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Abstract This chapter provides a review of the characteristics of essential oils of
Baccharis species with special emphasis on their chemical composition and bio-
logical activities. Species of Baccharis show a great diversity in their morpho-
anatomical and ecological features and also exhibit a wide range of chemical
diversity in their essential oils. Several medicinally beneficial properties and bio-
logical activities, including anti-inflammatory, antimicrobial, antiulcerogenic, anti-
malarial, antioxidant, antitrypanosomal, cytotoxic, insecticidal, leishmanicidal,
schistosomicidal, sedative, and adjuvant properties, have been reported for the
essential oils of Baccharis species. Essential oils of Baccharis species and their
major compounds have been reported to have medicinal properties and have shown
significant activities against a range of insect pests, microorganisms, and parasites.
Also, we illustrate the micromorphic features of various secretory structures that are
responsible for biosynthesizing and storing the essential oils in Baccharis species,
including glandular trichomes and secretory ducts.

Keywords Chemical composition - Medicinal properties - Insecticidal activity -
Parasiticidal activities - Secretory structures

1 Introduction

Currently, it is estimated that more than 3000 essential oils (EOs) are known, and
300 of them have commercial value. EOs from a number of species are commonly
used in pharmaceutical industries, aromatherapy and aromachology, household
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cleaning products, as flavoring and antimicrobial agents in food products, and as
flavoring agents in cigarettes, drinks, perfumeries, and cosmetics. EOs are also used
in air fresheners and deodorizers as well as in balneology and massage therapy.
Isolated compounds of the EOs are obtained by extraction from the plant or synthe-
sized (Calo et al. 2015; Schmidt 2016).

The genus Baccharis has been widely studied mainly on the chemical composition
of EOs since the early 1900s. The genus has provided valuable biomolecules in the
discovery of new medicinal natural products (Abad and Bermejo 2007). The most
important classes of organic compounds present in the EOs are phenolics and
terpenoids. Considering the terpenoids, monoterpenoids, sesquiterpenoids, and
diterpenoids especially neo-clerodane, labdane, and kaurene are found in the EOs of
Baccharis (Campos et al. 2016).

Species of Baccharis produce EOs composed mainly of monoterpenoids and
sesquiterpenoids. Sesquiterpenoids are generally more abundant in the majority of
the species. However, EOs of some species contained more monoterpenoids than
sesquiterpenoids (Budel et al. 2018b). A bibliographic review stated that about 60
compounds (concentrations above 10%) identified in the EOs of 16 species of
Baccharis have shown important biological activities (Campos et al. 2016).

In Baccharis, there are two economically important groups of species occurring
in South America, namely, carquejas and vassouras. Carquejas is the folk name
referring to the plants possessing cladodes. The most important and well-studied
carqueja is B. crispa Spreng. (syn. B. trimera (Less.) DC.), which has been included
in the latest edition of the Brazilian Pharmacopeia. The major compound of its EO
is carquejyl acetate (Minteguiaga et al. 2018a). In Argentina, the medicinal carque-
jas recognized by the 6th Argentinean Pharmacopeia are B. crispa and B. articulata
(Lam.) Pers. B. crispa is in traditional medicine used as stomachic and diuretic
(Budel et al. 2008). Vassouras is the common name given to species without clad-
odes, having leaves and normal stems. The main example is B. dracunculifolia DC.,
which is used in folk medicine to treat gastric disorders and largely employed in the
fragrance industry due to the high content of E-nerolidol in its EO (Budel et al. 2008).

Several medicinal properties defined for Baccharis are attributed to their EOs. In
that context, the EOs of species of Baccharis presented many beneficial properties,
such as antibacterial, antifungal (Valarezo et al. 2015; Negreiros et al. 2016; Perera
et al. 2017), antitrypanosomal (Budel et al. 2018b), antiviral, antioxidant (Sobrinho
et al. 2016; Zuccolotto et al. 2019; Oliveira et al. 2019), anti-inflammatory (Florao
et al. 2012), schistosomicidal (Oliveira et al. 2012), cytotoxic (Pereira et al. 2017),
sedative (Ascari et al. 2012), larvicidal against Aedes aegypti (Botas et al. 2017),
and insecticidal actions against bed bugs (Budel et al. 2018b).
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2 Essential Oils

General Characteristics

Essential oils (EOs) are complex mixtures of mainly low-molecular-weight
components biosynthesized and stored in specialized secretory structures of plants
and are extracted by different methods from whole plants or plant parts. They can
act as chemical signals in the plant kingdom and as chemical defense against the
animal kingdom, presenting a biological function vital to the survival and adaptation
of the plants to the environment. There is a great variation in the chemical
composition of EOs from different taxa of plants.

EOs of aromatic plants present major volatile components biosynthesized
through three different biosynthetic pathways, the methylerythritol pathway leading
to mono- and diterpenoids, the mevalonate pathway leading to sesquiterpenoids,
and the shikimic acid pathway leading to phenylpropanoids (Franz and Novak 2016).

EOs can be extracted by different processes, depending on the part of the plant,
amount of the plant material, and the quality required. The usual methods used in
EO extraction include steam distillation, hydrodistillation, cold mechanical pro-
cessing, Soxhlet extraction, solvent extraction, microwave-assisted hydrodistilla-
tion, supercritical solvent, and headspace techniques (Elshafie and Camele 2017).
They are usually analyzed by GC/MS and/or GC/FID, and the compounds are iden-
tified by comparison of their retention indexes (RIs) and mass spectra with litera-
ture data.

The yield and the chemical composition of the EOs can be influenced by the
plant genotype, development stage, environmental conditions (day length, irradi-
ance, temperature, and water supply), phenological factors, physiological variations
inherent to the plant, genetic features of the cultivars, plant nutrition, stress during
growth or maturity, application of fertilizers, drying conditions of the plant material,
storage conditions, grinding method, and the EO extraction methods (Gobbo-Neto
and Lopes 2007; Tischer et al. 2017). Considering all the factors that influence the
chemical composition, chemotaxonomic reports and conclusions have to be based
on comparable plant material, grown and harvested under analogous conditions
(Budel et al. 2018b).

Also, phytochemical polymorphism is frequently the case between different
plant organs. Even though several species store qualitatively similar compounds in
each organ, some produce different components, resulting from the same biosyn-
thetic pathway. At the same time, there are also species in which the chemical com-
position of different plant organs presents no close connection between their
biosynthetic origins (Németh-Zamboriné 2016). It is important to highlight that
EOs from different plant parts such as leaves, stems, flowers, roots, and fruits may
exhibit different properties due to differences in their chemical compositions.

Polymorphisms can also be observed when comparing the chemical profiles of
individual plants of the same species and are based on the genetic characteristics of
the plants. Therefore, it is difficult to ascertain if the differences in the chemical
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compositions are related to specific chemotypes or due to the environmental condi-
tions of the plant (Franz and Novak 2016).

Secretory Structures

EOs are produced by several species of plants. The ability to store EOs is not
universal in plants, yet widely present in the plant kingdom, especially in some
families, including Alliaceae, Apiaceae, Asteraceae, Lamiaceae, Myrtaceae,
Piperaceae, Poaceae, Rutaceae, and Zingiberaceae. EOs are usually found in the
leaves, flowers, and fruits and less frequently in the roots, rhizomes, corks, and seeds.

Independent of their chemical composition, EOs are usually stored in oil ducts,
resin ducts, oil cells, glands, or glandular trichomes of the plants. In Asteraceae,
EOs are biosynthesized and accumulated in different secretory structures, such as
oil cavities, idioblast oil cells, secretory ducts, and glandular trichomes. In
Baccharis, EOs can be found in the leaves, stems, flowers, and roots and are stored
in glandular trichomes (Fig. 10.1a, b, ¢) and/or secretory ducts (Fig. 10.1d, e, f).

In Baccharis, there are different types of glandular trichomes (Freire et al. 2007).
The most common are the biseriate glandular trichomes (Fig. 10.1a, b) and flagel-
liform glandular trichomes (Fig. 10.1c). Biseriate glandular trichome comprises two
pairs of basal cells and a head with up to four pairs of secretory cells containing

Fig. 10.1 Secretory structures of Baccharis species [(a, b, d) light microscopy; (c, e, f) scanning
electron microscopy)]. B. uncinella (a), B. punctulata (b), B. illinita (c, f), B. pauciflosculosa (d,
e). [gt, biseriate trichome; cx, cortex; tc, C-shaped flagelliform trichome; ft., straight flagelliform
trichome; ph, phloem; sd, secretory duct; xy, xylem]. Scale bar: 50 pm. (Figure 10.1d reproduced
from Budel et al. 2018a)
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dense cytoplasm and covered by a cuticle layer. This trichome occurs in solitary, in
groups with similar trichomes or groups with other flagelliform trichomes. The fla-
gelliform glandular trichome consists of a voluminous body of about 10 secretory
cells and an apical cell. The apical cell is elongated, whip-like, tubular, and translu-
cent and contains dense oil substances (Budel et al. 2018a, b). The secretory body
can be straight as seen in B. illinita DC. (Fig. 10.1c) or C-shaped as in B. punctulata
DC. (Fig. 10.1b).

Secretory ducts are elongated and have large extracellular storage spaces
containing secretion. In general, all Baccharis species possess secretory ducts. They
are usually associated with the endodermis in the conducting system and occur next
to the phloem. These ducts have uniseriate epithelium of 6-12 cells containing
dense cytoplasm and lipophilic substances as observed in B. pauciflosculosa
DC. (Fig. 10.1d, e) and B. illinita (Fig. 10.1f).

Essential Oils in Baccharis Species

In general, EOs of Baccharis species are liquid, clear or colored, volatile (with
strong and characteristic aroma), and generally of lesser density than water. EO of
B. punctulata is green, whereas it is yellowish in B. microdonta DC. (Budel et al.
2018b). EO extracted from aerial parts of B. obtusifolia Kunth had relative density
of 0.8742 (Valarezo et al. 2015) and 0.8834 (Arze et al. 2004), whereas the relative
density of the oils extracted from the leaves was 0.9151 for B. dracunculifolia and
0.9147 for B. uncinella DC. (Fabiane et al. 2008).

The olfactive profile of B. anomala DC. EO collected in Rio Grande do Sul,
Brazil, was analyzed by gas chromatography-olfactometry (GC-O), and it was
described to have a sweet, resinous, and woody odor. The major components of the
EO were f-selinene (40.8%), caryophyllene oxide (9.9%), and spathulenol (6.8%)
(Xavier et al. 2013).

The yield of EOs in Baccharis ranged from 0.08% to 2.82%. B. obovata Hook.
& Arn. collected in Argentina presented the highest yield (Malizia et al. 2005),
whereas the lowest content was obtained from B. lateralis Baker (syn. B. schultzii
Baker) collected in Brazil (Lago et al. 2008).

Pretreatment processes such as drying and grinding are frequently applied to the
plant material before the extraction of EOs for greater homogeneity. These pro-
cesses must be carefully evaluated to provide reproducible results in EO investiga-
tion. In a recent study, Tischer et al. (2017) applied different grinding methods and
compared their efficiencies as well as EO yields. They used cryogenics, knife (with
and without cooling), and ball mills for grinding the materials of B. articulata and
determined the yield and chemical compositions of the EOs. This study showed that
cryogenic milling was found to be more efficient than the other methods in achiev-
ing lower particle size by disrupting the secretory structures (secretory ducts and
glandular trichomes). However, this method of grinding resulted in the lower yields
of EOs in comparison with other grinding methods (Tischer et al. 2017).
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Another important factor affecting the EO yield is the plant part used in the
extraction. EO extracted from the leaves of B. microdonta showed yields of
0.06-0.35% (Sayuri et al. 2010) and 0.08-0.21% (Lago et al. 2008), whereas Budel
et al. (2018b) achieved 0.93% (v/w) of EO from the same species by extracting
mixed parts of leaves and stems. Budel et al. 2018a observed large secretory ducts
in the cortex of the stem. This anatomical feature contributed to the higher
yield of EO.

Considering the dioecious nature of Baccharis species, there may be differences
in the chemical compositions of EOs extracted from male and female plants and at
different phenological stages. Some authors have reported slight differences in the
EOs extracted at different growing stages (Zunino et al. 2004; Lago et al. 2008;
Ascari et al. 2019). However, Besten et al. (2012) observed clear similarities
between the EOs extracted from male and female specimens, during as well as out-
side the flowering periods, in five taxa of Baccharis, namely, B. caprariifolia DC.,
B. dracunculifolia, B. coridifolia DC., B. semiserrata var. elaegnoides (Steud. ex
Baker) G.M.Barroso, and B. pentaptera (Less.) DC.

Differences in the EO chemical compositions have been reported for B. punctulata
collected from different geographical locations. The EOs from aerial parts of the
plants collected from Uruguay have shown f-phellandrene (5.2%), bornyl acetate
(5.2%), a-cadinol (4.2%), 5-elemene (3.7%), and the ketone shyobunone (3.5%) as
the major compounds (Minteguiaga et al. 2018b), whereas the EO from the leaves
sourced from Guaiba, Brazil, have comprised bicyclogermacrene (9.73%), cis-
cadin-4-en-7-o0l (6.77%), and (Z)-ocimene (6.33%) (Schossler et al. 2009). Recent
studies have also shown differences in the chemical composition of B. punctulata
EO. a-Bisabolol was found in higher concentration (23.63%) in the aerial parts of
plants collected in Parand, Brazil (Budel et al. 2018b), whereas EO obtained from
leaves of male plants showed J-elemene (14.29%), germacrene D (11.29%), and
bicyclogermacrene (10.90%), and in female plants bicyclogermacrene (42.44%),
germacrene D (21.18%), and p-caryophyllene (14.06%) were found as major com-
pounds (Ascari et al. 2019). Even though the chemical composition of EOs is often
associated with environmental and phenological influences, it is necessary to inves-
tigate whether these variations in B. punctulata are also possibly linked to different
chemotypes.

Chemically, EOs are generally composed of terpenoids and phenylpropanoids as
the major compounds in addition to few aromatic and aliphatic constituents.
Monoterpenes and sesquiterpenes, and their oxygenated derivatives, form the larg-
est group of chemical entities in EOs. In Baccharis EOs, monoterpenes and sesqui-
terpenes are often found (Figs. 10.2 and 10.3). Sesquiterpenes appeared to be more
plentiful in the majority of the species (Campos et al. 2016; Bogo et al. 2016;
Zuccolotto et al. 2019; Oliveira et al. 2019; Tomazzoli et al. 2021), as observed in
B. anomala, B. ochracea Spreng., B. megapotamica Spreng. (Budel et al. 2012), and
B. punctulata (Ascari et al. 2019).

Sesquiterpenoid cyclic alcohols such as ledol, spathulenol, viridiflorol, and
palustrol are not only important in the perfume industry due to their agreeable aro-
matic notes but also have taxonomic value (Minteguiaga et al. 2015).
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Fig. 10.2 Main monoterpenes with biological activities in Baccharis

Trombin-Souza et al. (2017) investigated EOs of 10 species of Baccharis,
B. anomala, B. articulata, B. axillaris DC., B. calvescens DC., B. mesoneura DC.,
B. milleflora (Less.) DC., B. myriocephala DC., B. oblongifolia Pers., B. crispa, and
B. uncinella. The major compound present in all species was limonene, whereas a-
cadinol, a-thujene, a-pinene, f-pinene, p-cymene, (E)-f-ocimene, y-terpinene, lim-
onene, myrcene, sabinene, and spathulenol were identified in all samples. In
addition, the chemical similarity was highest for B. anomala, B. articulata, B.
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Fig. 10.3 Main sesquiterpenes with biological activities in Baccharis

calvescens, B. milleflora, B. myriocephala, B. crispa, B. oblongifolia, and
B. uncinella.

The main components that were evidenced in a recent review that considered
only EOs with biological activities were a-thujene (IV), f-caryophyllene (X),
p-pinene (I1), camphor (V), caryophyllene, caryophyllene oxide (VII), limonene (I),
nerolidol (VIII), thymol (VI), thymol acetate, thymol methyl ether, sabinene (III),
and spathulenol (IX) (Campos et al. 2016). According to Abad and Bermejo (2007),
E-nerolidol, limonene, and spathulenol are the most abundant compounds in the
EOs of Baccharis.

A recent investigation identified chemical markers for five Baccharis species
with the major compounds spathulenol (22.74%) and kongol (22.22%) in B. micro-
donta; f-pinene (18.33%) and limonene (18.77%) in B. pauciflosculosa; a-bisabolol
(23.63%) in B. punctulata; a-pinene (24.50%) in B. reticularioides Deble &
A.S.Oliveira; and a-pinene (10.74%), p-pinene (15.24%), limonene (14.33%), and
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spathulenol (13.15%) in B. sphenophylla Dusén ex Malme. It is important to high-
light that kongol was reported for Baccharis genus for the first time (Budel
et al. 2018b).

Biological Activities of Baccharis Essential Oils

The chemical composition of the EOs generally shows a complex mixture of 20—-60
compounds in different concentrations with 2 or 3 of the components in higher con-
centrations. In general, the major compounds present in the EOs are responsible for
the biological activities of the oils (Guimardes et al. 2012). For example, nerolidol,
a sesquiterpene found in many EOs, shows insecticidal and repellent activities, and
the EOs containing this as a major compound exhibit these properties as well
(Priestley et al. 2006).

Some plants possess major compounds characterizing the EOs. For example,
B. tricuneata (L.f.) Pers. var. ruiziana presents more than 68% of E-nerolidol (Arze
et al. 2004), making the correlation between the chemical composition and biologi-
cal activities more evident. However, compounds present in lower concentration can
act synergistically with other components, contributing to the action (Henriques
et al. 2009).

Antioxidant Activity

The EO of B. trinervis Pers. showed significant antioxidant activity with ICs, values
of 49.0 mg/mL and 28.87 mg/mL by the free radical DPPH" scavenging assay and
p-carotene/linoleic-acid oxidation model system, respectively. The chemical profile
showed a-phellandrene (27.79%), (Z)-lachnophyllum (14.04%), sabinene (13.03%),
(Z)-p-ocimene (8.13%), and a-thujene (6.65%) as the main components (Sobrinho
et al. 2016).

EO of B. milleflora also evidenced antioxidant activity by DPPH' methods with
ICsy between 15.45 = 0.52 and 21.06 + 0.15 pg/mL, phosphomolybdenum with
AAR77.9+0.90%—79.81+2.30%, TBARS withIA 12.60+0.78% —29.06 + 1.47%,
and ABTS™ with ICs, between 3.85 + 0.10 and 4.60 + 0.07 pg/mL (Pereira et al.
2016b). The chemical profile of the EO collected in the four seasons was frans-
caryophyllene (7.65-13.41%), germacrene-D (6.83-11.18%) and bicycloger-
macrene (9.99-12.89%) (Pereira et al. 2016b).

EO extracted from leaves of B. oreophila Malme evidenced antioxidant capacity
by three different methods, FRAP (4.09 pmol FeSO, E/mL), ABTS** (1.45 pmol
TE/mL), and DPPH" (1.04 pmol TE/mL).
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Anti-inflammatory Effects

EOs of several species of Baccharis have been studied to assess their anti-
inflammatory potentials. Flordo et al. (2012) analyzed EOs extracted from the aerial
parts of B. articulata, B. crispa, B. dracunculifolia, and B. gaudichaudiana
DC. focusing on their immunomodulatory activities. All species except B. articu-
lata inhibited expressively the proliferation of their phytohemagglutinin-stimulated
counterparts. B. dracunculifolia showed the best anti-inflammatory effects, inhibit-
ing significantly the casein-induced human granulocyte chemotaxis. The major
compounds identified were spathulenol in B. articulata, B. dracunculifolia, and
B. gaudichaudiana, as well as r-gurjunene in B. gaudichaudiana and palustrol in
B. articulata (Florao et al. 2012).

In a recent study, Ascari et al. (2019) subjected the leaf EOs of B. punctulata
(male and female) to in vivo anti-inflammatory and in vitro antioxidant tests. Topical
administration of both EOs was able to inhibit the formation of TPA-induced edema
in the treated groups. Histological analysis evidenced that topical application of
TPA promoted intense cellular infiltration. The results found in the ROS and DPPH"
tests suggest that both samples were able to reduce the inflammatory cells influx and
had in vitro antioxidant properties, respectively. The major compounds found in the
EO of B. punctulata were 6-elemene (14.29%), germacrene D (11.29%), and bicy-
clogermacrene (10.90%) in the male sample and bicyclogermacrene (42.44%), ger-
macrene D (21.18%), and f-caryophyllene (14.06%) in the female sample (Ascari
et al. 2019).

Antiulcerogenic Activity

EO of B. dracunculifolia was subjected to a test for antiulcerogenic action. The
treatment in the doses of 50, 250, and 500 mg/kg of EO expressively reduced the
lesion index, the total lesion area, and the percentage of lesions in comparison with
both positive and negative control groups. The major compounds of EO were
nerolidol (23.58%), germacrene D (21.54%), bicyclogermacrene (19.24%), trans-
caryophyllene (7.12%), and spathulenol (6.03%) (Massignani et al. 2009).

Cytotoxic Effects

Cytotoxic activity of EO sourced from the cladodes of B. milleflora was investigated
in relation to Jurkat, Raji, and HL-60 cells, as well as the cell mechanisms. All the
tumor cells showed ICs, values lower than 50 pg/mL at 24, 48, and 72 h by MTT
assay. The decrease in cell DNA content was demonstrated due to the inhibition of
the proliferation of Jurkat, Raji, and HL-60 cells. Raji cells evidenced the greatest
inhibition of cell proliferation. The EO acted via both necrotic and apoptotic mecha-
nisms. The chemical profile showed bicyclogermacrene (12.16%), germacrene D
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(11.18%), (E)-caryophyllene (9.28%), and a-humulene (8.05%) as the main com-
ponents (Pereira et al. 2017).

Sedative Effects

B. uncinella is reported to be used by the Laklafo Indians in Santa Catarina State in
Brazil for sedative purposes. Ascari et al. (2012) studied EO of B. uncinella col-
lected from different locations in Parand and Santa Catarina. Both of these samples
significantly decreased locomotion and body temperature, as well as increased
sleeping time. However, the hypnotic activity was sensitive to the differences in
monoterpene composition. Sedative activity was observed better in B. uncinella that
was collected in Santa Catarina because it presented a higher monoterpene/sesqui-
terpene ratio (0.31) in comparison to the other sample that showed a lower monoter-
pene/sesquiterpene ratio (0.004). The main compounds in the EO from Santa
Catarina were caryophyllene (26.13%), spathulenol (13.39%), caryophyllene oxide
(13.26%), limonene (7.21%), and a-pinene (6.42%), whereas the EO from Parana
showed spathulenol (32.93%), caryophyllene oxide (27.78%), viridiflorol (5.29%),
and a-cadinol (2.42%) as the major components (Ascari et al. 2012).

Antimicrobial Effects

EO of B. dracunculifolia was tested against Candida strains isolated from infants
and their mothers during the lactation period to verify its enzymatic action and sen-
sitivity. All strains were sensitive to EO of B. dracunculifolia with MIC between 0.2
and 6.25 mg/mL. The EO inhibited the growth of all strains, including the ones
resistant to commercial antifungal agents (Pereira et al. 2011).

EO of B. tridentata Baker was observed in vitro to inhibit mycelial growth of the
plant pathogens Fusarium oxysporum, Colletotrichum gloeosporioides, and
Rhizoctonia solani. The chemical composition of the EO evidenced a-thujene
(22.93%), p-pinene (20.33%), and p-felandrene (16.15%) as major compounds
(Souza et al. 2011).

EO of B. darwinii Hook. & Arn. showed strong antifungal activity against yeast
and dermatophytes of clinical relevance, including some fungi such as Candida spp.
and Trichophyton spp. with MIC values between 62.5 and 125 pg/mL (Kurdelas
et al. 2012).

EO sourced from the twigs of B. semiserrata DC. presented moderate antibacterial
activity against Staphylococcus aureus, while EO from the leaves showed weak
activity against S. aureus and Bacillus cereus. EOs from leaf and twig were active
against Microsporum gypseum, Candida albicans, Epidermophyton floccosum,
Trichophyton mentagrophytes, and Cryptococcus neoformans. The major com-
pounds identified in the leaf EO included f-pinene (11.4%), spathulenol (9.8%),
and E-nerolidol (9.6%), while the EO from twigs showed spathulenol (25.1%),
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limonene (9.1%), and caryophyllene oxide (8.0%) as major compounds. Baccharis
semiserrata leaf EO was also active against Trichophyton rubrum (Vannini et al.
2012). This species and 7. mentagrophytes also showed sensitivity when treated
with EO from B. latifolia (Valarezo et al. 2013).

EO of B. coridifolia was tested for its antibiotic properties (ampicillin,
cephalothin, chloramphenicol, gentamicin, and tetracycline) alone and in
combination with the EO (4% v/v) through the disk diffusion susceptibility test. The
occurrence of the synergistic or antagonistic effect was observed in both bacterial
strains assessed, S. aureus and E. coli (Onofre et al. 2013).

The EO from the aerial parts of B. obtusifolia exhibited a moderate antibacterial
effect against Klebsiella pneumoniae and Enterococcus faecalis and good antifun-
gal activity against Trichophyton rubrum and T. mentagrophytes. The major com-
pounds of the EO were limonene (28.3%), germacrene-D (9.8%), a-pinene (9.0%),
p-pinene (8.2%), bicyclogermacrene (6.2%), and o-cadinene (5.7%) (Valarezo
et al. 2015).

Antimicrobial and antibiofilm activities of B. psiadioides (Less.) Joch.Miill. EO
were tested against antibiotic-resistant E. faecalis strains. The oil inhibited the
growth of the multidrug-resistant E. faecalis strains and was also effective when
evaluated against biofilms. However, its activity was stronger when inhibiting the
formation of a biofilm than when applied over established biofilms. The chemical
profile showed f-pinene as the major component (33.13%), followed by D-3-carene
(11.41%), limonene (5.97%), (E)-ocimene (3.82%), and a-pinene (2.58%)
(Negreiros et al. 2016).

EO of B. dracunculifolia was studied to determine the minimal inhibitory
concentration (MIC) against planktonic cultures of S. mutans and its antibacterial
activity in biofilms formed in the discs of composite resin. The MIC of the
B. dracunculifolia EO to planktonic growth of S. mutans was 6%. In biofilms of
S. mutans clinical isolates, EO (6%) and chlorhexidine resulted in reductions of
53.3-91.1% and 79.1-96.6%, respectively. For the biofilm formed by the S. mutans
reference strain, the reductions achieved with B. dracunculifolia EO and chlorhexi-
dine were 39.3% and 88.1%, respectively (Pereira et al. 2016a).

EO from leaves of B. oreophila showed antimicrobial effects against S. aureus
(10.33 £ 0.5 mm, MIC = 1250 pg/mL) and C. albicans (8.66 = 0.5 mm, MIC
>2500 pg/mL). The major compounds of the EO were khusimone (16.37%) and
spathulenol (16.12%).

Although there are several EOs presenting antimicrobial activities, no activity
was reported for the EO of B. dracunculifolia tested against methicillin-resistant
S. aureus and Mycobacterium intracellulare (Parreira et al. 2010). Besides, EO of
B. uncinella was inactive against all bacteria tested (Vannini et al. 2012).

EOs from B. organensis Baker, B. burchellii Baker, and B. aracatubaensis
Malag. (male and female specimens) were tested against S. aureus, E. coli, P. aeru-
ginosa, and C. albicans. They also did not exhibit any antimicrobial activity
(Zuccolotto et al. 2019).
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Insecticidal Activities

Allelochemical effects of EO of B. salicifolia (Ruiz & Pav.) Pers. and some isolated
compounds were tested against adult red flour beetles, Tribolium castaneum. The
EO showed toxicity and repellence activities. f-Pinene and pulegone were observed
to be the most acutely toxic compounds after 3 days of treatment, whereas a-terpineol
was identified as the most repellent compound (Garcia et al. 2005).

EO of B. spartioides (Hook. & Arn. ex DC.) J. Rémy in Gay was evaluated for
its repellency against Aedes aegypti. At concentrations of 12.5%, the EO showed the
longest repellency. The major chemical compound of the EO was camphor (50.5%)
(Gillijj et al. 2008).

Baccharis salicifolia (Ruiz & Pav.) Pers. EO collected in Argentina showed
a-pinene (21.7%) and spathulenol (14.4%) as the major compounds. EO was tested
against A. aegypti and presented moderate repellency (Gleiser et al. 2011). This spe-
cies was also collected in two other locations in San Luis, Argentina. In this study,
the chemical composition of the EO was different; the major compounds were
(Z)-b-ocimene, germacrene D, muuroladiene, and f-cubebene, with the addition of
a-thujene and a-phellandrene, in location A and isoledene in location B. The EO
from B. salicifolia from location A exhibited post-ingestive toxicity to Spodoptera
littoralis larvae without antifeedant effects (Sosa et al. 2012).

EO of B. darwinii was tested in vitro to evaluate its insecticidal properties. It
showed insecticidal activity against the Mediterranean fruit fly, Ceratitis capitata,
with LDs, values of 19.9 and 31.0 pg/fly for males and females, respectively, at
72 h. The EO also displayed repellent activity against Chagas disease vector,
Triatoma infestans, with an average repellence rate of 92%. The major components
with recognized insecticidal and antimicrobial activities were limonene (47.1%),
thymol (8.1%), and 4-terpineol (6.4%) (Kurdelas et al. 2012).

EO and its major compounds from aerial parts of B. dracunculifolia were tested
against unengorged larvae and engorged females of the cattle tick Rhipicephalus
microplus. In the larval packet test, the EO, as well as the pure compound nerolidol,
exhibited high activity showing more than 90% mortality at concentrations from
15.0 and 10.0 mg/mL, respectively, whereas limonene did not show acaricidal activ-
ity. In the female immersion test, the EO and nerolidol also caused a reduction in the
quantity and quality of eggs produced with a control rate of 96.3% and 90.3% at
concentrations of 60.0 and 50.0 mg/mL, respectively (Lage et al. 2015).

EOs of B. milleflora collected during four different seasons showed repellency
action IR 80.65 = 6.69%, well above the IR 36.39 + 21.00 found for the EO of
Cymbopogon nardus, which was used as a standard. The fumigant activity showed
a KT50 (min) of 10.63 + 2.68 and 22.70 + 3.40 for the EOs of B. milleflora and
Melaleuca alternifolia, respectively (Pereira et al. 2016b).

Baccharis sphenophylla collected in South Brazil exhibited strong toxicity to
Cimex lectularius (bed bug) in the fumigation bioassay, causing 66.67% mortality
in “Bayonne” and 83.33% in “Ft.Dix” (Budel et al. 2018b).


https://www.sciencedirect.com/topics/immunology-and-microbiology/rhipicephalus-boophilus-microplus
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252 J. Manfron et al.

Parasiticidal Activities
Antitrypanosomal Effects

EOs of five Baccharis species (B. microdonta, B. pauciflosculosa, B. reticularioides,
B. punctulata, and B. sphenophylla) were submitted to test their antitrypanosomal
activities against trypomastigotes cultures of 7. brucei. All Baccharis species
exhibited remarkable antitrypanosomal activities. B. pauciflosculosa demonstrated
the highest effect, 0.31 pg/mL (ICs,) and 0.52 pg/mL (ICy), followed by B. reticu-
larioides at 0.96 pg/mL (ICsp) and 2.49 pg/mL (ICy,), and B. sphenophylla at
1.14 pg/mL (ICsy) and 2.38 pg/mL (ICy) (Budel et al. 2018b).

Antimalarial Effects

EOs of five species of Baccharis were investigated against chloroquine-sensitive
(D6) and chloroquine-resistant (W2) strains of Plasmodium falciparum. The results
were, respectively, 10.90 pg/mL + 0.98 and 14.20 pg/mL =+ 1.08 for B. paucifloscu-
losa, 20.32 pg/mL + 4.37 and 34.35 + 10.15 for B. reticularioides, and 27.58 + 1.64
and 32.53 + 16.5 for B. sphenophylla, showing moderate antimalarial activities.
B. microdonta and B. punctulata exhibited cytotoxicity to Vero cells (selectivity
control) (Budel et al. 2018b).

EO of B. dracunculifolia was inactive in the antiplasmodial assay. Chloroquine
and artemisinin were used as positive control. The ICs, values were 0.018 and
0.014 mg/mL, respectively, against P. falciparum (D6 clone) (Parreira et al. 2010).

Leishmanicidal Activity

EO of B. dracunculifolia showed activity against promastigote forms of Leishmania
donovani with ICs, values of 42 pg/mL. The major compounds of the EO were
E-nerolidol (33.51%) and spathulenol (16.24%). Pentamidine and amphotericin B
were used as positive controls, which showed ICs, values of 1.9 mg/mL and 0.65 mg/
mL, respectively (Parreira et al. 2010).

Schistosomicidal Activity

EO of B. dracunculifolia also displayed high schistosomicidal activity against the
trematode parasite, Schistosoma mansoni, killing all pairs of adult worms after
incubation with the EO (10, 50, and 100 pg/mL) (Parreira et al. 2010).

EO of B. crispa showed in vitro schistosomicidal activities. Its effects on the
reproductive fitness and the tegumental alteration of adult worms were similar to
those induced by praziquantel. The results evidenced a significant decline in the
motility of the worms and a mortality rate of 100% 30 h after their exposure to the
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EO in the concentration of 130 pg/mL. As for the morphological changes, the EO
of B. crispa induced a peeling on the tegument surface, as well as the destruction of
tubercles and spines, which resulted in smooth areas on the body surface. The EO
also caused tegument destruction in female worms, in addition to the destruction of
the oral and acetabular suckers (Oliveira et al. 2012).

Adjuvant Property

Leaf EO of B. dracunculifolia was assessed for its inhibitory properties on the
coagulating and fibrinogenolysis activities induced by Lachesis muta, Bothrops
atrox, and Bothrops moojeni snake venoms. The EO caused 100% inhibition on the
fibrinogenolysis induced by B. moojeni and L. muta venoms, evidencing that the EO
can be used as adjuvants for the treatment of snakebites (Miranda et al. 2016).

3 Final Considerations

Essential oils of Baccharis species have numerous medicinally beneficial properties.
Several pharmacological properties and biological activities, including anti-
inflammatory, antimicrobial, antiulcerogenic, antimalarial,  antioxidant,
antitrypanosomal, cytotoxic, insecticidal, leishmanicidal, schistosomicidal, seda-
tive, and adjuvant properties, have been reported for the EOs of Baccharis. EOs and
their major compounds of many Baccharis species have shown significant activities
against many insect pests, microorganisms, and human parasites.

Baccharis EOs mainly contain monoterpenes and sesquiterpenes, while the latter
compounds are more plentiful in the majority of the species. The most abundant
compounds in the EOs of Baccharis are E-nerolidol, limonene, and spathulenol.
EOs of many of the species have unique compounds, which can be used as chemical
markers for species identification and quality control.

The genus Baccharis comprises about 406 species and almost all species produce
EOs of varying chemical compositions and medicinal properties. However, this
review of the literature indicates that only less than 10% of the Baccharis oils have
been studied. Even among these studied species, only very few, such as
B. dracunculifolia, are studied in detail. A large portion of this medicinally important
genus is still unexplored. Future research focusing on the taxonomy and chemical
and biological aspects of the EOs and major compounds of different species of
Baccharis could bring out the hidden wealth and usefulness of this important genus.
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