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Medicinal plants ated for antimicrobial activity by agar diffusion and microdilution methods, which allow to

Carqueja determine the minimum inhibitory concentration (MIC) and minimum bactericidal con-

Antimicrobial activity centration (MBC) and antibiofilm potential.

Toxicity Results: The results showed that there was no loss of animals and no significant changes in

hematological and biochemical parameters after oral administration of 2000 mg/kg of
tincture and was considered safe by the OECD, classified as category 5. The dyeing also
showed an important antimicrobial activity against gram positive and gram negative
bacteria also significantly decreased the microbial biofilm.

Conclusion: The tincture of B. trimera leaf when given orally once can be considered safe and
has a relevant antimicrobial potential that should be elucidated in subsequent research.
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At a glance commentary
Scientific background on the subject:

Despite advances in studies for the use of medicinal
plants, many people associate the natural origin of
products with low toxicity and lack of drug interactions.
This belief is considered erroneous, since the plants are
xenobiotic and they undergo biotransformation in the
human metabolism, being able to form toxic products.

What this study adds to the field:

Considering the wide variety of therapeutic indications
and the popular use of the B. trimera species, the toxi-
cological study and antimicrobial properties of this plant
are relevant for a better knowledge of the effects caused,
as well as the safety in the use of the same as a thera-
peutic resource.

Medicinal plants are misused because they are believed to
be a natural product that do not cause toxic or adverse effects,
and the popular use of plants by many communities and
ethnic groups serves as validation of the effectiveness of these
medicines. However, toxicological studies show that plants, in
some cases and when used exacerbated, can be harmful or
even, in high doses, lethal. The same plant can contain me-
dicinal and therapeutic parts, and also parts with toxic sub-
stances harmful to human and animal organisms [1,2].

The frequent appearance of resistant and multi-resistant
strains to the usual antimicrobials and the investigation for
low-side effect drugs have been contributed to the search for
alternative treatments against diseases caused by microor-
ganisms [3,4]. An important public health problem are the
nosocomial infections caused by strains resistant to avail-
able antibiotics by the pharmaceutical industry, which
makes the search for new antimicrobial agents extremely
important [5].

A plant belonging to the family Asteraceae, whose spe-
cies has been identified in pharmacology articles as Bac-
charis trimera (Less.) DC or even Baccharis genistelloides var.
Trimera (Less.) Baker (which are data of Baccharis crispa [6]. B.
trimera (Less) DC) it is a small tree, found in rocky soils and
sandy fields of southern Brazil, Paraguay, Uruguay and
Argentina. In Brazil, it is popularly known a carqueja,
carqueja-amarga, carqueja-do-mato, vassoura [7,8]. Studies
published about B. trimera describe analgesic [9,10], muscle
relaxant effects [11], antidiabetic [12], antioxidant [13], anti-
inflammatory [14,15] anthelmintic activity [16] and hepato-
toxicity [17]. Silva et al. [8] studied the acute toxicity of B.
trimera tincture, but only evaluated the mortality and clas-
sified the plant as category 5, relatively safe. In subacute
toxicity, levels of the enzymes aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) were reduced
after 28 days of treatment at 200 and 400 mg/kg doses of B.
trimera dye.

Studies demonstrate the antimicrobial activity of crude
extract [18] and essential oil [19,20] against Gram negative,
Gram positive and fungi.

Considering its variety of therapeutic indications and its
popular use, it is relevant to evaluate the detailed acute
toxicity and antimicrobial activity of B. trimera tincture for a
better knowledge of the effects caused by this plant, as well as
the safety of its use as a therapeutic resource.

Materials and methods
Vegetable sample

The B. trimera tincture used in the experiments was pur-
chased by Flores e Ervas Com. Fazenda Ltda. (Piracicaba, Sao
Paulo, Brazil), in 2015, registered under the number NPT.0215/
082 (Responsible Pharmaceutical: Karina da Silva). The B. tri-
mera leafs were macerated and crushed with ethanol (68%)
solution.

Animals

For the acute toxicity, Wistar adult rats, male and female, of 6
and 8 weeks of age, weighing 160—200 g, from Biotério Central
da Universidade Federal de Santa Maria (UFSM) were used.
The animals were separated according to sex and were accli-
matized to the new environment for 5 days before the start of
the experiment. All of the animals were housed on poly-
propylene cages, the environment temperature was kept at
24°C + 2 °C, and the relative humidity at 45—55%, with a light/
dark cycle of 12:12 h. The rats were treated with commercial
food and ad libitum water. The animals were manipulated and
the experiments were performed with approval of the UFSM
Ethics Committee (CEUA UFSM,; protocol 050/2014).

Evaluation of acute toxicity

The acute oral toxicity of B. trimera tincture was evaluated in
rats of both sexes, as preconized by the guidance of OCED (Or-
ganization for Economic Cooperation and Development-423,
approved in 17 of December of 2001) with modifications [21].

According to the guidance of OCED 423, these experiments
were performed twice with the use of 3 animals of each sexual
category by stage. The animals of the test group received a
unique dose of 2000 mg/kg of B. trimera tincture, with the help
of esophageal probe. The control group was treated by the
same route with ethanol (68%) at a 10 mL/kg concentration.
The dose used in the experiment of acute toxicity was chosen
from dose 2000 mg/kg, as described in the OCED guide. Ac-
cording to the OCED 423 protocol, this assay was performed in
two independent experiments to estimate the LDs,. In total, 12
male and 12 female rats were used.

After the administration, the animals were individually
observed during the first 30 min and daily. After that, the
observation was extended for 14 days. The analysis included
changes in skin, bristle, eyes and mucosa of respiratory tract,
somatomotor activity and behavior. The attention was directed
to the analysis of tremors, convulsion, salivation and diarrhea.
The weight of each animal was determined just before
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administration of the substance of the study, and daily during
all the experiment. At the 15th day, all animals were submitted
to a short fasting of 8 h, were anesthetized with 50 mg/kg
intraperitoneal injection (i.p.) of sodium pentobarbital, received
8 mg/kg i.p. of tramadol, and were euthanized by cardiac
puncture.

Biochemical and hematological analysis

Blood was collected by cardiac puncture in two tubes: one
with the anticoagulant ethylenediamine tetra acetic acid
(EDTA), and the other without anticoagulant. The blood
without anticoagulant was allowed to coagulate before the
centrifugation (4000 rpm during 10 min) to obtain the serum,
which was used to measure urea (URE), creatinine (CRE),
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT). The measurement was performed using com-
mercial kit (Kits Diagnostico Laboratorial Bioclin/Quibasa,
Minas Gerais, Brasil) and biochemical analyzer (Genz, Bioplus:
Bio-2000). The blood with anticoagulant was immediately
analyzed in search of hematologic parameters such as leu-
kocytes (WBC) and its differentials (lymphocytes, neutrophils,
monocytes and eosinophil's), erythrocytes (RBC), hemoglobin
(HGB), hematocrit (HCT), average corpuscular volume (VCM),
concentration of average corpuscular hemoglobin (CHCM),
distribution in the size of red blood cells (RDW), platelets
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count (PLT), and proteins (PT) were determined with assis-
tance of veterinary automatic counter Mindray BC 2800.

Antimicrobial activity

Microorganisms

The following microorganisms were used in the experi-
ments: Staphylococcus aureus (ATCC 29213), S. aureus (ATCC
6538), Methicillin-resistant S. aureus (Clinical isolate),
Escherichia coli (ATCC 35218), Klebsiella pneumoniae (ATCC
700603), Pseudomonas aeruginosa (PAO1) and Candida albicans
(ATCC 14053). The strains were purchased from the Amer-
ican Type Culture Collection (ATCC). These microorganisms
were maintained on culture medium with glycerol and
frozen at —80 °C. The samples were unfrozen, inoculated on
Brain Heart Infusion broth (BHI), and incubated for 24 h.
After that, they were seeded on Nutrient agar and incubated
for 24 h at 37 °C. From the grown colonies, the suspension in
NaCl at 0.9% corresponding to the 0.5 at McFarland scale
(1.5 x 108 CFU/mL) was produced.

Disk diffusion method

To evaluate the initial antimicrobial activity of B. trimera, the
disk diffusion method was performed, as described previously
by Bauer et al. [22]. The microorganisms were seeded in petri
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Fig. 1 Effects of acute administration of B. trimera tincture on biochemical parameters in male and female rats. Data are
expressed as mean + S.D. One way ANOVA followed by Tukey test, when appropriate (n = 6). Abbreviations used: BUN: Blood
urea nitrogen; CRE: creatinine; ASAT: aspartate aminotransferase; ALAT: alanine aminotransferase. Differences between the

groups were considered to be significant when p < 0.05.
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dishes with Mueller Hinton agar (MHA) and a disk with pure B.
trimera tincture was added on the agar surface. Meropenem
was used as control. The plates were incubated for 24 h at 37 °C
and, afterwards, the inhibition zones were measured in mil-
limeters (mm). The experiment was performed in triplicate.

Minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC)

The MIC was determined by microdilution method in 96
well-plates. Different concentrations of B. trimera tincture
were added in wells with Mueller Hinton broth (MHB) and
the suspension with microorganisms. Positive control was
considered to be the well with only the suspension and
MHB, while the negative control was only MHB. Afterwards,
the plates were incubated for 24 h at 37 °C. The assay was
performed in triplicate. The assay was revealed with 2,3,5-
triphenyl tetrazolium chloride, which develops a red color
in the microbial grown. The lowest concentration that
doesn't show change in color was considered as MIC. To
determine the MBC, an aliquot of 1 ul was taken of each well,
seeded on Nutrient agar plate and incubated for 24 h. Af-
terwards, the colonies were identified and the lowest con-
centration that did not demonstrated microbial growth was
considered the MBC.

Biofilm formation and treatment with B. trimera tincture

The antibiofilm potential was evaluated against the strain P.
aeruginosa PAO1. The method used to this assay was described
previously [23] with modifications. To biofilm formation, fresh
exponentially grown culture of P. aeruginosa was diluted to be
108 CFU/mL, and 20 pL was added to 96-well plates (Nunclon™
D surface, Nunc, Roskilde, Denmark), containing 100 pL of BHI
broth. The plate was incubated in 37 °C for 24 h. After for-
mation of the biofilm, the treatment was performed and
incubated for 24 h in a condition of 37 °C, according to Manner
et al. [24]. The treatment was performed with MIC and MBC of
B. trimera (1.56% and 3.125%). A positive control was per-
formed containing only BHI broth and the P. aeruginosa strain
while the negative control was just BHI broth.

Quantification of biofilm biomass

The supernatant was removed and washed four times with
distilled water, fixing with 95% of methanol and staining with
150 pL of 0.1% of crystal violet for 10 min at room temperature
(RT). After incubation, the well-plates were washed with
distilled water, and ethanol 95% was added to dissolve the
coloring after 15 min. After that, 100 uL were transferred into
another plate to measure spectrophotometrically at 570 nm to
crystal violet in spectrophotometer (TP-Reader; ThermoPlate,
Goids, Brazil). The biofilm formation was determined by the
difference between the mean optical density (OD) readings
obtained in the positive control (BHI broth and P. aeruginosa
strain) and the treatment with MIC/MBC of B. trimera tincture.

Statistical analysis

The data were expressed in mean + S.D. All results were sub-
mitted to analysis of variance (ANOVA) one-way followed by
the Tukey test. For the comparison between the control and
the treated group, the t test was used. The values were

Table 1 Effects of acute administration of B. trimera

tincture on erythrocytic parameters and platelets levels
in male and female rats.

Sex Study group 2000 mg/kg
Control

Male RBC (x10%/ul)  7.77 + 0.87 6.94 + 1.46
HBG (g/dL) 15.72 + 1.66 14.01 + 3.16
HCT (%) 46.87 + 5.68 42.58 + 6.25
MCYV (fL) 60.30 + 1.94 60.06 + 2.96
MCHC (g/dL) 33.57 + 1.22 33.53 + 1.36
RDW (%) 15.46 + 0.42 15.73 + 0.37
PLT (x10°/ul) 1067.87 + 120.25 1176.00 + 148.94
PT (g/dL) 8.02 + 0.75 7.84 + 0.85

Female RBC (x106/uL) 7.68 + 0.64 7.85 + 0.35
HBG (g/dL) 15.34 + 1.42 15.50 + 0.70
HCT (%) 47.50 + 3.61 47.20 + 2.36
MGV (fL) 60.70 + 2.10 59.38 + 1.92
MCHC (g/dL) 32.92 +0.73 33.26 + 0.73
RDW (%) 14.15+0.78 13.96 + 0.53
PLT (x103/uL) 1228.78 + 214.02 1269.00 + 196.03
PT (g/dL) 7.98 + 0.35 8.05 + 0.25

Data are expressed as mean + S.D. One way ANOVA followed by
Tukey test, when appropriate (n = 6). Abbreviations: RBC: Red Blood
Cells counts; HGB: Hemoglobin; HCT: Hematocrit; MCV: Mean
Corpuscular Volume; MCHC: Mean Cell Corpuscular Hemoglobin
Concentration; RDW: Red cells Distribution Width; PLT: Platelet;
PT: Proteins. Differences between groups were considered to be
significant when p < 0.05.

Table 2 Effects of acute administration of B. trimera on

leukocytes and its differential count in male and female
rats.

Sex Study group 2000 mg/kg
Control

Male WBC (x10%/uL) 12.38 + 3.84 10.95 + 2.71
Lymphocytes (%) 75.70 + 9.95 78.80 + 5.83
Neutrophils (%) 18.50 +7.78 18.40 + 6.70
Monocytes (%) 4.50 + 3.20 4.30 + 3.65
Eosinophils (%) 1.30 + 1.50 1.50 £ 1.26

Female WBC (x103/uL) 7.98 + 0.85 8.08 + 1.00
Lymphocytes (%) 76.33 + 8.53 72.87 +9.37
Neutrophils (%) 18.85 +3.93 20.33 + 3.44
Monocytes (%) 3.55 +2.24 5.00 + 3.54
Eosinophils (%) 1.00 + 0.76 1.12 +0.83

Data are expressed as mean + S.D. One way ANOVA followed by
Tukey test, when appropriate (n = 6). Abbreviation: WBC: white
blood cell. Differences between groups were considered to be sig-
nificant when p < 0.05.

considered statistically significant when p < 0.05. Statistical
analysis was carried out using Statistic 7.0 (StatSoft Inc., Tulsa,
USA) and Graph Pad Prism 6.0 software (GraphPad, USA).

Results
Acute toxicity
Oral administration of B. trimera tincture in rats of both sexes

does not cause death. There is no observation of body weight
gain, the animals did not show behavior changes during the
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Table 3 Diameter of inhibition zone of B. trimera tincture

against tested microorganisms.

Microorganism Zone diameter  Zone diameter
(mm) B. (mm) Control
trimera tincture (Meropenem)

S. aureus (ATCC 29213) 9+1 48

S. aureus (ATCC 6538) 12+2 50

MRSA (Clinical isolate) 12+2 N/A

E. coli (ATCC 35218) N/A 42

K. pneumoniae 11+1 16

(ATCC 700603)
P. aeruginosa (PAO1) 7+1 26
C. albicans (ATCC 14053) N/A 19

Abbreviation: N/A: Not applicable. N = 5.

Table 4 MIC and MBC of B. trimera tincture against tested
microorganisms.

Microorganisms MIC (mg/mL) MBC (mg/mL)
S. aureus (ATCC 29213) 6.56 13.125

S. aureus (ATCC 6538) 6.56 13.125
MRSA (Clinical isolate) 6.56 26.25

K. pneumoniae (ATCC 700603) 52.5 105

P. aeruginosa (PAO1) 13.125 26.25

Abbreviations: MIC: Minimum inhibitory concentration; MBC:
minimum bactericidal concentration. N = 5.

study, and macroscopic changes in the organs were not found
during the necropsy. Acute oral administration of B. trimera
tincture, as summarized in Fig. 1, did not significantly (p < 0.05)
change the biochemical parameters, and it is also apparent
from Tables 1 and 2 that no significant alterations were
observed in the various hematologic parameters.

Antimicrobial activity

After incubation, diameters of the growth inhibition zone
were measured, and the results are expressed in mm (Table 3).
The tincture showed an important antimicrobial activity
against Gram positive and Gram negative bacteria. The
experiment was performed in triplicate.

Minimal inhibitory concentration and minimal bactericidal
concentration

After adding the revealing substance, the MIC was visualized
and showed 0.78% as the lowest concentration and 6.25% as
the highest concentration. The MBC method demonstrated a
bactericidal effect from 12.5 until 1.56% (Table 4).

Quantification of biofilm biomass

After the treatment, the crystal violet assay showed a
decrease of 65% of biofilm biomass when treated with MIC of
B. trimera. While the biofilm treated with MBC showed a
decrease of 45% (Fig. 2).

1004
<
E
.“: *
S = ==
[11] ——
0 T T T
» A A
&‘o \‘\\o \&@0
S AL \:
) ¢ &
& & &
o \ &
Q° ' >

Fig. 2 Antibiofilm activity of B. trimera tincture against P.
aeruginosa PAO1. Analysis of variance (ANOVA) was used,
followed by Tukey test considering values p < 0.05 statistically
significant compared with Positive Control (n = 5). Data
expressed on mean + S.D. Absorbance at 570 nm.

Discussion

The OECD Guide 423 does not allow the calculation of an LDs,
however, this protocol is the appropriate procedure when few
animals (n = 3) are used. Depending on the mortality and/or
moribund state of the animals, an average of 2—4 steps may be
required to allow assessment of the acute toxicity of the test
substance. Thus, according to guide 423, in an acute toxicity
test in which no death occurs in more than one of the six
animals treated at a dose of 2000 mg Dear reviewer, as we
discuss the results shortly after they are written in the Dis-
cussion item, we believe that there will be a de-structuring of
our text if we put an initial paragraph as suggested. In this
way, we prefer to keep believing that you accept our decision./
kg, the LDg, value may be considered to be greater than
2000 mg/kg and lower than 5000 mg/kg, and the compound is
classified in category 5 [21].

The Acute Toxicity Guide 423 describes that only the use of
females is necessary [21]. On the other hand, the “Guide for
performing preclinical toxicity studies of herbal remedies”
recommends that both sexes are tested with a number of six
animals per genus and only one animal species [24]. The use of
only three animals per genus allowed to estimate the LDsq of
guide 423, and the use of alternative methods to estimate the
LDs, of herbal medicines in Brazil is not restricted [21,25].

Silva et al. [8] analyzed only mortality and toxicity signals
after the administration of B. trimera tincture. Their experi-
ment showed results that corroborate with the present study.
Analyzing the diversity of pharmacological effects found on
medicinal plants, the studies that evaluate the safety and ef-
ficacy of these plants were considered of great importance for
the scientific community, becoming a frequent focus on the
researches.
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The analysis of blood parameters is a pertinent method to
evaluate the risk of toxicity on tested animals, and thus pos-
terior use of compounds by people [25,26]. The first organs
which show toxicity symptom when exposed to toxic sub-
stances are kidney and liver. Urea and creatinine, can be used
as biomarkers of kidney lesion. Aminotransferases, such as
ALT and AST, are considered indicative of hepatic damage
[8,27,28]. The studied biochemicals parameters were not
modified in rats of both sexes treated with B. trimera when
compared with the control group, indicating a normal func-
tion of kidney and liver.

The hematopoietic system is one of the most susceptible
targets to toxic substances, and it is an important parameter
to evaluate the physiologic and pathologic state in humans
and animals [26,28]. The laboratory study of the red series is
composed of several tests, which are called an erythrogram.
The analysis of this great laboratory tool is able to inform the
conditions of the gas transport system; they indicate situa-
tions of nutritional deficiency, drug production, increased
destruction or other blood loss and diagnostic anemia [29].
The leukogram in which a percentage of leukocytes cells (also
known defense cells) is considered important information,
not only for the diagnosis of diseases, but also as a “health
certificate” in periodical exams, or check-ups [26,27,29].
Although the platelets are very small, they play an important
role in the hemostasis. They help to start the blood coagula-
tion after damage in blood vessels. Therefore, platelets count
can be used to investigate and evaluate some hemorrhagic
disturbs and disturbs of coagulation [27,29]. In relation to the
results of our study, such as leukocytes and the differential,
the mean of score values of the treated groups with a unique
dose of tincture remained in the normal intervals in com-
parison with the control group. The mean values of red series
and platelets also didn't show significant difference when
comparing the control with to the treated groups of both
sexes.

The results found in our study of acute toxicity of B. trimera
dye were obtained at a dose that, although high, was only as
high as convenient for the objectives and protocol used.
However, the evaluation of chronic toxicity, the action
mechanism, and other organs should be studied.

Actually, one of the biggest concerns associated to infec-
tious disease is microbial resistance. The usual drugs do not
follow the microbial evolution and, in this context, there is a
lack of therapeutic alternatives for infections caused by mul-
tiresistant microorganisms. Thus, the search of new options is
becoming more frequent [30,31].

The term biofilm describes the irreversible adhesion of
microbial agglomerates (bateria, fungi, protozoa and viruses)
on biological or synthetic surfaces as implants, tissues, bones,
teeth also many medical devices [32,33]. These agglomerates
produce a polymeric extracellular matrix which prevents the
penetration of microbial agents increasing the resistance.
Moreover, the biofilms are usually in place of difficult access,
making the treatment rarely effective, generating costs and
decreasing the patient's quality of life [34,35,37].

According to da Silva and de Souza [37], among the
methods for the evaluation of antimicrobial activity, the disk
diffusion method and the bioautography stand out. This last

one is considered a technique of easy execution and low cost
for the identification of inhibitory activity, being an efficient
assay sensible in the determination of antimicrobial activity,
because it is used at a lower rate than the 2.5 pg of the tested
compound for the formation of an inhibition zone [35,36].

The property of curing wounds of B. trimera suggested a
possible antimicrobial activity [38]. Different extracts were
made as previously described and screened, and demon-
strated activity against Bacillus subtilis, Micrococcus luteus and S.
aureus. Previous studies demonstrated antifungal activity of
Baccharis extract against Paracoccidiodes brasiliensis [39]. The
present antimicrobial experiments showed the potential of
the tincture against both Gram positive and negative bacteria.
The tincture demonstrated to be effective against resistant
bacteria such as K. pneumoniae p-lactamase producer and S.
aureus resistant to methicillin. Moreover, the B. trimera tinc-
ture was able to inhibit a biofim forming bacteria like P. aeru-
ginosa (PAO1). In view of this last finding, the antibiofilm
activity of the tincture was evaluated. This is the first study
concerning the antibiofilm potential of B. trimera. The experi-
ment demonstrated the reduction of formed biofilm after the
treatment with tincture at MIC and MBC concentrations. This
finding is of great relevance in view of the difficulty of treat-
ments that combat biofilm. However, the use of B. trimera in
biological environment as an option for the multiresistant
infections requires toxicological tests to clarify the mecha-
nisms of action and effects of this tincture.

The high content of phenols and flavonoids may be
recognized by antibacterial properties. The antimicrobacterial
activity of these compounds is well described in the literature
[40,41]. This work could be explained by the great amount of
rutin, quercetin and kaempferol present in B. trimera tincture
as evaluated by Silva [8] in his study, which corroborates the
antimicrobial results found in our study.

Conclusions

The present study demonstrated that the tincture of B. trimera
leafs shows an antimicrobial potential. The toxicological
evaluation revealed that the tincture doesn't show significant
toxicity when only one oral dose in animals of both sexes was
administered, being considered safe by OCDE, classified as 5
category, which, in addition to the fact that the pharmaco-
logical effects of B. trimera have already being proven, makes
this plant an excellent candidate for the development of a
future herbal medicine.
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