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Abstract

Background: The aerial parts of Baccharis trimera (Less.) are frequently used as a tea to treat several diseases.
Therefore, the aim of this study was to identify the constituents of an aqueous extract of B. trimera, focusing on their
antioxidant, anti-inflammation, and antinociception activities and properties. For that, the researchers performed in vivo
assays using the formalin test and Freund’s Complete Adjuvant (FCA) to measure the acute and chronic inflammatory
pain in mice. Moreover, the myeloperoxidase enzyme (MPO) was analyzed in the subcutaneous tissue after the FCA
injection, together with the counting of lymphocytes in the peripheral blood of the mice.

Results: The qualitative phytochemical analysis indicated the presence of flavonoids and saponins in the B. trimera
aqueous extract. The high-performance liquid chromatography (HPLC) analyses showed the presence of phenolic
compounds, such as chlorogenic acid, ellagic acid, rosmarinic acid, as well as flavonoids, such as rutin, quercetin, and
luteolin. The DPPH assay was used in order to measure the antioxidant activity of the aqueous extract of B. trimera and
this showed an ICsq of 118.18 + 1.02 ug/mg. The data from the formalin test demonstrated that a single dose of the
aqueous extract of B. trimera was not able to decrease the nociceptive behavior during the neurogenic phase, at any
of the tested doses (20, 40, or 80 mg/kg p.0.). However, during the inflammatory phase of this test, the aqueous extract
of B. trimera at 80 mg/kg (p.0.) significantly decreased the nociceptive behavior, showing more effectiveness when
compared to the other tested doses (p < 0.05). Importantly, in the chronic inflammatory model on the 5th day of
treatment, the aqueous extract of B. trimera (80 mg/kg p.o.) significantly reduced mechanical allodynia (p < 0.01), heat
thermal hyperalgesia (p < 0.001), and paw edema (p < 0.05). There were no changes in the MPO activity, but the data
exhibited an equivalent decrease in the number of lymphocytes in the blood of the mice that were treated with B.
trimera (80 mg.kg™ ' p.o) and diclofenac sodium.

Conclusion: Taken together, the present data reinforces the potential of the B. trimera aqueous extract as an anti-
inflammatory and analgesic compound.
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Background

The inflammatory process ensures cellular and tissue
survival in those cases of an acute tissue lesion or infec-
tion. However, in chronic cases, the suppression of in-
flammation is necessary, in order to reduce the pain and
to preserve the integrity of the tissue [1]. Chemical me-
diators are responsible for tissue inflammation, acting on
the nociceptive nerve endings to lower the neuronal ex-
citation threshold, and to sensitize the afferent firing
rate, leading to the development of allodynia and hyper-
algesia, respectively [2]. The medicinal practice of using
plants, their parts, or extracts for therapeutic purposes
has been acknowledged since antiquity [3]. In this sce-
nario, natural plant products have been studied as an
important perspective of developing therapeutic agents.
Moreover, there is an urgent need to develop herbal
medicines, which have scientific proof of efficacy, safety,
and quality [4].

The Baccharis trimera (Less.) plant is originally from
South Brazil, Paraguay, Uruguay, and Argentina. It is an
official species listed in the Brazilian Pharmacopoeia [5].
B. trimera is a perennial subshrub popularly known as
“carqueja” that belongs to the Asteraceae family, and its
aerial parts are used as a tea, in order to treat several
disorders [6, 7]. According to phytochemical studies, fla-
vonoids, terpenes, phenolic acids, and chlorogenic acids
are the main classes of compounds that are identified in
the aerial parts of B. trimera [8]. The literature has re-
ported biological activities from this species as an anti-
oxidant, anti-inflammation, liver and gastric protector,
antimicrobial, antifungal, and antiparasitic [8, 9]. Fur-
thermore, the polyphenols from B. trimera have shown
great potential for anti-inflammatory properties that are
associated with antioxidant activity, plus inhibitory
enzymatic actions that are involved in the production of
eicosanoids [10, 11].

Paul et al. (2009) showed anti-inflammatory effects of
aqueous extracts of B. trimera (400 and 800 mg/kgi.p.)
in an inflammatory model of carrageenan-induced pleur-
isy in rats [12]. Moreover, the butanolic fraction [13],
the phenolic enriched extract [14], and the ethanolic
supernatant fraction [15], all from crude aqueous ex-
tracts of this species, also displayed anti-inflammatory
effects, which were comparable to low doses of
indomethacin. Furthermore, the pretreatment with the
B. trimera extract was able to significantly decrease the
production of reactive oxygen species (ROS) in the neu-
trophils of Fisher rats [16]. In addition, Rodrigues et al.
(2009) showed antigenotoxic effects in the blood of the
mice that were treated with B. trimera and this was able
to prevent cellular damage that was induced by hydro-
gen peroxide [17].

As stated, the suppression of inflammation and ROS
was necessary to reduce the pain. Thus, the compounds
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that were previously identified in the aerial parts of B.
trimera showed anti-inflammatory and antioxidant activ-
ities. Nevertheless, the anti-inflammatory and antinoci-
ceptive activities of the aqueous extracts from the aerial
parts of B. trimera need to be further explored. Thus,
this article aimed to evaluate those activities by adminis-
trating orally in mice, aqueous extracts of B. trimera in
acute and chronic inflammatory models of nociception.
The study also investigated the effects of this treatment
on the white blood cell count and on the myeloperoxi-
dase activity in the peripheral tissue that was affected by
the chronic inflammation.

Material and methods

The qualitative phytochemical analysis of the B. trimera
aqueous extract was performed to evaluate the presence
of chemical compounds. The antioxidant capacity was
also evaluated. After that, the anti-inflammatory effect of
the aqueous extract was evaluated in vivo in the acute
inflammatory pain model (Formalin test), in order to
proceed to the next evaluation of the chronic inflamma-
tory model (CFA into the paw).

Collection of the plant material

The aerial parts of B. trimera were collected in July 2013
in the city of Bagé, Rio Grande do Sul, Brazil. The sam-
ples collected were identified and a specimen voucher
(Naresuan University of the Campanha Region, under
number 00014) was deposited at the Nicanor Risch
Herbarium in the University of the Campanha Region
(URCAMP). The access to Brazilian biodiversity was reg-
istered in the National System for Management of the
Genetic Heritage and the Associated Traditional Know-
ledge (SISGEN), under protocol A02A526.

Sample preparation

The aerial parts were dried at room temperature and
protected against the sunlight for 7 days. Afterward, the
dried plant (250 g) was finely ground and the aqueous
extracts were prepared by infusion at 80 °C (1/10 plant/
water solvent). The infusion was kept at room
temperature for 30 min. After cooling and filtration, the
extract was frozen and then concentrated by lyophilization
for 5days overnight, in order to obtain the aqueous ex-
tract of B. trimera (29.25 g, yield: 11.7%, w/w). This extract
was kept in a vacuum desiccator to avoid changes in its
chemical profile.

Chemicals

The solvents that were used for the HLPC analyses,
together with the other necessary chemicals, were
purchased from Merck (Darmstadt, Germany). These
were Quercetin (QE) (Sigma, St. Louis, MO, USA);
Gallic Acid (GA) (Sigma, St. Louis, MO, USA); 3-(2,3-
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dihydroxyphenyl) propionate (DPPH) (Sigma, St. Louis,
MO, USA); Freund’s Complete Adjuvant (FCA) (Sigma
Chemical Co., St. Louis, MO, USA); Formaldehyde
(Vetec, Rio de Janeiro, Brazil); and Diclofenac Sodium
(Medley, Sao Paulo, Brazil).

Phytochemical screening

The crude B. trimera aqueous extract was submitted to
qualitative phytochemical screening, as described by
Harborne (1998) [18]. The method consists of colorimet-
ric reactions for the qualitative detection of flavonoids,
tannins, anthraquinones, alkaloids, saponins, coumarins,
and cardiac glycosides. The thin-layer chromatography
analyses were performed according to Wagner and Bladt
(1996) [19].

High-performance liquid chromatography (HPLC) analyses
The HPLC analyses were performed on a Waters
Alliance 2695 Separation Module (Milford, Massachusetts,
USA), with a double wavelength UV detector (Waters
2487) that was controlled by an interface module (IEEE-
488). For the stationary phase, a reverse phase (250 x 4.6
mm - 5 one particle diameter Waters Spherisorb ODS2
HPLC Column was used. Reference standards were used
as the external standards. A constant flow of 1 mL.min~ '
was used during the analyses. HPLC-grade solvents and
Milli-Q® water were used in the chromatographic studies.
The mobile phase was prepared daily and degassed by
sonication before use. The phenolic acids and flavonoids
were quantitatively determined at 254 nm when using
pure acetonitrile (A) and 0.1% phosphoric acid (H3PO4)
(B) as the mobile phase. The gradient system was adjusted
to 0/95, 20/86, 70/65 (min /% B). The correlation of the
chromatographic peaks was obtained by comparing the
experimental retention times with the reference standards
and by the co-injection of the sample and the authentic
samples. The standard solutions were prepared in
different concentrations. The quantitative analyses of the
phenolic compounds were performed by constructing
five-point calibration curves for each standard solution,
which showed the linearity of the detector response in the
range of 8.0 pgmin~' to 225pgmin”'. The correlation
coefficient value was greater than 0.9985.

The LOD detection (< 0.64 ug.min~ ') and the quan-
tification limits (LOQ < 2.15 ug.min™ ') were calculated
by using the parameters of the calibration curves,
being defined as 3.3 and 10 times the value of the
regression error, divided by the slope, respectively.
The LOD and LOQ values were always lower than
the lowest tested standard concentration in the
dynamic range of the calibration curves, indicating a
satisfactory sensitivity for each phenolic standard. All
of the chromatographic operations were performed in
triplicate at room temperature [20].
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Total phenolic compound content

The content of the total phenolic compounds in B. tri-
mera was determined by the Folin-Ciocalteu method.
For the calibration curves, aliquots of 1 mL of gallic
ethanolic acid solutions at concentrations of 0.015,
0.024, 0.075, and 0.105 mg.min~ ' were mixed with 5 mL
of Folin-Ciocalteu reagent (diluted ten times) and 4 mL
(75gL” 1) of sodium carbonate. The absorption was de-
tected after 30 min at 765 nm and the calibration curve
was drawn [21]. One (1) mL of a solution of B. trimera
(0.1 mg.mL™') was mixed with the same reagents as
described above, and after 1h, the absorption was
measured to determine the total amount of the phenols.
All of the determinations were performed in triplicate.
The total phenol content was expressed as a gallic acid
(GAE) equivalent in mg.g™ " of extract.

Total flavonoid content

The total flavonoid content of the samples was deter-
mined by a colorimetric method, as previously described
using aluminum chloride [22]. Solutions containing
different concentrations of quercetin were prepared to
establish a calibration curve (2—-12pug.mL™'). After 30
min, the absorption at 425 nm was measured for each
solution in a Shimadzu Spectrophotometer (UV-1602PC,
Kyoto, Japan). The analyses were performed in triplicate,
and the total flavonoid content in the samples was
expressed as quercetin equivalents (QE) in mg.g’1
extract.

Antioxidant DPPH assay

The ability of the crude aqueous extract of B. trimera to
extinguish stable DPPH (2,2-Diphenyl-1-picrylhydrazyl)
was measured according to Mensor et al., (2001) [23].
Ten milligrams of B. trimera extract were weighed and
diluted in methanol to obtain six distinct concentrations
(50, 100. 150, 200, 250, and 300 pg/mL). Afterward, 2.5
mL of the sample was transferred to a 3.5mL cuvette
and 1 mL of the DPPH solution (0.2 mg/mL) was added.
Methanol (blank), DPPH/methanol (positive control),
and quercetin (standard) were used to evaluate the antioxi-
dant activity. After 30 min, the absorbance was measured at
518 nm when using a Shimadzu Spectrophotometer (UV-
1602PC, Kyoto, Japan). The measurements were performed
in triplicate, and the antioxidant activity was calculated
according to the formula:

% DPPH inhibition = [(Abscontrol (+)-Absample) x 100]/Abscontrol (+).
p.

Animals

105 Swiss male mice (35-40g) were obtained from the
Vivarium of the Lutheran University of Brazil (ULBRA).
The animal care and experimental procedures were
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strictly conducted in accordance with the ARRIVE
Guidelines [24]. All of the experiments were performed
under the Consent and Surveillance of the Ethics Com-
mittee for Using Animals from ULBRA under Protocol
n° 2013-20P. Five mice per box were maintained with
food and water ad libitum in a temperature-controlled
room (24 + 2 °C), while under a 12-h light/dark cycle.

Treatments

In order to analyze the anti-inflammatory and antinoci-
ceptive effects of the aqueous extract of B. trimera, the
mice were treated with doses of 20, 40, and 80 mg.kg "
aqueous extract, diclofenac sodium (5 mgkg™ ', a nonste-
roidal anti-inflammatory drug used to treat pain and
inflammatory diseases), and water (10 mg.kg ') by the
gavage route (p.o.).

Formalin test

The formalin test was performed according to Hunskaar
and Hole (1987) [25]. To evaluate whether the B. tri-
mera extract (20, 40, and 80mgkg ') prevented the
presence of nociception, the mice received a pre-
treatment with the compound orally, one hour before
the intraplantar administration of 1.5% formalin, in the
right hind leg (20 pLs.c.). The licking of the paw time,
or its removal from the floor, was recorded as an indica-
tion of nociception. The animals were observed for 30
min, divided into two phases. The first phase was evalu-
ated at 0—5 min after the formalin injection (neurogenic
phase), and the second phase was evaluated at 15-30
min (inflammatory phase).

Chronic inflammatory model induced by Freund’s
complete adjuvant (FCA)

The chronic inflammation model was induced by then
intraplantar injection of FCA (20 pL) into the right-hind
paw of the mice [26]. To investigate the actions of the
extract of B. trimera, the mice received a daily dose of
80mgkg ', p.o., for five consecutive days, starting from
the first day of the FCA injection. The effect of edema
on the paw that was produced by FCA was evaluated 48
h later, and then again on the last day of treatment. Paw
edema was expressed by comparing the paw thickness
(mm) to the baseline measurement.

Thermal hyperalgesia

The exposure of the peripheral sensory nerve endings to
elevated temperatures can evoke sensations of warmth,
heat, or pain [27]. After the chronic inflammation induc-
tion by the intraplantar injection of FCA (20 pL) into the
right-hind paw of the mice, one hour after the treatment
(water, extract, diclofenac), the mice were placed on a
hot metal plate (52 + 0.5 °C) and the behavior was evalu-
ated. The time of each animal when they licked or
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elevated their paw was recorded. A cut-off time of 30
s was established to avoid pain or damage to the ani-
mal [28].

Mechanical allodynia

Mechanical allodynia was evaluated when using Von
Frey’s filaments (0.02-10g), as described by Dixon
(1980) [29], at three different moments. Firstly, one hour
before the injection of FCA into the mice paw. Secondly,
48 h after the first application. Thirdly, on the last day of
the treatments.

The animals were acclimatized for 1h in individual
acrylic compartments with a mesh floor. Von Frey fila-
ments were perpendicularly directed to the right-hind
paw plantar surface of the animals, with enough high
pressure to bend the filament. Starting with an applica-
tion of the 0.4 g filament, if the tension-response was
harmful (paw withdrawal), a filament with less value was
used. However, if the response was innocuous, the next
filament with a higher force was tested. At least six re-
sponses around the estimated threshold were required
for the optimal calculation of the 50% withdrawal
threshold (PWT).

Myeloperoxidase measurement (MPO)

To investigate the involvement of neutrophils in the in-
flammatory response that was induced by FCA, the re-
searchers measured the MPO activity. After the last
behavioral test, the mice were euthanized by an isoflur-
ane overdose, followed by cervical dislocation. The plan-
tar surface of the rear paw was collected to determine
the activity of the MPO as described by Suzuki et al,
1983 [30]. The values were expressed as optical dens-
ities, corrected by a gram of homogenized tissue (OD/g
tissue).

White blood cell count

The white blood cell count test was performed as de-
scribed by Bentley et al,, 1980 [31]. Briefly, 50 uL of per-
ipheral blood was placed on the slide and with the help
of a distending slide, the smear was performed. After
drying, the slides were stained with methylene blue eosi-
nate, while going through three processes: fixation, stain-
ing, and washing. After drying again, these slides were
visualized and analyzed under a microscope at 10 x and
40 x magnification. A differential count of the blood
cells was then performed, with an emphasis on the seg-
mented cells that were present with coverage in the in-
flammatory process.

Statistical analysis

The data is expressed as mean + SEM. The statistical
analyses were carried out by One-Way or Two-Way
Analysis of Variance (ANOVA), followed by the
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Student-Newman-Keuls (SNK) test, or the Bonferroni
test (GraphPad Prism 5.0, USA). In all of the compari-
sons, values of p<0.05 were considered statistically
significant.

Results

Phytochemical analysis of the B. trimera aqueous extract
The data indicated the presence of flavonoids and sapo-
nins in the B. trimera aqueous extract. Furthermore, the
researchers observed a content of 120.79 + 10.45 mg.g™ "
GAE in the total of phenolic compounds, and 6.98 +
0.06 mg.g" " QE in the total of flavonoids. The HPLC
analyses (Fig. 1) showed the presence of three phenolic
acids, chlorogenic acid (32.21+0.17mg.g % tx 14.6
min), ellagic acid (23.19 + 0.21 mg.g~ Ltz 34.6 min), and
rosmarinic acid (40.34+0.19mgg % tz 379 min), as
well as three flavonoids, rutin (37.51 +0.26 mg.g™ % tg
32.8 min), luteolin (3.98 £ 0.06 mg.g~ Ltz 49.3 min), and
quercetin (1.34 +0.08 mg.g~ '; tg 48.0 min).

Antioxidant activity of the aqueous extract of B. trimera
The antioxidant activity of the aqueous extract of B. trimera
was measured by three single experiments using six con-
centrations (50, 100, 150, 200, 250, and 300 pg/ml). After
each experiment, the IC5o was calculated (Experiment 1:
IC50=117.49 pg/ml; Experiment 2: ICso=116.86 ug/ml;
Experiment 3: I1Csp = 120.19 pg/ml). The value of ICsq of
the aqueous extract of B. trimera was 118.18 + 1.02 pg/mL.

Treatment of B. trimera reduces nociceptive behavior

The formalin assay was performed to evaluate the noci-
ceptive behavior in the treated mice. This involved mod-
erate or continuous pain, which is generated by the
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injured tissue [32]. During the neurogenic phase, none
of the mice that were treated with the different doses of
the aqueous extract of B. trimera (20 mgkg ': 231.6 +
10.14's; 40 mgkg™': 232.3 + 11.35s; 80 mgkg™': 204.9 +
13.70s) presented statistical differences in the nocicep-
tive responses when compared to the control group
(233.8+11.99). Neither did the diclofenac group
(174.6 £ 17.74's, p < 0.05) when compared to the control
group (Fig. 2A). However, during the inflammatory
phase, the dose of 80 mg.kg™ " (254.2 + 39.77 s, p < 0.001)
showed itself to be more effective than the other doses
(20 mg.kg™': 356.2 +66.00s, and 40mgkg ' 399.0 +
43.10s, p<0.05), with reduced nociceptive responses,
which were displayed as being equivalent to diclofenac
(223.3+59.56 s, p < 0.001) when compared to the control
group (558.3 +42.33s) (Fig. 2B). After these results, the
study decided to work with the 80 mgkg™* dose to per-
form the chronic inflammatory test.

Treatment with B. trimera reduces paw edema after
chronic inflammation

As expected, the injection of FCA into the hind paws of
the mice elicited marked local swelling and heat hypersen-
sitivity. The evaluation of paw edema was conducted 48 h
after the application of FCA (i.pl.) and also after the treat-
ments. On the 2nd day after the FCA application, the
water-treated animals presented an increase in paw edema
(0.75 +0.13 mm to 0.85 + 0.12 mm). However, the animals
that were treated with 80 mgkg " of B. trimera (0.31 +
0.03 mm, p < 0.05) showed a significant reduction in paw
edema when observed from the 5th day, similar to the
diclofenac-treated group (0.36 +0.01 mm, p <0.05). This
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Fig. 2 Antinociceptive effects produced by the B. trimera aqueous
extract after the formalin model. (A) The neurogenic phase and (B) the
inflammatory phase - 1 h before the administration (i.pl.) into the right
paw. Each bar represents the mean =+ standard error of 7-14 mice,
depending on the group. *p < 0.05 or **p < 0.001 represent the level of
significance when compared to the water-treated animals; and *p < 005
when compared to diclofenac-treated animals (One-Way ANOVA,
followed by the Student-Newman-Keuls (SNK) test)

result then confirmed the antiedematogenic action of the
aqueous extract of B. trimera (Fig. 3).

Treatment with B. trimera decreases thermal hyperalgesia
after chronic inflammation

After chronic inflammation was induced by FCA (i.pl.),
the mice that were treated with the higher aqueous
extract of B. trimera (80 mg.kg™ ' p.o.) presented an in-
creased hot plate latency (18.67 £ 1.32's, p < 0.001) when
compared to the water-treated mice (11.9+0.815s). In
addition, the hot place latency levels after the treatment
with the extract were similar to those that were observed
after the diclofenac treatment (16.67 + 1.26) (Fig. 4).

W Water (1omLkg™)
[ Diclofenac sodium (5mg.kg'1)
B. trimera (80 mg4kg'1)

Edema measurement
(mm)

Treatment (days)

Fig. 3 Antiedematogenic effect of the B. trimera aqueous extract
(80 mgrkg, p.o.) after the chronic inflammatory induction by FCA
(i.pl). Each bar represents the mean =+ standard error of 14-15 mice.
*p < 0.05 or **p < 0.01 represents the level of significance when
compared to the water-treated group (Two-Way ANOVA, followed

by the Bonferroni test)

induced by FCA (i.pl.). Each bar represents the mean + standard error
of 9 mice per group. **p < 0.01 or ***p < 0.001 represents the level
of significance when compared to the water-treated animals (One-
Way ANOVA, followed by the Student-Newman-Keuls (SNK) test)

Treatment with B. trimera decreases mechanical allodynia
after chronic inflammation

48 h after the FCA injection (i.pl), the study observed
a significant increase in nociception sensitivity (water:
0.48+0.09g; diclofenac: 1.20+0.26g; B. trimera:
1.20+0.15g) when compared to the basal levels
(water: 4.15+1.02g; diclofenac: 3.50+0.67g; B. tri-
mera: 3.35+0.38¢g). The daily administration of the
B. trimera aqueous extract (80 mgkg ' p.o.) over five
days was able to reduce mechanical allodynia on the
5th day (3.66 £ 0.68g, p <0.01), with similar levels as
observed by the diclofenac treated group (2.77 +0.86
g, p<0.05) when compared to the control group
(0.60 +0.13 g) (Fig. 5).

Myeloperoxidase measurement in the subcutaneous
tissue of the mice after chronic inflammation

In order to investigate the contribution of the neutro-
phils in the inflammatory response that was induced
by FCA, the researchers performed the MPO assay, as
described in Material and Methods. The results did
not show any significant changes in the myeloperoxi-
dase activity from the subcutaneous tissue of the
mice, after the treatment with B. trimera (1.84 +0.28
DO/g tissue) or diclofenac (1.34+0.23 DO/g tissue,

B Water (10mL.kg"™)
Diclofenac sodium (5mg4kg'1)
B. trimera (80 mg.kg'ﬂ)

PWT 50%(g)

Treatment (days)

Fig. 5 Antinociceptive effects of an oral administration of the B. trimera
aqueous extract on mechanical allodynia induced by FCA (i.pl). Each bar
represents the mean + standard error of 6-9 mice. *p < 0.05 or **p < 001
represents the level of significance when compared to the water-treated
animals (Two-Way ANOVA, followed by the Bonferroni test)
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p =0.25) when compared to the control group (1.90 +
1.44 DO/g tissue).

Treatment with B. trimera decreases the number of white
blood cells (WBC)

It is well known that white blood cells are recruited
during inflammatory processes [33]. Thus, the study
decided to investigate if the B. trimera aqueous ex-
tract treatment was able to reduce the WBC count.
The findings showed an equal reduction in the num-
ber of lymphocytes in the blood of the mice that
were treated with B. trimera (80mgkg ' p.o.) and
the mice that were treated with diclofenac sodium
when compared to the control group (Table 1).

Discussion

The literature has reported B. trimera as a species of im-
portant anti-inflammatory properties [14]. However,
most of these studies were performed using acute in-
flammatory models to state the anti-inflammatory effect
of B. trimera [12-14]. In this context, to examine the
role of the B. trimera aqueous extract on different
models of chronic inflammation, the researchers treated
the mice daily by gavage, with three different concentra-
tions of the extract, in order to observe the nociceptive
behavior. Moreover, the antioxidant activity of the ex-
tract was measured and the anti-inflammatory activity
by two different assays was evaluated: the MPO assay
and the white blood cells count. The investigation
started with the HPLC analyses, which showed rosmari-
nic, ellagic, chlorogenic acid (phenolic acids), and rutin
(flavonoids) as the main compounds detected in the
aqueous extract of the aerial parts from B. trimera.
These results are in accordance with previously reported
works in the literature [20, 34, 35].

The antioxidant activity of the aqueous extract of
the aerial parts from B. trimera has been described
previously [17, 34, 35]. According to the classification
of antioxidant activity, as reported by Fidrianny et al.,
(2015) [36], the aqueous extract of the aerial parts
from B. trimera had a moderate antioxidant activity
when detected by the DPPH assay. Previously, Rodri-
guez et al. (2009) [17] reported a similar value of
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inhibition of the B. trimera aqueous extract. Indeed,
phenolic acids and flavonoids can donate electrons
and stop chain reactions [37, 38]. The inhibitory ef-
fect of B. trimera on the reactive oxygen species
(ROS) can be explained by two distinct mechanisms,
which may or may not generate synergistic effects
[39]. The same authors explained that the first mech-
anism involves the inhibition of the PKC protein ex-
pression and activity, and the second mechanism is
associated with the downregulation of the p47P"™
phosphorylation of the nicotinamide adenine di-
nucleotide phosphate oxidase enzyme (NOX).

The present results also demonstrated an anti-
inflammatory effect of the B. trimera aqueous extract
treatment (80 mg.kg ') during the inflammatory phase
of the formalin test. On the contrary, none of the tested
doses of the extract was effective against the nociceptive
behavior during the neurogenic phase of the test. It is
important to highlight that in the neurogenic phase of
the formalin test, there was a release of the nociceptive
mediators, leading to plasma leakage (edema), vasodila-
tation in the capillaries, and activation of the sympa-
thetic fibers, mastocytes, and macrophages [40]. Yet,
during the inflammatory phase, mediators, such as hista-
mine, serotonin, bradykinin, and prostaglandins were re-
leased. Therefore, this phase is very sensitive to the
drugs with peripheral actions [32]. In this scenario, the
pretreatment with the lyophilized butanoic extract of B.
trimera (100 mg/kg, i.p) markedly inhibited the carra-
geenan and dextran-induced inflammation and reduced
the abdominal constrictions in the mice following the in-
jection of acetic acid [13]. The same authors suggested
that B. trimera showed anti-inflammatory and anal-
gesic properties, which seemed to be due, at least
partly, to the inhibition of prostaglandin biosynthesis
via the cyclooxygenase blockade. As the aqueous ex-
tract of B. trimera was effective in decreasing the
nociceptive behavior in the formalin test and as it
showed an antiedematogenic action, the authors
might suggest that it displays anti-inflammatory ef-
fects. According to de Oliveira et al. (2012), the phen-
olic enriched extract of B. trimera (15mgkg ', ip.)
presented anti-inflammatory and antioxidant activities

Table 1 Leukocyte count (%) in the blood of the different treated groups after the FCA injection (i.pl.) and the described treatments

Water (10 mLkg™")

Diclofenac Sodium (5 mg.kg™")

B. trimera (80 mg.kg™")

Lymphocytes 83.00 + 3,21 51.33 4+ 145% 64.66 + 1.76**"
Neutrophils 19.00 £ 1.15 900 + 1.15%%* 21.00 + 155"
Eosinophils 300+ 153 933 + 0.66% 6.00 + 1.55
Basophils 133+ 033 867 + 0.33*** 500 + 0.57***#
Monocytes 366 + 133 967 + 0.66* 450 + 150

*p <0.05 and ***p < 0.001 when compared with water, and **p < 0.01 and **#p < 0.001 when compared with diclofenac sodium (One-Way ANOVA, followed by the

Student-Newman-Keuls (SNK) test)
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in the inflammatory pleurisy model due to the pres-
ence of the phenolic compounds [14].

In order to confirm the antinociceptive effect of the
B. trimera aqueous extract in vivo, a chronic inflam-
matory model in the mice was achieved by using
FCA (ipl). The daily treatment with the B. trimera
aqueous extract (80 mgkg ', p.o.) reduced all of the
nociceptive behaviors, as shown by the diclofenac so-
dium treatment levels (5 mgkg ', p.o.). The hot plate
test caused a thermal stimulus that activated the noci-
ceptors, transmitting nociceptive information to the
dorsal horn of the spinal cord, and then to the cor-
tical centers [41]. The Von Frey test was also
stimulus-evoked to quantify the “pain-like” behavior
or nociception [27], Thus, the response to the appli-
cation of the Von Frey filaments to the skin, mea-
sured the tactile sensitivity, and was a surrogate
marker of allodynia in the states of peripheral and/or
central sensitization [42]. Therefore, all of the applied
tests evaluated the antinociceptive effect of B. trimera
in a pain model that caused central sensitization.

It is well known that FCA might provide a complex set
of signals to the innate compartment of the immune sys-
tem, resulting in altered leukocyte proliferation and differ-
entiation [43]. In the present study, daily doses of the
aqueous extract of B. trimera significantly decreased the
count of the current peripheral lymphocytes, as well as in-
creasing the basophils count; however, the neutrophils did
not decrease. The positive control, diclofenac, also inhib-
ited the accumulation of the leukocytes, as previously de-
scribed by Prescott et al., (1989) [44]. The findings of this
current study are in accordance with the MPO analyses,
which did not present significant changes. Similar results
were also observed as the enriched extract of B. trimera
was shown to be effective in the inhibition of the volume
of exudation, leukocyte migration, leukocyte differential
cell count, and protein concentration [14]. Paul et al.
(2009) [12] also showed that the aqueous extract of B. tri-
mera in concentrations of 25, 50, and 100 mg.mL™ " inhib-
ited the T-lymphocytes proliferation in vitro. Thus, to
understand how B. trimera decreases the lymphocyte
levels, additional experiments need to be performed.

In summary, the present findings confirm the anti-
inflammatory effects of B. trimera. Although this
aqueous extract is not much studied, it showed great
outcomes in the inflammatory pain models that were
used in this study. Besides, the current research also
reinforces that these anti-inflammatory effects can be
due to the saponins, flavonoids, and phenolic com-
pounds, which were present in the aqueous extract.

Conclusion
Taken together, the data has reinforced the potential of
the B. trimera aqueous extract as an anti-inflammatory
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and analgesic compound in a mice model of chronic in-
flammatory pain. Nevertheless, it is also necessary to de-
velop more research focusing on the anti-inflammatory
activity of this compound. More studies must be con-
ducted in order to evaluate the safety, the administration
route of the aqueous extract of B. trimera, and the lesser
doses that need to be tested, to prove the efficacy as an
antinociceptive treatment. However, as a large part of
the Brazilian population uses medicinal plants, the
current work using plant-based therapy could be seen to
explain the clinical translational part of phytotherapy re-
lated to B. trimera.
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