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The Psychotria Link
Phytochemical studies of Psychotria and Calycodendron

The isolation of Psychotria-based alkaloids was an important finding that opened new doors to the
chemical understanding of this genus. For instance, investigations of a shrub from Vanuatu,
Psychotria forsteriana, discovered alkaloids with potent anticancer potential (Roth et al. 1986;
Adjibade et al. 1989). Later, analgesic alkaloids with opioid-like properties were found in an
Amazonian herb, Psychotria colorata, which was traditionally used to ease abdominal distress or
earache (Amador et al. 1996; Verotta et al. 1998 and 2002). This inspired a more comprehensive
review of the genus, with various Central and South American Psychotria species demonstrating
analgesic properties.

Investigations were extended to include Psychotria species across the world, some of which exhibited
good antimicrobial activity e.g. Psychotria gardneri and P. stenophylla (Sri Lanka); R beccarioides and
P. microlabastra (New Guinea) (Jayasinghe et al. 2002; Khan et al. 2001). Many were also evaluated
for their cytotoxic and anticancer potential e.g. Psychotria forsteriana, P klugii, P. serpens, P
spectabilis, B camponutans, P. leptothrysa var longicarpa, P. rubra and P. ophioxyloides. Overall
merely 41 species (from around 2000) have been chemically evaluated, resulting in the isolation of
159 compounds (Yang et al. 2016) - among these are at least 70 different indole alkaloids, which
confirms the exceptional bioactivity of these plants (Carvalho Junior et al. 2017). Despite this, we
know very little about the medicinal and chemical values of genus as a whole.

The search expanded to related Rubiaceae species in the Pacific ie. Psychotria oleoides (New
Caledonia) and a unique Vanuatu endemic Calycodendron milnei. The evaluation of a rare shrub from
northern Australia, Hodgkinsonia frutescens discovered interesting bioactive alkaloids, notably
hodgkinsine, with quadrigemines as minor components (Parry and Smith 1978; Anet et al. 1961).
Subsequent investigations revealed potent antibacterial, antifungal and anti-candida activity that, in
some instances, were comparable to conventional antibiotics (Saad et al. 1995; Adjibade et al. 1990).

Given the potent activity of these compounds, it is unsurprising to find that many traditional uses of

the Psychotria genus involve antimicrobial, wound healing and analgesic effects:

e The leaves of a Papua New Guinean Psychotria were chewed with Betel nut (Areca catechu) for
toothache, as well as being applied locally to heal bites from pigs (Weiner 1985).

e In Chinese medicine the leaves of Wild Coffee (Psychotria rubra) were applied to traumatic
injuries, fractures, snakebite, bleeding wounds, skin infections (pyoderma) and leg ulceration. The
decoction (root or fresh young leaves) has been taken for respiratory tract infections (diphtheria,
tonsillitis, pharyngitis), dysentery, rheumatic bone pain and lumbago (Cheung 1983).

e The Creeping Psychotria (Psychotria serpens) has been utilised as an antirheumatic, muscle
relaxant and analgesic. In Chinese traditions a remedy (taken orally) for multiple abscesses
decocted the fresh herb with Polygonum perfoliatum in water and wine (Cheung 1983). Extracts
show antileukaemic activity, with the isolation of ursolic acid as an active component (Yang et al.
2016)

e In the Philippines Psychotria luconiensis (syn R luzoniensis) was taken for dysentery, while
Psychotria mindorensis (leaf infusion) was employed for eye troubles, cleansing ulcers and
wounds, as well as being applied topically for headaches (Quisumbing 1951).

e  Psychotria hawaiiensis is a Hawaiian treatment for wounds and injuries. Extracts have selective
antiviral (anti-HIV) and antimicrobial activity, including good antifungal properties against skin
fungi (Locher et al. 1995 and 1996).

Evaluations of Psychotria continue to explore the analgesic and neuroprotective properties of these
herbs for the treatment of disorders such as Alzheimer’s disease, Parkinson’s and multiple sclerosis.
Species that act via MAO inhibition, which affect mood and mental function, have a high priority e.g.
Psychotria myriantha, P. suterella, P. laciniata, P umbellata and P viridis. Indole and B-carboline
alkaloids have attracted a lot of interest (Klein et al. 2014; Passos et. al. 2013). The evaluation of the
anti-Alzheimer’s potential of folicanthine (a calycanthaceous alkaloid) could well attract further
interest (Yang et al. 2016; Wiart 2012).
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In addition, research has revealed the presence of cyclotides in various Psychotria species (P
brachiata, P. capitata, P deflexa, P. poeppigiana, P. solitudinum, P. suerensis) and closely related
Rubiaceae species such as the well-known Ipecac (Carapichea jpecacuanha) — as well as Chassalia
curviflora, Notopleura capacifolia and Palicourea tetragona. Cyclotides with protease-inhibition activity
against POP (human prolyl oligopeptidase) have been suggested to have neuroprotective, anti-
amnesic and cognition-enhancing properties (Helliger et al. 2015).

It is, however, worth noting that the toxin monofluroacetate has been found in the genus Palicourea
and Psychotria (Cook et al. 2014) and, although there does not appear to be any record of its
presence in Australian Psychotria, it is found in Acacia georginae and the native species of
Gastrolobium and Oxylobium (see McKenzie 2012; Williams 2012). The cardiac toxin pavettamine has
also been found in the Rubiaceae family including Psychotria kirkii (tropical Africa) and A viridiflora
(Malaysia) (Van Elst et al. 2013).

Table 3.0 Phytochemical studies Psychotria and Calycodendron (Rubiaceae) focusing on
medicinal potential and alkaloid components

Species (geographic source)

Component or extract/plant part: activity

References: Psychotria
chemical reviews see Yang
(2016) and Calixto (2016)

Psychotria (Rubiaceae)

Psychotria acuminata
(Central/South America)

Indole alkaloids (vallesiachotamines): nervous
system activity (MAO and ChE inhibition)

Calixto et al. (2016); Yang et
al. (2016)

Alkaloid: stictosidinic acid (MAO inhibition) with
antidepressant potential

Perviz et al. (2016)

Psychotria ankasensis
(Ghana, Africa)

Extract: antidepressant, anti-anxiety supporting
traditional use for nervous disorders

Armah et al. (2021)

Psychotria apoda
(Central/South America)

Extract (and indole alkaloids): antiplasmodial
(antimalarial) potential; high level of parasite growth
inhibition

Gontijo et al.(2021)

Psychotria brachyceras
(Central/South America)

Extract: analgesic

Gregianini et al. (2003); do
Nascimento et al. (2007);
Calixto et al. (2016)

Brachycerines: anti-inflammatory, antioxidant,
radioprotective and antimutagenic properties

tryptamine-iridoid alkaloids

Berger et al. (2015)

Psychotria brachypoda
(Central/South America)

Alkaloids: analgesic, opioid-like activity; sedation and
significant reduction of body temperature

Leal & Elisabetsky (1996a)

tryptamine-iridoid alkaloids

Berger et al. (2015)

Extract: anticancer potential (antiproliferative);
chemoprotective (active against glyphosate toxicity)

Frescura et al. (2013)

Psychotria buchtienii
(Andes, South America)

Extract: antiparasitic, anti-leishmania activity

Cardona-G et al. (2020)

Psychotria calocarpa
(Bangladesh)

Extracts: neuropharmacological (anti-anxiety,
antidepressant), analgesic, antidiarrhoeal and
antioxidant activity

Bristy et al(2020)

Psychotria camptopus
(Cameroon, Africa)

Extracts (flavonoids, alkaloids including hodgkinsine,
emetine): substantial antioxidant neuroprotective,
anticonvulsant activity; used in traditional medicine

for treatment of epilepsy

Fokoua et. al. (2021a &
2021b)
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Psychotria capensis
(South Africa)

Extract: anti-mycobacterial (anti-tuberculosis
potential) and anti-inflammatory

Aro et al. (2019)

Extract: cosmetic potential, moderate skin ageing
signs (anti-elastase, anti-hyaluronidase activities);
used in traditional medicine for treating gastric
disorders

Ndlovu et al. (2013)

Psychotria capillacea
(Brazil, South America)

Extracts (and phenolic components, p-coumaric
acid): antioxidant

Formagio et al. (2014)

Psychotria capitata
(Brazil, South America)

Extract: insecticidal against Maize weevil

Tavares et.al.(2013)

Extract: potent cytotoxic activity (anti-tumour
potential)

Da Silva et al. (2016)

Psychotria carthagenensis
(Central/South America)

Extract: sedation and significant reduction of body
temperature

Leal & Elisabetsky (1996b)

Herbal mixture: Ayahuasca component, contains
DMT

McKenna et al. (1984);
Formagio et al. (2014)

Extracts (and phenolic components, p-coumaric
acid): antioxidant

Formagio et al. (2014)

Psychotria colorata
(Central/South America)

Alkaloids: analgesic activity; opioid-like
chimonanthines i.e. chimonanthine, hodgkinsine,
calycosidine and psychotridine are present; also
calycanthine and quadrigemines

Amador et al. (1996 & 2000);
Verotta et al. (1998 & 2002);
Calixto et al. (2016)

Alkaloid: hodgkinsine shows antiviral, antibacterial,
antifungal, analgesic and spasmolytic activity

Extract (and indole alkaloids): antiplasmodial
(antimalarial) potential; high level of parasite growth
inhibition

Gontijo et al.(2021)

Psychotria deflexa (now
Palicourea deflexa)
(Brazil, South America)

Extracts: B-carboline alkaloids (AChE inhibition); also
bioactive cyclotides are present that have potential
neuroactive properties

Hellinger et al. (2015);
Bertelli et al.(2017)

Psychotria forsteriana

Alkaloids: quadrigemines A and B, psychotridine and

Roth et al. (1986); Adjibade

(Vanuatu) i o . . et al. (1989); Calixto et al.
isopsychotridine show cytotoxic activity; (2016)
psychotrimine and psychopentamine also present
Alkaloids: hodgkinsonine, calycanthine, iso-
calycanthine, meso-chimonanthine, vatine, vatamine
and vatamidine
Psychotria goyazensis Extract: insecticidal against Fall armyworm moth Tavares et.al.(2013)

(Brazil, South America)

Psychotria graeffei
(Samoa)

Extract: antibacterial activity with wound healing
potential

Frankova et al. (2021)

Psychotria hawaiiensis (Hawaii)

Extract: antifungal activity, active against skin fungi
i.e. Microsporum, Trichophyton and Epidermophyton;
also selective anti-viral activity

Locher et al. (1995 & 1996)

Psychotria hoffmannseggiana
(Brazil, South America)

Extract: insecticidal against Maize weevil

Tavares et.al.(2013)
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Psychotria insularum
(Samoa)

Extract: antibacterial activity with wound healing
potential

Frankova et al. (2021)

Psychotria ipecacuanha (now
Carapichea ipecacuanha)
(Central/South America)

Alkaloids: two main pharmacologically active
components emetine and cephaeline (at least 90%
of the alkaloids present); psychotrine also present

Chaves Valadao et al. (2015)

Cephaeline: cytotoxic (significant activity) and
antiparasitic with potent activity against Leishmania
parasites and antimalarial anti-plasmodial activity

'Yang et al. (2016)

Emetine: anticancer (induce apoptosis), anti-
leukaemic; anti-amoebic and anti-leishmania activity
(toxic potential is higher than that of cephaeline)

Moller et al. (2007); Moller &
Wink (2007); Yang et al.
(2016)

Emetine (and derivatives): used clinically as an
emetic, expectorant, anti-amoebic (for dysentery and
human fascioliasis); also shows spermicide
(emergency contraceptive) potential; recent studies
indicate anticancer (leukaemia, neuroendocrine
tumours) and antiviral (HIV-1inhibition) activity

Chaves Valadao et al. (2015)

Psychotria klugii
(Central/South America)

Alkaloids: klugine, emetine, cephaeline,
isocephaeline etc.

Calixto et al. (2016)

Klugine: potent antimalarial activity

Muhammad et al. (2003)

Psychotria lanciniata
(Central/South America)

Alkaloids: vallesiachotamines and angustine with
nervous system activity (MAO and cholinesterase
inhibition)

Dos Santos Passos et al.
(2013); Yang et al. (2016)

Psychotria leiocarpa
(Brazil, South America)

Extract (indole alkaloids, vincosamide):
anticholinesterase activity and anti-inflammatory

Formagio et al. (2019)

Vincosamide: antioxidant stress protection against
wounds, UV exposure, and other environmental
stresses

McKenna et al. (1984);
Matsuura & Fett-Neto et al.
(2013); Formagio et al.
(2014)

Alkaloids: anti-tumour activity; acetylcholinesterase
(AChE) inhibition

Volobuff (2019)

Psychotria luzoniensis
(Philippines)

Glycosides: cytotoxic activity

Ramil et al. (2020)

Psychotria lyciiflora
(New Caledonia)

Alkaloids: hodgkinsine and chimonanthines with
substantial antiviral and analgesic properties

Jannic et al. (1999); Amador
et al. (2000); Yang et al.
(2016)

Psychotria malayana

(Indo-Chinese region, Malaysia,

Indonesia)

Alkaloids: chimonanthines, calycanthine and
hodgkinsine

Calixto et al. (2016)

Extract: antidiabetic (anti-hyperglycaemic, blood
sugar regulation)

Benchoula et al. (2019);
Nipun et al. (2020a & 2020b)

Psychotria microphylla (Africa)

Extract: flavonoid-rich (quercetin) shows antioxidant,
chemoprotective (against heavy metal toxins) and
hepatoprotective properties

Oriji et al. (2020)

Psychotria myriantha
(Central/South America)

Extract: analgesic, antipyretic and anti-inflammatory

Farias et al. (2010 & 2012)

Alkaloid: strictosidinic acid influences neurological
function (MAO inhibition), also analgesic and
antipyretic

Calixto et al. (2016)

Psychotria nemorosa
(Central/South America)

Indole alkaloids: affect neurological function: (MAO
and cholinesterase inhibition)

Klein-Junior et al. (2016 &
2020)

Psychotria nilgiriensis (India)

Extracts (fruit and root): antioxidant and have a wide
spectrum of antibacterial activity with the fruit
showing best activity against Klebsiella pneumoniae

Devadoss et al. (2013)

Psychotria nuda (South
America: Brazil)

Extract (alkaloids): antimycobacterial (anti-
tuberculosis potential) and anti-inflammatory

De Carvalho Junior et al.
(2019)

Psychotria oleoides
(New Caledonia)

Alkaloids: hodgkinsine with analgesic properties

Jannic et al. (1999); Amador
et al. (2000); Yang et al.

(2016)
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Alkaloids: quadrigemines show antimicrobial activity

Alkaloids: psycholeine and psychotridine possess
analgesic, antiplatelet aggregation and cytotoxic
properties; isopsychotridine also present

Psychotria pilifera
(China)

Strychnine alkaloids: antimicrobial with potent
activity against £. coli

Liu et al. (2016)

Psychotria prainii (Vietham)

Extract: significant anti-inflammatory activity

Tran et al. (2019)

Psychotria prunifolia
(Central/South America)

Prunifoleines: affect nervous system (MAO and ChE
inhibition)

Yang et al. (2016)

Alkaloids: antiprotozoal, showing activity against
Leishmania

Kato et al. (2012 & 2018)

Psychotria reevesii (Southeast
Asia, China)

Extract: antibacterial with activity against S. aureus,
Shigella species, Ps. aeruginosa, but not active
against Candlida or E. coli

Giang et al. (2007)

Psychotria rostrata
(Malaysia)

Alkaloids: quadrigemine, psychotrimine and
psychopentamine; quadrigemine B was bactericidal
against £. coliand S. aureus

Mahmud et al. (1993); Calixto
et al. (2016)

Psychotria sarmentosa (Sri
Lanka)

Extract: traditionally used for treating trauma and
injury; potent analgesic activity

Ratnasooriya & Dharmasiri
(1999)

Psychotria serpens (China)

Extract: antiviral and cytotoxic

Yang et al. (2016)

Extract: anticancer potential

Wang et al. (2019); Wang et
al. (2020)

Ursolic acid (triterpenoid): anticancer potential with
activity against lung carcinoma cells and
antileukaemic properties

Additional components (flavonoids): rutin, quercetin,
kaempferol, taxifolin, chrysin etc.

Calixto et al. (2016); Zhou et
al. (2018)

Psychotramide glycosylsphingolipids

Wang et al. (2020)

Psychotria solitudinum
(Costa Rica, Central America)

Cyclotides: protease inhibition (POP: human prolyl
oligopeptidase) suggestive of neuroprotective and
memory supportive potential

Hellinger et al. (2015)

Psychotria sp. Triterpene saponin: anticancer potential of Zhang et al. (2013)
(China) psychotrianoside C (antiproliferative, induce

apoptosis)
Psychotria sp. Extract: strong activity against Streptococcus mutansiSilva et al. (2014)

(Amazon, South America)

Psychotria spectabilis
(Central/South America)

Extract: antifungal against Cladosporium

Benevides et al. (2005)

Soliadagenone and psoralene: cytotoxic activity

Additional components: coumarin, umbelliferone (7-
hydroxycoumarin) and flavonoids (quercetin,
quercetrin)

Calixto et al. (2016)

Psychotria stachyoides
(Brazil, South America)

Extract: anti-mycobacterial studies identified
promising anti-tuberculosis potential

Moraes et al. (2011)

Psychotria suterella
(Central/South America)

Extract: nervous system activity (MAO inhibition)

Dos Santos Passos et al.
(2013)

Extract (alkaloids): antiplasmodial activity
(antimalarial potential)

Gontijo et al. (2019)

Psychotria umbellata
(Central/South America)

Extract: analgesic, antioxidant and antimutagenic

Fragoso et al. (2008)

Alkaloids: psychollatine, umbellatine; umbellatine
shows analgesic activity

Both et al. (2005); Paranhos
et al. (2005); Calixto et al.
(2016)

Psychollatine: antioxidant, antimutagenic, analgesic
and nervous system activity (MAO inhibition and
cholinesterase inhibition) with anxiolytic,
antipsychotic and antidepressant effects

Both et al. (2005 & 2006);
Fragoso et al. (2008), Porto
et al. (2009)

Psychotria viridiflora

Antidiabetic (clinical use): blood sugar regulation,

Chen et al. (2021)
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(Malaysia)

potential in treat post-meal increases in blood sugar

Psychotria viridis
(South America)

Harmine alkaloids: harmine, harmaline,
tetrahydroharmine etc.; also DMT (N,N-
dimethyltryptamine) with psychoactive neurological
effects

Riba et al. (2012); Calixto et
al. (2016)

Extract (leaf): cytotoxic anticancer activity against
certain cell lines

Soares et al. (2017)

Extract: leaf extracts plus active components
(cycloartenol, DMT, and a mixture of B-sitosterol and
stigmasterol) showed significant
acetylcholinesterase (AChE) inhibition properties

Soares et al. (2017)

Medicinal applications: review of the psychoactive
DMT and harmala alkaloids harmine, harmaline and
tetrahydroharmine; their potential therapeutic value
in mental and psychiatric disorders, and forensic
aspects of DMT and ayahuasca evaluated

Simao et al. (2019 & 2020);
Brito-da-Costa et al.(2020)

Ayahuasca: potential use for treating mental distress
(anti-anxiety, anti-depressant etc.); eating disorders
and reduce alcohol dependence

Cata-Preta et.al. (2018); see
also Hamill et al. (2019);
Renelli et al. (2020)

Extract and alkaloids (notably DMT): virucidal activity
against Zika virus

Moraes et al. (2021)

Ayahuasca matrix plants, harmine and DMT:
neuroprotective (synergistic components) with
potential for Parkinson’s disease

Katchborian-Neto et al.
(2020)

Psychotria zombamontana
(South Africa)

Extract: antioxidant and anti-inflammatory;
synergistic antimycobacterial effect with rifampicin

Aro et al. (2016)

Extract: significant antimycobacterial (anti-
tuberculosis) potential

Aro et al. (2019)

Extract: anti-inflammatory

Aro et al. (2019)

Calycodendron (Rubiaceae)

Calycodendron milnei
(Vanuatu)

Alkaloids: chimonanthines, plus unique alkaloids i.e.
vatine, vatine A, vatamine and vatamidine

Adjibade et al. (1990); Saad
et al. (1995)

Alkaloids: quadrigemine, psychotridine,
isopsychotridine, vatine and vatamine demonstrate
significant cytotoxic activity

Alkaloids: hodgkinsine and quadrigemine C
demonstrate potent antibacterial, antifungal and
anti-candida activity. Some studies demonstrated
activity comparable to conventional antibiotics

Alkaloid: isopsychotridine present with antiplatelet

aggregation activity (antithrombotic potential)

Resources:
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Calycodendron milnei. Planta Medica. 56/2:212-15
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66(8):770-2.
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