leukocytes that play a cru-
cial role in defending the body against bacteria, fungi and protozoa.
They are the principal effector cells of innate immunity. The role
of neutrophils (PMNs) in ROS production in the physiopathology
of various inflammatory illnesses has drawn interest with the
discovery of new compounds to modulate this process (Middleton
Jr. et al,, 2000).

Based on the widespread use of carqueja in folk medicine and
the neutrophils’ (PMNs) role in the progression of various diseases,
we now report the results obtained for the in vitro and in vivo
evaluation of the possible antioxidant effects of the hydroethanolic
extract from Baccharis trimera on neutrophil reactive species gen-
eration, which was triggered by opsonized zymosan and assessed
by luminol-enhanced chemiluminescence.

2. Material and methods
2.1. Chemicals

Acetaminophen (APAP) (200mg/mL) was obtained from
Janssen-Cilag Pharmaceuticals. Trypan blue, quercetin, luminol
(5-amino-2,3-dihydro-1,4-phthalazinedione) and zymosan were
purchased from Sigma-Aldrich, St. Louis, MO. The Leukopaque
and Monopaque gradients were from Bion LTDA, Brazil. The
kit for measuring serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) was from Diagnostic Labtest,
Brazil.

2.2. Animals

The Laboratory of Experimental Nutrition from the Federal Uni-
versity of Ouro Preto (UFOP) provided the male albino Fisher rats
used in the experiment; the animal were approximately 12 weeks
old and weighed about 180¢g. All animals were kept in individ-
ual cages placed in an environment with controlled temperature,
light and humidity, and received both commercial rat chow and
water ad libitum. This work was carried out in accordance with the
international standards of animal protection and with the ethical
principles of the Brazilian College of Animal Experimentation, and
was approved by the Ethics Committee on Animal Use (CEUA) of
UFOP (OF 01/2009 and OF 011/20009).

2.3. Collection of plant material

The aerial parts of Baccharis trimera were collected during April
2008 in the city of Ouro Preto, Minas Gerais, Brazil. The specimen,
voucher number OUPR 22.127, was identified by professor Viviane
R. Scanlon and deposited in the Herbarium José Badini — UFOP.

2.4. Preparation of extract

After identification, the aerial parts of the plant were dried in a
ventilated oven, sprayed in a mechanical mill and stored in plastic
bottles. To obtain the hydroethanolic extract, approximately 100 g
of the plant were extracted with distilled water and 70% alcohol
at a ratio of 1:1 for 24 h. Vacuum filtration and evaporation of the
solvent in a rotavap was then performed. The crude extract formed
was then diluted with phosphate buffered saline (PBS, pH 7.4) to
concentrations of 50.0, 5.0 and 0.5 p.g/mL that were used in vitro
and the concentration of crude extract 600 mg/kg body weight that
was used in vivo. The methodology for the extract preparation was
based on the work of Grance et al. (2008) with some modifications.
The quercetin, used as positive control, was resuspended in distilled
water and given to the animals, through gavage, at a concentration
of 50 mg/kg body weight, according to Miltersteiner et al. (2003).

2.5. Isolation of polymorphonuclear leukocytes

Blood was obtained by bleeding of the brachial plexus and was
collected in heparinized tubes. The neutrophils were then isolated
using two gradients of different densities, Monopaque (d=1.08)
and Leukopaque (d = 1.12), according to the procedure of Bicalho et
al. (1981) with minor modifications. The cell viability of each sam-
ple was always greater than 95% as determined by the exclusion
test with trypan blue.

2.6. Opsonization of zymosan particles

Zymosan was opsonized by adding 900 mL of PBS (pH 7.4) to
100 mL of zymosan (13 mg/mL) as done in the study by Nogueira-
Machado et al. (2003). The solution was then centrifuged for 2 min
at 200 x g. The supernatant was discarded and the pellet was resus-
pended in 200 w.L of fresh autologous serum and 800 mL of PBS (pH
7.4). This solution was incubated for 30 min in a 37 °C water bath
and shaken at 10 min intervals. Subsequently, the solution was cen-
trifuged again for 2 min at 200 x g, the supernatant discarded and
the pellet resuspended in 500 p.L of PBS. The volume of opsonized
zymosan with serum (ZC3b) used for the experiments was 50 L.

2.7. Invitro test

A chemiluminescence assay for the luminol amplified by acti-
vation of phagocytic cells was carried out to assess the generation
of ROS as described by Chaves et al. (2000). To perform the experi-
mental procedure, 1 x 108 neutrophils/1 mL of PBS were incubated
with 500 pL of luminol (104 M) for 10 min in siliconized glass
tubes. A luminol [Sigma Co.] stock solution was made by dissolv-
ing 1.77 mg of luminol in 1.0 mL of dimethyl sulfoxide (DMSO) to
give a final concentration of 102 M. Before use this solution was
diluted further to 10~4 M in PBS (pH 7.4). The photons emitted in
this range were recorded each minute by the internal printer of
the luminometer. After running the reaction for the initial 10 min,
PBS (basal) or 50 L of opsonized zymosan particles (13 mg/mL)
or Baccharis trimera (Bt) extract was added. For all tests, the final
volume was adjusted to 700 wL with PBS (pH 7.4). The chemi-
luminescence measurements were performed in a luminometer
(Lumat, LB 9507, Berthold, Germany). The chemiluminescence was
recorded for 30 min, which was enough time to observe the peak.
The results were expressed in relative light units/min (RLU/min).

2.8. ROS generation analysis — in vivo test

2.8.1. Assessment of liver injury induced by APAP

To evaluate the liver injury induced by APAP, 10 rats were
divided into two groups of five animals according to the treatment
received. The control group (C) received 1.0 mL of PBS by gavage
and the APAP group received a single dose of 835 mg/kg of APAP
(200 mg/mL), also by gavage. The dose of APAP was used as a ref-
erence in the work of Yen et al. (2008). At different time intervals
samples of blood were collected via the ocular plexus to quantify
the activity of ALT and AST in response to the high dose of APAP.

2.8.2. Treatment of rats with Baccharis trimera extract and
quercetin

Thirty rats were divided into six groups of five animals accord-
ing to the treatment received. The control group (C) received
1.0mL of PBS, group Baccharis trimera (Bt) received 600 mg/kg
of the Baccharis trimera extract, group quercetin (Que) received
50 mg/kg of quercetin, the acetaminophen (APAP) group received
a single dose of 835mg/kg of acetaminophen, group Baccharis
trimera +acetaminophen (Bt+APAP) first received 600 mg/kg of
the Baccharis trimera extract and an hour later, a single dose of
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835 mg/kg of acetaminophen and group quercetin +acetaminofen
(Que +APAP) first received 50 mg/kg of the quercetin and an hour
later a single dose of 835 mg/kg of acetaminophen. All treatments
were administered by gavage. Twenty-four hours after the dose of
APAP, the animals were anesthetized and blood was collected by
bleeding from the brachial plexus into heparinized tubes for the iso-
lation of neutrophils. Chemiluminescence assays were performed
with neutrophils from each experimental group and were recorded
for 30 min at 1-min intervals. At the end of the tests, we obtained
curves of 30 min, and the values were expressed in relative light
units/min (RLU/min).

2.9. Statistical analysis

The data were expressed as mean + standard deviation (SD). All
data were subjected to a normality test. After determining that they
were following a normal distribution, we chose to use Student’s t
test. p value <0.05 was considered significant. Tests were performed
with GraphPad Prism version 4.00 for Windows (San Diego, CA,
USA).

3. Results

3.1. Invitro assays: the effect of hydroethanolic Baccharis trimera
on the modulation of reactive oxygen species in rat neutrophils
stimulated with zymosan

To evaluate the effect of the Baccharis trimera extract on the
modulation of reactive oxygen species in neutrophils, we tested
three different concentrations of the extract. Our results showed
that extracts of Baccharis trimera at concentrations of 50.0, 5.0 and
0.5 pg/mL were able to significantly inhibit the release of ROS as
measured by the chemiluminescence assay. This inhibition is dose-
dependent, since the extract concentration of 50.0 wg/mL displayed
a high percentage of inhibition (96.8%) accompanied by low viabil-
ity (48.0%), while the extract concentration of 0.5 pg/mL displayed
a low percentage of inhibition (51.0%) accompanied by high via-
bility (95.0%). However, the concentration of 5.0 wg/mL inhibited
85.0% of ROS release while maintaining cell viability above 93.0%

(Fig. 1).
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Fig. 1. Graph A represents the effect of the hydroethanolic extract of Baccha-
ris trimera on ROS production by rat neutrophils. The data are expressed as
mean =+ standard deviation. *p =0.00005 in relation to the control, **p=0.00003 in
relation to the control, ***p=0.05 in relation to the control. Graph B represents the
percentage of living cells after the experiments had been carried out.
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Fig. 2. Effect of Baccharis trimera extract on ROS modulation of the neutrophils in
vitro. Values are expressed as the mean and the vertical bars indicate the standard
deviation. *p=0.00003 in relation to the control, **p = 0.003 in relation to the control,
#p=0.001 in relation to ZC3b.

The results in Fig. 2 show that the concentration of 5.0 pg/mL of
extract was able to significantly inhibit the release of ROS as mea-
sured by the chemiluminescence assay when compared to basal
neutrophil metabolism. Neutrophils incubated with ZC3b particles
were able to significantly increase the production of ROS. How-
ever, when neutrophils were pre-incubated with Baccharis trimera
extract and then incubated with ZC3b particles, there was a signif-
icant reduction in ROS release when compared to cells incubated
with only ZC3b particles.

3.2. Activity of alanine aminotransferase (ALT)

As seen in Fig. 3, the control group (C) that received PBS dis-
played low ALT activity (9.59 4 1.861U). In contrast, animals that
received an oral treatment of 835 mg/kg of APAP demonstrated
higher activity of this enzyme, although this increase was only sig-
nificant after the first 6 h, and reached its peak 24 h (142.21+5.
671U) after the administration of APAP. Forty-eight hours after
APAP dose of ALT, the activity began to decline, approaching 72 h
(26.55 +6.151U), with values significantly lower than those found
in the first 24 h, indicating that the endogenous mechanisms of
repair may have been activated.

As seen in Fig. 4, the control group (C) that received PBS dis-
played low AST activity (81.84+10.501U). As was seen with the
ALT activity, AST activity also increased after the administration of
APAP with a significant increase after the first 6 h, and reaching its
peak 24 h (241.03 +£42.201U) and 48 h (247.16 + 20.50IU) after the
administration of APAP.
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Fig. 3. Activity of serum alanine aminotransferase (ALT) measured at the indicated
times after a single dose of APAP (835 mg/kg, po). Data are represented as the
mean + standard deviation. *p <0.05 compared to the control, **p <0.001 compared
to the control.
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Fig. 4. Activity of serum aspartate aminotransferase (AST) measured at the indi-
cated times after a single dose of APAP (835 mg/kg, po). Data are represented as the
mean + standard deviation. *p <0.05 compared to the control, **p <0.001 compared
to the control.

3.3. Invivo test: the effect of the hydroethanolic extract of
Baccharis trimera on the modulation of reactive oxygen species in
the neutrophils of rats treated with APAP

The results in Fig. 5 show that the oral administration of APAP
induced a significant increase in ROS production (1768 4447 RLU)
when compared to the control (3294283 RLU). In animals pre-
treated with the Baccharis trimera extract or quercetin and later
with APAP, we also observed a significant reduction in ROS pro-
duction (917 +344 or 52 £33 RLU, respectively) when compared
with the neutrophils of rats receiving APAP only. Only the animals
treated with Baccharis trimera extract alone showed no significant
reduction in the production of ROS. However, animals treated with
quercetin alone showed significant reduction in the production of
ROS.

4. Discussion

Studies with Baccharis trimera report that this species has impor-
tant antioxidant and anti-inflammatory properties. In this context,
to examine the role of Baccharis trimera on the ROS modulation in
neutrophils, we tested three different concentrations of the extract
in order to achieve greater inhibition and cell viability. After the
tests, we found that different concentrations of Baccharis trimera
extract were able to reduce the release of ROS in neutrophils.
This reduction was dose-dependent, since an extract concentra-
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tion of 50.0 pg/mL showed the highest inhibition of ROS compared
to an extract concentration of only 0.5 g/mL. However, despite
the higher potential for inhibition, the extract concentration of
50.0 wg/mL caused a greater mortality of the cells, corroborating
the fact that some chemicals present in the plant are actually
toxic when in excess. Given this result, we used the intermedi-
ate concentration of 5.0 wg/mL in vitro, which was able to inhibit
approximately 85% of ROS production while maintaining cell via-
bility above 93%.

The incubation of neutrophils with opsonized particles of
zymosan induced a significant increase in the production of ROS.
The ZC3b particles trigger both FcR and CR receptors. This activation
leads to the generation of various ROS by these cells. The initial ROS
produced by activated neutrophils is the superoxide anion (0,°~),
which is generated by the NADPH oxidase complex (Davalos et al.,
2009). Baccharis trimera extract at a concentration of 5.0 pg/mL was
able to reduce ROS release, even if administered after stimulation
with zymosan. In stimulated neutrophils, the inhibition of chemi-
luminescence may be mediated by three main mechanisms: cell
death, the scavenging of ROS or the inhibition of enzymes involved
in the signal transduction pathways of ROS generation in these
cells (Van Dyke and Castranova, 1987). The first possibility was
initially discarded because the cell viability of each sample was
always greater than 93% as determined by the exclusion test with
trypan blue. However, the results do not distinguish whether the
antioxidant properties found in this study are due to scavenging
of ROS through interactions between the antioxidants present in
the extract and the oxidant species released, or to the inhibition
of enzymes involved in the signal transduction pathways of ROS
generation.

The antioxidant properties found in this study are in agree-
ment with the literature data, which show a similar effect on other
parameters for different extracts from Baccharis trimera and other
species of this genus, such as Baccharis illinita, Baccharis platypoda
(Brighente et al., 2007), Baccharis articulata (Oliveira et al., 2003),
and Baccharis grisebachii (Tapia et al., 2004). In face of this effect,
research on the chemical composition of Baccharis trimera showed
that the ethanol extract of the plant is a mixture of five flavonoids:
quercetin, luteolin, nepetin, apigenin and hispidulin (Soicke and
Leng-Peschlow, 1987), which are known for their antioxidant prop-
erties, such as donating hydrogen atoms to the radicals (Jovanovic
et al,, 1998; Merken and Beecher, 2000). These compounds can
also modulate the activity of enzymes present in mammals, such
as cytochrome P450 and antioxidant enzymes (Ferguson, 2001).
Therefore, it is likely that the antioxidant activity produced by the

Bt+APAP Que +APAP

Expermental groups

Fig. 5. Effect of the hydroethanolic extract of Baccharis trimera and quercetin on the production of ROS in the neutrophils of rats 24 h after treatment with APAP. The rats
were treated with a 600 mg/kg dose of Baccharis trimera or 50 mg/kg dose of quercetin 1h before administration of APAP. *p <0.0001 compared to the control, **p<0.01

compared to APAP, &p <0.001 compared to APAP, #p<0.01 compared to Bt + APAP.
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Baccharis trimera hydroethanolic extract is partly due to the action
of flavonoids.

The results from the first in vitro studies were used to guide
in vivo experiments designed to test the inflammation induced by
APAP. To achieve this goal, the first step was to determine at what
time after the APAP dose we would find more liver damage and,
consequently, increased recruitment of neutrophils. Studies using
APAP as a model of inflammation, such as those by Liu et al. (2006),
Lawson et al. (2000) and Smith et al. (1998), demonstrate that the
administration of a toxic dose of APAP leads to neutrophil recruit-
ment and a consequent increase in ROS generation. In this context,
this study has demonstrated through the activity of ALT and AST
that the administration of a sublethal dose of APAP led to significant
liver injury after a period of 24 h. These observations corroborate
other studies that found similar effects with high doses of APAP
(Smith et al., 1998; Yen et al., 2008).

APAP is known as an analgesic and antipyretic drug that is safe
in therapeutic doses. However, in high amounts it can damage
the liver and kidneys and even cause death in humans and lab-
oratory animals (Jollow et al., 1974). Therapeutic doses of APAP
are rapidly metabolized in the liver, mainly through glucuronida-
tion and sulfation. A small portion is oxidized by cytochrome P450
2E1 to generate a highly reactive and cytotoxic intermediate, N-
acetyl-p-benzoquinone imine (NAPQI) (Vermeulen et al., 1992; Lee
etal., 1996), which is rapidly conjugated by liver glutathione (GSH)
to generate a non-reactive water-soluble product, mercapturic
acid.

Although the role of neutrophils in the pathophysiology of
APAP-induced hepatotoxicity is still controversial (Jaeschke, 2005),
studies show that a high dose of this drug is able to induce neu-
trophil recruitment, culminating in the increased production of ROS
(Bautista et al., 1994; Zhang et al., 1994).

It is possible to examine the close relationship between the free
radicals produced by neutrophils and the hepatotoxicity induced
by APAP by using this model to elucidate the in vivo antioxidant
effects attributed to Baccharis trimera.

With regard to this assay, we observed that the Baccharis
trimera extract had a tendency to reduce basal ROS production in
neutrophils. On the other hand, the Baccharis trimera extract sig-
nificantly reduced ROS production in the neutrophils of animals
pretreated with the extract and then with APAP. In vivo experi-
mental results suggest that the Baccharis trimera extract can act
systemically. In this case, a possible mechanism for oxidant species
modulation is the inhibition of the enzymes responsible for neu-
trophil ROS production. Since the analyses were performed 24 h
after treatment with the extract, it was sufficient time to induce
changes in the expression pattern of enzymes such as NADPH
oxidase. However, other studies are needed to confirm this hypoth-
esis and to clarify the exact point of action of these antioxidant
compounds. The antioxidant properties of Baccharis trimera were
also confirmed by further analysis of the thiobarbituric acid reac-
tive substance (TBAR) levels, which indicated that animals treated
with Baccharis trimera extract and then with APAP (2.87 +£1.04)
showed lower TBAR levels than animals that received APAP alone
(5.01 £0.93) (results not shown). As discussed above, this effect can
be attributed to the flavonoids, as noted for quercetin in this study
and by others who observed the pronounced antioxidant activity
and a great ability to modulate enzymes, NADPH oxidase (Davalos
et al., 2009).

In this context, by reducing the production of ROS in neu-
trophils, Baccharis trimera extract seems to be acting in order to
minimize any further damage to the liver. This immunomodula-
tory role demonstrated by the treatment with Baccharis trimera
extracts was also demonstrated by Paul et al. (2009), who found
that carrageenan induced a significant reduction in the number of
neutrophils in rat pleurisy.

The data obtained in this study showed significant in vitro and
in vivo antioxidant activity of the Baccharis trimera hydroethanolic
extract, which is capable of reducing the release and/or produc-
tion of ROS in neutrophils. In this context, the natural compounds
present in Baccharis trimera can protect the body from free radicals
and slow the progress of many chronic diseases. Although we have
not analyzed the effect of other cell types and cytokines involved in
the inflammatory process on the ability of Baccharis trimera extract
to modulate the release and/or production of free radicals in neu-
trophils, the main cells recruited during inflammation, this plan
ensures that, at least in part, there is also an anti-inflammatory
function. To substantiate this idea, further studies are needed in
order to understand the role of Baccharis trimera extract in the
inflammatory process.
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