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Review

Abstract

Background: Species of the genus Maytenus are recognized for their uses in pain and cancer-related conditions.
The purpose of the literature review was to compile scientific information on the traditional uses, chemical
constituents, and pharmacological activities of Maytenus laevis Reissek.

Methods: The scientific name Maytenus laevis and its synonyms, in combination with "traditional uses" OR
ethnobotany OR "chemical constituents" OR "chemical composition” OR phytochemistry OR "biological activities"
OR "pharmacological activities” OR pharmacology, were searched in the main databases. Seventy papers were
selected according to research type and relevance.

Results. M. laevis is known by the common name "chuchuhuasi" and is traditionally used for the treatment of
rheumatism and cancer, although it is also used as a sexual enhancer. Its chemical constituents are pyridine-derived
alkaloids, triterpenes, sterols, iridoids and phenolic compounds, and are of great pharmacological interest, but only
anti-inflammatory, antibacterial, antiparasitic and anticancer activities have been proven in preclinical studies. In
addition, different studies point to its growth in Peru, due to it being confused with other species of the genus
Maytenus.

Conclusions. Reports on its chemical composition indicate the therapeutic potential of this species. However, there
is little information on its pharmacological effects at the preclinical and clinical levels. Therefore, further research
could verify its correct distribution and scientific validation of its traditional uses. In addition, specific chemical
markers could be used to differentiate it from other species.

Keywords. Maytenus laevis, Maytenus javensis, Monteverdia laevis, traditional use, chemical constituents,
pharmacological activities.
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Background

The family Celastraceae is distributed in the continents of America, Africa, and Asia. In addition, it is composed of
approximately 106 genera and 1,300 plant species (Kouamé et al 2020). They are small trees, shrubs or lianas and
are used in traditional medicine through the oral consumption of aqueous extracts or hydroethanolic macerates of
the leaves, stem, bark, and root; for the treatment of rheumatoid arthritis, skin infections and autoimmune diseases
(Bazzocchi et al 2017, Camargo et al 2020, Veloso et al 2017).

In plant species of the Genus Maytenus, more than 300 compounds of biological importance have been detected
(Zhang et al 2020). It consists of 76 identified species and are used by communities for gastric diseases and cancer.
Phytochemical studies have made it possible to identify flavonoids, pentacyclic triterpenes (friedelane-, oleane-,
lupane-, and ursane-type), sesquiterpenes, alkaloids and condensed tannins. Antiulcer, anti-inflammatory,
contraceptive, antioxidant, antimicrobial, antiviral, and antiparasitic activities have been reported (Biral et a/ 2017,
Guimardes et al 2020, Let et al 2020, Niero et al 2011, Veloso et al 2017, Zhang et al 2020). Recent research has
confirmed the activity of the hexanic extract from the bark of Maytenus guianensis against leishmaniasis. Its
effectiveness would be mediated by the inhibition of amastigotes through the production of cytokines such as IL-
12 and TNF-a (Macedo et al 2019). Also, it has been reported that the methanolic extract of the leaves of Maytenus
robusta generated a decrease in liver inflammation; decreasing the concentration of myeloperoxidases, TNF, and
IL-6 (Thiesen et al 2017).

In Latin America, the species of the Genus Maytenus grow in the countries of Bolivia, Brazil, Colombia, Ecuador,
Venezuela, and Peru. Depending on the disease, the communities use the barks or roots in preparations with water
or hydroethanolic macerates. The extracts are used as antirheumatic, antidiarrheal, antimalarial, anti-Leishmania,
anticancer and as an aphrodisiac (Malantk et a/ 2019). The most widely used species is Maytenus macrocarpa and
is often confused with Maytenus ebenifolia, Maytenus krukovii Maytenus laevis, among other species, due to its
growth in similar areas and its traditional utility (Malanik et a/ 2019).

This review compiles scientific research on the traditional uses, chemical constituents, and pharmacological
activities of Maytenus laevis, with the aim of detailing the key points for future research on this plant species and
avoiding its confusion with other species.

Materials and Methods

The systematic collection of scientific information was obtained from the Scopus, Web of science, ScienceDirect,
PubMed Central® and Scielo databases, in addition to the Peruvian repository ALICIA. The following search strategy
was used: ("Maytenus laevis" OR "Maytenus javensis" OR "Monteverdia laevis’)y AND (“traditional uses” OR
ethnobotany OR “chemical constituents” OR “chemical composition” OR phytochemistry OR “biological activities”
OR “pharmacological activities” OR pharmacology). The collection was carried out from December 1, 2021, to
August 15, 2022. Manuscripts dating from 1964 to 2022 were obtained. Subsequently, the repeated titles were
eliminated, and the documents were filtered according to the type of research and relevance. 70 documents were
selected (45 original articles, 4 review articles, 3 books and 18 theses).

Results and Discussion

Traditional use

The plant species Maytenus laevis is an erect tree 25 m high, its bark is reddish and hard. It has leaves 10 cm long,
entire, perennial, petiolate and coriaceous. It's distributed in Brazil, Ecuador, Colombia, and Venezuela (Fig. 1)
(Ramirez Aste 2004). M. laevis receives the vernacular name “chuchuhuasi”, a term from the native Shipibo-Konibo
language: “chochowasa” or “chochohoasha”. However, ethnobotanical studies indicate nominal variants at the time
of their recognition by the communities (Table 1). This situation generates confusion with other species of the Genus
Maytenus. In addition to its botanical resemblance and traditional use (Cauper Pinedo 2019, Cuartas Mufioz &
Garcla Vergara 2017, Ramirez Aste 2004).

Most communities use different parts of the tree for their preparations. Depending on the ethnomedicinal use, they
select the root or the leaves in the form of an infusion or decoction; and the stem or bark macerated with the
alcoholic beverage called “aguardiente”. The extracts are administered orally, although they are usually applied
topically and in "baths" (Camargo Camargo & Villegas Caro 2015, Gonzalez et al 2000c, Lagos 2015). The water
and the "aguardiente” extract polar and moderately polar molecules, thus obtaining a variety of metabolites that
have different effects. For example, the aqueous and alcoholic extracts of the species of the Genus Maytenus contain
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phenolic compounds, triterpenes, sesquiterpenes, and alkaloids that generate antitumor, antiseptic, anti-
inflammatory, analgesic, antibacterial, antioxidant, antiulcer, antipathogenic, and antiproliferative activities (Zhang
et al 2020).

Figure 1. Geographical distribution of Maytenus laevis (A) and Maytenus macrocarpa (B) around the world. Dots of
different shades are observed indicating the frequency with which it is reported (Photo: Global Biodiversity
Information Facility)

Table 1. Traditional names of Maytenus laevis

Traditional names Reference

“chuchuhuasca”

Evans 1983

“chuchuasha curi-caspi”

Gonzalez et al. 2000c

Alvarado Cabrera 2006, Bussmann et al 2018, Camacho Martinez 2013,

chuchuhuaza Gonzalez Villa 2015

“chuchuhuaso” Bravo Gallardo 2010

“chuchuaza” Yesid et al 2011

“chuchuuaso” Yesid et al 2011

“chugchuguao” Yesid et al 2011

“chuchuguasi” Yesid et al 2011

“chuchuhuasha” Camargo Camargo & Villegas Caro 2015, lannicelli et al 2018

rchuchuhuasi” Bussmann et al 2016, Camargo Camargo & Villegas Caro 2015,
Ceutorick et al 2011, lannicelli et a/ 2018

“chuchuaso” Malagon et al 2016, Yesid et al 2011

“chuchuguasa” Carrefio Hidalgo 2016, lannicelli ef al 2018

“chuchuhuazo” Asanza et al 2018, lannicelli et al 2018

“chuchuguaza” Bussmann et al 2018

“chuchuguasi capinuri”

lannicelli ef a/ 2018

“chuchuguaso”

Lituma Paez 2019, Mestanza et al 2019
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Hydroethanolic extracts of M. laevis are mainly used in diseases such as arthritis, rheumatism, skin cancer and sexual
impotence (Asanza et al 2018, Bussmann et al 2016, Bussmann et al. 2018, Carrefio Hidalgo 2016, Gonzalez et al.
2000c, Montealegre Pinzén 2011, Reyes et al 2006, Romero Duque & Veldsquez Pinzon 2009). However, some
reports indicate the usefulness of aqueous and hydroethanolic extracts for other diseases such as anemia, breast
conditions, bronchitis, prostate cancer, colds, tuberculosis; in symptoms such as weakness, cramps, hemorrhoids,
diarrhea, vaginal wounds; in sprains and as a contraceptive, immunostimulant and menstrual regulator (Bussmann
et al 2016, Bussmann et al 2018, Camacho Martinez 2013, Carrefio Hidalgo 2016, Ceuterick et al 2011, Gyllenhaal
et al 1986, Lagos 2015, lannicelli et a/ 2018, Nwodo et al 2015).

This plant species is highly required by the communities. In rural and urban markets, products are found in the form
of syrups or tablets based on the bark and/or stem, or in mixtures with other species; It is also consumed and
exported to Europe and the United States of America as a liquor (Bravo Gallardo 2010, Yesid et al 2011).

Chemical constituents

Qualitative identification studies of Maytenus laevis report alkaloids, triterpenes, tannins, flavonoids, quinones,
phenolic compounds and saponins in leaves, roots, stems and bark (Lucero & Dehesa 2011, Moya & Olarte 1977,
Salazar Llumiluiza 2013, Siccha Sanchez 2018) (Table 2). This information makes it possible to highlight the
relationship with its different ethnotherapeutic uses and pharmacological effects.

Although the chemical constituents are found throughout the morphology of the species, chemical elucidation
studies have been developed from methanolic extracts of the stem, bark, and root. Chromatography, spectroscopy,
and Nuclear Magnetic Resonance (NMR) techniques have made it possible to identify some molecules of the
chemical content of this plant species (Dinda 2019, Dinda et al 2007, Niero et al 2011, Razzaq Mouad 2016).

Dihydro-6-agarofuran sesquiterpene pyridine alkaloids

Pyridine-derived alkaloids have been identified in methanolic extracts from the stem of M. laevis (Figures 2,3). These
molecules are sesquiterpenoid dihydro-8-agarofuran, with a macrolactone structure, formed by a sesquiterpene
polyester and pyridine dicarboxylic acids (Gao et al 2007). Evoninate-type alkaloids have been reported in this plant
species, such as 7-(acetyloxy)-O'-benzoyl- O*'1-deacetyl-7-deoxoevonine, Ebenifoline E-I, Ebenifoline E-II,
Ebenifoline E-lll, Laevisine A, Euonymine and Mayteine; and Wilfordate-type alkaloids such as Laevisine B,
Euojaponine F, Euojaponine |, Euonine and Wilforine (Nakagawa et al 2004, Piacente et al 1999).

These types of chemical structures are frequently detected in the Celastraceae family; mostly in the genera
Maytenus, Tripterygium, Celastrus, Euonymus and Orthosphenia. They are classified as chemical markers due to
their usefulness at the time of their chemotaxonomic identification (Callies et al 2017, Gao et al. 2007, Lin et al
2020).

Triterpenes and sterols

Triterpenoids are characteristic molecules of the Genus Maytenus, friedelane-, lupane- and oleane-type have been
identified (Huang et al 2021). The investigations carried out on M. laevis report these metabolites in alcoholic
extracts of the stem and roots (Figures 4-6). Some detected molecules of the friedelane-type were Pristimarin,
Tingenone and 226-hydroxytingenone; of the lupane-type was Maytenfolic Acid; and of the oleane-type were 226-
hydroxy-3-oxoolean-12-en-28-oic acid, 3-oxoolean-12-en-28-oic acid, 3a,226-dihydroxyolean-12-en-29-oic acid
and 38,226-dihydroxyolean-12-en-29-oic acid, among others (Gonzalez et al 1982, Nakagawa et al 2004, Piacente
et al 1999). Also, in this group is 8-sitosterol, a molecule of biological importance for showing anxiolytic, analgesic,
immunomodulatory, antimicrobial, anticancer, anti-inflammatory, lipid-lowering and hepatoprotective activity
(Babu & Jayaraman 2020).

Iridoids

The iridoids of M. laevis were found in the alcoholic extracts of the stems and are derived from ajugol (Fig. 7)
(Nakagawa et al 2004). Ajugol is a type of glycosylated iridoid relevant for its anti-inflammatory and antioxidant
activity (Kupeli et al 2007, Zhang et al 2021). In addition, it has been reported that this molecule has hepatic
metabolism, and its elimination is via the kidneys (Xue et al 2015); therefore, when consuming their chemical
derivatives, they would have the same pharmacokinetic behavior.
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Table 2. Chemical compounds of Maytenus laevis

Compound name Part Country of Technique Reference

origin
Alkaloids
7-(acetyloxy)- O''-benzoyl- O*11-deacetyl-7-deoxoevonine Stem Colombia HPLC, NMR Nakagawa et al 2004
Ebenifoline E-I Stem Ecuador NMR Placente et al 1999
Ebenifoline E-II (6-benzoyl-6-deacetylmayteine) Stem Colombia HPLC, NMR Nakagawa et al 2004
Ebenifoline E-llI Stem Colombia HPLC, NMR Nakagawa et al 2004
Euojaponine F Stem Ecuador NMR Placente et al 1999
Euojaponine | Stem Ecuador NMR Placente et al 1999
Euonine Stem Ecuador NMR Placente et al 1999
Euonymine Stem Ecuador NMR Placente et al 1999
Laevisine A Stem Ecuador NMR Placente et al 1999
Laevisine B Stem Ecuador NMR Placente et al 1999
Mayteine Stem Ecuador/ HPLC, NMR Placente et al 1999,

Colombia Nakagawa et al 2004
Wilforine Stem Ecuador NMR Placente et al 1999
Triterpenoids and sterols
Maytenfolic acid Stem Colombia HPLC, NMR Nakagawa et al 2004
Triptocallic acid D Stem Colombia HPLC, NMR Nakagawa et al 2004
Triptocallic acid A Stem Colombia HPLC, NMR Nakagawa et al 2004
Epikatonic acid Stem Colombia HPLC, NMR Nakagawa et al 2004
Abruslactone A Stem Colombia HPLC, NMR Nakagawa et al 2004
3-epiabruslactone A Stem Colombia HPLC, NMR Nakagawa et al 2004
28-hydroxy-12-ursene-36-yl-caffeate (3-(£)-caffeoyluvaol) Stem Colombia/ HPLC, NMR Nakagawa et al 2004,

Ecuador Placente et al 2006
Wilforlide B Stem Colombia HPLC, NMR Nakagawa et al 2004
Canophyllol Stem Colombia HPLC, NMR Nakagawa et al 2004
Salaspermic acid Stem Colombia HPLC, NMR Nakagawa et al 2004
Tingenone Root Colombia UV, IR, NMR Gonzalez et al 1982
228-hydroxytingenone Root Colombia UV, IR, NMR Gonzalez et al 1982
B8-sitosterol Stem Colombia HPLC, NMR Nakagawa et al 2004
228-hydroxy-3-oxoolean-12-en-28-oic acid (22-epi-triptotriterpenonic acid A) Stem Colombia HPLC, NMR Nakagawa et al 2004
3-oxoolean-12-en-28-oic acid Stem Colombia HPLC, NMR Nakagawa et al 2004

3a,226-dihydroxyolean-12-en-29-oic acid Stem Colombia HPLC, NMR Nakagawa et al. 2004
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36,226-dihydroxyolean-12-en-29-oic acid (22-epi-maytenfolic acid) Stem Colombia HPLC, NMR Nakagawa et al 2004
Pristimerin Stem Colombia HPLC, NMR Nakagawa et al. 2004
Iridoids
Ajugol Stem Colombia HPLC, NMR Nakagawa et al. 2004
6-O-(3'4',5'-trimethoxybenzoyl)ajugol Stem Colombia HPLC, NMR Nakagawa et al 2004
6- O-(3',4'-dimethoxybenzoyl)ajugol Stem Colombia HPLC, NMR Nakagawa et al 2004
6- O-(p-hydroxybenzoyl)ajugol Stem Colombia HPLC, NMR Nakagawa et al 2004
6- O-(4'-hydroxy-3'-methoxybenzoyl)ajugol Stem Colombia HPLC, NMR Nakagawa et al 2004
Phenolics
(-)-4'- O-methylepigallocatechin (Ourateacatechin) Stem Colombia HPLC, NMR, UV, Nakagawa et al 2004,
IR Gonzalez et al 1982
(2R39)-4'- O-methyl-2,3-dihydromyricetin Stem Colombia HPLC, NMR Nakagawa et al 2004
3" 4'-di- O-methyl-(-)-epicatechin Stem Colombia HPLC, NMR Nakagawa et al 2004
Mearnsetin Stem Colombia HPLC, NMR Nakagawa et al 200
Ourateaproanthocyanidin A Stem Colombia HPLC, NMR Nakagawa et al 2004
Ourateaproanthocyanidin B Root Colombia UV, IR, NMR Gonzalez et al 1982
p-hydroxybenzoic acid Stem Colombia HPLC, NMR Nakagawa et al 2004
Other compounds
Lambertic acid Stem Colombia HPLC, NMR Nakagawa et al 2004
Ent-isolariciresinol Stem Colombia HPLC, NMR Nakagawa et al 2004
(-)-secoisolariciresinol-4- O-8-D-(6- O-veratroyl)glucopyranoside Stem Colombia HPLC, NMR Nakagawa et al 2004
Isoverbascoside Stem Colombia HPLC, NMR Nakagawa et al 2004

HPLC: High Performance Liquid Chromatography, NMR: Nuclear Magnetic Resonance, UV: Ultraviolet, IR: Infrared
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Figure 2. Structures of the sesquiterpene dihydro-8-agarofuran pyridine alkaloids identified in Maytenus laevis

(part 1)
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OAc
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Ac = Acetyl
Compound R4 R
Laevisine B Nicotinoyl Acetyl
Euojaponine F Benzoyl Acetyl
Euonine Acetyl Acetyl
Wilforine Acetyl Benzoyl

Figure 3. Structures of the sesquiterpene dihydro-8-agarofuran pyridine alkaloids identified in Maytenus laevis (part
2)
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Figure 4. Structures of triterpenes identified in Maytenus laevis (part 1)
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22 3-hydroxy-3-oxoolean-12-en-28-oic acid 3-oxoolean-12-en-28-oic acid

Tingenone 22 3-hydroxytingenone

Figure 5. Structures of triterpenes identified in Maytenus laevis (part 2)
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Figure 6. Structures of triterpenes identified in Maytenus laevis (part 3)
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Figure 7. Structures of iridoids identified in Maytenus laevis
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Phenolic compounds
The phenolic compounds (Fig. 8) identified in this genus have a methoxyl group in the 4' position of the C6-C3-C6
nucleus of the flavonoids (Rodrigues et al 2017). The alcoholic extracts of the stem and root of M. laevis contain

catechin derivatives (Gonzalez et al 1982, Nakagawa et al 2004) that are potentially therapeutic agents for gastric
diseases (Baggio et al 2007) and antiparasitic (Olivaro et al 2021).

OH
0
@[ )
HO O W
a OH

“/oH
OH O
Mearnsetin (2R,3S5)-4'-O-Methyl-2,3-dihydromyricetin
OH o/
oL O
HO O .\ on HO O .\
“/oH “/0H
OH OH
(-)-4'-O-methylepigallocatechin 3' 4'-di-O-methyl-(-)-epicatechin
OH OH
‘\\\©/
OH om OH
O\ OH é O\
HOL A O
OH ' OH
“/oH
OH
Ourateaproanthocyanidin A Ourateaproanthocyanidin B

Figure 8. Structures of phenolic compounds identified in Maytenus laevis

Other bioactive compounds identified are Lambetic Acid, Ent-isolariciresinol, among others (Fig. 9). The
quantification of each molecule, as well as the analysis of chemical and physical stability of the chemical structures

and interactions with other substances, could support their potential as therapeutic agents and their
physicochemical behavior in a phytopharmaceutical.
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Figure 9. Other compounds identified in Maytenus laevis

Pharmacological activities

The pharmacological activities of M. laevis have been evaluated from aqueous and alcoholic extracts, from the
leaves, root, and bark, in preclinical studies. Although the information focuses only on the verification of the effect,
the chemical content of the extracts bases the pharmacological action according to some of its traditional utilities.

Anti-inflammatory activity

In ethnobotanical studies, the usefulness of species of the Genus Maytenus for the treatment of arthritis and
rheumatism, diseases characterized by pain and inflammation of joints, is reported. Thus, the largest amount of
pharmacological research focuses on verifying anti-inflammatory and analgesic activities. The hydroalcoholic
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extract and decoction of the roots and bark of M. laevis were shown to reduce inflammation and produce analgesia
in experimental animals; where, these effects were attributed to the chemical content of fractions of semipolar
solvents (Moya & Olarte 1977, Salazar Llumiluiza 2013). However, no research of the chemical-pharmacological
activity relationship in this plant species are reported, although the molecules identified in M. laevis support the
action in the face of an inflammatory process; as shown by studies in other species of the same family (Veloso et al
2017).

Evaluation of triterpenes and phenolic compounds in the Genus Maytenus have shown their anti-inflammatory
properties (Zhang et al 2020). Reports of its mechanism of action indicate the effect of decreasing the synthesis of
proinflammatory substances. Triterpenes inhibit the effects of prostaglandin E2 (Reyes et al 2006) and flavonoids
block the enzymes lipoxygenase and cyclooxygenase (COX), which inhibits the production of leukotrienes and
prostaglandins (Veloso et al 2017). Specifically, the tingenone identified in M. laevis has shown antinociceptive
activity by activating different peripheral pathways of L-arginine, nitric oxide, cyclic guanosine monophosphate
(cGMP) and ATP-sensitive potassium channels (Veloso et al 2014, Veloso et al 2015).

On the other hand, the presence of ajugol-derived iridoids and pyridine-derived alkaloids provide synergistic effects
in anti-inflammatory and immunosuppressive activity. Ajugol derivatives have been shown to regulate high
concentrations of cytokines. In addition, its antifibrotic activity has been verified in experimental animals,
demonstrating its effect against asthmatic processes (Yi ef al 2022). Euonine, Ebenifoline, and Wilforine molecules
have an inhibitory effect on the production of cytokines (interleukins) and tumor necrosis factor alpha (TNF-a),
supporting their activity as immunosuppressants (Gao et al 2007, Huang et al 2021).

Antibacterial and antiprotozoal activity

The antibacterial activity, in species of the Genus Maytenus, is related to flavonoids and triterpenes (Zhang et al.
2020). The evaluation of the aqueous (infusion and decoction) and alcoholic extracts of the leaves and bark of M.
laevis have shown activity against Staphylococcus aureus, Streptococcus pyrogenes, Enterococcus faecalis ATCC
29212 and Pseudomonas aeruginosa ATCC 27853, in vivo and in vitro (Dicarlo et al 1964, Graak & Flemming 2004).
Research has shown that extracts of M. /laevis induce antibacterial activity due to stimulation of the
reticuloendothelial system in experimental animals (Dicarlo et al 1964, Graack & Flemming 1966, Rojas et al 2016).

The structure-antibacterial activity relationship is not reported in the few studies of M. laevis, but some chemical
structures detected in the extracts show the link with said effect. Among the identified molecules are catechin
derivatives (family of flavonoids) that can bind to extracellular proteins, altering the bacterial cell wall; in addition
to inhibiting the functions of its cytoplasmic membrane (Tebou et al. 2017). Also, certain triterpenes such as
tingenone, 226-hydroxytingenone and pristimerine affect the cytoskeleton by inhibiting tubulin polymerization (Da
Silva et al 2018). These data support the potential of M. laevis against bacteria of interest (Huang et al 2021).

On the other hand, the hexanic extract of the root of M. laevis has activity against 7rypanosoma cruzi and Giardia
lamblia in vitro. This activity is linked to pyridine-derived alkaloids and friedelane-type triterpenes; where its main
effect is the inhibition of development and growth, in both microorganisms, due to its high toxicity (Bashir et al
2015, Condo et al 2016, Flemming 1965, Igoli et a/ 2011).

Anticancer activity

Anticancer activity is another activity of biological importance of the species of the Genus Maytenus (Zhang et al.
2020). The ethnobotanical knowledge of M. laevis indicates its usefulness as a traditional treatment for skin cancer.
In M. laevis, only the antitumor and cytotoxic activities of the aqueous and alcoholic extracts of leaves and bark
have been evaluated; relating it's in vitro activity to sesquiterpenes, triterpenes and phenolic compounds (Hiroshi
et al 1986, Gonzalez et al 1982). The mechanism of action of sesquiterpenes and triterpenes is based on the
inhibition of protein synthesis and the incorporation of uridine into DNA; and the presence of phenolic compounds
(derived from catechins and proanthocyanidins) prevent tissue damage from free radicals generated by radiation
(Gonzalez et al 1982).

Information on the anticancer activity of M. laevisis scarce and out of date; Therefore, recent studies of some of its
chemical structures, isolated in other species, show its value in therapies for different types of cancer. For example,
studies of the triterpenoid pristimarin explain its toxic effect on Hela, A-549, HL60 and HepG2 cell lines, due to the
action of apoptosis and activation of Caspase-3 (Huang et al 2021, Yan et al 2013). In addition, it is a possible
therapeutic strategy in the treatment of gliomas that overexpress the epidermal growth factor receptor (EGFR);
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since, they increase the generation of reactive oxygen species and the release of Cytochrome C to the cytosol (Yan-
Yan et al 2013).

The potential of M. laevis as a therapeutic agent requires further experimental action. It is necessary to evaluate the
extracts of different parts of the plant species to support their use in complementary treatments. Also, it is important
that the extracts of M laevis be evaluated in clinical trials for the development of phytotherapies or
phytopharmaceuticals; as well as research that involves explaining or substantiating its pharmacodynamics,
pharmacokinetics, and toxicity.

' Maytenus laevis' in Peru

In Peru, more than 30 species of the Genus Maytenus are reported. They are distributed in the Peruvian Amazon
due to their adaptation in tropical climates. Most of these species receive the denomination "chuchuhuasi" mainly,
which generates confusion at the time of its identification by the inhabitants (Table 1). Some plant species usually
receive one or more traditional or vernacular names that coincide with the name of another similar or different
species; given that the community identifies the plant material according to the morphological characteristics or
traditional use of the medicinal plant (Ascate-Pasos et al 2020, Ramirez et al 2020). Reports from the 1960s to the
present have attributed the growth of Maytenus laevis in the Peruvian Amazon; especially in the vicinity of the
Putumayo River that runs through the countries of Colombia, Peru, Ecuador, and Brazil (Camacho Martinez 2013,
Cardenas Lopez et al 2002, Carrefio Hidalgo 2016). However, ethnobotanical, phytochemical, and pharmacological
investigations of the species reported as M. laevis in Peru, do not have taxonomic validation in an accredited
institution. In addition, different sources of information do not indicate their presence in Peruvian territory
(Desmarchelier & Witting 2000, Lara et al 2020, Siccha Sanchez 2018, Silva Santisteban Miranda 2019, Vila 2009).

On the other hand, the analysis of the Peruvian species of “chuchuhuasi” indicates its traditional use based on
macerating the bark and/or stems with hydroalcoholic mixtures, and they are used for different diseases such as
cancer (Graham et al 2000, Odonne et al 2009), anemia, rheumatism, bacterial infections, leishmaniasis and malaria.
In addition, in symptoms such as abdominal pain, diarrhea, gangrene, (Odonne et al 2013), hernias, in broken bones
(Sanz-Biset & Cafigueral 2013) and as a "blood purifier" (Jauregui et al 2011).

In addition, chemical elucidation investigations have been carried out through spectroscopic methods on the
extracts. Friedelane-type triterpenes have been identified in species such as M. jelsiskii, M. amazonica, M macrocarpa
and M. retusa (Fraga 2012, Pu et al 2014), lupane-type in M. cuzcoina and M. apurimacencis (Callies et al 2015,
Delgado-Méndez et al 2008, Nufiez et al. 2005, Reyes et al. 2006, Vazdekis et al 2009), oleane- and ursane-type in
the species M. krukovi (Shirota et al 1996) and other types of triterpenes in M. apurimanecensis and M. macrocarpa
(Oramas-Royo et al 2010, Niero et al 2006). Also, diterpene compounds in M. cuzcoina and M. macrocarpa
(Vazdekis et al 2009), sesquiterpenes in M. jelsiski; M. cuzcoina, M. apurimacencis and M. macrocarpa (Chavez et al
1999, Delgado-Méndez et al 2008, Cortés-Selva et al 2004, Gonzalez et al 2000b, Nakamura et al 1996, Perestelo
et al 2010, Perestelo et al 2016), lignans in M. apurimacencis (Vazdekis et al 2009), and alkaloids in M. emerginata
(Kuo et al 1990).

The evaluation of the pharmacological properties of these species indicates that the sesquiterpenes 4,15-
dideoxyisoalatol and 15-deoxyisoalatol found in the root cortex of M. apurimacensis are molecules that generate
activity against the protozoan parasite that causes leishmaniasis. In M. cuscoina, dihydro-6-agarofuran derivatives
are potential chemoprotectors (Delgado-Méndez et al 2008, Gonzalez et al 2000a). Some molecules have been
used in bioinformatic models to generate derivatives of chemical structures with potential anti-HIV use, as in the
case of lupane-type triterpenes found in M. cuzcoina (Callies et al 2015). Tetracyclic and pentacyclic triterpenes,
and sesquiterpenes dihydro-6-agarofurans from M. macrocarpa from the root cortex, generate antibacterial activity
(Malanik et al 2019).

The species of the Genus Maytenus that grow in Peru are important for their relationship with the ancestral
knowledge about their uses in native communities; as well as its consumption in urban areas and its biotrade
(Stagegaard et al 2002). Despite the fact that there is an evident source of compounds of therapeutic importance,
it is necessary to continue developing phytochemical and pharmacological studies; as well as chemotaxonomic
identification techniques of the species, in order to avoid confusion that may influence the efficacy and safety in its
use as a complementary therapy of the Peruvian health system.
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Conclusions

Maytenus laevis is a tree that grows in Brazil, Ecuador, Colombia, and Venezuela. It is used in the traditional
treatment for arthritis, rheumatism, and cancer; also, as a natural sexual stimulant. In this plant species, molecules
of the alkaloid, triterpenoid, iridoid type and phenolic compounds have been identified, which are of great scientific
interest due to their pharmacological effects. However, only in vitro and in vivo studies have been reported on the
anti-inflammatory, antibacterial, antiparasitic, and anticancer activities of aqueous and hydroethanolic extracts of
leaves, stem, bark, and root. Further research needs to focus on scientific verification of other traditional uses; as
well as physicochemical, pharmacokinetic and pharmacodynamic studies to support its pharmacological activities
within a complementary therapy.

Also, the name "chuchuhuasi", the botanical resemblance and its traditional use of species of the Genus Maytenus
that grow in Peru, has generated that M. laevis s erroneously reported in Peruvian territory, for which it is necessary
to carry out studies of its specific chemical markers that allow it to be differentiated from other species.

Declarations

Ethics approval and consent to participate: Not applicable.

Consent to publication: Not applicable.

Availability of data and materials: Not applicable.

Competing interests: The authors declare that they have no competing interests to the topic described in this
review.

Funding: M.L. Ganoza-Yupanqui acknowledges the financial support of the CONCYTEC-World Bank Project
"Mejoramiento y Ampliacion de los Servicios del Sistema Nacional de Ciencia Tecnologia e Innovacion Tecnoldgica"
8682-PE, through its executing unit PROCIENCIA [contract number 114-2018-FONDECYT-BM-IADT-MU].

Authors' contributions: MLG-Y and RWB conceived the work, MEA-P and MLG-Y compiled the information and
wrote the manuscript, LAS-R, FRL-V and RWB reviewed the manuscript. All authors approved the final manuscript.

Literature Cited
Alvarado Cabrera LA. 2006. Plantas medicinales de las zonas de manejo de la Comunidad Indigena Monifue Amena,
Amazonas (Colombia). Thesis, Pontificia Universidad Javeriana.

Asanza M, Arias Rl, Bravo C, Bravo L, Cabrera P, Caicedo WO, Cajas J, Chavez D, Heredia M, Lozano P, Mato F,
Masabanda M, Morales B, Padilla O, Pérez ML, Radice M, Resl R, Riofrio A, Rodriguez F, Santacruz L, Tandazo MA,
Tapia A, Tasambay A, Toulkeridis T, Valle S, Vargas JC. 2018. Amazonia Exdtica Natural Antrépica Turistica. EDIESPE
- Editorial Politécnica, Quito, Ecuador.

Ascate-Pasos ME, Ganoza-Yupanqui ML, Suarez-Rebaza LA, Bussmann RW. 2020. Valeriana pilosa Ruiz & Pav.: a
review of traditional uses, phytochemistry and pharmacology. Ethnobotany Research and Applications 20:19.

Babu S, Jayaraman S. 2020. An update on 6-sitosterol: A potential herbal nutraceutical for diabetic management.
Biomedicine & Pharmacotherapy 131:110702.

Baggio CH, Freitas CS, Otofuji GM, Cipriani TR, Souza LM, Sassaki GL, lacomini M, Marques M, Mesia-Vela S. 2007.
Flavonoid-rich fraction of Maytenus ilicifolia Mart. ex. Reiss protects the gastric mucosa of rodents through
inhibition of both H*/K*-ATPase activity and formation of nitric oxide. Journal of Ethnopharmacology 113(3):433-
440.

Bashir L, Shittu OK, Sani S, Busari MB, Adeniyi KA. 2015. African natural products with potential anti-trypanosomal
properties: a review. International Journal of Biochemistry Research & Review 7:75-79.

Bazzocchi |, Nuiiez M, Reyes C. 2017. Bioactive diterpenoids from Celastraceae species. Phytochemistry Reviews
16:861-881.

Biral L, Simmons MP, Smidt E, Tembrock L, Bolson M, Archer R, Lombardi J. 2017. Systematics of New World
Maytenus (Celastraceae) and a New Delimitation of the Genus. Systematic Botany 42(4):1-14.

Bravo Gallardo LM. 2010. Analisis del sector de hierbas aromaticas y medicinales del Ecuador y sus potenciales
mercados de exportacion. Thesis, Universidad Tecnoldgica Equinoccial.

Bussmann RW, Paniagua NY, Moya LA, Hart R. 2016. Changing markets-medicinal plants in the markets of La Paz
and EL Alto, Bolivia. Journal of Ethnopharmacology 193:76-95.



Ethnobotany Research and Applications 16

Bussmann RW, Paniagua NY, Romero C, Hart RE. 2018. Astonishing diversity-the medicinal plant markets of Bogota,
Colombia. Journal of Ethnobiology and Ethnomedicine 14(43):1-47.

Callies O, Bedoya LM, Beltran M, Mufoz A, Calderdn PO, Osorio AA, Jiménez IA, Alcamt J, Bazzocchi IL. 2015. Isolation,
structural modification, and HIV inhibition of pentacyclic lupane-type triterpenoids from Cassine xylocarpa and
Maytenus cuzcoina. Journal of Natural Products 78:1045-1055.

Callies O, Nufiez M, Perestelo N, Reyes C, Torres-Romero D, Jimenéz |, Bazzocchi I. 2017. Distinct sesquiterpene
pyridine alkaloids from in Salvadoran and Peruvian Celastraceae species. Phytochemistry 142:21-29.

Camacho Martinez AV. 2013. El uso medicinal de la fauna silvestre y sus implicaciones para la conservacion en el
municipio del Valle del Guamuez, Putumayo, Colombia. Thesis, Pontificia Universidad Javeriana.

Camargo Camargo BR, Villegas Caro JA. 2015. El proceda alternativa de sostenibilidad en cultivos de plantas
medicinales, tradicionales en la comunidad de Sabanitas Resguardo Coco Coayare presentes en el Municipio de
Inirida Departamento del Guainia. Thesis, Fundacién Universitaria Los Libertadores.

Camargo K, Duarte L, Vidal D, Pereira H, Pereira R, De Aguilar M, De Sousa G, Filho S, Mercadante-Sim&es M, Messias
M, Oliveira D. 2020. Chemodiversity of essential oils from nine species of Celastraceae. Chemistry & Biodiversity
17(5):1-9.

Cardenas Lépez D, Marin Corba CA, Suarez Suérez LS, Guerrero Trejo AC, Nofuya Barrera P. 2002. Plantas Utiles de
Lagarto Cochay Serrania de Churumbelo en el departamento de Putumayo. Instituto Amazénico de Investigaciones
Cientificas, Bogota, Colombia.

Carrefio Hidalgo PC. 2016. Anélisis de los estudios sobre las plantas medicinales usadas por las diferentes
comunidades del Valle de Sibundoy, Alto Putumayo. Thesis, Universidad Distrital Francisco José de Caldas.

Cauper Pinedo S. 2019. Etnoboténica de plantas medicinales de las comunidades nativas Shipibo - Konibo de
Ucayali. Thesis, Universidad Nacional de Ucayali, Pucallpa.

Ceuterick M, Vandebroek |, Pieroni A. 2011. Resilience of Andean urban ethnobotanies: A comparison of medicinal
plant use among Bolivian and Peruvian migrants in the United Kingdom and in their countries of origin. Journal of
Ethnopharmacology 136(1):27-54.

Condo C, Salamanca E, Ticona JC, Monzén JL, Flores N, Udaeta E, Serrato A, Marupa N, Giménez A. 2016. Evaluacién
de la susceptibilidad in vitro sobre trofozoitos de Giardia lamblia frente a extractos de plantas de la Medicina
Tradicional Tacana. Revista Con-ciencia 4(1):105-112.

Cuartas Mufioz PA, Garcia Vergara KD. 2017. Estudio de viabilidad comercial de un producto natural para la salud
en la ciudad de Cali. Thesis, Universidad Autdbnoma de Occidente.

Da Silva TM, Carvalho CM, Lima RA, Facundo VA, Da Cunha RM, Meneguetti DU. 2018. Antibacterial activity of
fractions and isolates of Maytenus guianensis Klotzsch ex Reissek (Celastraceae) Chichud Amazon. Revista da
Sociedade Brasileira de Medicina Tropical 51(4):533-536.

Delgado-Méndez P, Herrera N, Chéavez H, Estévez-Braun A, Ravelo AG, Cortes F, Castanys S, Gamarro F. 2008. New
terpenoids from Maytenus apurimacensisas MDR reversal agents in the parasite Leishmania. Bioorganic & Medicinal
Chemistry 16:1425-1430.

Desmarchelier C, Witting F. 2000. Sixty Medicinal Plants from the Peruvian Amazon: Ecology, Ethnomedicine and
Bioactivity. Journal of Natural Products 63(11):1596-1597.

Dicarlo FJ, Haynes LJ, Sliver NJ, Phillips GE. 1964. Protection of Mice Against Gram-Positive Bacteria with Maytenus
laevis and Other RES Stimulants. Experimental Biology and Medicine 116:195-197.

Dinda B, Debnath S, Harigaya Y. 2007. Naturally occurring iridoids. A Review, Part 1. Chemical and Pharmaceutical
Bulletin 55(2):159-222.

Dinda B. 2019. Occurrence and distribution of iridoids. In: Dinda B (eds). Pharmacology and Applications of Naturally
Occurring Iridoids. Springer Nature Switzerland AG, GewerbestraBe, Alemania, Pp. 17-72.

Evans R. 1983. De plantis toxicariis e mundo novo tropicale commentationes XXXII: notes, primarily of field tests
and native nomenclature, on biodynamic plants of the Northwest Amazon. Botanical Museum Leaflets 29(3):251-
272.



Ethnobotany Research and Applications 17

Cortés-Selva F, Campillo M, Reyes CP, Jiménez |A, Castanys S, Bazzocchi IL, Pardo L, Gamarro F, Ravelo AG. 2004.
SAR Studies of Dihydro-6-agarofuran sesquiterpenes as inhibitors of the Multidrug-Resistance phenotype in a line
overexpressing a P-Glycoprotein-Like Transporter. Journal of Medicinal Chemistry 47(3):576-587.

Flemming K. 1965. Steigerung der Phagocytoseaktivitat durch Maytenus laevis-Blatter und Scholler-Tornesch-Lignin
(Porlisan). Eingegangen 19:346-347.

Fraga BM. 2012. Natural sesquiterpenoids. Natural Product Reports 29:1334-1366.

Gonzalez AG, Rodriguez FM, Bazzocchi IL, Ravelo AG. 2000a. New Terpenoids from Maytenus blepharodes. Journal
of Natural Products 63:48-51.

Gonzalez AG, Tincusi BM, Bazzocchi IL, Tokuda H, Nishino H, Konoshima T, Jiménez IA, Ravelo AG. 2000b. Anti-
Tumor Promoting Efects of Sesquiterpenes from Maytenus cuzcoina (Celastraceae). Bioorganic & Medicinal
Chemistry 8:1773-1778.

Gonzalez AG, Bazzocchi IL, Moujir L, Jiménez IA. 2000c. Ethnobotanical uses Celastraceae bioactive metabolites.
Studies in Natural Products Chemistry 23: 649-738.

Gonzalez J, Delle G, Delle F, Marini-Bettolé G. 1982. Chuchuhuasha-A drug used in folk medicine in the Amazonian
and andean areas. A chemical study of Maytenus laevis. Journal of Ethnopharmocology 5:73-77.

Gonzalez Villa AA. 2015. Disefio y evaluacion de procesos de alta tecnologia para el fortalecimiento de las cadenas
agroindustriales a partir del uso sustentable de biomasa procedente del departamento de Amazonas. Thesis,
Universidad Nacional de Colombia.

Graack B, Flemming K. 1966. Untersuchungen zur Steigerung der Phagocytoseaktivitdt des RES durch Stoffe
pflanzlicher Herkunft. Naunyn-Schmiedebergs Archiv fiir experimentelle Pathologie und Pharmakologie 253: 37-38.

Graham JG, Quinn ML, Fabricant DS, Farnsworth NR. 2000. Plants used against cancer-an extension of the work of
Jonathan Hartwell. Journal of Ethnopharmacology 73:347-377.

Guimaraes LD, Moreira do Amaral F, Barros dos Santos N, Joffily A, Anholeti MC Ribeiro de Paiva S. 2020. A
chemophenetic study of the genus Maytenus s.l. (Celastraceae): contribution to the rational search of its bioactive
metabolites. Rodriguésia 71:1-7.

Gyllenhaal C, Quinn ML, Soejarto DD. 1986. Research on Colombian medicinal plants: roles and resources for plant
taxonomists. Research on Medicinal Plants 15:199-217.

Hiroshi N, Hideyo S, Teruhisa H, Ryoji K, Rong-Yang W, Kuo-hsiung L. 1986. Antitumor triterpenes of Maytenus
diversifolia. Phytochemistry 25(2):479-485.

Huang YY, Chen L, Ma GX, Xu XD, Jia XG, Deng FS, Li XJ, Yuan JQ. 2021. A Review on Phytochemicals of the Genus
Maytenus and Their Bioactive Studies. Molecules 26(15):4563.

lannicelli J, Guariniello J, Pitta Alvarez Sl, Escanddn AS. 2018. Traditional uses, conservation status and
biotechnological advances for a group of aromatic / medicinal native plants from America. Boletin Latinoamericano
y del Caribe de Plantas Medicinales y Aromaticas 17(5):453-491.

Igoli J, Gray A, Clements C, Mouad H. 2011. Anti-Trypanosomal Activity and Cytotoxicity of Some Compounds and
Extracts from Nigerian Medicinal Plants. In: Rassoli | (Ed). Phytochemicals - Bioactivities and Impact on Health. Tech,
Europa, Pp. 375-388.

Jauregui X, Clavo ZM, Jovel EM, Pardo-de-Santayana M. 2011. “Plantas con madre”: Plants that teach and guide in
the shamanic initiation process in the East-Central Peruvian Amazon. Journal of Ethnopharmacology 134:739-752.

Gao M-J, Wu W-J, Zhang J-W, Kanoshi Y. 2007. The dihydro-B-agarofuran sesquiterpenoids. Natural Products
Reports 24(5):1153-1189.

Kuo YH, Chen CH, Kuo LMY, King ML, Wu TS, Haruna M, Lee KH. 1990. Antitumor agents, 112. emarginatine B, a
novel potent cytotoxic sesquiterpene pyridine alkaloid from Maytenus emarginata. Journal of Natural Products
53(2):422-428.

Kouamé NF, Biagne MR, Etien DT. 2020. Distribution and ecological drivers of family celastraceae in Cote D'ivoire.
African Journal of Plant Science 14(8):325-337.



Ethnobotany Research and Applications 18

Kupeli E, Tatli I, Akdemir Z, Yesilada E. 2007. Bioassay-guided isolation of anti-inflammatory and antinociceptive
glycoterpenoids from the flowers of Verbascum lasianthum Boiss. ex Bentham. Journal of Ethnopharmacology
110:440-450.

Lagos C. 2015. Plantas medicinales utilizadas en el tratamiento de enfermedades ginecoldgicas en Leticia y Puerto
Narifio (Amazonas, Colombia). Etnobiologla 13(1):53-72.

Lara EF, Castro L, Camones R. 2020. Control de Calidad de las Plantas Medicinales de la Farmacia Natural del Centro
de Atencién de Medicina Complementaria (CAMEC) Chimbote Hospital IlI-Red Asistencial Ancash. Revista Peruana
de Medicina Integrativa 5(2):68-79.

Lei Z, Ming-Yue J, Bin Q, Qin-Yu Li, Ke-Yong Z, Ji-Cheng L, Lian-Sheng D, Min-Hui L. 2020. Phytochemicals and
biological activities of species from the genus Maytenus. Medicinal Chemistry Research 29:575-606.

Lin S, Curtis M, Sperry J. 2020. Pyridine alkaloids with activity in the central nervous system. Bioorganic & Medicinal
Chemistry 28:115820.

Lituma Péez ES. 2019. Plan de internacionalizacion de la empresa macabea d’Maria para la exportacion del licor de
chuchuguazo al mercado de los Estados Unidos. Thesis, Universidad del Azuay.

Lucero G, Dehesa M. 2011. Formulacién de un fitofarmaco a partir del extracto fluido de las hojas de Maytenus
laevis R. "chuchuguazo”. Qualitas 1:55-62.

Macedo SR, Ferreira AS, Biguinati de Barros N, Meneguetti D, Facundo V, Shibayama T, Nicolete R. 2019. Evaluation
of the antileishmanial activity of biodegradable microparticles containing a hexanic eluate subfraction of Maytenus
gutanensis bark. Experimental Parasitology 205:107738.

Malagéon O, Ramirez J, Andrade JM, Morocho V, Armijos C, Gilardoni G. 2016. Phytochemistry and
Ethnopharmacology of the Ecuadorian Flora. A Review. Natural Product Communications 11(3):297-314.

Malanik M, Treml J, Rjaskova V, Tizkova K, Kaucka P, Kokogka L, Kubatka P, Smejkal S. 2019. Maytenus macrocarpa
(Ruiz & Pav.) Briq.: Phytochemistry and Pharmacological Activity. Molecules 24:2288.

Mestanza C, Figueroa H, Sanchez M, Uvidia M, Veloz D, Llanos D, Ariza A, Chugnay M, Ortiz N. 2019. Floristic
inventory of vascular plants in the Shuar Community of Kunkuk, Orellana-Ecuador. International Journal of
Innovations in Engineering Research and Technology 6:30-35.

Montealegre Pinzén C. 2011. Etnobotanica preliminar del Espingo (Ocotea quixos (Lam.) Kosterm.) en la medicina
tradicional indigena Inga, pruebas fitoquimicas y evaluacion de la actividad antimicrobiana. Thesis, Pontificia
Universidad Javeriana.

Moya M, Olarte J. 1977. Estudio fitoquimico y farmacolégico de un antiartritico de origen vegetal. Revista
Colombiana de Ciencias Quimico - Farmacéuticas 3: 5-40.

Nakagawa H, Takaishi T, Fujimoto Y, Duque C, Garzon C, Sato M, Okamoto M, Oshikawa T, Ahmed SU. 2004. Chemical
Constituents from the Colombian Medicinal Plant Maytenus laevis. Journal of Natural Products 67:1919-1924.

Nakamura S, Minamino T, Nomura M, Wakusawa S, Miyamoto KI, Hidaka H. 1996. Inhibition of p-glycoprotein-
dependent multidrug resistance by an isoquinolinesulfonamide compound H-87 in rat ascites hepatoma Ah66 cells.
Biological and Pharmaceutical Bulletin 19(6):886-889.

Niero R, Faloni de Andrade S, Filho VC. 2011. A Review of the Ethnopharmacology, Phytochemistry and
Pharmacology of Plants of the Maytenus Genus. Current Pharmaceutical Design 17:1851-1871.

Niero R, Mafra AP, Lenzi AC, Cechinel-Filho V, Tischer CA, Malheiros A, Delle Monache F. 2006. A new triterpene with
antinociceptive activity from Maytenus robusta. Natural Product Research 20(14):1315-1320.

Nufiez MJ, Reyes CP, Jimdnez LA, Moujir L, Bazzocchi IL. 2005. Lupane triterpenoids from Maytenus species. Journal
of Natural Products 68(7):1018-1021.

Nwodo NJ, Ibezim A, Ntie-Kang F, Adikwu MU, Mbah CJ. 2015. Anti-Trypanosomal Activity of Nigerian Plants and
Their Constituents. Molecules 20: 7750-7771.



Ethnobotany Research and Applications 19

Odonne G, Bourdy G, Castillo D, Estevez Y, Lancha-Tangoa A, Alban-Castillo J, Deharo E, Rojas R, Stiena D, Sauvain
M. 2009. Ta'ta’, Huayani: Perception of leishmaniasis and evaluation of medicinal plants used by the Chayahuita in
Peru. Part II. Journal of Ethnopharmacology 126:149-158.

Odonne G, Céline V, Alban-Castillo J, Stien D, Sauvain M, Bourdy G. 2013. Medical ethnobotany of the Chayahuita
of the Paranapura basin (Peruvian Amazon). Journal of Ethnopharmacology 146:127-153.

Olivaro C, Escobal M, De Souza G, Mederos A. 2021. Chemical characterisation and in vitro anthelmintic activity of
phenolic-rich extracts from the leaves and branches of Maytenus ilicifolia, a native plant from South America.
Natural Product Research 36(12):3168-3172.

Oramas-Royo SM, Chavez H, Martin-Rodriguez P, Fernandez-Pérez L, Ravelo AG, Estevez-Braun A. 2010. Cytotoxic
triterpenoids from Maytenus retusa. Journal of Natural Products 73:2029-2034.

Perestelo NR, Ignacio AJ, Tokuda H, Jesus TV, Bazzocchi IL. 2016. Absolute configuration of dihydro-6-agarofuran
sesquiterpenes from Maytenus jelskii and their potential antitumor-promoting effects. Journal of Natural Products
79(9):2324.

Perestelo NR, Jimenez IA, Tokuda H, Hayashi H, Bazzocchi IL. 2010. Sesquiterpenes from Maytenus jelskiias potential
cancer chemopreventive agents. Journal of Natural Products 73(2):127-132.

Piacente S, De Tommasi N, Pizza C. 1999. Laevisines A and B: Two New Sesquiterpene-Pyridine Alkaloids from
Maytenus laevis. Journal of Natural Products 62: 161-163.

Piacente S, Dos Santos LC, Mahmood N, Pizza C. 2006. Triterpenes from Maytenus macrocarpa and evaluation of
their anti-HIV activity. Natural Product Communications 1:1073-1078.

Pu DB, Gao Y, Rong TL, Hai ZL. 2014. Structures and 13C NMR features of friedelane triterpenoid compounds in
Maytenus: a review. Chinese Journal of Magnetic Resonance 31(3):437-447.

Ramirez Aste JL. 2004. Los mercados internacionales para plantas medicinales de la amazonia peruana situacion
actual y tendencias. Thesis, Universidad Andina Simén Bolivar.

Ramirez J-K, Velasquez-Arévalo S, Rodriguez-Silva CN, Villarreal-La Torre VE. 2020. Culcitium canescens Humb. &
Bonpl. (Asteraceae): una revision etnobotanica, etnofarmacolédgica y fitoquimica. Ethnobotany Research and
Applications 19:1-13.

Razzaq Mouad HA. 2016. Phytomedicinal studies on the amazonian traditional medicine "chuchuguasa" (Maytenus
laevis Reissek). Thesis, University of Strathclyde.

Reyes CP, Nunez MJ, Jiménez IA, Busserolles J, Alcaraz MJ, Bazzocchi IL. 2006. Activity of lupane triterpenoids from
Maytenus species as inhibitors of nitric oxide and prostaglandin E2. Bioorganic & Medicinal Chemistry 14(5):1573-
1579.

Rodrigues R, Amorin R, Cardoso V, Da Cruz J, Da Silva M, Lopes W, Ferreira H, De Freitas A. 2017. Determination of
bioactive phenolics in herbal medicines containing Cynara scolymus, Maytenus ilicifolia Mart ex Reiss and
Ptychopetalum uncinatum by HPLC-DAD. Microchemical Journal 135:10-15.

Rojas J, Velasco J, Buitrago A, Mender T, Rojas J. 2016. Evaluacién de la actividad antimicrobiana de plantas
medicinales seleccionadas del Jardin Botanico del Orinoco, municipio Heres, Estado Bolivar. Revista de la Facultad
de Odontologia 58(1):2-10.

Romero Duque T, Veldsquez Pinzén MC. 2009. Disefio de la cadena de abastecimiento de hierbas aromaticas y
medicinales a Europa. Thesis, Pontificia Universidad Javeriana.

Salazar Llumiluiza DF. 2013. Desarrollo de un medicamento analgésico tépico de Maytenus laevis Reissek
(Chuchuguaso). Thesis, Universidad Central del Ecuador.

Sanz-Biset J, Cafigueral S. 2013. Plants as medicinal stressors, the case of depurative practices in Chazuta valley
(Peruvian Amazonia). Journal of Ethnopharmacology 145:67-76.

Shirota O, Tamemura T, Morita H, Takeya K, ltokawa H. 1996. Triterpenes from Brazilian medicinal plant
“chuchuhuasi” (Maytenus krukovi)). Journal of Natural Products 59(11):1072-1075.



Ethnobotany Research and Applications 20

Siccha Sanchez CA. 2018. Caracterizacion fisicoquimica del extracto fluido de Maytenus laevis (Chuchuhuasi) y su
toxicidad sobre Artemia salina. Thesis, Universidad Catdlica Los Angeles de Chimbote

Silva Santisteban Miranda CJ. 2019. Peso minimo efectivo analgésico de Maytenus laevis triturado prescrito a
pacientes con osteoartritis en el Centro de Atencidn de Medicina Complementaria. Thesis, Universidad Nacional de
Trujillo, Trujillo.

Stagegaard J, Sgrensen M, Kvist LP. 2002. Estimations of the importance of plant resources extracted by inhabitants
of the Peruvian Amazon flood plains. Perspectives in Plant Ecology, Evolution and Systematics, 5(2):103-122.

Tebou PLF, Tamokou J-d-D, Ngnokam D, Voutquenne-Nazabadioko L, Kuiate J-R, Bag PK. 2017. Flavonoids from
Maytenus buchananii as potential cholera chemotherapeutic agents. South African Journal of Botany 109:58-65.

Thiesen LC, Da Silva LM, Santin JR, Bresolin TMB, De Andrade SF, Amorim CM, Merlin L, De Freitas RA, Niero R, Netz
DJ. 2017. Hepatoprotective effect of Maytenus robusta Reiss extract on CCl4-induced hepatotoxicity in mice and
HepG2 cells. Regulatory Toxicology and Pharmacology 86:93-100.

Vazdekis NE, Chavez H, Estevez-Braun A, Ravelo AG. 2009. Triterpenoids and a lignan from the aerial parts of
Maytenus apurimacensis. Journal of Natural Products 72(6):1045-1048.

Veloso CC, Rodrigues VG, Ferreira RCM, Duarte LP, Klein A, Duarte ID, Romero TRL, Perez AC. 2014. Tingenone, a
pentacyclic triterpene, induces peripheral antinociception due to opioidergic activation. Planta Medica 80:1615-
1621.

Veloso CC, Rodrigues VG, Ferreira RCM, Duarte LP, Klein A, Duarte ID, Romero TRL, Perez AC. 2015. Tingenone, a
pentacyclic triterpene, induces peripheral antinociception due to NO/cGMP and ATP - sensitive K(+) channels
pathway activation in mice. European Journal of Pharmacology 755:1-5.

Veloso C, Soares G, Perez A, Rodrigues V, Silva F. 2017. Pharmacological potential of Maytenus species and isolated
constituents, especially tingenone, for treatment of painful inflammatory diseases. Revista Brasileira de
Farmacognosia 27:533-540.

Vila Porras GR. 2009. Anélisis del uso de plantas medicinales en mercados de abastos del distrito de Ventanilla-
Callao, 2007. Thesis, Universidad Nacional Mayor de San Marcos.

Xue B, Ma B, Zhang Q, Li X, Zhu J, Liu M, Wu X, Wang, C, Wu Z. 2015. Pharmacokinetics and tissue distribution of
Aucubin, Ajugol and Catalpol in rats using a validated simultaneous LC-ESI-MS/MS assay. Journal of
Chromatography B 1002:245-253.

Yan G, Wel Z, Yan-Yan Y, Cun-Gen M, Xia W, Chen W, Jia-Lt Z. 2013. Triterpenoid pristimerin induced HepG2 cells
apoptosis through ROS-mediated mitochondrial dysfunction. JBUON 18(2):477-485.

Yan-Yan Y, Jian-Ping B, Yong X, Jie-Zhong Y, Cun-Gen M. 2013. The triterpenoid pristimerin induces U87 glioma cell
apoptosis through reactive oxygen species-mediated mitochondrial dysfunction. Oncology Letters 5:242-248.

Yesid H, Garcia H, Quevedo G. 2011. Pautas para el conocimiento, conservacién y uso sostenible de las plantas
medicinales nativas en Colombia. Instituto de Investigacion de Recursos Biolégicos Alexander Von Humboldt,
Bogota, Colombia.

YiL, Zhou Y, Song J, Tang W, Yu H, Huang X, Shi H, Chen M, Sun J, Wei Y, Dong J. 2022. A novel iridoid glycoside
leonuride (ajugol) attenuates airway inflammation and remodeling through inhibiting type-2 high
cytokine/chemokine activity in OVA-induced asthmatic mice. Phytomedicine 105:154345.

Zhang H, Lu J, Hao L, Guan L, Xu S, Wang Z, Qiu Y, Liu H, Peng L, Men X. 2021. Ajugol enhances TFEB-mediated
lysosome biogenesis and lipophagy to alleviate non-alcoholic fatty liver disease. Pharmacological Research
174:105964.

Zhang L, Ming-Yue Ji M-Y, Qiu B, Li Q-Y, Zhang K-Y, Liu J-C, Dang L-C, Li M-H. 2020. Phytochemicals and biological
activities of species from the genus Maytenus. Medicinal Chemistry Research 29:575-606.



