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Chapter 12
Chemistry and Biological Activities 
of Phenolic Compounds from Baccharis 
Genus

Jairo Kenupp Bastos and Caroline Arruda

Abstract Plants belonging to Baccharis genus (Asteraceae) have been used in folk 
medicine since ancient times. Usually, different Baccharis species are used in folk 
medicine as infusion or tea for gastrointestinal diseases, inflammation, ulcers, as an 
analgesic, spasmolytic, and antimicrobial, among others. Examples of medicinal 
plants from Baccharis are B. dracunculifolia D.C., B. illinita D.C., and B. trimera 
(Less.) DC., among many others. Over the years, these plants have been more stud-
ied: both chemical composition and biological activities. There are approximately 
500 Baccharis species spread across the American continent, especially in South 
and Central America, which are important sources of bioactive compounds. The 
chemistry of these plants is characterized mainly by the presence of monoterpenes 
and sesquiterpenes in their essential oils. The nonvolatile fraction is characterized 
by diterpenes, triterpenes, and phenolic compounds, among others. Phenolic com-
pounds are represented by phenylpropanoids, prenylated phenylpropanoids, flavo-
noids, flavonoid glycosides, coumarins, and simple phenolic compounds. In 
Baccharis spp. luteolin, chlorogenic acid, apigenin, acacetin, quercetin, kaemp-
ferol, p-coumaric acid derivatives, and coumarins have also been found. Many 
Baccharis spp. crude extracts and some of their isolated compounds were correlated 
with several biological activities. One example is the antioxidant effect of Brazilian 
Green Propolis, which is composed mainly of B. dracunculifolia compounds, such 
as flavonoid aglycones and p-coumaric acid derivatives, like artepillin C, baccharin, 
and drupanin. Baccharis spp. extracts display trypanocidal, antimicrobial, and anti- 
inflammatory activities, corroborating many folk medicinal uses. Therefore, in this 
chapter, an overview of the chemical composition is presented, highlighting the 
phenolic compounds of Baccharis spp., as well as its ethnopharmacological uses, in 
the light of many published scientific studies, focusing on the corroboration of folk 
uses. Furthermore, the toxicity of Baccharis species is discussed, which is a very 
important issue that is not well discussed in folk medicine: B. coridifolia, for exam-
ple, is a poisonous plant responsible for necrosis of gastrointestinal tissue of rabbits 

J. K. Bastos (*) · C. Arruda 
School of Pharmaceutical Sciences of Ribeirão Preto, University of São Paulo,  
São Paulo, Brazil
e-mail: jkbastos@fcfrp.usp.br

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-83511-8_12&domain=pdf
https://doi.org/10.1007/978-3-030-83511-8_12#DOI
mailto:jkbastos@fcfrp.usp.br


306

and horses. Also, the chromatographic analyses of these plant extracts are addressed 
due to the importance of their chemical composition, the content of active com-
pounds, and certainty of the correct botanical identification. In the final part, we 
conclude and discuss future perspectives for Baccharis extracts and their isolated 
compounds in the development of efficacious and safe medicines.

Keywords Artepillin C · Baccharin · Drupanin · Pharmacological properties · 
Plant chemistry

1  Ethnopharmacology of Baccharis spp.

Baccharis is one of the largest genus belonging to the Asteraceae family (formerly 
known as Compositae), which is formed mainly by shrubs (Verdi et  al. 2005). 
According to The Plant List database (theplantlist.org), there are more than 440 
accepted Baccharis species names and several of them have synonyms. Furthermore, 
there are more than 100 Baccharis species with unresolved names. Plants from this 
genus can be found especially in South American countries, such as Argentina, 
Bolivia, Brazil, and Colombia. Plant heights vary from 0.5 to 4.0 meters high. Most 
of these species, around 120, are found in Brazil, especially in the South and 
Southeast regions, in the states of Santa Catarina, Paraná, São Paulo, and Rio 
Grande do Sul. In Brazil, they are known by the population under the names “car-
queja,” “vassoura,” “vassourinha,” “alecrim,” and “vassourinha do campo” (Verdi 
et al. 2005; Abad and Bermejo 2006).

From the numerous Baccharis species already identified, many of them have 
been reported in folk medicine for their medicinal properties, such as Baccharis 
anomala, which is used in the treatment of general infections and as a wound- 
washing agent (De Souza et al. 2004). These plants are widely used in folk medicine 
to treat gastrointestinal and liver disorders, anemia, inflammation, infections, and 
diabetes. Most of the time, they are consumed as an infusion or decoction of the 
plant (Abad and Bermejo 2006). Some selected Baccharis species and their ethno-
pharmacological uses are summarized in Table 12.1.

On the one hand, these plants are popularly used for treating several types of 
pathologies and many of these biological effects have been proved and reported in 
the scientific literature. They can also be used as ornamental plants, as hedges and 
to avoid erosion. Some bees are attracted to Baccharis spp. and from collecting their 
resins and nectar, the bees produce high-quality honey and propolis, which are 
important to the apicultural economy. The essential oil of Baccharis spp. is used in 
the cosmetic industry. On the other hand, some species are invasive and others bio-
synthesize toxic metabolites, like trichothecenes, which can cause dizziness, trem-
ors, diarrhea, and even death to cattle, for example. The Baccharis species that 
produce these metabolites are generally toxic to human beings too. (Martinez et al. 
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Table 12.1 Traditional uses of Baccharis species (Martinez et al. 2005; Abad and Bermejo 2006)

Baccharis species Use in folk medicine Preparation method
Part of the 
plant used

Baccharis articulata 
(lam.) Pers

Diuretic, digestive, 
antidiabetic

Decoction, infusion, Aerial parts

Baccharis conferta 
Kunth

Stomachaches, laxative, 
urination stimulating, 
weight loss assistant

Infusion Aerial parts

Baccharis coridifolia 
D.C.

Anti-inflammatory, 
horse’s distemper, horse’s 
external parasites

Decoction Whole 
plant

Baccharis crispa 
Spreng.

Digestive and antiseptic Decoction Aerial parts

Baccharis 
dracunculifolia D.C.:

Health improving Beverages with Brazilian 
Green Propolis (made by 
honeybees from B. 
dracunculifolia resinous 
material)

Baccharis floribunda 
Kunth

Skin infections, diabetes, 
and rheumatism.

Decoction, infusion Leaves, 
stems

Baccharis 
gaudichaudiana D.C.

Diabetes, tonic, 
gastrointestinal disorders

a a

Baccharis trimera 
(Less.) DC.

Liver diseases, 
rheumatism, diabetes, 
digestive, kidney 
disorders, aphrodisiac

Decoction Whole 
plant

Baccharis glutinosa 
Pers.

Gynecological problems, 
digestive disorders, skin 
diseases

Infusion Leaves

Baccharis grisebachii 
Hieron

Gastric ulcers, as a 
digestive, local antiseptic, 
healing

Infusion Aerial parts

Baccharis heterophylla 
Kunth

Gastrointestinal diseases Infusion, decoction Aerial parts

Baccharis illinita D.C. Anti-inflammatory, skin 
and wound healing, 
antiulcer, anti-infectious

Infusion, dried leaves powder Leaves and 
stems

Baccharis incarum 
(Wedd.) Perkins

Wound healing Decoction, poultices, infusion Leaves, 
stems

Baccharis latifolia 
(Ruiz & Pav.) Pers.

Rheumatism, liver 
disorders, wounds, ulcers

Decoction Leaves, 
stems

Baccharis multiflora 
Kunth

Catarrhs, urinary 
disorders

Infusion, Leaves

Baccharis obtusifolia 
Kunth

Rheumatism, liver 
disorders, wounds, ulcers

Decoction Aerial parts

Baccharis pentlandii 
DC.

Anti-inflammatory, 
rheumatism

a a

(continued)
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2005; Verdi et al. 2005). Therefore, the use of these plants in folk medicine should 
be done carefully, considering that according to their chemical composition, it may 
display a pharmacological desired effect, a toxic effect, or be innocuous.

2  Chemical Composition

 Phenolic Compounds

In Baccharis spp. different classes of secondary metabolites can be identified, and 
among them, phenolic compounds are present in high amounts (Abad and Bermejo 
2006). Compounds belonging to this class can also be found in several plant species 
and as a matter of fact, it is widespread throughout the plant kingdom. These phyto-
chemicals are biosynthesized in plants by the shikimate pathway and are undoubt-
edly important to plant development, contributing toward the defense against 
herbivore insects and pathogens, as well by giving color and scent (Balasundram 
et  al. 2006). Considering that phenolic compounds display important biological 
effects, like gastroprotective, anti-inflammatory, antioxidant, antimicrobial, and 
antiparasitic effects (Arruda et  al. 2017; Berretta et  al. 2017; Costa et  al. 2018; 
Ribeiro et al. 2018), in the past few years, several studies were performed aiming to 
discover promising compounds for treating many diseases that the available medi-
cines are not satisfactory. Examples of these diseases are the ones known as 

Table 12.1 (continued)

Baccharis species Use in folk medicine Preparation method
Part of the 
plant used

Baccharis 
pseudovaccinioides 
Teodoro Luis

Gastrointestinal disorders Infusion, decoction Whole 
plant

Baccharis rubricaulis 
Rusby

Mucous Infusion, decoction Leaves, 
stems

Baccharis salicifolia 
(Ruiz & Pav.) Pers

Anti-inflammatory, 
women hygiene agent

Infusion, decoction Leaves, 
branches, 
stems

Baccharis sarothroides 
A.

Cold and muscles injury 
treatments

Boiling Twigs

Baccharis subalata 
Wedd.

Rheumatism, liver 
disorders, wounds, ulcers

Decoction Aerial parts

Baccharis teindalensis 
Kunth

Anti-inflammatory, 
analgesic, antimicrobial

Infusion, decoction Aerial parts

Baccharis tricuneata 
(L. f.) Pers.

Skin infection, diabetes Decoction, infusion Leaves, 
stems

Baccharis trinervis 
Pers.

Fever, edema, wounds, 
muscle injuries

Infusion Aerial parts

aNot described
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“neglected diseases,” such as leishmaniasis, Chagas, malaria, and schistosomiasis. 
These diseases are usually caused by parasites or infectious agents, and most phar-
maceutical companies do not support the development of novel medicines for their 
treatment. Therefore, the discovery of new compounds more effective and less toxic 
to treat these parasitic diseases is very important (Abad and Bermejo 2006; Grecco 
et al. 2010b; de Oliveira et al. 2012a, b, 2014). Due to their antioxidant activities, 
phenolic compounds have been correlated to the health effects of eating fruits and 
vegetables, as well as functional foods and beverages, whose consumption has 
increased in the last few years (Berretta et al. 2017).

Chemically, these compounds bear hydroxyl group(s) attached to a benzene ring, 
as a simple phenolic compound or phenolic polymers. Other phenols isolated from 
plants are the ones bearing one or more sugar moieties, along with esters and methyl 
ester derivatives. Some classes of phenolic compounds naturally occurring in plants 
are simple phenolics, quinones, hydroxybenzoic acids, phenylpropanoids, xantho-
nes, stilbenes, lignans, lignins, tannins and flavonoids: flavonoids, tannins, and 
simple phenolic compounds are the most abundant in plants. Their chemical differ-
ences are in how many phenyl groups are present and the carbon side chain; for 
example, phenylpropanoids have an aromatic ring with a three-carbon side chain. 
The hydroxybenzoic acid derivatives have the aromatic ring attached to one-carbon 
side chain. Another class of phenolics are flavonoids, which have a mixed biosyn-
thetic pathway and are formed by a C6-C3-C6 unit. Flavonoids can be found in most 
plant species and are subdivided into subclasses, depending on the ring C substitu-
tion: flavonols, flavones, flavanols, flavanones, isoflavones, flavanonols, and antho-
cyanidins (Balasundram et al. 2006).

Regarding Baccharis spp. phenolic compounds, several flavonoids, prenylated 
phenolics, simple phenolics, and phenolic compounds attached to sugar moieties 
can be found: B. dracunculifolia is probably the Baccharis species most studied 
from chemical and pharmacological point of view, and some of its major phenolic 
compounds are the prenylated phenolics baccharin, artepillin C, and drupanin 
(Lemos et al. 2007; De Sousa et al. 2011; Costa et al. 2018). Kupchan et al. (1976) 
described baccharin as a trichothecene triepoxide isolated from B. megapotamica, 
but more recently papers had named baccharin one of the prenylated phenolic com-
pounds biosynthesized from p-coumaric acid (da Silva Filho et al. 2008; Cestari 
et al. 2011; De Sousa et al. 2011; Oliveira et al. 2011; Costa et al. 2018). Besides, 
p-coumaric, ferulic, trans-cinnamic, chlorogenic, and caffeic acids had also been 
identified in this plant species. The flavonoids, kaempferol, kaempferide, iso-
sakuranetin, pinobanskin, chrysin, aromadendrin-4′-O-methyl ether, 
11-hydroxy- 10,11-dihydro-euparin, acacetin, and ermanin had also been detected in 
B. dracunculifolia extracts. Caffeoylquinic acids like 3,4-di-O-caffeoylquinic acid 
and 3,5-di-O-caffeoylquinic acid were reported, as well as the other phenolics, such 
as 6-hydroxy-tremetone, dihydrocumaric acid, 2,2-dimethyl-6-carboxyethenyl-
2H-1-benzopyran acid, viscidone, protocatechuic acid, sinapic acid and (E)-3-
(E)-3-hydroxy-3-methyl-1-butenyl-4-(2,3- dihydrocinnamoyloxy)-cinnamic acid 
(Abad and Bermejo 2006; Lemos et al. 2007; Nakajima et al. 2007; Barros et al. 
2008; Chang et al. 2008; De Sousa et al. 2011; Costa et al. 2018).
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Other well-studied Baccharis species is B. trimera, which also contains caf-
feoylquinic acids such as 5′-O-caffeoylquinic acid, 4-O-(E)- caffeoyl-1-methyl- 
quinic acid, 1′-5′-O-dicaffeoylquinic acid, 1,3-di-(E)-caffeoylquinic acid, 
5-O-(E)-caffeoylquinic acid, 3,4-O-(E)-dicaffeoylquinic acid, 3,5-O-(E)-
dicaffeoylquinic acid, 4,5-O-(E)-dicaffeoylquinic acid, and tricaffeoylquinic acid, 
along with the flavonoids eupafolin, hispidulin, quercetin, luteolin, and apigenin in 
its chemical composition (Aboy et al. 2012; Lívero et al. 2016a, b; de Araújo et al. 
2017). Luteolin, acacetin, and quercetin, along with chlorogenic acid and 4′-O-β-D- 
gluco- pyranosyl-3′,5′-dimethoxybenzyl-caffeate, were found in B. articulata 
(Cariddi et al. 2012).

The phytochemical analyses of B. chilco, B. darwinii, and B. dentata revealed 
the presence of 5-O-[(E)-caffeoyl-quinic acid, 3,5-di-O-[(E)- caffeoyl]quinic acid 
and rosmarinic acid (Argoti et al. 2013), anisocoumarin, 7-geranyloxycoumarin and 
diversinin (Kurdelas et al. 2010), as well as caffeic acid, rutin, quercetin, apigenin, 
and kaempferol (Sartor et al. 2013), respectively. In B. genistelloides and B. illinita, 
several flavonoids have also been found, such as luteolin, identified in both species 
and eupatrin, cirsimaritin, cirsiliol, apigenin, genkwanim, eridictyol, hispidulin, 
quercetin, nepetin, rutin and eupatorin in B. genistelloides, and nobiletin, tangeretin, 
kaempferol, and naringenin in B. illinita. In the same way, only chlorogenic acid 
was reported in B. oxyodonta (Toyama et al. 2014).

B. pentladii, B. retusa, and B. spicata have revealed several flavonoids in their 
chemical composition: B. pentladii: 5,4′- dihydroxy-6,7,8,3′-tetramethoxyflavone, 
8-Methoxycirsilineol, 5,4′-dihydroxy-6,7,8-trimethoxyflavone, xanthomicrol, 
5,3′,4′-trihydroxy-6,7,8-trimethoxyflavone and sideritoflavone (Tarqui et al. 2012); 
B. retusa: sakuranetin, 5,6,7- trihydroxy-4′-methoxyflavanone and naringenin 
(Grecco et  al. 2010b, 2012); and rutin in B. spicata (Agudelo et  al. 2016). In 
B. retusa it was also found (7E, 18′Z)-hexacos- 18′-enyl coumarate and (7Z,18′Z)-
hexacos-18′-enyl coumarate; and in B. spicata 3,5-dichlorogenic acid, 
3,4- dichlorogenic acid, and 4,5-dichlorogenic acid (Agudelo et  al. 2016; Ueno 
et al. 2018).

Regarding B. trinervis, five flavonoids were detected: rutin, luteolin, 
5,7-Dihydroxy-6,4′-dimethoxyflavone, 5-Hydroxy-6,7,4′- trimethoxyflavone and 
5,4′-dihydroxy-3,6,7-trimethoxyflavone, as well as caffeic, ellagic, and rosmarinic 
acids (Sharp et al. 2001; Jaramillo-García et  al. 2018). Several compounds were 
identified in B. uncinella as well, including caffeic acid, ferulic acid, pectolinarin-
gen, hispidulin, and dihydrooroxylin (Grecco et al. 2010a; Bocco et al. 2016). In 
B. incarum, chlorogenic acid, 3′,4′,5,7-tetrahydroxyflavone, dicaffeoyl quinic acid 
and 3′,4′,5,7-tetrahydroxy-3,6-dimethoxyflavone, 3′,4′,5,7-tetrahydroxy-3,6,8- 
trimethoxyflavone, 4′,5,7- trihydroxy-3′,3,6,8-tetramethoxyflavone, 
4′,5-dihydroxy-3′,3,6,7,8-pentamethoxyflavone, chlorogenic acid, dicaffeoylquinic 
acid, and quercetin diglycoside were reported, as well (Zampini et al. 2009). The 
chemical compounds found in several Baccharis species and the biological activi-
ties displayed by these plant extracts are shown in Table 12.2.

By comparing the phenolic compounds present in different Baccharis species, it 
is possible to observe that some compounds occur in several species, like 
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Table 12.2 Chemical composition of Baccharis species and biological effects displayed by their 
extracts

Baccharis 
species Phenolic compounds Biological activity References

Baccharis 
articulata

Chlorogenic acid, luteolin, acacetin, 
quercetin

Antidiabetic Cariddi et al. 
(2012), Borgo 
et al. (2010) and 
Kappel et al. 
(2012)

Baccharis 
chilco

5-O-[(E)-caffeoyl]quinic acid, 
3,5-di-O-[(E)- caffeoyl-quinic acid, 
rosmarinic acid

Antioxidant Argoti et al. (2013)

Baccharis 
darwinii

Anisocoumarin, 
7-geranyloxycoumarin, diversinin

Antifungal Kurdelas et al. 
(2010)

Baccharis 
dentata

Caffeic acid, rutin, quercetin, 
apigenin, kaempferol

Antioxidant
Antibacterial

Sartor et al. (2013)

Baccharis 
dracunculifolia

Baccharin, artepillin C, drupanin, 
p-coumaric acid, ferulic acid, 
trans-cinnamic acid, chlorogenic acid, 
caffeic acid, kaempferol, 
kaempferide, isosakuranetin, 
pinobanskin, chrysin, aromadendrin- 
4′O-methyl ether, 11-hydroxy-10,11- 
dihydro- euparin, 
6- hydroxy-tremetone, 
dihydrocumaric acid, 2,2-dimethyl-6- 
carboxyethenyl-2H-1-benzopyran 
acid, acacetin, ermanin, viscidone, 
protocatechuic acid, sinapic acid, 
(E)-3-(E)-3-hydroxy-3-methyl-1- -
butenyl-4-(2,3- 
dihydrocinnamoyloxy)-cinnamic acid, 
3,4-di-O-caffeoylquinic acid, 
3,5-di-O-caffeoylquinic acid

Gastroprotective
Antifungal
Antibacterial
Anti- 
inflammatory
Antinociceptive
Antiparasitic
Antiobesity
Insecticidal
Antioxidant
Cytotoxic
Hepatoprotective

Li et al. (2007), 
Lemos et al. 
(2007), Missima 
et al. (2007), da 
Silva Filho et al. 
(2008, 2009), dos 
Santos et al. 
(2010), De Sousa 
et al. (2011), 
Hocayen et al. 
(2016), Da Silva 
et al. (2017), Paula 
et al. (2017) 
Guimarães et al. 
(2012), Szliszka 
et al. (2012), 
Rezende et al. 
(2014) and Abad 
and Bermejo 
(2006)

Baccharis 
genistelloides

Eupatrin, cirsimaritin, cirsiliol, 
apigenin, genkwanin, eriodictyol, 
Hispidulin, quercetin, luteolin, 
nepetin, rutin, eupatorin

Anti-arthritic Coelho et al. 
(2004), Prasad 
et al. (2009), Abad 
and Bermejo 
(2006) and Hennig 
et al. (2011)

Baccharis 
illinita

Luteolin, nobiletin, tangeretin, 
kaempferol, naringenin

Gastroprotective
Antinociceptive
Anti- 
inflammatory

Baggio et al. 
(2003), Freitas 
et al. (2008, 2009) 
and Boller et al. 
(2010)

(continued)
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Table 12.2 (continued)

Baccharis 
species Phenolic compounds Biological activity References

Baccharis 
incarum

Chlorogenic acid, 
3′,4′,5,7-tetrahydroxyflavone, 
dicaffeoyl quinic acid, 
3′,4′,5,7-tetrahydroxy-3,6- 
dimethoxyflavone, 
3′,4′,5,7-tetrahydroxy-3,6,8- 
trimethoxy flavone, 4′,5,7- 
trihydroxy-3′,3,6,8- 
tetramethoxyflavone, 
4′,5-dihydroxy-3′,3,6,7,8- 
pentamethoxyflavone dicaffeoylquinic 
acid, quercetin diglycoside

Antioxidant, 
antimicrobial

Zampini et al. 
(2009) and Nuño 
et al. (2012)

Baccharis 
oxyodonta

Chlorogenic acid Snake poisoning 
treatment 
inflammation- 
induced by 
secretory PLA2

Toyama et al. 
(2014)

Baccharis 
pentladii

5,4′- Dihydroxy-6,7,8,3′-
tetramethoxyflavone 
8-Methoxycirsilineol, 5,4′-dihydroxy- 
6,7,8-trimethoxyflavone 
Xanthomicrol, 5,3′,4′-trihydroxy- 
6,7,8-trimethoxyflavone 
Sideritoflavone

Anti- 
inflammatory

Tarqui et al. (2012) 
and Abad et al. 
(2006)

Baccharis 
retusa

Sakuranetin, (7E, 18′Z)-hexacos- 18′-
enyl coumarate, (7Z,18′Z)-hexacos- 
18′-enyl 
coumarate, 5,6,7- trihydroxy-4′-
methoxyflavanone, naringenin

Anti-emphysema
Antiparasitic

Taguchi et al. 
(2015), Ueno et al. 
(2018) and Grecco 
et al. (2010b, 
2012)

Baccharis 
spicata

Rutin, chlorogenic acid, and 3, 5 
dichlorogenic acid, 3, 4 dichlorogenic 
acids, 4, 5 dichlorogenic acid

Antioxidant De Oliveira et al. 
(2004) and 
Agudelo et al. 
(2016)

Baccharis 
trimera

5’-O-caffeoylquinic acid, 4-O-[E]- 
caffeoyl-1-methyl-quinic acid, 
1′-5′-O-dicaffeoylquinic acid, 
1,3-di-[E]-caffeoylquinic acid, 
Eupafolin, hispidulin 5-O-[E]-
caffeoylquinic acid, 3,4-O-[E]-
dicaffeoylquinic acid, 
3,5-O-[E]-dicaffeoylquinic acid, 
4,5-O-[E]-dicaffeoylquinic acid, 
tricaffeoylquinic acid, quercetin, 
luteolin, apigenin

Antacid
Antiulcer
Antioxidant
Anti- 
inflammatory
Antiparasitic
Antiobesity
Gastroprotective
Antihepatotoxic
Anti-alcoholic 
fatty liver disease

Biondo et al. 
(2011), de Araújo 
et al. (2017), De 
Oliveira et al. 
(2012a, b, 2014), 
Do Nascimento 
et al. (2017), dos 
Reis Lívero et al. 
(2016a, b), 
Herrerias et al. 
(2010), Aboy et al. 
(2012) and Soicke 
and Leng- 
Peschlow (1987)

(continued)
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chlorogenic acid, which is found in B. spicata, B. dracunculifolia, B. articulata, 
B. oxyodonta, and B. incarum. In the same way, luteolin and quercetin were identi-
fied in B. trimera, B. articulata, B. dentata, and B. genistelloides. Hispidulin, api-
genin, and kaempferol are also described in different Baccharis species: hispidulin 
in B. uncinella, B. genistelloides, B. trimera and B. uncinella; apigenin in B. trimera, 
B. dentata, and B. genistelloides; and kaempferol in B. illinita, B. dracunculifolia, 
and B. articulata. Caffeic acid is reported in more than three Baccharis species, as 
well. These compounds, besides occurring in several Baccharis species, are wide-
spread through the plant kingdom and are reported in high amounts, especially in 
edible plants. For example, chlorogenic acid, a hydroxycinnamic acid, is found in 
many sources, including coffee, apples, pears, berries, aubergines, etc. (Olthof et al. 
2001). The flavonoids quercetin, kaempferol, luteolin, and apigenin are found in 
vegetables and fruits as well and, in most cases, are detected as a glycoside, although 
kaempferol, luteolin, and apigenin may be found as aglycones too (Miean and 
Mohamed 2001). Flavonoids and phenolic compounds usually display different bio-
logical effects, mainly antioxidants (De Oliveira et al. 2012a, b). Baccharis dracun-
culifolia also contains prenylated compounds, such as artepillin C, baccharin, and 
drupanin that are usually found in good amounts only in this plant species. Some of 
these compounds are important, because they are related to several biological 
effects, such as gastroprotective, anti-inflammatory, and cytotoxic against cancer 
cell lines (Lemos et al. 2007; Paulino et al. 2008; De Sousa et al. 2011; Szliszka 
et al. 2012; Costa et al. 2018). The chemical structures of these compounds, along 
with some flavonoids and other phenolics widespread in the Baccharis genus, are 
displayed in Fig. 12.1.

Table 12.2 (continued)

Baccharis 
species Phenolic compounds Biological activity References

Baccharis 
trinervis

5,7-Dihydroxy-6,4′-
dimethoxyflavone, 5-Hydroxy-6,7,4′- 
trimethoxyflavone, 
5,4′-Dihydroxy-3,6,7- 
trimethoxyflavone,caffeic acid, ellagic 
acid, rosmarinic acid, rutin, luteolin

Antivirus Sharp et al. (2001), 
Jaramillo-García 
et al. (2018) and 
Sanchez Palomino 
et al. (2002)

Baccharis 
uncinella

Caffeic acid, ferulic acid, 
pectolinaringen, hispidulin, 
dihydrooroxylin

Metabolic 
syndrome 
treatment
Antiparasitic
Anti- 
inflammatory

Bocco et al. 
(2016), Passero 
et al. (2011), 
Grecco et al. 
(2010a) and 
Zalewski et al. 
(2011)
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3  Biological Activities

In the past few decades, numerous scientific publications have reported the biologi-
cal activities displayed by Baccharis spp., and several of their isolated phenolic 
compounds for the treatment of miscellaneous diseases. Examples are the anti- 
angiogenesis effect displayed by artepillin C (Ahn et al. 2007), the insecticidal by 
B. dracunculifolia ethanolic extract (Da Silva et  al. 2017), hepatoprotective by 
B. dracunculifolia leaves extract (Rezende et al. 2014), B. trimera and some isolated 
phenolic compounds (Soicke and Leng-Peschlow 1987; Lívero et al. 2016a, b), the 
anti-emphysema by sakuranetin, a flavonoid isolated from B. retusa (Taguchi et al. 
2015), and antiarthritic by B. genistelloides aqueous extract (Coelho et al. 2004). 
Another activity reported is the antivirus of B. trinervis aqueous extract (Palomino 
et al. 2002). Taking that into account, in this chapter, some of the important biologi-
cal effects displayed by Baccharis spp. extracts and its isolated phenolic compounds 
are discussed. The biological effects and chemical composition of several Baccharis 
species are displayed in Table 12.2.

Fig. 12.1 Some phenolic compounds found in Baccharis spp.
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 Gastroprotective

Several Baccharis species have been described in folk medicine regarding their 
effects in the treatment of gastrointestinal disorders, including ulcer. Therefore, 
many researchers have evaluated the pharmacological potential of plants belonging 
to this genus: Baggio et al. (2003) found that the stems and leaves ethanolic extracts 
and the roots and flowers aqueous extracts of B. illinita by the oral route were able 
to furnish gastroprotection for lesions caused by ethanol from 0.3 to 1.0 g/kg of 
body-weight. These authors also found that the hydroalcoholic extracts did not 
show toxic effects up to 6 g/kg of body weight, which indicates the pharmacological 
potential of this plant. Freitas et al. (2008), considering the previous report of the 
gastroprotective effect of B. illinita extracts and the importance of determining its 
mechanism of action, evaluated the possible pathways that B. illinita flowers chlo-
roform extract could be acting. Their studies indicated that this effect occurs by 
decreasing the gastric secretion through inhibition of the H+/K+ ATPase, and con-
sequently reducing the acid secretion. Besides this, the flavonoid luteolin, present in 
this extract, was able to act on H+/K+ ATPase, as well.

The hydroalcoholic extract of B. dracunculifolia, the botanical source of 
Brazilian green propolis, displays a significant gastroprotective activity too: from 
50 to 500 mg/kg of body-weight, the extract decreased in a significant manner the 
gastric lesion in comparison with the negative control, by reducing the gastric juice 
volume and increasing the stomach pH. The major compounds found in this extract 
were caffeic acid, ferulic acid, p-coumaric acid, aromadendrin-4′-O-methyl-ether, 
isosakuranetin, baccharin, and artepillin C (Lemos et  al. 2007). Therefore, this 
effect is probably due to the presence of these phenolic compounds in the extract. 
To prove this hypothesis, Barros et al. (2008) assessed the potential of caffeic, feru-
lic, p-coumaric, and cinnamic acids for ulcer treatment and in furnishing gastropro-
tection. They found that these compounds from 50 to 250  mg/kg were able to 
decrease the gastric lesion caused by NSAID, ethanol, and stress by diminishing the 
gastric juice and increasing the stomach pH, despite being less effective than the 
positive control omeprazole. On the other hand, these authors have demonstrated 
that up to 2000 mg/kg, these compounds were not toxic. Artepillin C, drupanin and 
the flavonoids aromadendrin-4′-O-methyl ether and kaempferide also display gas-
troprotective activity: at doses from 0.3 to 3 mg/kg, these phytochemicals displayed 
an antiulcer effect and were capable of preventing ulcer induced by ethanol/HCl or 
indomethacin. They promote this effect by different mechanisms of actions (Costa 
et  al. 2018). These phenolic compounds showed a potent gastroprotective effect 
considering that at lower doses (0.3–3 mg/kg), they displayed the pharmacological 
effect, whereas the positive control (omeprazole and carbenoloxone) doses were 
considerably higher: 20 and 200 mg/kg, respectively. It shows that these compounds 
indeed contribute to the gastroprotective effect of B. dracunculifolia extracts. 
Therefore, these compounds and, B. dracunculifolia extracts and Brazilian green 
propolis present pharmacological potential for the possible development of novel 
phytomedicines and phytotherapeutic agents.
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B. trimera has potential for the treatment of gastrointestinal disorders as well: its 
aqueous extract displays antacid and antiulcer effects at 1 and 2 g/kg by reducing 
the gastric volume and acid secretion, as well as it shows protection against lesion 
caused by restraint at 4 °C. It was found that the extract is composed of chlorogenic 
acid, flavonoids, and compounds from other secondary metabolite classes, such as 
ent-clerodane diterpene and a dilactonic neo-clerodane diterpene. The main mecha-
nism of action of B. trimera extract is by modifying the cholinergic pathway (Biondo 
et al. 2011). The hydroalcoholic extract of this plant was also evaluated: when orally 
administered, it decreased the stomach lesion and oxidative stress, and yet stimu-
lated the healing effect on chronic ulcer. It acts by inhibiting free radicals produc-
tion and, therefore, lipid peroxidation too. This extract has flavonoids and 
caffeoylquinic acid derivatives in its chemical composition, which may be respon-
sible for at least part of the curative and protective effect of ulcer lesions (Lívero 
et al. 2016a, b).

 Cytotoxic

Considering the importance of cancer, several researchers have been assessing natu-
ral products against cancer cells aiming to discover novel drugs or plants that have 
cytotoxic potential without significant side effects: B. dracunculifolia hydroalco-
holic extract displayed a GI50 value (50% of cells growth inhibition) of 5.5 μg/mL 
in human prostate’s primary malignant tumor cell lines. It also promoted a decrease 
in the cell viability of prostate’s metastasis cells, although higher doses were neces-
sary to achieve optimum efficacy. This extract displays this effect probably by 
affecting the cell’s S phase arrest, and by regulating the expression of cyclins D1, 
CDK4, and B1 (Li et  al. 2007). Artepillin C, one of the major compounds from 
B. dracunculifolia, possibly contributes to the cytotoxicity of this plant against can-
cer prostate cells and is capable of sensitizing the tumor necrosis factor–related 
apoptosis-inducing ligand, an important pathway of apoptosis in cancer cells 
(Szliszka et al. 2012).

Therefore, considering that promising extracts are the ones that show IC50 values 
(or ED50/GI50) lower than 20 μg/mL (Vijayarathna and Sasidharan 2012), B. dracun-
culifolia extract should be further studied for the development of new phytothera-
peutic medicines to treat cancer. Furthermore, Baccharis’ phenolic compounds, 
such as artepillin C, display anticancer potential as well.

 Antiparasitic

In an attempt to overcome the problem of low investments of the pharmaceutical 
industry in the development of innovative drugs to treat neglected diseases, like the 
ones caused by parasites, several researchers, especially from universities, have 
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evaluated the potential of plants against many parasites. Da Silva Filho et al. (2009) 
found that B. dracunculifolia dichloromethanic extract displays IC50 values of 
45  μg/mL against Leishmania donovani and approximately 20  μg/mL against 
Plasmodium falciparum. B. trimera showed significant in vivo and in vitro effects 
against the juvenile and adult Schistosoma mansoni worms: dichloromethane and 
aqueous fraction at 130  μg/mL inhibited 100% of the female’s oviposition and 
induced the death of S. mansoni worms by many morphological changes. In vivo, 
the samples at 40 mg/kg decreased by 75% (aqueous fraction) and 68% (dichloro-
methane fraction) the juvenile female worms, and by almost 100% the eggs in the 
feces. Studies like this are relevant due to the resistance, the numerous side effects, 
and low efficacy against the juvenile Schistosoma spp. of the drugs currently in the 
market, such as praziquantel. B. trimera. It is also a promising plant to be further 
studied regarding its antiparasitic effect (De Oliveira et  al. 2014). Likewise, the 
aqueous extract of this species is effective against Rhipicephalus microplus, an ecto-
parasite that causes anemia and is responsible for the transmission of lethal diseases 
in cattle. Besides, the resistance to synthetic acaricides has been increasing, and 
B. trimera leaves aqueous extract at 150 and 200 mg/mL was able to reduce 100% 
of R. microplus egg hatching. Thus, it could be a new approach to the discovery of 
new acaricidal agents (Lázaro et al. 2013).

Regarding the antileishmanial and trypanocidal potential of Baccharis spp., the 
flavonoid 5,6,7- trihydroxy-4′-methoxyflavanone from B. retusa leaves methanolic 
extract was isolated, which displays a significant antiparasitic effect: the IC50 value 
against T. cruzi trypomastigotes found was 20.39 μg/mL, while benznidazole’s was 
47.54 μg/mL. Therefore, this flavonoid is more potent than benznidazole, a standard 
drug currently used to treat Chagas disease (Grecco et  al. 2010b). Passero et  al. 
(2011) evaluated the effect of caffeic acid and the flavonoid pectolineragenin against 
L. amazonensis and L. braziliensis, which displayed IC50 values of 190 ng/μL for 
caffeic acid against L. amazonensis promastigotes and 110 μg/μL for pectoliner-
agenin against L. braziliensis promastigotes. Although, since amphotericin B has 
IC50 of 0.30 and 0.07 ng/μL against L. amazonensis and L. braziliensis, respectively, 
the concentrations of Baccharis isolated compounds able to inhibit the growth of 
50% of the parasites are considerably high in comparison with the positive control.

 Anti-inflammatory and Antinociceptive

Several reports have described the anti-inflammatory and antinociceptive potential 
of Baccharis spp. and their isolated phenolic compounds: the hexane, hydroalco-
holic and aqueous fractions of B. illinita aerial parts decreased the nociceptive 
response in vivo at doses of 30–1000 mg/kg, presenting a dose-related response 
(Freitas et  al. 2009). Moreover, B. illinita leaves crude extract is a topical anti- 
inflammatory agent capable of inhibiting ear edema caused by 12-O-tetradecanoilforbol 
acetate and arachidonic acid. It decreased the polymorphonuclear cells migration as 
well, showing a similar effect in comparison with dexamethasone (Boller et al. 2010).
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B. dracunculifolia, which contains caffeic acid, p-coumaric acid, aromadendrin-4′-
O-methyl ether, drupanin, artepillin C, and 2,2-dimethyl-6-carboxyethenyl-2H- 1-
benzopyran as major compounds, display in  vivo anti-inflammatory and 
antinociceptive effects at doses ranging from 50 to 400 mg/kg of its leaves hydroal-
coholic extract. It reduced the number of abdominal constrictions caused by acetic 
acid, glutamate of complete Freund adjuvant, and decreased the nociceptive induced 
by formalin. Moreover, it was effective as anti-hypernociceptive in the acute inflam-
mation pain caused by carrageenan and inhibited the enzyme COX-2 (dos Santos 
et al. 2010). Therefore, considering that many phenolic compounds are found in 
B. dracunculifolia hydroalcoholic extract, they probably contribute in a significant 
way to the anti-inflammatory and antinociceptive effects displayed by this extract.

B. dracunculifolia ethyl acetate extract, which shows a similar chemical profile 
(major compounds: baccharin, artepillin C, drupanin, caffeic acid, p-coumaric acid 
and aromadendrin-4-O-methyl ether), displays intestinal anti-inflammatory activ-
ity: from 5 to 50 mg/kg, it reduced significantly the ulcerative colitis caused by 
trinitrobenzenesulfonic acid by avoiding glutathione depletion, inhibiting lipid per-
oxidation, and decreasing myeloperoxidase effect (Cestari et  al. 2011). Paulino 
et  al. (2008) reported the in vivo anti-inflammatory effect of artepillin C, which 
inhibited the paw edema by 38% at 10 mg/kg. At 1 mg/kg, it displayed a similar 
effect in comparison with the positive control, indomethacin, at 1 mg/kg. Its activity 
comes from reducing the neutrophils numbers and prostaglandin E2. In vitro, this 
compound reduces nitric oxide generation and NF-kβ. Besides this, these authors 
found that artepillin C is orally absorbed in vivo, which is important to biological 
activity. Therefore, artepillin C may be considered a promising anti-inflammatory 
natural compound and, since artepillin C is one of the phenolic compounds present 
in high amounts in B. dracunculifolia, it corroborates with the hypothesis that the 
phenolic compounds found in Baccharis spp. have a relevant contribution to this 
biological effect. To increase the potency of B. dracunculifolia leaves hydroalco-
holic extract, low diameter and biocompatible liposomes with the sample were 
developed: the free extract had reduced the swelling, the leucocytes and neutrophil 
migration; and the levels of TNF-α and interleukins 6 and 1β. The liposomes con-
taining the extract increased the anti-inflammatory activity in vivo by reducing the 
effective dose by almost six times. Caffeic acid liposomes also had their anti- 
inflammatory effect improved (de Figueiredo-Rinhel et al. 2018).

A phenolic fraction of B. trimera aerial parts ethanolic extract at 15  mg/kg 
reduced the acute inflammation caused by carrageenan in comparison with the neg-
ative control (De Oliveira et al. 2012a, b). B. trimera aqueous extract also displayed 
a significant anti-inflammatory effect on carrageenan-induced edema at intraperito-
neal doses of 400 and 800 mg/kg, respectively. This extract promoted a decrease in 
inflammatory parameters, such as cell migration, edema, polymorphonuclear leuko-
cytes, and proteins (Paul et al. 2009). Although the aqueous extract was able to act 
as an anti-inflammatory agent, its doses are considerably higher than the phenolic 
fraction of the ethanolic extract. It probably demonstrates that the phenolic fraction 
has more active and/or potent compounds than the aqueous extract, which may 
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contain several compounds with no anti-inflammatory effect, such as sugars, for 
example. Likewise, most of B. pentladii, B. obtusifolia, B. latifolia, and B. subulata 
extracts (hexanic, dichloromethanic, ethanolic and aqueous) in concentrations rang-
ing from 12.5 to 200 μg/mL were capable of reducing the inflammatory parameters 
as well, such as COX-2, nitric oxide and TNF-α production (Abad et al. 2006).

 Antidiabetic and Antiobesity

Diabetes is a disorder that affects millions of people worldwide and is caused by 
low production or resistance to insulin, consequently increasing blood glucose lev-
els. Because of that, the body organs and tissues like the liver and muscle cannot use 
glucose or store it in glycogen form. Once it becomes a chronic disease, several 
other consequences take place, such as damage to the eyes, blood vessels, and many 
other body parts. B. articulata butanolic fraction of the crude extract, which has 
mainly flavonoids, when administered orally in vivo, was able to improve the insu-
lin production, with an effect similar to glipizide, a standard drug; and the liver and 
muscle glycogen levels were increased (Kappel et al. 2012). Artepillin C, one of the 
major prenylated phenolic compounds from B. dracunculifolia and Brazilian green 
propolis, shows high affinity to the nuclear receptor peroxisome proliferator- 
activated receptor, known as PPAR, and by activating this receptor, genes like aP2, 
adiponectin, and glucose transporter are expressed, increasing the body response to 
insulin in type 2 diabetes. Besides, it stimulated adipocytes differentiation, increas-
ing the glucose uptake by the mature adipocytes (Choi et al. 2011). A clinical trial 
using 16 healthy people aged around 20-year-old was performed with B. dracuncu-
lifolia extracts at 20 mg/kg. The sample intake led to a 25% decrease in glucose 
blood content and no significant alterations in cardiovascular parameters, such as 
blood pressure and heart rate. Since the extracts have phenolic compounds as the 
ones in higher concentrations, they can probably be associated with the antidiabetic 
effect of this plant (Oliveira et al. 2014). The activity on glucose homeostasis and on 
insulin regulation reflects the antidiabetic potential of Baccharis spp. and the phe-
nolic compounds isolated from them. Therefore, they can possibly be sources for 
new antidiabetic drugs or for the development of new phytotherapeutic medicines.

Considering that obesity and type 2 diabetes are related, the discovery of new 
agents anti-obesity is important, and B. dracunculifolia extract, after oral adminis-
tration to rats, induced the secretion of serum insulin at 30% in obese rats (Hocayen 
et  al. 2016). B. trimera aqueous extract showed potential in treating obesity by 
reducing the lipids and adipogenic transcriptional factors by 90% (Do Nascimento 
et al. 2017). The methanol extract of this plant also inhibited the enzyme pancreatic 
lipase by 78%, which is responsible for hydrolyzing triacylglycerols. Therefore, its 
inhibition contributes to the antiobesity effect of B. trimera (de Souza et al. 2011). 
Caffeic and ferulic acids, found in many Baccharis species, including in B. unci-
nella aerial parts, in a mixture containing the two of them, showed to be effective in 
decreasing biochemical parameters associated with obesity, like hyperglycemia, 
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high cholesterol, and triglycerides levels and avoided the gain of body weight 
(Bocco et al. 2016).

These reports show that Baccharis spp. and many of their secondary metabolites 
can modulate biochemical parameters related to obesity and/or diabetes and, there-
fore, represent a possible plant material source of bioactive compounds. These 
plants could be used for the development of functional foods and/or herbal medi-
cines too.

 Antimicrobial and Antifungal

Due to the increasing resistance of bacteria and fungi strains to the antibiotics cur-
rently in the market, compounds isolated from plants and the plant extracts have 
been evaluated for their antimicrobial and antifungal effects: diversinin, a coumarin 
isolated from B. darwinii at 15.6  μg/mL, inhibited Microsporum gypseum, 
Trichophyton rubrum, and Trichophyton mentagrophytes strains. Although the MIC 
value of diversinin is not high, the isolated compounds considered to be promising 
are the ones with MIC below 10 μg/mL, and in the case of extracts, the ones with 
MIC below 100 μg/mL (Kurdelas et al. 2010). Da Silva Filho et al. (2008) described 
the antifungal and antimicrobial effect of B. dracunculifolia leaves extract in com-
parison with Brazilian green propolis, which is made by bees from B. dracunculifo-
lia: the leaf extract showed IC50 values of 65 μg/mL for C. krusei and 40 μg/mL for 
C. neoformans, while propolis extract displayed better effects, with IC50 of 9 μg/mL 
for C. krusei. It shows that although the bioactive compounds are present in the 
B. dracunculifolia extract, they are probably more concentrated in the propolis, 
increasing its potency.

Taking into account the antibiotic resistance, Nuño et al. (2012) tested B. incarum 
extracts at ethanol 60% and 80% against clinic isolated methicillin-resistant 
S. aureus and E. faecalis, and found that their MIC values were promising, ranging 
from 40 to 80 μg GAE/mL. Therefore, using the 60% tincture, a topical formulation 
was developed, which also displayed an antimicrobial effect. The in  vitro drug- 
releasing experiments revealed that the phenolic compounds chlorogenic acid and 
4′,5-dihydroxy-3′,3,6,7,8-pentamethoxyflavone were the major ones found in the 
receptor solution, showing that probably, these compounds were responsible for the 
biological effect. Therefore, this formulation, after additional studies, may be useful 
for the development of new anti-acne agents or for topical treatment of tissues 
infected by Propionibacterium acnes, as well as by S. aureus and/or E. faecalis 
methicillin resistant.

J. K. Bastos and C. Arruda



321

4  Toxicology

In folk medicine, usually many people think that all natural products are safe for 
consumption, although several studies show that it is not true. For example, B. pte-
ronioides contains the toxic compound trichothecenes (Stegelmeier et  al. 2009). 
Therefore, it is important to assess the toxicity of plants before stating their safety. 
Da Silva et al. (2016) evaluated the acute toxicity of B. trimera tinctures in wistar 
rats by administration of a single dose of 2000 mg/kg and found that it was not able 
to induce significant hematological or biochemical changes (lipid peroxidation, 
δ-aminolevulinate dehydratase, and catalase); neither showed other signs of toxicity 
nor increased the animals mortality. The subchronic toxicity was assessed by oral 
administration of the sample at 100, 200, and 400 mg/kg for 28 consecutive days. 
B. trimera tincture, besides not showing any toxicity, decreased the liver enzymes 
alanine and aspartate aminotransferases, which are related to hepatic cells damage. 
Therefore, in the subchronic treatment, it additionally promoted a hepatoprotective 
effect. Considering that B. trimera contains many phenolic compounds in its chemi-
cal composition, such as gallic acid, ellagic acid, rutin, quercitrin, and quercetin, 
they are probably not toxic and responsible for the hepatoprotective activity. 
Therefore, B. trimera can probably be considered safe at these doses.

The aqueous extract of B. genistelloides at doses of 4.2 and 42  mg/kg, after 
37 days of oral treatment, did not show genotoxicity to liver and kidney. Moreover, 
it did not induce alterations in the aspects of kidneys, liver, and lungs, like color and 
weight. However, it reduced the body and thymus weights and glucose and triglyc-
eride levels. Therefore, this extract is not toxic at these doses and displays hypogly-
cemic and hypotriglyceridemic effects (Coelho et  al. 2004). On the other hand, 
B. dracunculifolia aqueous extract at 500, 1000, and 2000 mg/kg for 3 days induced 
genotoxic and mutagenic effects by increasing blood and liver DNA damage and the 
frequency of micronucleus in bone marrow (Rodrigues et al. 2009). On the other 
hand, one of the major compounds found in B. dracunculifolia, artepillin C at 0.4, 
0.8, and 1.6 mg/kg, was not genotoxic and presented a protective effect against liver 
cells DNA damage induced by methyl methanesulfonate (Monteiro Neto et  al. 
2011). In a similar way, baccharin at 0.12, 0.24, and 0.48 mg/kg was also able to 
reduce DNA damage in liver cells and the frequency of micronucleated polychro-
matic erythrocytes in mice (Oliveira et  al. 2011). Caffeic, cinnamic, and ferulic 
acids, three major compounds from B. dracunculifolia, increased the frequency of 
micronucleated cells, demonstrating a clastogenic effect of these compounds, 
despite presenting a not genotoxic effect to rat hepatoma tissue cells (Maistro et al. 
2011). Therefore, these compounds, probably more concentrated in the aqueous 
extract, may have contributed to the mutagenic effect in vivo found by Rodrigues 
et al. (2009). On the other hand, artepillin C and baccharin were not genotoxic in 
these tested doses and are more likely to be found in the ethanolic extract.
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5  Chromatographic Analyses

The pharmacological potential of plant extracts is usually related to their chemical 
composition, since the presence of bioactive compounds and their concentrations 
are the most important parameters for displaying the biological effect. To assure 
plant extracts quality, many analytical methods were developed for the chromato-
graphic analyses of Baccharis extracts: by using thin-layer chromatography; De 
Oliveira et  al. (2006) reported a simple method to differentiate B. articulata, 
B. cylindrica, B. spicata, B. trimera, and B. usterii, by using the aqueous extract of 
the leaves and its butyl alcohol fraction, obtained by the partition of the aqueous 
extract. The samples are applied on silica gel plates of 20 × 20, and the chromato-
graphic elution is performed using chloroform:ethanol:acetic acid in a proportion of 
60:40:6 v/v as mobile phase. The detection is undertaken by using two colorimetric 
reagents: anisaldehyde: H2SO4 plus heating to 100  °C and diphenylboryloxy- 
ethylamine 1% methanol, PEG 400 (5% w/v). After spraying the colorimetric 
reagent on the plates, they were observed under long-wave UV and visible lights. 
According to the chromatographic profile, considering the retention factor, number 
and color of the spots on silica plates, these Baccharis species can be differentiated. 
Lonni et  al. (2003), by using HPLC coupled to a photodiode array detector and 
chemometric, were able to differentiate between different Baccharis species as 
well. By using as stationary phase a C18 column, methanol as mobile phase, and 
detection at 254 nm, the obtained chromatographic profile of the ethanolic extracts 
allowed distinguishing among B. genistelloides var. trimera, B. milleflora, and 
B. articulata.

A validated RP-HPLC method using a C-18 reversed-phase column and a gradi-
ent consisting of acidified water and acetonitrile was developed to perform analyses 
of 5-O-[E]-caffeoylquinic acid, 3,4-O-[E]-dicaffeoylquinic acid, 3,5-O-[E]-
dicaffeoylquinic acid, 4,5-O-[E]-dicaffeoylquinic acid, and a tricaffeoylquinic acid 
in B. trimera hydroalcoholic extracts. The quantification of these compounds is 
important, because they are related to the digestive effect of B. trimera. The limits 
of quantification for the compounds were below 12.5 μg/mL and the method pre-
sented suitable selectivity, linearity, robustness, precision, and recovery according 
to ICH validation guidelines (Aboy et al. 2012).

Regarding B. dracunculifolia, aiming at proving the botanical origin of Brazilian 
green propolis, Kumazawa et al. (2003), by using liquid chromatography coupled to 
a mass spectrometer, compared the chemical constituents identified in both samples 
and concluded that there was no significant difference in the chemical composition 
of B. dracunculifolia and Brazilian green propolis. Although qualitative methods 
are important to determine each compound present in the samples, the quantitative 
analysis is also relevant to perform, because the biological effect of the plant extracts 
usually relies on both the presence and amount of bioactive compounds. Therefore, 
for the development of phytotherapeutic agents, analytical methods able to perform 
both qualitative and quantitative analyses are necessary. Taking that into account, de 
Sousa et al. (2009) developed and validated a reversed-phase HPLC method to ana-
lyze 10 phenolic compounds in B. dracunculifolia: caffeic acid, coumaric acid, 
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ferulic acid, cinnamic acid, aromadendrin-4-O-methyl ether, isosakuranetin, drupa-
nin, artepillin C, baccharin, and 2,2-dimethyl-6- carboxyethenyl-2H-1-benzopyran 
acid. The method parameters adjusted were: stationary phase a C18 column, mobile 
phase: nonlinear gradient of acetonitrile and water with mobile phase modifiers, and 
since the standards are all phenolic compounds, the wavelength of detection was set 
at 280 nm. Considering that it is a validated method, it presented selectivity, linear-
ity, accuracy, precision, and robustness.

Some analytical methods to perform Baccharis spp. phenolic compounds quality 
control had been reported in the literature, although they cover mainly qualitative 
analysis. Only for B. dracunculifolia, the most studied Baccharis species, was 
developed a RP-HPLC method able to furnish both qualitative and quantitative 
results. It is really important from the pharmacological potential point of view to 
have reliable validated analytical methods to quantify the active compounds in 
medicinal plants, such as the ones belonging to Baccharis genus.

6  Conclusion

Baccharis spp. are used in folk medicine for the treatment of several diseases, such 
as gastrointestinal disorders, fever, inflammation, type-2 diabetes, parasitoses, and 
arthritis and many researchers have been undertaking scientific studies to corrobo-
rate many of the plants folk uses. Some examples of diseases that Baccharis spp. 
have proven effects against are diabetes, obesity, gastric ulcer, parasites, bacteria, 
fungi, arthritis, and inflammation, among others. The mechanisms of action of many 
extracts and/or their isolated phenolic compounds have been already reported. 
Analytical methods to perform chromatographic analyses of the plant material have 
been developed too due to the importance of the presence and amount of bioactive 
compounds in the samples. Only one validated quantitative method for analyzing 
phenolic compounds in Baccharis species was found, which was developed for 
B. dracunculifolia, the botanical source of Brazilian green propolis. It shows that 
Baccharis quality control field is still lacking analytical methods for the other 
Baccharis species. Even though these plants display important biological effects, 
some Baccharis species have compounds that present some toxicity. Therefore, 
Baccharis spp. may be potential plants for the development of novel phytotherapeu-
tic medicines and/or be sources of bioactive compounds. However, more studies 
should be performed to validate the pharmacological activities and to better assess 
their toxicity.
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