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Summary

Brazilian pepper tree (Schinus terebinthifolius Raddi) from the Anacardiaceae family is native to Central
and South America. In folk medicine, S. terebinthifolius has been used as a remedy for ulcers, respiratory
problems, wounds, rheumatism, gout, diarrhea, skin ailments and arthritis, as well as to treat tumors and
leprosy. The Brazilian pepper tree has various biological properties and it is a source of many bioactive
compounds. Several classes of compounds can be found in extracts obtained from these plants, such as
terpenes and flavonoids. Essential oils obtained by steam distillation or extraction by solvents from berries
or leafs is rich in monoterpenes and shows interesting antioxidant activity. It has displayed good-to-very
strong in vitro antifungal actions against numerous fungi, as well as Candida. The essential oil and leaves
have demonstrated in vitro antibacterial activity against numerous bacterial strains.
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INTRODUCTION

Medicinal plants have been part of our society in preventing diseases since the dawn of civilization, and deve-
loping countries have used these plants for centuries as an alternative treatment for health problems. Brazil has
the largest diversified forest reserve on the planet. Many species are used for medicinal purposes with low or
no evidence of its properties. The interest in discovering new substances stimulated scientists from different areas
to look for flora with medicinal properties normally used by the population. Such a plant is also Brazilian pepper
tree (Schinus terebinthifolius Raddi) from the Anacardiaceae family native to Central and South America. In Brazil
this tree that can reach 10 m height and 1-3 m in diameter and is known as “aroeira-vermelha” or “aroeira-pimen-
teira” (Morton, 1978; Lorenzi, 1992). The genus Schinus is indigenous to Argentina, Brazil, Paraguay, Uruguay,
Chile, Bolivia, and Peru (Barkley, 1944). The plant has been spread around the world as an ornamental beginning
in the mid to late 1800s (Mack, 1991). Naturalization of Brazilian pepper tree has occurred in over 20 countries
worldwide throughout subtropical regions (Ewel et al., 1982). Brazilian pepper-tree is one of the most aggressive
of these non-native invaders. Where once there were ecologically productive mangrove communities, now there
are pure stands of Brazilian pepper-trees (Lamarque et al., 2011).

The Brazilian pepper tree has various biological properties such as insecticidal activity and it is a source of many
bioactive compounds (Silva et al., 2010). Its leaves are popularly used in remedies for healing ulcers and wounds,
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combating oral candidiasis in children, and for producing infusions considered to have anti-rheumatic properties
(Lindenmaier, 2008). Some of the compounds from Brazilian pepper tree leaves with proven biological activities
are terpenes that induce apoptosis and protect against metastasis (Matsuo et al., 2011), hydroalcoholic extract had
a favorable effect in the healing process (Branco Neto et al., 2006; Lucena et al., 20006), essential oil obtained
by steam distillation from berries of pepper tree inhibits mitosis in plant cells (Pawlowski et al., 2012) and have
anticancer activities against some human cancer cells (Bendaoud et al., 2010), ethyl acetate fraction of leaves has
anti-allergic activity (Cavalher-Machado et al., 2008), polyphenols isolated from plant induce apoptotic and
autophagic cell death of cells (Queires et al., 2006), aromatic compounds have ability to treat allergies (Pawlowski
et al. 2012), and a specific leaf lectin exhibits antimicrobial properties (Gomes et al., 2013). Larvicidal activity
against A. aegypti has been detected in a dichloromethane extract from S. terebinthifolius leaves and an essential
oil extracted from its fruit (Silva et al., 2010).

BOTANICS AND ETHNOBOTANICS

Brazilian pepper tree (Schinus terebinthifolius Raddi), also known as Felfel Aareed, is a shrub or small tree
up to 10 m tall, native of Argentina, Paraguay, and Brazil (Fig. 1). The leaves have reddish colour and have 3 to 13
sessile, oblong or elliptic, finely toothed leaflets, 2.5 to 5 cm long. Leaves smell of turpentine when crushed.
The plants have separate male or female flowers and each sex occurs in clusters on separate plants. The male and
female flowers are both white and are made up of five parts with male flowers having 10 stamens in 2 rows of 5.
Petals are 1.5 mm long. The male flowers also have a lobed disc within the stamens. Flowering occurs
predominantly from September through November. Male flowers last only 1 day. Female flowers last up to 6 days
and are pollinated by insects. The fruits are in clusters, glossy, green and juicy at first, becoming bright red
on ripening, and 6 mm wide. Fruits usually mature by December. The red skin dries to become a papery shell
surrounding the seed. The seed is dark brown and 0.3 mm in diameter (Morton et al., 1978).

Figure 1. Brazilian pepper trees Schinus terebinthifolius Raddi (Aroeira-da-praia) and a detail view of the fruits (inset).
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Brazilian pepper tree is known under local name ,,Aroeira® whose stem bark is used to treat inflammations,
scabies, sore throat and itching (Gazzaneo et al., 2005; Castro et al., 2011) and this tree is of interest of ethnob-
otanical studies of the Brazilian program on medicinal germplasm conservation, collection and characterization
and in situ conservation (Veira, 1999). The importance of medicinal plants can be attributed to accessibility,
as well as the confidence in phytotherapy, according to the witnessed positive effects from their use.

ENVIRONMENT

Invasive species are a management concern on protected areas worldwide and Brazilian pepper-tree is one
of the most aggressive of these non-native invaders. Where once there were ecologically productive mangrove
communities, now there are pure stands of Brazilian pepper-trees (Donelly et al., 2008). Scrub and pine flatwood
communities are also being affected by this invasion (Manrique et al., 2013). The Brazilian pepper tree was
introduced to the United States in the 1800s and has since become a category one invasive plant in Florida. It has
aggressively spread to about 3000 km? of terrestrial surface (Dawkins and Esiobu, 1016). Nearly all terrestrial
ecosystems in central and southern Florida are being encroached upon by the Brazilian pepper tree (Ewel, 1986).

Jungles of pepper tree have also crowded out native vegetation over vast areas of the Bahamas, as in all the islands
of Hawaii (Degener, 1946). When in bloom, the tree is a major source of respiratory difficulty and dermatitis;
the fruits, in quantity, intoxicate birds and cause fatal trauma in four-footed animals. The abundant nectar yields
a spicy commercial honey and beekeepers are opposed to eradication programs (Crane, 1981).

TRADITIONAL MEDICINE

The Brazilian pepper tree is indigenous to South and Central America. In this area three different trees (S. molle,
S. aroeira, and S. terebinthifolius) are all interchangeably called pepper trees (Campelo and Marsaioli, 1974).
The berries of pepper trees are rich in essential oil, which imparts a peppery flavor, and are used in syrups, vinegar,
and beverages in Peru as well as Chilean wines. In some countries, dried and ground berries are used as a pepper
substitute or as an adulterant of black pepper (Piper nigrum). They have also been used in the perfume industry
(Moneam and Ghoneim, 1986).

Medicinal plants have been used for centuries as an alternative treatment for health problems. Almost all parts
of S. terebinthifolius, including leaves, bark, fruit, seeds, resin, and oleoresin (or balsam), have been used
medicinally by indigenous peoples throughout the tropical regions. Leaf tea is used to treat colds, and leaf decoction
is inhaled for hypertension, depression, and irregular heart beat. Decoction of the bark is used in baths to relieve
rheumatic and back pain (Panetta and McKee, 1997). Traditionally, S. terebinthifolius was also used as an anti-
bacterial, antiviral, diuretic, digestive stimulant, tonic, wound healer, anti-inflammatory, and hemostatic as well as
a medicament to treat urinary and respiratory infections (Melo-Junior et al., 2002).

CHEMICAL COMPOSITION OF ESSENTIAL OIL

Essential oils were obtained by steam distillation or extraction by solvents from berries or leaves of S. molle
and S. terebinthifolius. Among 57 and 62 compounds wereidentified in these oils, the main were a-phellandrene
(46.52%) and 34.38%), B-phellandrene (20.81% and 10.61%), a-terpineol (8.38% and 5.60%), a-pinene (4.34%
and 6.49%), B-pinene (4.96% and 3.09%) and p-cymene (2.49% and 7.34%), respectively. A marked quantity
of y-cadinene (18.04%) was also identified in the S. terebinthifolius essential oil whereas only traces (0.07%) were
detected in the essential oil of S. molle (Bendaoud et al., 2010). Percentage distribution of the individual substances
in the oil may differ from the source (El-Massry et al., 2009; Gundidza et al., 2009; Santos et al., 2009; Santana et
al., 2012) and also seasonal effects were observed (Barbosa et al., 2007). Typical composition of essential oil
from the leaves of Brazilian pepper tree is showed in Table I (Silva et al., 2010).

Essential oil of leaves can be used as an effective repellent and acted as hunger inhibitor in Sitophilus oryzae L.,
popularly known as weevils (Benzi et al., 2009). It also has insecticidal and repellent activity against Trogoderma
granarium, known as insect pest of rice, and 7ribolium castaneum - brown beetle, which attacks all types of ground
cereals. Finally, the aqueous extract proved to be effective against Candida albicans (Ceruks et al., 2007).
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Table I. Chemical compounds in leaf’s Essentials oil from Brazilian pepper tree (According to Silva et al., 2010)

Compounds Relative percentage analyzed by GC/MS
o0-Cymene 1.7
Limonene 0.2
m-Cymenene 0.7
2,5-Dimethyl-styrene 1.0
Perillene 0.5
Myrcenol 0.8
a-Campholenal 0.8
trans-Limonene oxide 3.1
cis-Verbenol 0.9
trans-Verbenol 2.7
m-Cymen-8-ol 4.1
p-Cymen-8-ol 32
a-Terpineol 0.7
Verbenone 7.4
Carvone 7.5
a-Terpinen-7-al 1.9
p-Cymen-7-ol 22.5
B-dehydro-Eelsholtzione 4.6
a-Cubebene 0.3
neo-dihydro-Carveol acetate 0.5
B-Bourbonen 0.1
iso-Longifolene 2.7
cis-Muurola-4(14),5-diene 3.5
9-epi-(E)-caryophyllene 10.1
B-Chamigrene 1.0
y-Himachalene 0.9
y-Muurolene 1.8
a-Bulnesene 0.6
Spathulenol 0.6
Caryophyllene oxide 52
B-Eudesmol 1.0
a-Cadinol 0.6
Aristolone 2.3

CHEMICAL COMPOSITION OF TREE STEM BARK AND AERIAL PARTS

Extract from tree stem bark of S. ferebinthifolius is widely used in Brazil as a topical antiinflammatory agent
and to cicatrize wounds. The extract contains catechin, tannins, terpenes, flavonoids, and saponins (Borio et al.,
1973; Morais et al., 2014). In these components, both mutagenic potential and antioxidant properties have been
ascribed to flavonoids (de Carvalho et al., 2003).

Previous chemical studies with leaves extracts of S. terebinthifolius have been carried out and fatty acids and
terpenoids were isolated, especially tirucallane derivatives (masticadienoic acid and schinol) which have shown
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inhibitory activity on phospholipase A2 (Jain et al., 1995) and antifungal potential against Paracoccidioides
brasiliensis (Johan et al., 2010). Other compounds, such as phenolic derivatives (gallic acid, methyl and ethyl
gallates) and flavonoids (trans-catechin, kaempferol, quercitrin, afzelin, myricetin, and myricetrin) were also isolated
from the leaves and displayed antiradical and cytotoxic activities (Ceruks et al. 2007; Santana et al., 2010).

Similar terpenes were isolated from the bark resin of Schinus molle L. (germacrene-D, terebinthene,
isomasticadienoic acid, isomasticadienonalic acid, and pinicolic acid). Among these compounds the sesquiterpene
hydrocarbon terebinthene showed significant growth inhibitory activity against human colon carcinoma HCT-116
cells. Furthermore, terebinthene and pinicolic acid also showed antibacterial activity against Staphylococcus aureus
ATCC 25923 and Bacillus subtilis ATCC 6633 (Malca-Garcia et al., 2016).

From the aerial parts of S. Terebinthifolius. numerous bioactive compounds were isolated: flavonoids and
biflavonoids (Yueqin et al., 2003), xanthones, hydroxychalcones, coumarins, 2,8-dihydroxyadenine, and some
phenolic compounds (Queires et al., 2006) as for example anthocyanins, gallic acid, and tannins (galloyl glucoses,
galloyl shikimic acids) (Hayash et al., 1989), and others.

PHARMACOLOGICAL AND BIOLOGICAL ACTIVITIES

Brazilian pepper tree is used as anti-rheumatic, anti-septic, anti-inflammatory, antifungal, antimicrobial, wound
healing, in the treatment of disorders related to skin (Diaz et al., 2008) and in anti-depressive treatment (Machado
et al., 2007).

The in vitro antioxidant and antiradical scavenging properties of the investigated essential oils were evaluated
by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
assays. Essential oil of S. terebinthifolius expressed stronger antioxidant activity in the ABTS assay, with an ICs,
of 24 + 0.8 mg/L, compared to S. molle (IC50= 257 + 10.3 mg/L). Essential oils were also evaluated for their
anticancer activities against human breast cancer cells (MCF-7). S. terebinthifolius essential oil was more effective
against tested cell lines (IC;, =47 + 9 mg/L) than that from S. Molle (ICs, = 54 £ 10 mg/L).

Antibacterial and Antifungal Activities

S. terebinthifolius leaf essential oil has shown antibacterial activity against Bacillus subtilis, Escherichia coli,
Pseudomonas aeruginosa, Shigella dysenteriae, Staphylococcus albus, Staphylococcus aureus and Staphylococcus
intermedius as well as antifungal activity against Aspergillus niger, Aspergillus parasiticus and Candida albicans
(El-Massry et al. 2009; Silva et al. 2010). Extracts from S. terebinthifolius leaves in ethanol and dichloromethane
containing secondary metabolites such as phenols, flavones, flavonoids, xanthones, leucoanthocyanidins,
flavanones and free steroids were active against E. coli, Ps. aeruginosa, Staph. aureus and C. albicans (de Lima
et al. 2006; El-Massry et al. 2009). Among 23 extracts from 12 plants, an aqueous extract from the leaves
of S. terebinthifolius showed the highest activity against Staph. aureus, and it could inhibit the growth of B. subtilis
(Martinez et al. 1996).

In other laboratory tests, the essential oil, as well as leaf and bark extracts of S. terebinthifolius, has demonstrated
potent antimicrobial properties (Ghanney and Rhouma, 2015). On the antibacterial effect of pepper involved terpene
compounds, but also other substances (Johan et al., 2010), including high molecular compounds (Gomes et al.,
2013). Brazilian pepper tree has displayed good-to-very strong in vitro antibacterial activity against numerous
bacterial strains and antifungal actions against numerous fungi, as well as Candida (Leite et al., 2011; Correia et
al., 2016). The aqueous extracts of S. terebinthifolius showed antifungal activity against Candida albicans with MIC
of 120 ng/ml (Schomourlo et al., 2005).

Anti-adherent Activity
Crude methanol, and acetate-methanol extracts from S. terebinthifolius demonstrated inhibition of Streptococcus

mutans and Candida albicans on in vitro biofilm formation. The biofilms of C. albicans were more efficiently
inhibited by the S. terebinthifolius fraction of acetate—-methanol and methanol in hydroalcoholic solvents (p < 0.05).
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This experiment suggested the importance of studies about these extracts for therapeutic prevention of oral diseases
associated with oral biofilms (Barbieri et al., 2014).

Anti-inflammatory Activity

The anti-inflammatory potential was evaluated based on the ethnopharmacological use of S. ferebinthifolius
focusing on two important aspects: the inhibition of NO production by macrophages, and the ability to scavenge
free radicals (da Silva Dannenberg et al., 2016). The hydroalcoholic extract from S. terebinthifolius leaves exhibited
important anti-inflammatory properties in pleurisy and arthritis, including a marked inhibition of neutrophil influx
and reduced inflammatory mediators induced by zymosan (Rosas et al., 2015). Many experiments showed that
S. terebinthifolius may have potential as a phytomedicine for the treatment of inflammatory conditions (Uliana et
al., 2016).

Antioxidant Activity

The antioxidant activity of S. terebinthifolius may be related to the presence of polyphenols in leaves and fruits
essential oil. In fact, phenolic phytochemicals are thought to promote optimum health partly via their antioxidant
and free radical scavenging effects thereby protecting cellular components against free radical induced damage.
The methanol extract of S. terebinthifolius showed protection against enzymatic and non-enzymatic lipid
peroxidation in microsomal membranes of rat. Besides, this extract exhibited the highest scavenging activity
on the superoxide and DPPH radicals (Velazquez et al., 2003). Essential oil from S. terebinthifolius showed strong
antioxidant activity in the ABTS assay (ICs, = 24 mg/L) (Bendaoud et al., 2010). Ethanolic extract of S. tere-
binthifolius showed significant activity against DPPH radical at 200 mg/ml with 92.8 % inhibition (Youssef
Moustafa et al., 2010). The results of the work do Rosario Martins et al. (2014) showed that essential oils of leaves
and fruits demonstrated antioxidant and antimicrobial properties, suggesting their potential use in food or
pharmaceutical industries.

Cytotoxic Activity

The crude essential oil from leaves showed cytotoxic effects in several cell lines, mainly on leukemia and
human cervical carcinoma. Fractions composed mainly of a- and B-pinenes as well as those composed of indi-
vidually pinenes showed effective activities against all tested cell lines (Santana et al., 2012). The turucallane
triterpenoids ((Z)-masticadienoic and (E)-masticadienoic acids and (Z)-schinol), isolated from leaves of S. fere-
binthifolius, as well as some semi-synthetic derivatives were cytotoxic and demonstrated antiparasitic
(antileishmanial and antitrypanosomal) activity (Morais et al., 2014). Crude hydroethanolic extract from the stem
bark of S. terebinthifolius, as well as its fractions and isolated compounds, showed anti-HSV-1 (Herpes simplex
virus type 1) activity and exhibited potential for future development treatment against orofacial infections associated
with HSV-1 (Nocchi et al., 2016).

Antitumor Activity

Anticancer properties of essential oil from berries of S. ferebinthifolius were evaluated against human breast cancer
cells (MCF-7) revealing that S. terebinthifolius essential oil was effective against tested cell lines (IC5, =47 mg/L)
(Bendaoud et al., 2010). Ethanolic extract of S. terebinthifolius showed significant activity against acetyl-
cholinesterase and butyrylcholinesterase with 75.4 and 100 % of inhibition respectively at 1 mg/ml (Youssef
Moustafa et al., 2007). Polyphenols extracted from S. terebinthifolius strongly inhibited androgen-insensitive DU145
human prostatic cell line proliferation in a dose-dependent manner. The results suggest that these polyphenols
induce apoptotic and autophagic cell death (Queires et al., 2006).

Antiulcerogenic Activity
Water extract of the bark of S. terebinthifolius showed a marked protective effect against gastric ulcerations

induced by immobilization stress at low temperature in rats. The antiulcer effect was accompanied by increase
in volume and pH of the gastric juice, and by reduction in bleeding (Carlini et al., 2010).
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TOXICOLOGY

The acute and subacute administration of the dried extract of S. terebinthifolius bark did not produce toxic
effects in Wistar rats. In the acute toxicity test, bark extract did not produce any toxic signs or deaths. The suba-
cute treatment with S. terebinthifolius did not alter either the body weight gain or the food and water consumption.
The hematological and biochemical analysis did not show significant differences in any of the parameters
examined in female or male groups, except in two male groups, in which the treatment with S. terebinthifolius
(0.25 and 0.625 g/kg) induced an increase of mean corpuscular volume values (2.9 and 2.6 %, respectively).
These variations are within the physiological limits described for the specie and does not have clinical relevance
(Lima et al., 2009).

The preclinical toxicity was tested in male rats (17.6 mg/kg) in 83 days chronic treatment and a reduction in
the number of red blood cells and hemoglobin was seen following administration of S. ferebinthifolius. The mating
ability and fertility were not affected. Moreover, bone malformations were induced in fetuses, and a slight delay
in recovery time of the postural reflex was observed in pups from female animals treated (18 days) with S. fere-
binthifolius. Given these results, a better assessment of the risks and benefits of the internal use of these plants
is necessary, especially when used by women of childbearing age (Carlini et al., 2013).

The water extract from the bark of S. terebinthifolius was negative in a cell-freeplasmid DNA test, indicating
that it did not directly break DNA. On the other hand, positive results were obtained in the SOS chromotest, in a for-
ward mutagenesis assay employing E. coli, and in the Salmonella reversion assay. The results indicated that
Brazilian pepper tree extract produces DNA damage and mutation in bacteria, and that oxidative damage may be
responsible for the genotoxicity (Carvalho et al., 2003).

CONCLUSIONS

The genus Schinus is widespread all over the Americas, Europe and Africa, and many species of this genus
have been used as traditional herbal medicines. The chemical investigation of Schinus species has revealed many
secondary metabolites from this genus with significant bioactivities. Bioactive components include monoterpenes,
sesquiterpens, triterpenes, fatty acids and flavoinoids. On account of the presence of these compounds significant
antifungal, analgesic, antioxidant, antitumor, insecticidal activities of extracts obtained from the plants of the genus
have been reported in the literature. Nevertheless, there are only a few Schinus species that have been studied
in detail.

Specimens of Schinus terebinthifolius, known in Brazil as “aroeira-vermelha” or “aroeira-pimenteira”, are large
trees that can reach 40 m height and 1-3 m in diameter . In folk medicine, this plant has been used to treat ulcers,
respiratory problems, wounds, rheumatism, gout, diarrhea, skin disease and arthritis, it is also antiseptic and anti-
inflammatory. In addition, decoctions of flowers, stems, leaves and fruits are used for the treatment of tumors.
S. terebinthifolius is a Brazilian plant that produces great amounts of biologically active compounds, many of which
could also find its place in modern medicine.

Competing interests
The authors declare that they have no competing interests.

ACKNOWLEDGMENTS

This work was supported by the long-term organization development plan (University Hospital, Hradec Kralove,
Czech Republic).

REFERENCES

1. Barbosa LCA, Demuner AJ, Clemente AD, Paula VFD, Ismail F. Seasonal variation in the composition of
volatile oils from Schinus terebinthifolius Raddi. Quimica Nova, 2007, 30(8), 1959-1965.

38



Patocka et al.: Brazilian Pepper Tree: Review of Pharmacology

2. Barbieri DS, Tonial F, Lopez PV, Maia BHS, Santos GD, Ribas MO, Glienke C, Vicente VA. Antiadherent
activity of Schinus terebinthifolius and Croton urucurana extracts on in vitro biofilm formation of Candida
albicans and Streptococcus mutans. Arch Oral Biol. 2014, 59(9), 887-896.

3. Barkley FA. Schinus L. Brittonia 1944, 5, 160-198.

4.Bendaoud H, Romdhane M, Souchard JP, Cazaux S, Bouajila J. Chemical composition and anticancer and
antioxidant activities of Schinus molle L. and Schinus terebinthifolius Raddi berries essential oils. J Food Sci.
2010, 75(6), 466-472.

5.Benzi V, Stefanazzi N, Ferrero AA. Biological activity of essential oils from leaves and fruits of pepper tree
(Schinus molle L.) to control rice weevil (Sitophilus oryzae L). Chil J Agric Res. 2009, 69(2), 154—159.

6.Borio EBL, Cecy C, Yasumoto Y. Pharmacognostic study of the bark of Schinus terebinthifolius Raddi
(Anacardiaceae). Cienc Cult (Sdo Paulo), 1973, 25(2), 631-634.

7.Branco Neto ML, Ribas Filho JM, Malafaia O, et al. [Evaluation of hydroalcoholic extract of Aroeira (Shinus
Terebinthifolius Raddi) in the healing process of wound skin in rats]. Acta Cir Bras. 2006, 21 Suppl 2, 17-22.
Portuguese.

8. Campelo J, Marsaioli AJ. Triterpenes of Schinus terebinthifolius. Phytochemistry. 1974, 13, 659-660.

9. Carlini EA, Duarte-Almeida JM, Tabach R. Assessment of the Toxicity of the Brazilian Pepper Trees Schinus
terebinthifolius Raddi (Aroeira-da-praia) and Myracrodruon urundeuva Allemdo (Aroeira-do-sertdo).
Phytotherapy Research, 2013, 27(5), 692-698.

10. Carlini EA, Duarte-Almeida JM, Rodrigues E, Tabach R. Antiulcer effect of the pepper trees Schinus
terebinthifolius Raddi (aroeira-da-praia) and Myracrodruon urundeuva Allemao, Anacardiaceae (aroeira-do-
sertdo). Braz J Pharmacogn. 2010, 20(2), 140-146.

11. Carvalho MC, Barca FN, Agnez-Lima LF, de Medeiros SR. Evaluation of mutagenic activity in an extract of
pepper tree stem bark (Schinus terebinthifolius Raddi), Environ Mol Mutagen. 2003, 42(3), 185-191.

12. Castro JA, Brasileiro BP, Lyra DH, Pereira DDA, Chaves JL, Amaral CLF. Ethnobotanical study of traditional
uses of medicinal plants: The flora of caatinga in the community of Cravolandia-BA, Brazil J Med Plant Res.
2011, 5, 1905-1917.

13. Cavalher-Machado SC, Rosas EC, Brito Fde A, et al. The anti-allergic activity of the acetate fraction of Schinus
terebinthifolius leaves in IgE induced mice paw edema and pleurisy. /nt Immunopharmacol. 2008, 8, 1552-1560.

14. Ceruks M, Romoff P, Favero OA, Lago JHG. Constituintes fendlicos polares de Schinus terebinthifolius Raddi
(Anacardiaceae). Quim Nova. 2007, 30, 597-599.

15. Correia AF, Silveira D, Fonseca-Bazzo YM, Magalhaes PO, Fagg CW, da Silva EC, Gomes SM, Gandolfi L,
Pratesi R, de Medeiros Nobrega YK. Activity of crude extracts from Brazilian cerrado plants against clinically
relevant Candida species. BMC Complement Altern Med. 2016, 16, 203.

16. Crane E. Bees in Agriculture: When important honey plants are invasive weeds. Bee World, 1981, 62(1), 28-30.

17.da Silva Dannenberg G, Funck GD, Mattei FJ, da Silva WP, Fiorentini AM. Antimicrobial and antioxidant
activity of essential oil from pink pepper tree (Schinus terebinthifolius Raddi) in vitro and in cheese exper-
imentally contaminated with Listeria monocyytogenes. Innovative Food Sci Emerg Technol. 2016, 36, 120-127.

18. Dawkins K, Esiobu N. Emerging Insights on Brazilian Pepper Tree (Schinus terebinthifolius) Invasion: The
Potential Role of Soil Microorganisms. Front Plant Sci. 2016, 7, 712.

19. de Carvalho MCRD, Barca FNTV, Agnez-Lima LF, de Medeiros SRB. Evaluation of mutagenic activity in an
extract of pepper tree stem bark (Schinus terebinthifolius Raddi). Enviro Molecular Mutag. 2003, 42(3), 185-191.

20. Degener O. Flora Hawaiiensis (Books 1-4). Otto Degener, Riverdale, New York, 1946.

21.Morton JF. Ornamental plants with poisonous properties. In Proceedings of the Florida State Horticultural
Society. 1946, Vol. 71, pp. 372-380).

22.de Lima MR, de Souza Luna J, dos Santos AF, de Andrade MC, Sant'Ana AE, Genet JP, Marquez B, Neuville
L, Moreau N. Anti-bacterial activity of some Brazilian medicinal plants. J Ethnopharmacol. 2006, 105(1-2),
137-147.

23.Diaz C, QuesadaS, Brenes O, Aguilar G, Ciccid JF. Chemical composition of Schinus molle essential oil and
ist cytotoxic activity on tumor cell lines. Nat Prod Res. 2008, 22(17), 1521-1534.

24. Donnelly, M.J., Green, D.M., Walters, L.J. Allelopathic effects of fruits of the Brazilian pepper Schinus
terebinthifolius on growth, leaf production and biomass of seedlings of the red mangrove Rhizophora mangle
and the black mangrove Avicennia germinans. J Exp Marine Biol Ecol. 2008, 357(2), 149-156.

25.do Rosario Martins M, Arantes S, Candeias F, Tinoco MT, Cruz-Morais J. Antioxidant, antimicrobial and
toxicological properties of Schinus molle L. essential oils. J Ethnopharmacol. 2014, 151(1), 485-492.

39



Patocka et al.: Brazilian Pepper Tree: Review of Pharmacology

26. El-Massry KF, ElI-Ghorab AH, Shaaban HA, Shibamoto T. Chemical compositions and antioxidant/antimicrobial
activities of various samples prepared from Schinus terebinthifolius leaves cultivated in Egypt. J Agr Food
Chem. 2009, 57(12), 5265-5270.

27.Ewel JJ. Invasibility: lessons from south Florida. In Ecology of biological invasions of North America and
Hawaii (pp. 214-230). Springer New York, 1986.

28.Ewel JJ, Ojima D, Karl D, Debusk W. Schinus in successional ecosystems of Everglades National Park. South
Florida Res. Cent. Rep. T-676. Everglades National Park, National Park Service, Homestead, Florida, 1982.

29. Gazzaneo, L.R.S., De Lucena, R.F.P., de Albuquerque, P.U. Knowledge and use of medicinal plants by local
specialists in an region of Atlantic Forest in the state of Pernambuco (Northeastern Brazil). J Ethnobiol
Ethnomed. 2005, 1, 9-15.

30. Ghanney N, Rhouma A. Schinus terebinthifolius Raddi (Anacardiaceae) leaf extracts: Antibacterial activity
against two Agrobacterium tumefaciens strains. Journal of Crop Protection, 2015, 4(1), 85-96.

31. Gomes FS, Procopio TF, Napoledo TH, Coelho LC, Paiva PM. Antimicrobial lectin from Schinus terebinthifolius
leaf. J Appl Microbiol. 2013, 114(3), 672-679.

32.Gundidza M, Gweru N, Magwa ML, Mmbengwa V, Samie A. The chemical composition and biological
activities of essential oil from the fresh leaves of Schinus terebinthifolius from Zimbabwe. African J Biotechnol.
2009, 8(24), 7164-7169.

33. Hayashi T, Nagayama K, Arisawa M, Shimizu M, Suzuki S, Yoshizaki M, Morita N, Ferro E, Basualdo I,
Berganza LH. Pentagalloylglucose, a xanthine oxidase inhibitor from a Paraguayan crude drug," Molle-i"
(Schinus terebinthifolius). J Nat Prod. 1989, 52(1), 210-211.

34.Jain MK, Yu BZ, Rogers JM, Smith AE, Boger ETA, Ostrander RL, Rheingold AL. Specific competitive inhibitor
of secreted phospholipase A2 from berries of Schinus terebinthifolius. Phytochemistry. 1995, 39, 537-547.

35.Johann S, Sa NP, Lima LARS, Cisalpino PS, Costa BB, Alves TMA, Siqueira EP, Zani CL. Antifungal activity
of schinol and a new biphenyl compound isolated from Schinus terebinthifolius against the pathogenic fungus
Paracoccidioides brasiliensis. Ann Clin Microbiol Antimicrob. 2010, 9, 30-35.

36. Lamarque, L.J., Delzon, S., Lortie, C. J. Tree invasions: a comparative test of the dominant hypotheses and
functional traits. Biological Invasions, 2011, 13, 1969-1989.

37. Leite SR, Amorim MM, Sereno PF, Leite TN, Ferreira JA, Ximenes RA. Randomized clinical trial comparing
the efficacy of the vaginal use of metronidazole with a Brazilian pepper tree (Schinus) extract for the treatment
of bacterial vaginosis. Braz J Med Biol Res. 2011, 44(3), 245-252.

38.Lima LB, Vasconcelos CFB, Maranhdo HML, Leite VR, Ferreira PA, Andrade BA, Aratjo EL, Xavier HS,
Lafayette SSL, Wanderley AG. Acute and subacute toxicity of Schinus terebinthifolius bark extract. Journal of
ethnopharmacology, 2009, 126(3), 468-473.

39. Lindenmaier, D.S. [Etnobotanica em comunidades indigenas Guaranis no Rio Grande do Sul]. Santa Cruz do
Sul: Universidade de Santa Cruz do Sul; 2008. Portuguese.

40. Lorenzi H. Arvores Brasileiras: Manual de Identificagdo e Cultivo de Plantas Arboreas Nativas do Brasil;
Plantarum: Sao Paulo, Brazil, 1992, p. 384.

41.Lucena PL, Ribas Filho JM, Mazza M, et al. [Evaluation of the aroreira (Schinus terebinthifolius Raddi) in
the healing process of surgical incision in the bladder of rats]. Acta Cir Bras. 2006, 21 Suppl 2, 46-51.
Portuguese.

42.Machado DG, Kaster MP, Binfaré RW, Dias M, Santos ARS, Pizzolatti MG, Bringhenete IMC, Rodrigues ALS.
Antidepressant-like effect of the extract from leaves of Schinus molle L. in mice: Evidence for the involvement
of the monoaminergic system. Prog Neuropsychopharmacol Biol Psych. 2007, 31(2), 421-428.

43.Mack, R.N. The commercial seed trade: an early disperser of weeds in the United States. Econom. Botany.
1991, 45, 257-273.

44, Malca-Garcia GR, Hennig L, Ganoza-Yupanqui ML, Pifia-Iturbe A, Bussmann RW. (2016). Constituents from
the bark resin of Schinus molle. Revista Brasileira de Farmacognosia. 2016, In press.

45.Manrique, V., Cuda, J.P., Overholt, W.A. Brazilian peppertree: a poster child for invasive plants in Florida.
J Florida Stud. 2013, 1, 1-14.

46. Martinez MJ, Betancourt J, Alonso-Gonzalez N, Jauregui A. Screening of some Cuban medicinal plants for
antimicrobial activity. J Ethnopharmacol. 1996, 52(3), 171-174.

47.Matsuo AL, Figueiredo CR, Arruda DC, et al. a-Pinene isolated from Schinus terebinthifolius Raddi
(Anacardiaceae) induces apoptosis and confers antimetastatic protection in a melanoma model. Biochem Biophys
Res Commun. 2011, 411, 449-454.

40



Patocka et al.: Brazilian Pepper Tree: Review of Pharmacology

48. Melo-Junior, EJ., Raposo, M.J., Lisboa, N.J.A., Diniz, M.F.A., Marcelino, C.A.C., Santana, A.E.G. Medicinal
plants in the healing of dry socket in rats: microbiological and microscopic analysis. Phytomedicine. 2002, 9,
1109-1116.

49. Moneam, N.M.A., Ghoneim, T. Gas chromatographic analysis of total 1 fatty acids extracted from S.
terebinthifolius berries. J Chromatogr. 1986, 361, 391-395.

50. Morton, J. F. Brazilian pepper — its impact on people, animals and the environment. Economic Botany, 1978,
32, 353-359.

51. Morais TR, da Costa-Silva TA, Tempone AG, Borborema SE, Scotti MT, de Sousa RM, Araujo AC, de Oliveira
A, de Morais SA, Sartorelli P, Lago JH. Antiparasitic activity of natural and semi-synthetic tirucallane
triterpenoids from Schinus terebinthifolius (Anacardiaceae): structure/activity relationships. Molecules. 2014,
19(5), 5761-5776.

52.Nocchi SR, de Moura-Costa GF, Novello CR, Rodrigues J, Longhini R, de Mello JC, Filho BP, Nakamura CV,
Ueda-Nakamura T. In vitro Cytotoxicity and Anti-herpes Simplex Virus Type 1 Activity of Hydroethanolic
Extract, Fractions, and Isolated Compounds from Stem Bark of Schinus terebinthifolius Raddi. Pharmacogn
Mag. 2016, 12(46), 160-164.

53. Panetta, F.D., McKee, J. Recruitment of the invasive ornamental, S. terebinthifolius, is dependent upon
frugivores. Aust J Ecol. 1997, 22, 432—438.

54. Pawlowski A, Kaltchuk-Santos E, Zini CA, et al. Essential oils of Schinus terebinthifolius and S. molle
(Anacardiaceae): Mitodepressive and aneugenic inducers in onion and lettuce root meristems. South Afric J
Bot. 2012, 80, 96-103.

55. Queires LCS, Fauvel-Laféve F, Terry S, De la Taille A, Kouyoumdjian JC, Chopin DK., Vacherot F, Rodrigues
LEA, Crepin M. Polyphenols purified from the Brazilian aroeira plant (Schinus terebinthifolius, Raddi) induce
apoptotic and autophagic cell death of DU145 cells. Anticancer Res. 2006, 26(1A), 379-387.

56.Rosas EC, Correa LB, de Almeida Padua T, Costa TEMM, Mazzei JL, Heringer AP, Bizarro CA, Kaplan MAC,
Figueiredo MR, Henriques MG. Anti-inflammatory effect of Schinus terebinthifolius Raddi hydroalcoholic extract
on neutrophil migration in zymosan-induced arthritis. Journal of ethnopharmacology, 2015, 175, 490-498.

57.Santana JS, Sartorelli P, Guadagnin RC, Matsuo AL, Figueiredo CR, Soares MG, da Silva AM, Lago JHG.
Essential oils from Schinus terebinthifolius leaves—chemical composition and in vitro cytotoxicity evaluation.
Pharmaceutical Biology, 2012, 50(10), 1248-1253.

58. Santana JS, Sartorelli P, Lago JHG, Matsuo AL. Isolamento e avaliagdo do potencial citotoxico de derivados
fenolicos de Schinus terebinthifolius Raddi (Anacardiaceae). Quim. Nova. 2012, 35, 2245-2248.

59. Santos ACAD, Rossato M, Agostini F, Serafini LA, Santos PLD, Molon R, Dellacassa E, Moyna P. Chemical
composition of the essential oils from leaves and fruits of Schinus molle L. and Schinus terebinthifolius Raddi
from Southern Brazil. J Essential Oil Bearing Plants, 2009, 12(1), 16-25.

60. Schomourlo G, Mendonga-Fiho RR, Alviano CS, Costa SS. Screening of antifungal agents using ethanol
precipitation and bio-autography of medicinal and food plants, J. Ethnopharmacol. 2005, 96(3), 563-568.

61. Silva AB, Silva T, Franco ES, et al. Antibacterial activity, chemical composition, and cytotoxicity of leaf's essential
oil from Brazilian pepper tree (Schinus terebinthifolius, Raddi). Brazilian J Microbiol. 2010, 41, 158-163.

62. Silva, AG, Almeida DL, Ronchi S,N, et al. The essential oil of Brazilian pepper, Schinus terebinthifolia Raddi
in larval control of Stegomyia aegypti (Linnaeus, 1762). Parasit Vectors. 2010, 3, 79.

63. Uliana MP, Fronza M, da Silva AG, Vargas TS, de Andrade TU, Scherer R. (2016). Composition and biological
activity of Brazilian rose pepper (Schinus terebinthifolius Raddi) leaves. Industrial Crops Products, 2016, 83,
235-240.

64. Velasquez E, Tournier HA, Mordujovich de Buschiazzo P, Saavedra G, Schinella GR. Antioxidant activity of
Paraguayan plant extracts. Fitoterapia. 2003, 74, 91-97.

65. Vieira, R.F. Conservation of medicinal and aromatic plants in Brazil. In: Janick J, (eds) Perspectives on
New Crops and New Uses. Alexandria (VA): ASHS Press, 1999, pp. 152-159.

66. Youssef Moustafa AM, Kouam SF, Kulsoom A, Ejaz A, Ali S, Anjum S, Choudhary MI. Phytochemical
investigation and biological evaluation of Schinus terebinthifolius, Res J Phytochem. 2007, 4(3), 162—172.
67. Yueqin Z, Recio MC, Mafiez S, Giner RM, Cerda-Nicolas M, Rios JL. Isolation of two triterpenoids and a

biflavanone with anti-inflammatory activity from Schinus molle fruits. Planta Medica, 2003, 69(10), 893-898.

41



