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ARTICLE INFO ABSTRACT

Essential oils are secondary metabolites with immense pharmacological potential.These substances are abun-
dantly produced by plants of the family Asteraceae, such as Baccharis coridifolia. Previous studies have de-
monstrated that this species has pharmacological properties that make it a promising source of new antibacterial
agents. Therefore, the present study aimed to evaluate the antibacterial and antibiotic-modulating activity of
Baccharis coridifolia essential oil against multidrug-resistant (MDR) strains. The phytochemical analysis was
carried out by gas chromatography coupled to Mass Spectroscopy (GC/MS), and realized the Minimum
Inhibitory Concentation (MIC) and antibiotic-modulation from the microdilution method in 96-well plates. It
was revealed the presence of germacrene D (23.7%), bicyclogermacrene (17.1%), and (E)-caryophyllene (8.4%)
as major components. The minimum inhibitory concentration of essential oil against strains of Pseudomonas
aeruginosa (512 pg/mL) and Staphylococcus aureus (128 pg/mL) demonstrated clinically relevant antibacterial
activity. In addition, the combination of subinhibitory doses of the oil with conventional antibiotics showed
synergism, indicating potentiation of the antibacterial effect. In conclusion, the essential oil of Baccharis cor-
idifolia (EOBc) presented antibacterial and antibiotic-modulating activities that place this species as a source of
molecules useful in the fight against bacterial resistance.
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1. Introduction

The use of plants for therapeutic purposes is an ancient practice that
has been empirically transmitted from generation to generation [1,2].
The therapeutic properties of medicinal plants are due to the action of
secondary metabolites, also called phytochemicals [3,4]. In addition to
providing phytotherapeutic characteristics, these compounds protect
plants against pests and microbial infections [5].

In this context, Asteraceae species have been recognized for their
high production of essential oils, metabolites with a wide variety of
biological effects, and relevant applications in the cosmetics and per-
fume industries. This family is represented by about 27,000 species and
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1,700 genera [6,7], among which the genus Baccharis stands out for
presenting about 500 species widely distributed in the American con-
tinent, mainly in South America. In Brazil, around 178 species are
found, predominantly in the state of Parana, and approximately 83
species are found [8,9].

Species of the genus Baccharis have been widely investigated for the
medicinal properties reported in folk medicine. Studies indicate that the
plants of this genus present in its composition higher concentration of
sesquiterpenes in which they can present anti-inflammatory, analgesic,
and gastroprotective effect, among other pharmacological properties
[10]. Baccharis coridifolia, also known as romerillo or mio-mio, is found
in regions such as Paraguay, Uruguay, Brazil, and northern Argentina
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[11]. It has been shown that this species has anti-inflammatory activity,
besides being popularly used for the treatment of parasitic infections
and equine distemper, suggesting that B. coridifolia may have anti-
bacterial properties [12].

Multiresistant bacterial infections have become a significant public
health problem. Multidrug resistance occurs in both Gram-positive and
Gram-negative bacteria, which cause infections that cannot be treated
with most conventional antibiotics [13]. Among the Gram-positives,
Staphylococcus aureus stands out for causing infections ranging from
simple skin diseases to severe conditions such as bacteremia and en-
docarditis [14,15]. The species Escherichia coli, of the En-
terobacteriaceae family has resistance to several drugs, such as carba-
penemases, cephalosporins, among others [16]. Pseudomonas aeruginosa
are Gram-negative bacteria with high virulence. These bacteria act as
opportunistic microorganisms that can cause severe infections and even
sepsis [17,18].

The emergence of resistant microorganisms has been directly asso-
ciated with the indiscriminate use of antibiotics, resulting in a selective
pressure that favors the survival of bacteria before treatment with
conventional medicines [19]. This scenario has driven the development
of research aimed at identifying new antimicrobial agents through
chemical synthesis or isolation from natural products [20,21]. Ac-
cordingly, the present study aimed to investigate the antibacterial
properties of the essential oil of Baccharis coridifolia leaves against
multiresistant strains, considering that this is the first study to report
the antibacterial properties of this species.

2. Materials and methods
2.1. Plant material

The essential oil was extracted from the terminal branches and/or
inflorescences of specimens collected in the environmental Protection
area “Reserva Particular do Patriménio Natural” (RPPN), a segment of
the Atlantic Forest in the state of Parand, southern Brazil. The dried
specimens were prepared and a deposited in the Herbarium of the
“Faculdades Integradas Espiritas” college, under registration number
HFIE 8.371.

2.2. Extraction and chemical analysis of Baccharis coridifolia essential oil

The essential oil was extracted in a Clevenger type apparatus using
100g of fresh plant material and 1L of distilled water with three re-
petitions. After extraction, the samples were centrifuged at 5,000 RPM
for 2 min to separate the oil, and the total mass of each sample was
determined on an analytical balance.

Gas Chromatography, coupled to Mass Spectroscopy, was used to
analyze the chemical composition of the oil. The chemical constituents
were identified by comparing their mass spectra with the Wiley and
NIST library as well as by analyzing the linear retention indices. These
indices were calculated from the injection of a homologous series of
hydrocarbons (C7-C26) and compared by the data found in the litera-
ture. Only peaks higher than 1% were considered for the identification
and quantification of chemical components [22].

2.3. Bacterial strains

The following multiresistant strains were used throughout the pre-
sent study: Staphylococcus aureus 10, Pseudomonas aeruginosa 24 e
Escherichia coli 06 is described in the work of Bezerra and collaborates
[23] that used the same strains.

2.4. Essential oil preparation

A test tube was added with 10 mg of the essential oil and 1 mL of
DMSO. This solution was transferred to another tube and diluted in
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8,765 mL of sterile distilled water, resulting in a solution with a final
concentration of 1024 pug/mL. This solution was used throughout the
tests.

2.5. Determination of the minimum inhibitory concentration (MIC)

Bacterial strains were seeded in Petri dishes containing HIA culture
medium and incubated at 37 °C for 24 h. Then, a sample of each culture
was dragged and diluted in test tubes containing sterile saline, in tri-
plicate. After this procedure, the turbidity was adjusted according to the
0.5 McFarland scale. An aliquot of 150 L of each bacterial inoculum
(referring to 10% of the total solution) was transferred to a tube con-
taining 1350 pL of a 10% Brain Heart Infusion Broth (BHI) solution. To
prepare the BHI, 10% of the material was weighed, in relation to the
total volume used. Every well of a 96-well microdilution plate was filled
with 100 pL of this solution, and then the essential oil was diluted at
concentrations ranging from 512 pg/mL to 8 pg/mL. A well with no
essential oil added was used as bacterial growth positive control. After
the treatments, the plates were incubated at 37 °C for 24 h. Bacterial
growth was analyzed by adding 20 uL of resazurin to each well, pre-
viously prepared at a concentration of 0.04 mg/ml. After the resazurin
was added, the plates were incubated for 1 h at room temperature and
after this period the colorimetric variation was observed, considering
that there was no bacterial growth in the wells that remained with the
blue color, and positive for the bacterial growth in the wells that had
changed the blue to pink coloring [24,25]. All test was performed in
triple.

2.6. Evaluation of the antibiotic-modulating activity

For analysis of the antibiotic-modulating activity, the Baccharis
coridifolia essential oil was used at a sub-inhibitory concentration (MIC/
8). The oil was diluted in a variable volume of 10% BHI enough to
obtain this concentration and then added to 150 pL of bacterial in-
oculum (corresponding to a concentration of 10%) in a tube. Controls
were prepared by using 1350 pL of 10% BHI medium and 150 pL of the
inoculum. Each well of a microdilution plate was filled with 100 pL of
the oil or control solution. Following this procedure, serial dilutions
with 100 pL of Penicillin, Gentamicin, and Norfloxacin at an initial
concentration of 1024 ug/mL. The plates were incubated in an oven at
37 °C for 24 h, and then, the MIC of these antibiotics in the presence of
the essential oil was determined by the addition of resazurin [24]. All
test was performed in triple.

2.7. Statistical analysis

Data were expressed as mean * standard deviation and evaluated
by analysis of variance (ANOVA) followed by Bonferroni's post hoc test
using GraphPad Prism software. Differences with p < 0.05 were
considered significant.

3. Results

The essential oil of fresh leaves of Baccharis coridifolia had a total
yield of 0.17%. The phytochemical characterization by Gas chromato-
graphy coupled to mass spectrometry identified the presence of 13
compounds, as shown in Fig. 1. As shown in Table 1, the oil is con-
stituted predominantly by sesquiterpenes (67.1%) and monoterpenes
(32.9%). An analysis of individual constituents revealed the presence of
germacrene D (23.7%), bicyclogermacrene (17.1%), and (E) -car-
yophyllene (8.4%) as major components.

Given this evidence, we used the microdilution method to de-
termine the EOBc MIC. The results revealed that this substance has
antibacterial activity against strains of Pseudomonas aeruginosa and
Staphylococcus aureus, but not against Escherichia coli (Table 2), con-
sidering a MIC < 1000 pg/mL [26] as clinically relevant.
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Fig. 1. GC-MS chromatogram of the essential oil of Baccharis coridifolia
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1 = a-pinene; 2 = B-pinene; 3 = myrcene; 4 = limonene; 5= (E)-B-ocimene; 6 = geraniol; 7 = B-elemene; 8 =(E)-caryophyllene; 9 = germacrene D; 10 = bi-
cyclogermacrene; 11 = spathulenol; 12 = caryophyllene 6xide; 13 = a-cadinol.

Table 1

Relative composition (%) of Baccharis coridifolia Essential Oil.

As shown in Fig. 2, besides having a direct antibacterial activity, the
essential oil increased the activity of conventional drugs, demonstrating

Retention Index

Compound

an antibiotic-modulating effect. Tests with E. coli revealed that asso-
ciation of the oil with norfloxacin caused a reduction in the MIC from

937 alpha-pinene 4.7 64 pg/mL to 3.17 pug/mL, and in the case of gentamicin, the MIC was
g;z ;Ieta'l"“e“e 2'3 reduced from 32 pg/mL to 20 ug/mL. Combining the oil with the same
1031 L.yrcene ’ antibiotics against the S. aureus strain also caused a significant reduc-
imonene 3.2 X K X . X
1051 (E)-beta-ocimene 8.2 tion in the MIC of these drugs, especially gentamicin, which was re-
1258 Geraniol 4.3 duced from 128 pg/mL to 8 pg/mL. On the other hand, in the tests using
1391 beta-elemene 2.8 P. aeruginosa, only the MIC of Norfloxacin was reduced. Interestingly,
12;3 g;;zgs::’;le“e 2'347 the essential oil did not reduce the MIC of Penicillin against any of the
1493 Bicyclogermacrene 171 bacterial strains tested, indicating that the modulating effect varies
1577 Spathulenol 8.1 with the class of the antibiotic.
1581 Caryophyllene oxide 2.8
1651 alpha-cadinol 4.2 . .
4. Discussion
Table 2 The phytochemical composition of the oil analyzed by the present

Minimum inhibitory concentration against multiresistant strains by

essencial oil of Baccharis coridifolia.

Strain

MIC

Escherichia coli 06

Pseudomonas aeruginosa 24

Staphylococcus aureus 10

=>1024 pg/Ml
128 pug/mL
512 pug/mL

Value MIC (ug/mL)

1200
:(l]gg B Norfloxacin
900 . . ok ok ok . . . . B8 Norfloxacin + BcOE
500 ok BE= Gentamicin
§§§ e I I I I I I 00 Gentamicin + BcOE
100 o i BEZ Penicillin
& B Penicillin + BcOE
gg *_**"_‘ Value s_tatistically
ce significant with p<0,0001
S. aureus P. aeruginosa

study presented characteristics similar to other species belonging to the
same genus. Studies have shown that the essential oils obtained from
Baccharis dracunculifolia and Baccharis trimera are predominantly com-
posed of sesquiterpenes, including germacrene D and a-caryophyllene,
respectively as major components [10]. A study by Valarezo et al. [27]
found that the essential oil of Baccharis obtusifolia has limonene, ger-
macrene D, B-pinene, and bicyclogermacrene as principal constituents.
These compounds were also found in Baccharis coridifolia essential oil,
which had not been previously reported in the literature.

Fig. 2. Antibiotic-modulating activity of B. coridifolia essential oil in combination with antibiotics against multiresistant strains of E. coli 06, P. aeruginosa 24 and S.

aureus 10.
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Regarding pharmacological aspects, sesquiterpenes, the leading
class of constituents found in the EOBc, were found to present anti-
bacterial activity. Studies have shown that these compounds act on the
bacterial membrane, causing an increase in permeability and damage
that results in cell autolysis [28].

Literature data demonstrate that the antibacterial spectrum of ac-
tion of Baccharis species is variable. In agreement with the present
study, Salazar et al. [29] showed that Baccharis dracunculifolia essential
oil has antibacterial activity against SA10 and PA24 strains, with MICs
of 512 pg/mL and 813 pg/mL, respectively. However, the oil showed no
action against the multidrug resistant E. coli strain. In addition, the
species has a chemical composition similar to that found in the present
study, characterized by a high concentration of sesquiterpenes, in-
cluding Germacrene D (18.4%) as the primary component.

A study with species of the same genus found that B. dracunculifolia
and B. uncinella present an antibacterial activity against E. coli
P.aeruginosa and S. aureus, indicated by an increase in the inhibition
halo in the disc diffusion method [30]. On the other hand, Valarezo
et al. [27] demonstrated that Baccharis latifolia oil showed no anti-
bacterial activity against S.aureus, P. aeruginosa, and E.coli strains,
considering that the oil presented higher concentrations of sesqui-
terpenes.

The antibiotic-modulating activity of B. coridifolia was previoulsly
analyzed through the disc difusion method [31]. The authors demon-
strated that the association of the essential oil obtained from this plant
with Gentamicin against the S. aureus strain had an antagonistic effect.
Furthermore, the oil did not modulate the antibacterial effect of gen-
tamicin against E. coli, which differs from the results obtained by the
present study. On the other hand, a study by Salazar et al. [29], using
another species of the same genus (B. dracunculifolia), demonstrated
synergistic effect when the essential oil was associated with gentamicin
and norfloxacin against strains of E. coli, P. aeruginosa and S. aureus.

Essential oils have been shown to have constituents capable of in-
teracting synergistically with antibiotics enhancing their antibacterial
effect. Regarding the mechanisms involved in this process, the sec-
ondary metabolites present in essential oils seem to facilitate the
transport of other oil compounds into the bacteria, enhancing the an-
tibacterial activity of these drugs [32]. In addition, essential oils also
have a direct antibacterial activity, whose mechanism involves cell wall
lysis, which results in extravasation of cell content, as well as reduction
of motor force and coagulation of the cytoplasm. Here, we suggest that
these are potential mechanisms involved in the antibacterial and anti-
biotic-modulating actions of B. coridifolia essential oil.

5. Conclusion

The essential oil obtained from the leaves of B. coridifolia exerted an
antibacterial activity against multidrug resistant strains of Pseudomonas
aeruginosa and Staphylococcus aureus. In addition, the oil potentiated the
action of aminoglycosides against multiresistant bacteria, which ap-
pears to be dependent on the type of drug and bacterial strain. In that
its antibacterial activity possibly occurs due to the present metabolites,
which was evidenced as in greater concentration the presence of the
germacrene D compound in the essential oil. Thus, further studies with
isolated constituents will be crucial to identify the compounds re-
sponsible for pharmacological properties of EOBc in this model.
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