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1. Introduction

Salvia divinorum Epling and Játiva is a psychoactive Mexican mint used for centuries by Mazatec Indian shamans or

curanderos of north-eastern Oaxaca, Mexico, for divinatory and religious purposes and physical healing . Common

vernacular names include Sally D, Magic Mint, Diviner’s Sage, Mystic Sage, Purple Sticky, Lady Salvia, or just Salvia. As

Mazatecans believe that this herb is the reincarnation of the Virgin Mary, the term Maria Pastora is also used . The

first botanical description of the plant dates from 1963 . However, it was only in the 1990s that S. divinorum was brought

to the United States (US) and its psychoactive properties were recognised .

The main bioactive compound of this plant is salvinorin A, the first non-nitrogenous diterpenoid with psychoactive

properties that was described, which was first isolated from the leaves of S. divinorum in 1982 . It is one of the most

potent natural hallucinogens known to date , with 200 µg being sufficient to trigger biological effects in humans after

smoking . From a pharmacological and chemical point of view, salvinorin A is quite unique due to two main features: (i) it

is the only known non-alkaloidal hallucinogen, and (ii) it is the first naturally occurring non-nitrogenous compound that acts

as an efficacious and potent κ-opioid receptor (KOP)-selective agonist . Although not having affinity for the 5-

HT  receptors known to mediate the hallucinogenic properties of the classic psychedelics, such as lysergic acid

diethylamide (LSD), psilocybin , mescaline , and N,N-dimethyltryptamine (DMT) , salvinorin A induces similar

psychoactive effects, including perceptual distortions, alterations in affect, behaviour, and cognition, and out-of-body

experiences, with such effects being intense and short-lived . The consumption of this substance has been

associated with minimal or no health risks, thus being conceded as a safe hallucinogen .

The recreational use of this novel psychoactive drug has increased within the last 20 years, both in the US and Europe

, mainly by adolescents and young adults . In fact, it gained substantial popularity as a substitute for other common

psychoactive substances, namely, cannabis derivatives and LSD , and through a search of YouTube videos it is

possible to verify that S. divinorum and salvinorin A are becoming trendy topics . Further fuelling this growing

recreational use, leaf preparations of S. divinorum can be easily found and purchased over the Internet and in smartshops

. Seeds to be cultivated by the consumer; leaves that can be chewed, brewed, or dried for smoking; and liquid

extracts used as a drink or smoked in water pipes are the forms under which the plant is normally sold . Leaf materials

can be sporadically found impregnated/fortified with salvinorin A extracts, enhancing the concentration of the substance

and resulting in increased potency of the sold products (1–80x) . Other factors contributing to its increased use are that

S. divinorum enjoys legality in some countries, is apparently safe, and lacks detectability by commonly used drug

screening tests . The growing public representation of S. divinorum led to an increased mindfulness of its hallucinogenic

properties, and apprehension about potential harmful outcomes of its use . In fact, although S. divinorum is still an

unregulated psychoactive plant in many countries, the United Nations Office on Drugs and Crime (UNODC) considered it

a new psychoactive drug of concern .

Potential medicinal benefits of S. divinorum have long been recognised, mainly due to its use in folk medicine by the

Mazatecans for the treatment of inflammatory disorders, rheumatism, headache, abdominal swelling, and diarrhoea .

Additional ethnomedical surveys also indicate its use for insect bites, eczema, candidiasis, and menstrual cramps . An

intricate and complex pharmacology and mechanism of action of this hallucinatory plant may be implicated in these

several medicinal applications.
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2. Plant Botany and Chemical Characterisation of S. divinorum

S. divinorum is a perennial herb, endemic to the forest ravines of Sierra Madre Oriental of Oaxaca, Mexico . Large

green leaves and flowers with purple calyces and white corollas can be seen in S. divinorum plants (Figure 1) . A

maximum height of 1.5 m can be reached by these plants, and the leaves can be 10–25 cm long and 5–10 cm wide .

Cultivation of S. divinorum is usually accomplished at altitudes ranging between 750 and 1500 m, under hot, moist, humid

subtropical environmental conditions . S. divinorum is mainly widespread in Mexico and South American countries.

Although the plant produces viable seeds, this is not frequent , with propagation being accomplished through vegetative

reproduction.

Figure 1. Salvia divinorum plant (A), the characteristic flower (B), and dry leaves (C).

Salvia spp. are known to be prolific producers of terpenes and terpenoids, particularly diterpenes, with the most common

class of phytochemicals being reported in the genus . Besides the main psychoactive constituent salvinorin A, other

neoclerodane diterpenes have been isolated from the leaves of S. divinorum, which include salvinorins B–J, divinatorins

A–F, salvidivins A–D, and salvinicins A and B . Salvinorin A accumulates in large amounts on the

glandular trichomes of the abaxial side of leaves . Salvinorins were not observed in the roots, internal stem tissue,

cotyledons, or corolla .

Concentrations of salvinorin A in the leaves of a single specimen can be extremely consistent over time . However,

different S. divinorum plants, even when genetically undistinguishable, can present considerable distinct concentrations in

the leaves, varying from 0.89 to 7.8 mg/g of dried leaves. Table 1 displays salvinorin content in samples locally harvested

or commercially obtained. The high variability in the amounts found might depend on the freshness of the leaves ,

geographic origin of the plant, cultivation technique , and adulteration of the traded products .

Table 1. Concentrations of salvinorin A and salvinorin B reported in different S. divinorum samples.

Sample
Salvinorin
A
(mg/g)

Salvinorin
B
(mg/g)

Reference

Leaves from private collections  and endemic populations of Oaxaca 0.89–3.70 -

Leaves from plants endemic to Sierra Mazatecan 7.6 4.20

Leaves from Hawaiian plants 7.8 10.4

Leaves and extracts purchased on the Internet (1–20×) 0.126–1.137 -

Dried leaves and concentrated extract products purchased on Japanese drug
market (1×) 3.2–5.0 0.10–0.17

Ground young leaves of plants purchased from the Vancouver Seed Bank 0.9  

 Wasson and Hofmann clones and “Palatable” clones.  Cerro Rabón collection and Huatla de Jimenez collection. (-): Not

mentioned.
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3. Biosynthesis, Structure, and Physicochemical Properties of Salvinorin
A

The biosynthesis of salvinorin A occurs through the 2-C-methyl-erythritol 4-phosphate (MEP) pathway, involving class I

and class II diterpene synthase (diTPS)-mediated reactions . The precursor of this biosynthetic pathway was shown to

be geranylgeranyl diphosphate (GGPP), which undergoes cycloisomerisation mediated by class II diTPS. The product of

this enzymatic reaction is (–)-kolavenyl diphosphate, which is subsequently dephosphorylated by class I diTPS, rendering

(–)-kolavenol. Regio- and stereoselective reactions further enable the production of a variety of intermediates and

precursors of salvinorin A .

The total chemical synthesis of salvinorin A was first accomplished in 2007 through an asymmetric route  that featured

a transannular Michael reaction cascade from a macrocyclic lactone, encompassing 29 reaction steps. The most recent

advances in the topic were made by Wang and Metz , who developed a synthetic method involving only 18 reactions.

Using two highly diastereoselective intramolecular Diels–Alder reactions as crucial transformations, salvinorin A was

obtained from 3-furaldehyde. A comprehensive review on the total synthesis of salvinorin A was recently provided by Hill

et al. .

Unlike the other naturally occurring hallucinogens, salvinorin A (Figure 2) is a terpenoid that does not have nitrogen atoms

in its molecular formulae (C H O ).

Figure 2. Chemical structures of salvinorin A, morphine (a well-known opioid), U69,593 (a potent and selective synthetic

κ-opioid receptor agonist), and lysergic acid diethylamide (LSD, a recognised hallucinogen).

Pure salvinorin A is a colourless crystal with a high melting point, ranging from 238 to 240 °C. Salvinorin A is also

distinguished from the majority of psychoactives as it is highly lipophilic , presenting limited solubility in water, with a

logP (octanol/water) of 2.5 . Soluble salts of salvinorin A cannot be formed due to the nonexistence of an ionisable

functional group . Salvinorin A has also low solubility in conventional safe vehicles applied in animal studies, with

DMSO being commonly used instead . It is worth noting that the high lipophilicity of salvinorin A enables passage

through biological membranes, including the blood–brain barrier (BBB) .
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