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Abstract: The purpose of this review is to provide information on the traditional 
uses, phytochemical and pharmacological studies performed with species of orchids 
native to the Americas and the Caribbean Islands. The treatment of inflammation is 
the most traditional use for plants of this family, specially in Central America, while 
anti-inflammatory and anticancer assays are oftenly reported in pharmacological 
investigations. From the chemical point of view, they are sources of phenanthrenoids 
and stilbenes, rare secondary metabolites not commonly found in other families of 
plants, as well as cycloartane triterpenes, pyrrolizidine alkaloids and flavonoids. Since 
just few species were chemically and pharmacologically studied, in comparison to the 
large number of native species (less than 0.5% of the total), the orchids of the New World 
may be an interesting niche for the discovery of new, bioactive natural products.

Key words: Orchidaceae, neotropical, secondary metabolites, stilbene, phenanthrene, 
anti-inflammation.

INTRODUCTION
Orchidaceae is one of the most numerous 
families of flowering plants on the planet. 
With approximately 28,000 known species, 
orchids occur in virtually every region of the 
globe, except for Antarctica, the cold regions of 
northern Siberia and in desert areas with low 
rainfall (Chase et al. 2015). Many authors consider 
orchids as some of the most evolved plants on 
the planet, given their complex relationships 
with symbiotic organisms such as fungi and 
pollinators, and the great diversity of species 
and forms (Ramírez et al. 2011, Papadopulos et al. 
2013, Stokstad 2015). Records point to ancestors 
of the orchids existing nearly one hundred 
million years ago, during the Cretaceous period 
(Ramírez et al. 2007).

Orchids have various vegetation patterns. 
Many species are terrestrial, especially those 

found in subtropical regions such as Europe and 
North America. There are also the rupicolines, 
which develop on rocks, and the saprophytes, 
which grow on decaying organic material. 
However, a significant number of orchids 
display epiphytic behaviour, particularly species 
that occur in tropical regions with high rainfall. 
Growing on trees, these plants live on condensed 
dew water, mineral salts carried by the wind to 
the tree trunks, animal faeces that eventually 
come into contact with the roots and, especially, 
nutrients made available by symbiotic fungi, 
which slowly degrade the wood of the trees 
on which they grow (Miller & Warren 1994). 
Despite great morphological diversity among 
the thousands of existing species, there are 
preserved floral patterns, such as the presence 
of three sepals and three petals, typical of 
monocots, where one of the petals is modified 
and given the name of labellum. The labellum 
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generally protects or facilitates pollinator access 
to the column, an organ comprising a fusion of 
the gynoecium and androecium. The pollen is 
generally grouped in the form of pollinia, which 
are located on the column just above the stigma 
(Miller & Warren 1994). In addition, most orchids 
have elaborate systems for collecting and 
maintaining water. It is common for the leaves, 
rhizomes and pseudobulbs to present specific 
regions used for the water reserves of the 
plant. Orchid roots generally have a thick layer 
of velamen, a highly efficient water-collecting 
material (Miller & Warren 1994).

Orchids have been used by man as herbal 
remedies since time immemorial. Chinese 
medical material is full of species used for 
the most diverse purposes. Several species of 
genera Dendrobium and Bletia are widely used 
in a variety of medical applications. Traditionally, 
the chemistry of bioactive natural products from 
Asian orchids is widely developed, with Chinese 
and Indian species being among the best known 
from a chemical point of view (Sut et al. 2017).

However, the greatest number of known 
species is found in the New World. Over 
the last five centuries, the neotropics have 
been the source of several species of orchids 
that enchant the world for their beauty and 
exoticism. Species of genera Cattleya, Laelia, 
Sophronitis, Oncidium, Brassavola, Miltonia are 
widely used in ornamentation and hybridisation, 
with significant participation in the ornamental 
orchid market. Colombia, Ecuador and Brazil 
represent the countries with the greatest species 
diversity in the Americas and, with New Guinea 
in Asia, are among the four countries in the 
world having the greatest number of catalogued 
species (Govaerts et al. 2018). Many species are 
endemic, thanks mainly to the extensive areas 
of forest in the Amazon and the great biological 
diversity of the Atlantic Forest of South America 
and the Central American forests. 

From an historical point of view, species of 
genus Vanilla have been used by local American 
populations for hundreds of years due to the 
intense vanilla aroma of their berries and seeds. 
Rich in vanillin, a simple phenolic aldehyde, this 
natural product was taken to Europe by Spanish 
colonisers and was one of the first areas of 
interest in the bioactive natural products of 
orchids from the neotropics (Menon & Nayeem 
2013).

Some species of orchids from South America 
are used in folk medicine, a small number 
compared to the diversity and expression of 
the family on the continent. Species of genus 
Cyrtopodium, popularly known as ‘sumarés’, 
are used by indigenous populations to treat 
burns and inflammation arising from muscle 
contusions. Reports of the use of orchids as 
medicinal plants in folk medicine are more 
common in Central America, more specifically 
in Mexico, where indigenous populations report 
the use of several species, principally in anti-
inflammatory preparations (Garcia et al. 2014, 
Schultes 1979).

Despite being well known from a 
horticultural point of view, little is known about 
the chemical and pharmacological potential 
of native orchids from the Americas. This is 
the opposite to that seen with orchid species 
from Asia, especially from China, since local 
populations have been using native orchids as 
herbal medicines for millennia, which has surely 
helped stimulate the in-depth phytochemical 
and pharmacological study of local plants 
(Gutierrez 2010). Orchids comprise the most 
diverse group in the Americas, with around 12,983 
distinct species. On average, 744 species new to 
science are described per year (Pesquisa Fapesp 
2018). The present review counted approximately 
50 species native to the Americas studied 
phytochemically using modern spectroscopic 
techniques (mainly mass spectrometry and 
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nuclear magnetic resonance), in studies that 
have led to the structural identification of non-
volatile secondary metabolites. However, the 
number of pharmacological studies of these 
plants and metabolites is considerably less. In-
depth chemotaxonomic considerations have 
been found in only one publication to date 
(Savaris et al. 2018).

These data show that much research 
remains to be done to better understand the 
chemical aspects of orchids native to this 
region, including the potential discovery of 
new biologically active molecules. As can be 
seen throughout this review, the chemical 
study of American orchids has very often led 
to the identification of several metabolites 
that were unprecedented in their time, clearly 
demonstrating the enormous chemical potential 
of these plants. Another factor to be considered 
is the constant threat to orchids from the 
development of human activity. Many species 
and varieties of orchids are endemic to certain 
ecological niches, often from small areas, and 
are therefore threatened by the expansion of 
cities and agriculture. Dramatic examples are 
the forests of the Florida coast (USA) and the 
region of South American Atlantic Forest, which 
over the last few centuries have undergone a 
large reduction in area, giving way to the most 
densely populated regions of Brazil (Ribeiro et 
al. 2009). Fortunately, recent years have seen a 
growing understanding of the need to protect 
orchids in their natural environment, either 
through natural parks or even through the 
collection and rescue of specimens that inhabit 
places subject to major engineering works, 
such as large agricultural projects or artificial 
dams for the construction of hydroelectric 
plants. Knowledge of the phytochemical and 
pharmacological potential of these species is 
an important argument that helps emphasise 
the need for their preservation.

This review is therefore organised by 
the classes of chemical compounds most 
commonly found in studies of native orchids 
from the American continent, highlighting 
the most common or most differentiated in 
terms of structure, and seeking to establish a 
pharmacological and ethnopharmacological 
relationship for the various species under study. 
Comprehensive relationships between the main 
classes of secondary metabolites isolated from 
species of different subtribes, as well as the 
ethnopharmacological uses of species native to 
the American continent and the Caribbean, are 
shown in Tables I and II.

XANTHONES
Xanthones are metabolites that are rarely found 
in neotropical orchids. The recent chemical 
study of the Maxillaria picta, native to southern 
Brazil, resulted in the isolation of large amounts 
of C-glycosylated xanthone mangiferin (1) 
(Almeida et al. 2014). In an extensive study 
using chromatographic techniques, it was 
reported that the species Maxillaria luteo-
alba, the Mexican species Mormolyca rigens, 
and several species of genus Polystachia also 
contain the xanthones mangiferin (1) and 
isomangiferin (2) in their extracts (Williams 1979) 
(2). In evaluations of in-vitro biological activity 
against the neotropical parasites Leishmania 
amazonensis and Trypanosoma cruzi, compound 
1 isolated from M. picta showed no activity 
until high concentrations were tested. However, 
studies indicate that compound 1 shows 
several significant biological activities, such 
as a chemopreventive and anti-inflammatory 
(Jyotshna et al. 2016).
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Table I.  Summary of the ethnobotanical and pharmacological data on American orchids found in the review.

Species of Orchid Ethnopharmacological use Pharmacology Reference
Arethusa bulbosa Relieves toothache Castle 1886

Arpophyllum spicatum To treat dysentery
Ossenbach 2009

Hossain 2011

Bletia campanulata To treat dysentery
Ossenbach 2009

Hossain 2011
Bletia purpurea Stomach tonic antidote for fish poisoning Hossain 2011

Broughtonia domingensis
Infections

Kidney disorders
Bond et al. 2014

Bromheadia finlaysoniana Relief of body pain Hossain 2011
Bulbophyllum vaginatum Earache Hossain 2011

Catasetum maculatum Healing wounds, curing tumours Ossenbach 2009
Cranichis speciosa Dysentery Hossain 2011

Cypripedium parviflorum Hysteria and disorders of the nervous 
system Teoh 2019

Coeloglossum viride var. 
bracteatum 

Improves learning and memory in rats 
with IBO-induced dementia the action 
can be attributed to increased activity 
and ChAT expression in the brain. Anti-

ageing dementia

Zhong et al. 2019

Corallorhiza odontorhiza Used as a diaphoretic and febrifuge in 
serious illness Hossain 2011

Corallorhiza maculata Increases the blood in patients with 
pneumonia Hossain 2011

Cypripedium sp.

Antispasmodic sedatives
Fights insomnia and nervous tension.
Treatment of insomnia, anxiety, fever, 

headache, neuralgia, emotional tension, 
palpitations, tremors, irritable bowel 

syndrome, delirium, seizures due to fever, 
relieving the pain of menstruation and 

childbirth.
Antispasmodic, anodyne, diaphoretic, 

hypnotic, nervous action, sedative, 
stimulant and tonic.

Wilson 2007

Cyrtopodium andersonii Anti-inflammatory and anti-ulcer 
activity Parente et al. 2014

Cyrtopodium cardiochilum
Inhibits capillary permeability and 

demonstrates phagocytosis-stimulating 
properties.

Barreto & Parente 
2006

Cyrtopodium glutiniferum Treatment of abscesses and healing 
wounds.

Positive anti-inflammatory and anti-
proliferative effects of the extract 

against activated mononuclear cells.

Araujo-Lima et al. 
2020

Cyrtopodium macrobulbon
Analgesic and anti-inflammatory of the 

urinary tract.
Treatment of painful urinary disease 

(‘mal de orin’).

Several isolated compouns have known 
antinociceptive activity.

Morales-Sánchez et 
al. 2014

Cypripedium parviflorum Hysteria and disorders of the nervous 
system Teoh 2019

Cypripedium puncttum Broken bones, coughing, kidney disease. Bond  et al. 2014
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Cyrtopodium paniculatum Showed low activity against U-87 
human glioblastoma cells. Auberon et al. 2017

Epidendrum pastoris Dysentery Hossain 2011

Epidendrum
chlorocorymbos

Used for reducing blood cholesterol 
levels, stimulating sleep, healing 

blemishes, earache.
A strong antinociceptive Asseleih et al. 2015

Epidendrum mosenii Treatment of pain and infections Antinociceptive activity Rosa et al. 2007, 
2008

Epidendrum mosenii 

Used in folk medicine for therapeutic 
purposes, especially to treat pathologies 

related to painful and infectious 
processes

Analgesic effect; has toxic effects that 
could compromise its therapeutic uses, 

but preliminary results revealed no 
toxicity in rats.

Floriani et al. 1998

Epidendrum mosenii

Showed interesting hypoglycemic 
activity in the test for induced diabetes 

using alloxane in rats.
Analgesic activity demonstrated in 
the trial for abdominal contortions 

induced by acetic acid.
Antifungal activity against the 

microorganisms:
Cryptococcus neoformans

Microsporum gypseum
Trychophyton rubrum

Trychophyton metagrophytes

Novaes et al. 2001

Encyclia citrina Infected wounds Hossain 2011

Encyclia pastoris Dysentery Ossenbach 2009

Euchile citrina Treatment of infected wounds Ossenbach 2009

Gomesa recurva Activity against HeLa and Vero cells Savaris et al. 2018

Habenaria floribunda Vaginal bleeding Antioxidant activity Asseleih et al. 2015

Isochillus latibracteatus 
Indicated as a therapeutic application for 

‘latido’ (pain in the pit of the stomach) 
and ‘ventazón’ (a kind of colitis)

Asseleih et al. 2015

Isochillus major 
The leaves are used in the case of 

contusions
Applied as a poultice for inflammation

Asseleih et al. 2015

Laelia anceps Treatment for postpartum pain in 
mexican folk medicine

Anti-hypertensive
Induces vasorelaxant and 

antihypertensive effects by blocking 
the Ca(2+) channels

Vergara-Galicia et al.   
2010a

Laelia autumnalis
Coughing

To reduce postpartum pain
Hossain 2011

Laelia autumnalis Coughing Ossenbach 2009

Table I. Continuation.
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Laelia marginata

Biological assays with crude plant 
extract, fractions and isolated 

compounds were carried out against 
two human cancer cell lines (Hela 

and Siha), in addition to the tropical 
parasites Trypanosoma cruzi and 

Leishmania (leishmania) amazonensis. 
9,10-dihydro-4-methoxy-phenanthrene-

2,7-diol was active against Hela and 
Siha cells. The flavone rhamnazin was 
not able to recover the viability of Vero 

cells infected with the Zika virus.

Belloto et al. 2017

Laelia marginata Antiproliferative activity against cancer 
cells modified by Hela and Siha HPV. Williams et al. 2012

Maxillaria densa Spasmolytic activity Estrada et al. 1999

Maxillaria densa

Induces relaxation via an endothelium-
independent pathway by blocking the 

calcium channels and opening the 
potassium channels in the myogenic 

response of rat aortic rings

Rendon-Vallejo et 
al. 2012

Maxillaria densa
Gastrointestinal problems

Rendón-Vallejo et 
al. 2012 , Ramírez-
Galicia  et al. 2007, 
Déciga-Campos et 

al. 2007, Hernández-
Romero  et al. 2004, 
Estrada et al. 2004

Maxillaria densa
Prevention of abortion
Control of ectoparasites

Déciga-Campos et 
al.   2007a, Déciga-

Campos  et al. 2007b

Maxillaria densa
In-vivo antinociceptive effect
In-vivo antinociceptive and

anti-inflammatory effect

Déciga-Campos  
2007b

Maxillaria densa Ex-vivo vasorelaxant activity Rendón-Vallejo et 
al. 2012

Maxillaria densa In-vitro spasmolytic activity
Estrada et al. 2004,
Estrada  et al. 1999,

Mata et al. 2014

Maxillaria picta

Showed cytostatic activity against 
several human cancer cell lines and 
effective activity on the viability of 

different forms of the parasites T. cruzi 
and L. amazonensis

Almeida et al. 2014

Myrmecophila tibicinis Help during childbirth (‘hom-ikim’) Ossenbach 2009

Miltonia flavescens 

Antifungal. Active against seven human 
cancer cell lines, including NCI-ADR-
RES ovarian sarcoma, with an IC50 
value of 2.6μg/mL. First report of 

the cytostatic activity of this flavone 
against human ovarian sarcoma.

Porte et al. 2014

Table I. Continuation.
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Mormodes maculata var. 
unicolor 

Applied as a poultice to treat 
inflammation of affected areas of the 

body due to abrupt movements, such as 
a twisted ankle.

Asseleih et al. 2015

Oeceoclades maculata 
Antioxidant activity of extracts and 

fractions of the plant.
Stomach problems.

Carrera et al. 2014, 
Bond et al. 2014

Oestlundia luteorosea Used in traditional medicine to reduce or 
alleviate head pain. Asseleih et al. 2015

Oncidium baueri
Antiproliferative activity against several 
human cancer cell lines, with emphasis 

on kidney cancer cells.
Monteiro et al. 2014

Oncidium ascendens 
For inflammation caused by the 

introduction of sharp implements  also 
used for ‘limpias’ (a kind of cleansing 

of the body and soul, using the plant to 
brush the body).

Biological activities such as the 
inhibition of cancer cell lines.

Induction of apoptosis.
Asseleih et al. 2015

Oncidium cebolleta Medicinal hallucinogen To treat pain and inflammation in 
muscle contusions

Ossenbach 2009,
Stermitz et al. 1983

Oncidium isthmi Active against lung cancer cells with 
the induction of apoptosis Williams et al. 2012

Phragmipedium calurum

Antiproliferative activity against 
multiple human cancer cell lines, 

with two exhibiting moderate activity 
against multiple cell lines

Courtney et al. 2012

Pleurothallis cardiothallis Contraceptive and abortive activity Mó & Ix 2015

Prosthechea karwinskii

In the treatment of coughing (infusions), 
wounds and burns (poultices), diabetes 

(tea or chewed), and to prevent 
miscarriages and assist childbirth 

(infusions).

Cruz Garcia et al.  
2014

Prosthechea karwinskii

Promotes the inhibition of reactive 
oxygen species, anti-inflammatory 

effect without inducing gastric damage 
in animals. 

Barragán-Zarate et 
al. 2020

Prosthechea michuacana Anti-inflammatory activity Antioxidant Gutierrez et al. 2010, 
Gutierrez 2010

Prosthechea michuacana

Hypoglycemic activity through the 
improvement of hyperlipidemia 

resistant to insulin.
Prevents oxidative stress induced by 

hyperglycemia in the pancreas. 

Gutierrez et al. 2013

Prosthechea michuacana Nephroprotective activity Gutierrez et al. 2010

Prosthechea michuacana Hepatoprotective activity Gutierrez et al. 2011

Ponthieva racemosa Respiratory problems Duggal 1971

Scaphyglottis livida
Anti-inflammatory and
antinociceptive activity

Déciga-Campos et 
al.  2007

Sobralia macrantha Fever Hossain 2011

Scaphyglottis fasciculata Anti-abortive
Anti-inflammatory

Antinociceptive and relaxant activity
Asseleih et al. 2015

Spathoglottis plicata As a hot poultice for the treatment of 
joint pain Hossain 2011

Spiranthes eriophora For the treatment of asthma Antioxidant activity Asseleih et al. 2015

Table I. Continuation.
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ALKALOIDS
One marked difference seen in phytochemical 
studies of neotropical orchids, is the small 
number of reports of the occurrence of alkaloids 
compared to Asian species (Carrera et al. 2014, 
Lünning, 1964). Chemical study of the species 
Pleurothallis johannensis, P. teres, P. reata and 
P. fabiobarrosii, collected in both southeastern 
and northeastern Brazil, revealed the presence 
of the alkaloid 1-hydroxymethylpyrrolizidine (3). 
The different concentrations of diastereoisomers 

of this alkaloid found in the above species 
provided ecophysiological clues that contributed 
to their taxonomic differentiation (Borba et al. 
2001). Pyrrolizidine alkaloids have also been 
found in terrestrial North American orchids of 
genus Liparis from the subtribe Habenariinae 
(Lindström & Lünning 1971, Lindström & Lünning 
1972).

Stanhopea lietzei 

Biological assays against neotropical 
parasites, viruses and  human cancer 
cell lines. Isolated biphenanthrene 

with anticancer activity.

Lucca et al. 2021

Stanhopea hernandezii To treat tiredness Ossenbach 2009

Stanhopea hernandezii Sunstroke Hossain 2011

Stanhopea oculata 
Reduction of the abdomen (belly)

To treat pain in women
Confirmed anti-fatigue activity. Asseleih et al. 2015

Vanda hookeriana Used as a hot poultice for the treatment 
of joint pain Hossain 2011

Vanilla dilloniana
To stimulate the appetite

To aid diggestion
Bond et al. 2014

Vanilla planifolia
Hysteria, fever, impotence, rheumatism 

and to increase the energy of the 
muscular system

Hossain 2011

Vanilla planifolia 

High fever
To aid digestion

Appetiser
Aphrodisiac

Diuretic

Confirmed biological activities:
antioxidants, anti-inflammatory, anti-

cancer, against cellular stress,
antimicrobial, anti-cholesterol, 

antinociceptive, antidepressant and 
acetyl cholinesterase inhibition 

(Alzheimer)

Asseleih et al. 2015,
Ossenbach 2009

Vanilla planifolia

Anticlastogenic properties
Ability to reduce chromosomal damage 

caused by X-rays and UV light
Antimutagenic

Anticarcinogenic effects on a family of 
DNAPK inhibitors 

Other types of cancers
Antimicrobial properties against yeasts
Effective inhibitor of red sickle cells in 

patients with sickle cell anaemia
Aphrodisiac activity 
Antioxidant activity

Menon & Nayemm 
2013, Shanmugavalli 

et al. 2009

Table I. Continuation.
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Table II. Main types of natural products commonly found in orchids native to the American continent and 
Caribbean, according to botanical tribe and subtribe.
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Epidendreae
Laeliinae

Laelia marginata (Belloto et al. 2018) X X X X X
Laelia anceps (Vergara-Galicia el al 2010b) X

Epidendrum rigidum (Hernández-Romero et al. 2005) X X X X
Scaphyglottis livida (Estrada-Soto  et al. 2006) X
Sophronitis coccinea (Tatsuzawa et al. 1998) X

Sophronitis wittigiana (Tatsuzawa  et al. 2014) X
Encyclia longifolia (Bhattacharyet al.  2006) X

Prosthechea michuacana (Gutierrez et al. 2010) X X X X X X
Prosthechea   karwinskii  (Garcia et al. 2014) X X

Prosthechea cochleata (Díaz-Avilés et al.   2020) X X X
Prosthechea lívida (Díaz-Avilés  et al. 2020) X X X

Myrmecophila humboldtii (Williams  et al. 2012) X X
Scaphyglottis livida ( (Estrada  et al. 2002) X X

Epidendrum mosenii (Rosa et al. 2008) X X
Nidema boothii (Estrada et al. 2002,

Hernández-Romero  et al. 2004)
X X

Pleurothallidinae
Pleurothallis johannensis, P. teres, P. ocreata, 

P.fabiobarrosii (Borba  et al. 2001)
X

Cymbidieae

Cyrtopodiinae
Cyrtopodium macrobulbon (Morales-Sánchez  et al.2014) X X

Cyrtopodium paniculatum (Auberon et al. 2016, Auberon 
et al. 2017)

X  X  X

Maxillariinae

Maxillaria densa (Déciga-Campos et al. 2007, Rendón-
Vallejo et al. 2012, Estrada et al. 2004,  Estrada et al. 1999)

X

Maxillaria picta (Almeida et al. 2014) X X X
Mormolyca rigens (Williams  et al. 1979) X

Maxillaria luteo-alba (Williams  et al. 1979) X

Oncidiinae

Oncidium baueri (Monteiro  et al. 2014) X X
Oncidium microchilum (Williams   et al. 2012) X X X

Oncidium isthmi (Williams  et al. 2012) X X
Oncidium ceboletta (Stermitz  et al. 1983) X

Gomesa recurva (Savaris  et al. 2018) X
Miltonia flavescens (Porte et al.  2014) X

Phymatidium falcifolium (Williams  et al. 1994) X

Zygostates cornuta, Z. alleinana, Z. luneta, Z. pelúcida, Z. 
pustulata, Z. grandiflora,  

Z. multiflora (Williams  et al. 1994)
X

Ornytocephalus bicornis, O. kruegeri, O. myrticola (Williams  
et al. 1994)

X

Chytroglossa marileoniae (Williams  et al. 1994) X
Oncidium excavatum (Williams  et al. 1979) X

Rauhiella Silvana (Williams  et al. 1994) X
Oncidium sphacelattum (Williams  et al. 1979) X

Orchideae
Orchidinae Habenaria petalodes (Cota et al. 2008) X X

Habenaria repens (Johnson  et al. 1999, Wilson   et al. 1999) X

Cypripedioidea (*Subfamily)
Phragmipedium calurum (Starks et al.  2012) X

Phragmipedium sp. (Garo et al. 2007) X
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TRITERPENES AND DITERPENES
Triterpenes of the class of cycloartanes have 

been reported in some species of neotropical 
orchids. Chemical study of the species Laelia 
marginata and Maxillaria picta, native to 
southern Brazil, led to the identification of 
24-methylenecycloartenol (4) (Almeida et al. 
2014). The tissues of M. picta also contain the 
triterpene eburicol (5), a possible biosynthetic 
precursor of compound 4 (Belloto et al. 2018). 
Compound 4 was also reported in the species 
Epidendrum mosenii. This species is used by 

rural Brazilian populations to treat pain and 
infections. An ecophysiological study showed 
that E. mosenii contains compound 4 in each 
of the plant organs, and that the highest 
concentrations of this triterpene in the plant 
tissue occur during spring and summer (Rosa 
et al. 2007). The researchers further showed that 
the antinociceptive activity of the plant in mice 
is possibly related to the presence of compound 
4. The Mexican species E. rigidum also produces 
triterpenes of the class of cycloartanes (6 and 7) 
(Hernández- Romero et al. 2005).

24
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In-vivo studies have shown that the extract 
of the Mexican orchid Scaphyglottis livida 
shows significant anti-inflammatory activity, 
which explains its use for this purpose in 
Aztec traditional medicine. Two cycloartane 
triterpenes have been isolated from this plant, 
(8) 5-lanosta-24,24-dimethyl-9(11),25-dien-3-ol 
and (9) 24,24,dimethyl-9,19-cyclolanosta-9(11),25-

dien-3-one (cyclobalanone), with compound 
8 showing anti-inflammatory activity in mice in 
carrageenan-induced models (Déciga-Campos 
et al. 2007).

The orchid species Prosthechea michuacana 
has been used since pre-Columbian times by 
Mexican natives as food and in formulations 
showing anti-inflammatory activity. The chemical 
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study of this species has resulted in the isolation 
of two lanostane-type triterpenes (10 and 
11). Interestingly, this species also produces a 
diterpene of the class of triacetylated abiethanes 
(12), which showed free radical sequestration in 
DPPH assays, most likely due to the presence 

of a phenolic hydroxyl (Gutierrez 2010). To date, 
this is the only report of diterpene isolation in 
neotropical orchids.
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PHENANTHRENES
Phenanthrenes are some of the secondary 
metabolites most often found in native orchids 
from the most diverse regions of the planet 
(Kovács et al. 2008, Toth et al. 2017). They are 
metabolites produced biosynthetically from 
the oxidative coupling of stilbenes. They can 
be found with several structural variants, such 
as reduced positions (especially between the 
C9-C10 carbons), methylations, hydroxylations, 
oxidations to quinone rings, and even in the form 
of dimers and trimers (Kovács et al. 2008). In this 
review, it was found that species of American 
orchids belonging to taxonomically distinct 

subtribes (Oncidiinae, Maxilariinae, Laeliinae 
and Cyrtopodiinae) produce phenanthrenes. 
Phenanthrenes in plants are known to be 
phytoalexins that are able to inhibit the growth 
of pathogenic fungi.

The phenanthrene moscatin was isolated 
from the Amazonian orchid Oncidium baueri 
(13). In their study, the authors showed that 
moscatin has moderate antiproliferative activity 
against several lines of human cancer cells, with 
emphasis on 786-0 kidney cancer cells with GI50 
25.5 µg.mL-1. However, this compound showed 
antiproliferative activity against healthy human 
keratinocyte HaCat cells in similar concentration 
(Monteiro et al. 2014).
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The species of Caribbean orchid, Oncidium 
cebolleta, is used in local folk medicine in the form 
of a paste as a remedy for pain and inflammation 
in muscle contusions. The chemical study of this 
orchid revealed the presence of 13 compounds 
of the class of phenanthrenoids, highlighting the 
highly oxygenated dihydro-phenanthrene (14) 
and a 1,4-phenanthrenequinone (15) (Stermitz 
et al. 1983). A cytotoxic phenanthrenequinone 
was also isolated in the species Cattleya tigrina 
from southern Brazil (Ferreira et al. 2021).

Phenanthrenes, 9,10-dihydrophenanthrenes 
and a previously unknown phenanthrene-
1 ,4 -d ione ,  9 ,1 0 -d ihyd ro -5 -hyd roxy-2 -
methoxyphenanthrene-1,4-dione 16 were 
isolated from the species Oncidium isthmi, 
native to central America. This compound proved 
to be active against NCI H-460 lung cancer cells 
with IC50 5.0 µM, inducing apoptosis (Williams 
et al. 2012). In the same study, methoxylated 
phenanthrenes (18-19) were also isolated 

from Oncidium microchillum, including the di-
methoxylated compound (19) in positions 9 and 
10 (Nainwal et al.2019).

The species Gomesa recurva ,  also 
from the subtribe Oncidiinae, was studied 
phytochemically, identifying four phenanthrenes. 
Phenanthrene compound 19 showed activity 
against HeLa and Vero cells with IC50 36.5 and 
24.0 µg.mL-1 respectively (Savaris et al. 2018).

The phenanthrene 9,10-dihydro-4-methoxy 
phenanthren-2,7-diol (20) was isolated from 
Laelia marginata (=Schomburgkia crispa), a 
species closely related to genus Myrmecophila, 
and showed antiproliferative activity against 
HPV-modified HeLa and SiHa cancer cells (CC50 
5.86 ± 0.19 and 20.78 ± 2.72 μg.mL-1 respectively) 
(Belloto et al. 2018). Phenanthrenes and 
dihydrophenanthrenes have also been isolated 
from the species Myrmecophilla humboltii 
(Williams et al. 2012).
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A chemical study of the orchid Laelia anceps 
led to the identification of 2,7-dihydroxy-3,4,9-
trimethoxyphenantrene (21). The plant is used 
in traditional Mexican medicine as an infusion 
to reduce postpartum pain. In their study, the 
authors evaluated the antihypertensive potential 
of the plant extract and of compound 21, showing 
that they induce relaxation in the aortic rings of 
rats via an endothelium-independent pathway 
(Vergara-Galicia et al. 2010a, Vergara-Galicia et 
al. 2010b).

Maxillaria densa was selected as part 
of an extensive research program on native 
Mexican species with spasmolytic activity. 
Initial studies led to the isolation of several 
phenanthrenes, and the structures of previously 
unknown phenanthrenes being elucidated in 
the study using X-ray diffraction (Estrada et 
al. 1999). The phenanthrenes 2,5-dihydroxy-
3,4-dimethoxyphenanthrene (22), fimbriol-A 
(23), and nudol (24), isolated from M. densa 
provoked the concentration-dependent 
inhibition of spontaneous contractions of 
the rat ileum (Estrada et al. 2004). In another 
study, phenanthrenes from M. densa were 
found to induce a significant concentration-
dependent and endothelium-independent 
relaxant effect on aorta rings precontracted with 
norepinephrine (Rendón-Vallejo et al. 2012). 
The most-active compound (21), also found in 
Laelia anceps, proved to be capable of inhibiting 
chemically induced contractility.

The phenanthrene 4,7-dihydroxy-2-
methoxy-9,10-dihydrophenanthrene (25) was 
identified from the species Encyclia longifolia 
(Bhattacharyya et al. 2006). A symmetric 
dimeric diphenanthrene (26) was isolated from 
Prosthechea michuacana (synonym Encyclia 
michuacana), which contains an unusual 
prenylation, unique among New World orchids, 
and which has shown potent antioxidant activity 
(Gutierrez 2010). 

There are reports of studies of secondary 
metabolites from two species of orchids from 
the subtribe Cyrtopodiinae. Species of genus 
Cyrtopodium are used in American folk medicine 
to treat muscular lesions and inflammatory 
processes. Cyrtopodium macrobulbon is an 
orchid used in traditional Mexican medicine 
as an analgesic and anti-inflammatory of the 
urinary tract. Pharmacological studies have 
shown that the extract of this species is not toxic 
to mice (LD50 > 5000 mg.kg-1). Antinociceptive 
biological activity has been attributed to the 
presence of stilbenes (below). However, in their 
study, the authors identified phenanthrenes 
and 9,10-dihydrophenanthrene, and proposed 
the use of the phenanthrene ephemeranthol B 
27 as a marker for this species of orchid, used 
in the standardisation and quality control of 
medicinal preparations based on the plant, 
given its molecular stability and ease of HPLC 
analysis (Morales-Sánchez et al. 2014).

A recent chemical study of the roots of 
the species Cyrtopodium paniculatum, native 
to Colombia, resulted in the identification of 
several new phenanthrenes (Auberon et al. 
2017); dihydrophenanthrenes, phenanthrenes, 
phenanthrenequinones and even rare 
phenanthrene dimers were also identified. 
Standing out on this broad list of isolated 
phenanthrenes and bi-phenanthrenes, are a 
highly oxygenated 1,4-phenanthrenequinone 
(28) and a bi-phenanthrene comprising a reduced 
portion and an unsaturated portion between 
carbons 9,10 and 9’,10 (29), which showed low 
activity against U-87 human glioblastoma cells.

A study of the above-ground parts of 
the orchid Cyrtopodium paniculatum led to 
the isolation of several previously unknown 
phenanthrenes, dihydrophenanthrenes and one 
benzyl-phenanthrene 30, in addition to many 
other phenanthrenes. This is the only report of 
benzyl-phenanthrenes occurring in neotropical 
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orchids (Auberon et al. 2016), which proved to 
be a productive source of phenanthrenes with 
interesting structural variations. Also found 
was the presence of a phenanthrene nitrogen 
derivative (31), a 9,10-dihydro-phenanthrene 
hydroxylated on carbon sp3 with a defined 
S absolute configuration (32), in addition to 
phenanthrene-furan derivatives (33).

STILBENES
Stilbenes are a class of specialised metabolites 
that are not widely found in nature, but with 
a strong presence in Orchidaceae. Stilbenes 
have recently been gaining attention in 
pharmacological studies due to the great interest 
in the anti-cancer activity of combretastatins, 
isolated from the African bushwillow Combretum 
caffrum (Combretaceae) (Nainwal et al. 2019). In 

neotropical orchids, the most frequent reports 
include species from the subtribes Laeliinae, 
Cyrtopodiinae, Oncidiinae, Maxilariinae and 
Cypripedioidea, sharing with the phenanthrenes 
the position of the specialised metabolites 
more common in neotropical orchids. Indeed, 
stilbenes are biosynthetic precursors of 
phenanthrenes, which are obtained through 
aromatic oxidative-coupling stilbene reactions. 
However, there tends to be a lower structural 
diversity among isolated stilbenes compared to 
the phenanthrenes. Despite being common, in 
most cases batatasin III (34), and gigantol (35) 
and their derivatives, such as the most common 
stilbenes, are found.

Gigantol and batatasin III are among the 
most-commonly isolated simple dihydro-
stilbenes, as in the case of the species 
Cyrtopodium macrobulbon (Morales-Sánchez 
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et al. 2014), Cyrtopodium paniculatum (Auberon 
et al, 2016), Epidendrum rigidum (Hernandez-
Romero et al. 2005), Laelia marginata (Belloto 
et al. 2018) and Oncidium baueri (Monteiro et 
al. 2014), among various other species. In a 
study carried out with the species Scaphyglottis 
rigida, it was shown that purified gigantol has 
interesting antinociceptive activity (Déciga-
Campos et al. 2007); the authors believe that 
this compound was responsible for similar 
activity seen in crude plant extracts. Batatasin 
III also shows interesting antiproliferative 
activity against human tumour cells (Monteiro 
et al. 2014). Important among the alpha-
alpha’ unsaturated stilbenes is phoyunbene 
C (36), isolated from Maxillaria picta (Almeida 
et al. 2014), which showed cytotoxic activity 
against the cell lines HepG2 and FHCC-98 
(Wang et al. 2012). Recently, an in-depth study 
on the induction of apoptosis in tumour cells 

was carried out with stilbenes isolated from 
hybrids of the species Oncidium isthmi and 
Myrmecophylla humboldtti, and the commercial 
hybrid Oncidium Sharry Baby (Williams et al. 
2012). In this study, in addition to batatasin III, 
the authors isolated the previously unknown 
dihydrostilbene 4-(3,5-dimethoxyphenethyl)-
2,6-dimethoxyphenol (37), which was shown to 
induce apoptosis in human tumour cells.

FLAVONOIDS
Flavonoids have rarely been reported in 
chemical studies of native orchids from Asia 
and Europe. On the other hand, the few studies 
with neotropical species have demonstrated 
a significant presence of these metabolites, 
especially in plants from the subtribes Laeliinae 
and Oncidiinae. This continental chemical 
distinction has recently been discussed (Savaris 
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et al. 2018). The flavonoid rhamnazin (38), which 
has anti-cancer activity, was isolated from 
the species Laelia marginata. As a significant 
result, two new flavanones were discovered, 
obtained in small quantities from the species of 
Amazonian orchid Oncidium baueri, both from 
the leaves and pseudobulbs (Monteiro et al. 
2014), and from the flowers (Ferreira et al. 2019). 
These flavonoids, given the name onciabauerins 
A and B (39, 40), show a unique binding pattern 
between glucose and apiose units via the 
carbon 3 of the glucose. Large amounts of known 
glycosylated flavonoids have been isolated from 
the same species of orchid. Species of genus 
Oncidium native to central America have also 
been reported to produce flavonoids.

The flavone hortensin (41), was identified 
from the South American species Miltonia 
flavescens. This compound demonstrated 
interesting biological activity against multidrug-
resistant human ovarian sarcoma cells (NCI-
ADR/RES), and lesser activity against human 
ovarian carcinoma (OVCAR) and non-cancerous 
epithelial cells (HaCat) (Porte et al. 2014).

MALIC ACID DERIVATIVES
Derivatives of eucomic acid (42), itself a derivative 
of malic acid, have frequently been reported 
both in native species from Asia, Europe and 
Africa, and less commonly in neotropical species. 
The crispoic acid (43), a dimer of eucomic acid, 
was discovered in chemical studies of the 
species Laelia marginata, which produces it 
in large amounts. This compound showed no 
anti-cancer or antiviral biological activity. Native 

terrestrial species of genus Habenaria from 
North America produce eucomic acid, as well as 
other malic acid derivatives like habenariol and 
its glucosilated derivative, haberianoside, known 
for their feeding deterrent activities (Wilson et 
al. 1999. Johnson et al. 1999). It is believed that 
eucomic acid may be involved in processes that 
control plant growth (Belloto et al. 2018).

CONCLUSIONS
The present study is the first review of the 
chemical and biological potential of native 
orchids from the Americas and the Caribbean. 
Despite the small number of species studied 
under these aspects to date, in contrast to the 
large number of species distributed across the 
continent, it appears that orchids may be an 
interesting source of molecules from the classes 
of phenanthrenes and stilbenes, especially 
since many show interesting biological anti-
cancer activity. The use of orchids by traditional 
populations against inflammatory diseases in 
the Americas may be an important indication 
for future bio-guided studies of bioactive 
metabolites. It is therefore believed that better 
understanding of the potential of these plants 
can help to stimulate the comprehensive study of 
a greater number of species, thereby helping to 
encourage works of environmental preservation 
and recognise these plants as a potential source 
of pharmacologically important compounds.
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