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Abstract: Background: Mescaline (3,4,5-trimethoxyphenethylamine), mainly found in the Peyote cac-
tus (Lophophora williamsii), is one of the oldest known hallucinogenic agents that influence human and
animal behavior, but its psychoactive mechanisms remain poorly understood.

Objectives: This article aims to fully review pharmacokinetics and pharmacodynamics of mescaline,
focusing on the in vivo and in vitro metabolic profile of the drug and its implications for the variability
of response.

Methods: Mescaline pharmacokinetic and pharmacodynamic aspects were searched in books and in
PubMed (U.S. National Library of Medicine) without a limiting period. Biological effects of other
compounds found in peyote were also reviewed.

Results: Although its illicit administration is less common, in comparison with cocaine and Cannabis, it
has been extensively described in adolescents and young adults, and licit consumption often occurs in
religious and therapeutic rituals practiced by the Native American Church. Its pharmacodynamic
mechanisms of action are primarily attributed to the interaction with the serotonergic 5-HTa.c recep-
tors, and therefore clinical effects are similar to those elicited by other psychoactive substances, such as
lysergic acid diethylamide (LSD) and psilocybin, which include euphoria, hallucinations, depersonal-
ization and psychoses. Moreover, as a phenethylamine derivative, signs and symptoms are consistent
with a sympathomimetic effect. Mescaline is mainly metabolized into trimethoxyphenylacetic acid by
oxidative deamination but several minor metabolites with possible clinical and forensic repercussions
have also been reported.
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Conclusion: Most reports concerning mescaline were presented in a complete absence of exposure
confirmation, since toxicological analysis is not widely available. Addiction and dependence are practi-
cally absent and it is clear that most intoxications appear to be mild and are unlikely to produce life-
threatening symptoms, which favors the contemporary interest in the therapeutic potential of the drugs
of the class.
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1. INTRODUCTION these compounds produce psychosis-like symptoms and can
alter perception, feelings, thoughts and mood, without being
addictive; a hallucination is an apparent sensory experience,
i.e., something that the individual hears, sees, smells, feels,

or tastes that does not really exist, and is commonly observed

Hallucinogens, also known as psychedelics (“mind re-
vealing”) or “psychotomimetics” (psychosis mimicking),
were originally used in indigenous rituals, but their con-

sumption is currently widespread [1]. At low concentrations,
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in people who suffer from mental disorders such as schizo-
phrenia [2, 3]. Hallucinogens became very popular among
the hippie culture in the 60s and 70s, but at that time legal
concerns lead to their prohibition and the end of their re-
search [1]. Recently, various hallucinogens have been pro-
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posed for the treatment of some pathologies, including alco-
holism, depression and obsessive compulsive disorder [1, 2].
These agents all display a similar mechanism of action
through the interaction with S5-hydroxytryptamine (5-HT;
serotonin) receptors, particularly the 5S-HT,4 receptor which
is associated with hallucinations [4]. A possible classifica-
tion scheme groups hallucinogens as (i) serotonin-like, such
as psilocybin, psilocin and lysergic acid diethylamide (LSD);
and (ii) catecholamines (i.e., dopamine, noradrenaline and
adrenaline)-like, such as mescaline [5].

Mescaline (3,4,5-trimethoxyphenethylamine) is a natu-
rally-occurring alkaloid that has been used for millennia in
religious rituals due to its psychedelic properties, and for
medicinal purposes by the North American natives as far as
5700 years ago [6, 7]. Currently, mescaline continues to be
legally used with apparent safety by the Native American
Church during religious ceremonies, which are traditionally
held at night and last for approximately 12 hours [7-9]. Nev-
ertheless, both the cactus, and mainly mescaline, are being
illegally consumed [10]. Mescaline was first isolated and
identified in 1896 by the German chemist Arthur Heffter
[11] and first synthesized in 1919 by Ernst Spith, who con-
verted 3,4,5-trimethoxybenzoic acid into the respective alde-
hyde, subsequently reduced to mescaline [12].

Similar to several other hallucinogens, and following
validation by preclinical research and several pilot clinical
trials, mescaline has been claimed useful for the treatment of
depression, anxiety, headache, obsessive compulsive disor-
der and addiction to certain substances, such as ethanol
[13, 14]. Its use in alleviating ethanol withdrawal symptoms
is practiced by the Native American Church, as the pleasant
effects and sense of well-being provided by the consumption
of mescaline may have led to successful stories on overcom-
ing the symptoms of ethanol withdrawal and a lower preva-
lence of ethanol recidivism [15-17]. Its current status, as a
controlled substance, limits the availability of the drug to
researchers and by virtue of this, very few studies concerning
the activity and potential therapeutic effects of mescaline in
humans have been conducted since the early 1970s.

The aim of this manuscript is to review all the available
data regarding mescaline pharmacokinetics and pharma-
codynamics, focusing on major and minor metabolites and
its pharmacological and toxicological relevance, as well as
on peyote composition, that may help to explain the claimed
therapeutic applications. This integrated overview will be
useful to better understand clinical effects and variables that
may influence both drug efficacy and toxicity, particularly at
the molecular, cellular, and circuitry levels of the brain. Of
note, the present review may also assist drug development
processes and clinical and forensic interventions, where spe-
cific knowledge on pharmacokinetics and pharmacodynamic
aspects are of utmost relevance.

2. METHODOLOGY

Search methodology was performed as described in pre-
vious publications on the metabolism and metabolomics of
other drugs [5, 18-27]. Briefly, an English, Spanish, Portu-
guese and German extensive literature search was carried out
in PubMed (U.S. National Library of Medicine) without a
limiting period to identify relevant articles on pharmacoki-
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netics and pharmacodynamics of mescaline, related known
metabolizing enzymes and metabolites, and effects of mesca-
line and peyote. Electronic copies of the full papers were
obtained from the retrieved journal articles, as well as books
on peyote, mescaline and other hallucinogens, and then fur-
ther reviewed to find additional publications related to hu-
man and non-human in vivo and in vitro studies.

Fig. (1). Cactaceae plant family containing mescaline. A and B -
Lophophora williamsii; C and D - Echinopsis pachanoi; E - Echi-
nopsis peruviana; F - Echinopsis lageniformis; G - Pereskia acule-
ate.

3. DISTRIBUTION IN NATURE AND PLANT DE-
SCRIPTION

Mescaline occurs naturally in some members of the Cac-
taceae plant family (Fig. 1), such as the North American
peyote cactus (Lophophora williamsii), the South American
San Pedro (alluding to St. Peter’s role as the gatekeeper to
heaven) cactus (Echinopsis pachanoi syn. Trichocereus
pachanoi), the Peruvian torch cactus (Echinopsis peruviana
syn. Trichocereus peruvianus), the Bolivian torch cactus
(Echinopsis lageniformis syn. Trichocereus bridgesii), and
the Pereskia aculeata [28-35]. It is also found in small
amounts in certain members of the Fabaceae (bean) family,
including Acacia berlandieri [36]. The Trichocereus peruvi-
anus and the Trichocereus bridgesii, both commonly known
as wachuma, are used, though less frequently in comparison
to Lophophora williamsii and Trichocereus pachanoi. An-
other cactus that contains mescaline, Pelecyphora aselli-
formis, is referred to as peyotillo by the Native Americans,
or “little peyote”, as it is smaller than regular peyote cactus.
Peyotillo does not contain as much mescaline as peyote, and
Native Americans use it in folk medicine [37]. Lophophora
williamsii is the most important representative; in English it
is known as peyote (i.e., Spanish loanword), being mainly
originated from the highlands of middle Mexico and south-
ern Texas in North America. Neither mescaline should be
confused with mescal (or mezcal in Spanish), the name of a
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Fig. (2). A - Agave angustifolia, the mescal plant; B - Dermatophyllum secundiflorum.

tequila-like alcoholic beverage made from any type of agave
plant (e.g., Agave angustifolia; Fig. 2A), nor with the toxic
hallucinogenic bean grown in Texas (i.e., the Sophora
secundiflora or Dermatophyllum secundiflorum (Fig. 2B);
erroneously called as “mescal bean” although it does not
produce mescal) that contains cytisine, an alkaloid pharma-
cologically related to nicotine that binds with high affinity to
the a4, subtype of the nicotinic acetylcholine receptor and is
currently used in smoking cessation therapy [38-40]. Neither
the liquor nor the bean contains the psychedelic chemical
mescaline.

Lophophora spp. grow low to the ground and often form
groups with numerous, crowded shoots. Peyote cacti are very
slow growing, taking up to 30 years from the seedling to the
blooming of flowers [3]. The blue-green, yellow-green, or
sometimes reddish-green shoots, are mostly flattened spheres
with sunken shoot tips without sharp spines. They can reach
heights ranging from 2 to 7 cm and diameters of 4 to 12 cm,
and may be found in clumps up to 1 m. Due to its size, peyote
trafficking is not currently a worldwide significant problem.
There are often significant, vertical ribs consisting of low and
rounded or hump-like bumps/crowns. From the cusp areoles
arises a tuft of soft, yellowish or whitish woolly hairs. Flowers
are pink or white to slightly yellowish, sometimes reddish.
They open during the day, varying from 1 to 2.4 cm long, and
reach a diameter of 1 to 2.2 cm. The cactus produces flowers
sporadically; these are followed by small edible pink fruit. The
club-shaped to elongated fleshy fruits are bare and sort of col-
ored. At maturity, they are brownish-white and dry. The fruits
do not burst open on their own and they are between 1.5 and 2
cm long. They contain black, pear-shaped seeds that are 1 to
1.5 mm long and 1 mm wide. The seeds require hot and humid
conditions to germinate. The top of the above-ground part of
the cactus, the crown, consists of disc-shaped buttons. These
should be cut above the roots, immediately below its base,
leaving the subterranean portion of the plant along with a ring
of green photosynthesizing area of the stem to regenerate new
crowns/heads [41]. When done properly, the top of the root
forms a callus and the root does not rot. When poor harvesting
techniques are used, however, the entire plant dies. Due to the
incorrect harvest technique (i.e., the cut of peyote too low
since it can be very hard to distinguish where the shoot ends
and the root begins) and the habitat destruction resulting from
urban development, Lophophora williamsii populations have
diminished, being endangered in large areas of South Texas,
where “peyoteros” harvest the cactus for ceremonial purposes
by the Native American Church. These heads are then dried to
make disc-shaped buttons. The buttons are generally chewed,
or boiled in water to produce a psychoactive tea. However, the

taste of the cactus is bitter and most people are nauseated be-
fore they feel the onset of the psychoactive effects. Therefore,
contemporary users often grind it into a powder and pour it
into capsules to avoid the taste.

4. PEYOTE COMPOSITION

Peyote contains a large spectrum of phenylethylamine (or
phenethylamine or § -phenylethylamine) alkaloids, the prin-
cipal being mescaline for which the content of Lophophora
williamsii is about 0.4% fresh (undried) and 3-6% dried
[28, 42]. Besides mescaline, dozens of different alkaloids
have already been identified in this cactus (Fig. 3) [43-46].
This “cocktail of compounds” may enhance mescaline ef-
fects, although some of these, when taken alone, are devoid
of pharmacological activity. Some are solely present in a few
parts of the plant, such as hordenine, an antibiotic found only
in the roots, while others, such as lophophorine, can be de-
tected both in the roots and buds of the cactus [43]. Mesca-
line is mostly concentrated in cactus buds (i.e., the photosyn-
thetic portion of the stem above ground), being also detected
in small concentrations in non-chlorophyllous stem and roots
[47]. Tyrosine and phenylalanine serve as the metabolic pre-
cursors to the biosynthesis of mescaline.

Besides mescaline, hordenine also has forensic relevance,
namely as a qualitative and quantitative marker for beer con-
sumption since it is formed during malting of barley grains
in beer brewing [48]. Hordenine is a N,N-dimethyl derivative
of the well-known biogenic amine tyramine, from which it is
biosynthetically derived and with which it shares some
pharmacological properties. The sympathomimetic effect of
hordenine is attributed to its structural similarity to neuro-
transmitters, including dopamine and adrenaline; it leads to
hypertension (in cats) and increases respiratory and cardiac
frequencies after application of 2 mg per kilogram of body
weight [49].

About a century ago, pellotine was marketed as a seda-
tive/hypnotic by Boehringer & Sohn in Germany, but it was
then discontinued after the advent of barbiturates. Worth to
note that pellotine is the second most abundant alkaloid in
Lophophora williamsii, but it is by far the most abundant
alkaloid in the other Lophophora spp., accounting for 70-
90% of its total alkaloid content. In those species, mescaline
is present only in trace concentrations, not necessarily high
enough to produce pharmacological effects following inges-
tion of the cactus.

Anhalinine is another stimulant alkaloid that can be iso-
lated from Lophophora williamsii [50]. While also being
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Fig. (3). Main alkaloids found in the peyote cactus.

active, lophophine (3-methoxy-4,5-methylenedioxyphene-
thylamine), homopiperonylamine and lobivine are minor
components of both peyote and San Pedro cacti [51]. In con-
trast to the three methoxy groups present in the molecule of
mescaline, an interesting chemical feature of the tetrahydroi-
soquinoline alkaloids (such as pellotine, anhalonidine, lo-
phophorine and anhalonine) is the existence of a methyle-
nedioxy substituent on the aromatic ring, as occurs in 3,4-
methylenedioxymethamphetamine (MDMA or “ecstasy”).
The preponderant role played by the methylenedioxy moiety
in the toxicity of this amphetamine designer drug is widely
acknowledged [52]; similar toxicological mechanisms might
therefore be hypothesized for these peyote constituents.

5. PHARMACODYNAMICS

The 5-HT, receptor subfamily consists of the 5-HT»4, 5-
HT,p, and 5-HT,c receptors, exhibiting considerable homol-
ogy: 46-50% in their overall amino acid sequence and more
than 70% within the transmembrane domains. They all me-
diate excitatory neurotransmission and are coupled to the Gq
(Gyq or Gy1) family of G-proteins that activate phospholi-
pase C, leading to hydrolysis of phosphatidylinositol 4,5-
bisphosphate (PIP,) into soluble inositol 1,4,5-triphosphate
(IP3), therefore increasing its cytosolic levels (Fig. 4). IP;
then diffuses through the cytosol to bind to IP; receptors,
partlcularly to calcium channels 1n the endoplasmic reticu-
lum (ER), increasing cytosolic Ca** levels [53]. 5-HT; recep-
tors exhibit distinct expression profiles [54] with distribution
in the cortex, locus coeruleus, basal ganglia, hippocampus,
platelets and vascular smooth muscle [55]. The hallucino-
genic effects of mescaline result from the interference with
the neuronal serotoninergic mechanisms, as an agonist; al-
though it exhibits affinity to 5-HT,, receptor, its action is
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primarily at 5-HT, level, with affinity to 5-HT,A and 5-HT,p
receptors being relatively low compared to 5-HT,¢ receptor,
for which it is full agonist [56, 57].

Freedman et al. [58] reported that low doses of mescaline
decreased brain levels of 5-hydroxyindoleacetic acid (5-
HIAA), the major metabolite of serotonin, while at high
doses increased brain 5-HIAA. Consistent with this high
dose effect, Tilson and Sparber [59] reported that mescaline
increased the release and/or re-uptake of serotonin. Since
mescaline possesses a phenylethylamine moiety, and thus is
a structural analog of amphetamine, a prototypic dopamine-
releasing agent, dopaminergic activity was also documented,
but it is probably a modest influence [60]. In accordance,
there is no evidence to support addiction and dependence to
mescaline [43]. Cross tolerance of mescaline with other sero-
tonergic drugs such as LSD and psilocybin has been de-
scribed in humans and other animals [61]; mescaline toler-
ance develops after a few days of consumption but sensitiv-
ity is restored after 3-4 days of drug abstinence [43, 61].

Although it has an action similar to other traditional hal-
lucinogens, mescaline is the least potent drug of the group,
but its effects may last longer than 10-12 hours (e.g., less
than an hour for N,N-dimethyltryptamine or DMT) [2]. Sev-
eral pharmacological differences between these drugs are
outlined in the Table 1.

6. ABSORPTION, DISTRIBUTION AND EXCRE-
TION

Mescaline is mainly administered per os, but can also be
smoked and insufflated. Tablets containing mescaline are
typically ingested, or more commonly cactus buttons are
chewed or used to prepare infusions (i.e., peyote cactus tea)



188 Current Molecular Pharmacology, 2019, Vol. 12, No. 3

Serotonin
transporter
(SERT)

5-HIAA

L‘LB’Y

Gq family of\'

G-proteins

Tryptophan

<—— Mitochondrial MAO

IIP, I[Caz*]

NEURONAL EXCITATION

Dinis-Oliveira et al.

Cytosol,
postsynaptic
neuron

Fig. (4). Mescaline pharmacodynamics at the serotonergic terminal is mediated through 5-HT,4.c receptors. 5-HIAA, 5-hydroxyindoleacetic

acid; MAO, monoamine oxidase; IP3, inositol 1,4,5-triphosphate.

Table 1. Pharmacological differences between mescaline, lysergic acid diethylamide (LSD) and psilocybin. (Adapted from [3]).
- MESCALINE LSD PSILOCYBIN
Average dose 20-500 mg 0.05-0.2 mg 20-40 mg
Potency in comparison to mescaline - 2,000x% stronger 20x% stronger
Time to onset of effects 1-3 hours 30-40 minutes 20-30 minutes
Duration of effects >10-12 hours 8-12 hours 4 hours
Occurrence of flashbacks Rare Common Rare

[10, 43]. Through this route, doses usually ranging 200-400
mg of mescaline sulfate or 178-356 mg of mescaline hydro-
chloride are administered, being the average amount con-
tained in 3 to 6 cactus buds or roughly 10 to 20 g of dried
peyote [2, 43]. Nevertheless, the concentrations of the com-
pounds rely heavily on the species, geoclimatic and devel-
opment conditions, cactus age, the harvested part, amongst
other factors, making it difficult to accurately estimate doses
without previous extraction of mescaline [62]. Interestingly,
aiming to enhance the psychedelic effects of peyote, the par-
ticipants of religious ceremonies usually fast to increase gas-
trointestinal absorption of the drug.

Mescaline is rapidly absorbed from the gastrointestinal
tract [43, 63]. A great percentage of the dose of mescaline is
distributed to the kidneys and liver, and combined with he-
patic proteins, delaying its concentration in blood, increasing
its half-life, and delaying the occurrence of effects [43, 64].
Indeed, several studies reported the detection of larger
amounts of mescaline in the liver and in the kidney than in the

brain and blood [65]. Mescaline has a low lipid solubility and
therefore low ability to cross the blood brain barrier, higher
doses being required to produce similar effects to those caused
by other hallucinogens [66]. Accordingly, LSD is approxi-
mately 2,000 times more potent than mescaline in producing
an altered state of consciousness [67]. Usually, the effects
appear within 30 minutes per os, the psychedelic peak effect
occurs after 2 hours and disappears after 10-12 hours [43, 68,
69]. The peak of the effects does not co-occur with the mesca-
line concentration peak in the brain, suggesting that mescaline
undergoes bioactivation in order to produce the maximum
effect. Previously, it was shown that the administration of
chlorpromazine (15 mg/kg) to mice 30 minutes prior to or 45
minutes after a tracer dose of mescaline, caused marked reten-
tion of the hallucinogen in the brain and other tissues exam-
ined [70]. The effect was speculated to be due to the blockade
of removal of mescaline from various tissues, since the initial
entry of the hallucinogen remained unaffected [70].
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The half-life of ingested mescaline in humans is about 6
hours [68] and in the mouse brain was found to be approxi-
mately 1 hour [71]. Charalampous et al. [68] reported that,
following an oral administration of mescaline to humans,
81.4% is eliminated unchanged in urine within the first hour,
and 13.2% of the dose is excreted as 3,4,5-trimethoxypheny-
lacetic acid (TMPA), with increasing elimination of this me-
tabolite over the course of time. Accordingly, 87% of TMPA
was excreted within the first 24 hours and 96% within 48
hours [68]. Other studies also demonstrated that mescaline is
mainly excreted in the urine, mostly in the unchanged form
(28-58%) and the remaining as TMPA [64, 72, 73]. Another
study demonstrated that the percentage of mescaline elimi-
nated unchanged in the urine of rats and mice was 18.4% and
79.4%, respectively [43]. Other minor metabolites have been
identified in human urine, such as N-acetyl-3,4-dimethoxy-5-
hydroxyphenylethylamine, 3,4,5-trimethoxybenzoic acid, 3,4-
dimethoxy-5-hydroxyphenethylamine, and 3,4-dihydroxy-5-
methoxyphenacetylglutamine [66]. According to Shah and
Himwich [74], 24 hours after an intraperitoneal administra-
tion of mescaline-8-C'* to mice, approximately 61-68% of
the dose was detected in urine, of which 31% was in the
form of TMPA.

7. METABOLISM

The major and minor metabolic routes of mescaline are
presented in Fig. (5). In rabbit, mescaline metabolism occurs
mainly in the liver by the action of an amine oxidase. While
showing a significantly lower expression of amine oxidase, the
lung also contributes for the clearance of mescaline, due to a
larger blood flow, in comparison with the liver [75]. Mesca-
line undergoes detoxification mainly by oxidative deamination
into an intermediate and unstable aldehyde, 3.,4,5-
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trimethoxyphenylacetaldehyde, that is rapidly oxidized to the
inactive TMPA or reduced to the inactive 34,5-
trimethoxyphenylethanol [68, 71, 76, 77]. The fact that the
peak of mescaline effects does not coincide with its peak con-
centration in brain, provided evidence on the contribution of
its metabolites for hallucinogenic effects. In agreement, a
study with rats treated with calcium carbimide (i.e., an alde-
hyde dehydrogenase inhibitor) showed that the metabolism
into acid and alcohol follows the oxidation of mescaline to the
aldehyde, whose concentration increased by metabolic inhibi-
tion, thus implicating this metabolite in the effects of the drug
[43, 77]. The enzyme responsible for the deamination of mes-
caline to the aldehyde derivative is still a controversial issue
among the scientific community. This reaction may be carried
out by a monoamine oxidase (MAO) or a diamine oxidase
(DAO). Studies with mice have shown that this route is inhib-
ited by TPN, nicotinamide, iproniazid, semicarbazid, and other
inhibitor compounds of mono or diamine oxidase [43, 78].
However, some authors discredit the role of these enzymes, as
there are studies where their inhibition showed little relevance
in the alteration of the metabolic profile, suggesting the exis-
tence of a mescaline oxidase [76, 79].

TMPA is afterward metabolized to 3,4-dihydroxy-5-
methoxyphenylacetic acid or 3,4,5-trimethoxybenzoic acid
(3,4,5-TMBA). The first metabolite is formed by TMPA de-
methylation, being further combined with glutamine, by glu-
tamine N-acyltransferase, to be eliminated as 3,4-dihydroxy-5-
methoxyphenacetylglutamine, which has already been identi-
fied in human urine [43, 69]. This reaction is similar to the
degradation of amphetamines in benzoic acid, which is later
combined with glycine to be eliminated [80, 81]. The TMPA
conversion to 3,4,5-TMBA has already been clarified in vivo,
in mouse brain and liver [71]; and in vitro, in mouse brain,
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Fig. (5). Major and minor metabolic routes of mescaline. MAO, monoamine oxidase; DAO, diamine oxidase.
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hepatic, cardiac and kidney homogenates [82]. The highest
concentrations of 3,4,5-TMBA, both in vivo and in vitro, were
detected in the brain, in comparison to other studied tissues
[71, 82]. This can be explained by the location of the enzyme
that catalyzes the 3,4,5-TMBA formation, which seems to
mainly occur in the nuclear and microsomal fractions of this
organ; the reaction depends on the presence of oxygen and
NAD(P)H, and is inhibited by SKF 525-A. It seems that MAO
and DAO inhibitors do not have any effect on the formation of
this metabolite [82].

N-acetylation of mescaline seems to be an important meta-
bolic route, at least in the brain. Indeed, following an admini-
stration of ['*C]mescaline to rats, Musacchio and Goldstein
[83] verified the formation of N-acetylmescaline and its O-
demethylated metabolites N-acetyl-3,5-dimethoxy-4-hydroxy-
phenylethylamine and N-acetyl-3,4-dimethoxy-5-hydroxy-
phenylethylamine. These N-acetylated derivatives represented
about 30% of the total amount eliminated through urine. Seiler
and Demisch [71] have also observed similar results with
mice. Upon treatment with iproniazid (i.e., an inhibitor of
deamination metabolism), the excretion of N-acetylate me-
tabolites increased, reinforcing the importance of this meta-
bolic route to the metabolism of mescaline [83]. The N-
acetylation has also been observed in humans by Charalam-
pous et al. [68], who measured N-acetylated metabolites in
urine. In spite of being a minor route, experiments in humans
with labeled mescaline revealed that the radioactivity of the
cerebrospinal fluid increased for up to 5 hours, and although
unchanged mescaline still made up about half of the counts, N-
acetylmescaline and N-acetyl-3,4-dimethoxy-5-hydroxyphen-
ethylamine were the most abundant metabolites [68]. Studies
carried out in the brain with deamination inhibitors showed no
significant changes in the metabolites formed, leading authors
to believe that the N-acetylation is the main central nervous
system route of detoxification of mescaline. In contrast,
deamination appears to be relevant in the liver, suggesting that
different organs metabolize mescaline through different routes
[74].

Minor routes of mescaline metabolism include its de-
methylation, through the O-demethylase, to 3,5-dimethoxy-
4-hydroxyphenethylamine and 3,4-dimethoxy-5-hydroxy-
phenethylamine with production of formaldehyde. Indeed,
the incubation of mescaline with microsomal enzymes ob-
tained from rabbit liver led to the formation of these metabo-
lites [72, 84], and Friedhoff and Hollister [85] also identified
the demethylated metabolites in human urine. Mescaline
demethylation does not seem to be dependent on metabolism
by CYP2D6 [86]. The N-methylation of mescaline has also
been observed in rabbit lung, but the amount of N-methyl-
mescaline was not properly representative and its formation
in vivo has not been described yet [76].

The minor metabolite 3,4-dihydroxy-5-methoxyphene-
thylamine is methylated to 3,5-dimethoxy-4-hydroxyphene-
thylamine by catecholamine O-methyl transferase (COMT)
[72], and a very small amount of 3,4,5-trimethoxybenzoic
acid was later identified as an additional urinary metabolite
[87].

Similar to some biogenic amines, it has been suggested
that mescaline could be bioactivated by dopamine-f-
hydroxylase, leading to the formation of f-hydroxymescaline
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[88]. Nevertheless, the formation of this metabolite has not
yet been detected in animal or human models [76].

Phase II metabolism, leading to conjugates of the ring-
hydroxylated metabolites, seems to be present but is also
relatively unimportant [68, 69].

8. SIGNS AND SYMPTOMS OF EXPOSURE

Despite displaying different chemical properties, all hal-
lucinogens generally produce similar psychological effects,
but mescaline and peyote have some distinctive properties
[89]. Shortly after administration, hallucinations occur as
classical intensifications of visual stimulus of object forms,
and touch and sounds hypersensitivity with distorted pitch
[61]. Prominence of light and color is distinctive, appearing
brilliant and intense. Typically, hallucinations may persist
longer than 10-12 hours. Subjective effects may include al-
tered thinking processes, an altered sense of time and self-
awareness, and closed- and open-eyes visual phenomena
[73]. Time is often perceived as passing more slowly and the
sense of smell is enhanced. As with LSD, synesthesia can
occur and is especially intensified by music [43, 73, 90, 91].
An unusual but unique characteristic of mescaline use is the
“geometrization” of three-dimensional objects. The object
can appear flattened and distorted, similar to the presentation
of a Cubist painting [92]. The user often feels like “an alien
in entirely new surroundings, and may feel as if he or she is
floating or weighted down by some strange gravitational
force” [3]. It is common for the individual to believe that is
communicating with God or other deities, and is able to tran-
scend the limits of earth, time and space to another world. It
is for this reason that mescaline is often used during religious
ceremonies, particularly by Native Americans, and that pe-
yote is called the “divine” or “sacred” cactus [3].

Symptoms of mescaline poisoning are consistent with a
sympathomimetic toxidrome, namely hyperreflexia, tachy-
cardia, agitation, muscle stiffness, ataxia, seizures, mydria-
sis, sialorrhea, hyperthermia and paresthesia [10, 61, 93].
The methoxy side chains are likely responsible for the hallu-
cinogenic effects of mescaline and are found in similar com-
pounds that are known hallucinogens, including the “designer”
street drug 2,5-dimethoxy-4-methylphenylisopropylamine
(also known as STP or DOM) [94]. Occasionally, compensa-
tory bradycardia may also occur [2, 10, 43, 90]. Nausea,
emesis and anorexia have been inconsistently reported after
peyote ingestion [10]. Although not entirely clarified, it is
likely due to the very bitter taste of the plant [95] rather than
to the effects of the active substance, mescaline. In a study
with volunteers who were administered with synthetic mes-
caline, vomiting was not observed in any participants [89].
Several approaches have been described for reducing emesis,
such as mixing the plant material with fruit juices or gelatin,
or pulverizing the buttons and placing the powder into gela-
tin capsules [96].

There are only scarce data regarding the prevalence of
sequels caused by the chronic consumption of mescaline, but a
state of prolonged psychosis similar to schizophrenia has been
reported [43]. Other studies performed in subsets of Navajo
Native Americans with distinct consumption habits, revealed
no evidence of long-term psychological or cognitive problems
related to peyote use amongst the Native American Church
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Table2. Median lethal doses (LDsg) observed for mescaline, when administered to animals.
Species, Strai Oth
- pecies, ra.m or er Administration Route * LDs" Reference
Taxonomic Group
Mouse Swiss Webster ip. 212 [90]
ip. 315
per os 880
Mouse [43]
s.C. 534
iv. 157
Sprague Dawley Rat ip. 132 90
Rodent prag y P [90]
ip. 330-410
iv. 157
Rat [43]
s.C. 534
im. 330
ip. 328 [90]
Guinea pig
s.C. 500 [43]
Dog Mongrel dog iv. 54 [90]
Rhesus macaque Macaca mulatta iv. 130 [90]

*1.p. — Intraperitoneal; s.c. — Subcutaneous; i.v. —Intravenous; i.m. —Intramuscular.

® Median lethal dose (LDs) is the amount of mescaline that kills fifty percent of the tested population and is expressed in milligrams of the hydrochloride salt per kilogram of body-

weight (mg/kg).

ceremonies [7]. Compared to the group whose individuals
reported minimal substance use, the group composed by
members who regularly ingested peyote showed no significant
deficits on the Rand Mental Health Inventory or any neuro-
psychological measures. Authors recognized, however, that
these findings may not generalize to illicit hallucinogen users
[7]. Moreover, peyote use in religious context does not appear
to be associated with hallucinogen persisting perception disor-
der (i.e., “flashbacks”), dependence or addition [97]. Although
evidence indicates that mescaline crosses placental barrier in
monkeys, fetal adverse outcomes were not reported for peyote
use during pregnancy and childbirth [98].

9. INTOXICATION CASES

There are some reports of intoxications caused by hallu-
cinogens requiring emergency management, including fatali-
ties, but the information available on these cases is very lim-
ited [99]. Generally, the duration of the symptoms lasts less
than 24 hours. Typically, most patients treated in healthcare
facilities only require sedation and supportive measures. If a
patient arrives at the emergency room with a suspected hal-
lucinogen intoxication, multidrug screening tests should be
done in order to assess the possibility of concomitant intake
of other substances rather than detecting hallucinogens, since
they are rapidly eliminated from the body [100]. Sympto-
matic treatment of intoxications is carried out with chlor-
promazine, trioxanize and pipradol [43, 101, 102]. Also, the
intravenous administration of sodium succinate has been
shown to be very effective in attenuating the psychotic ef-

fects of mescaline, but effects may relapse within few hours
after the administration of the antidote, albeit with less inten-
sity [102]. The symptoms of mescaline appear to be exacer-
bated by previous administration of reserpine [43]. The me-
dian lethal doses (LDs() observed for mescaline in studies in
several species are displayed in Table 2. The dog seems to be
the most sensitive species and in humans the lowest toxic
dose has been extrapolated from data obtained in laboratory
animals at 2500 pg/kg (i.m.) with reported effects of eupho-
ria, distorted perceptions and hallucinations. Considering the
human dose range reported above, it would be very difficult
to consume enough mescaline to cause death. Serious effects
from peyote ingestion have been described only rarely and
include Mallory-Weiss lacerations from severe vomiting
[103] and botulism from ingestion of improperly stored pe-
yote buttons [104].

CONCLUSION & FUTURE PERSPECTIVES

The hallucinogens psilocybin, LSD and mescaline were
extensively used in psychiatry before they were placed in
Schedule I of the UN Convention on Drugs in 1967 due to
recreational misuse. Currently, in addition to psychoactive
use, some Native American tribes use peyote in the belief
that it may have curative properties in toothache, pain in
childbirth, fever, breast pain, skin diseases, rheumatism,
alcoholism and other drug addictions, diabetes, colds,
blindness [91] and for “strength in walking” [95]. Peyote
extracts also demonstrated antibiotic properties against
various strains of the bacteria Staphylococcus aureus
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probably due to the presence of hordenine [105]. Lumholtz
[106] described its use in the treatment of snakebites,
burns, wounds and rheumatism. During the last few years,
as ancient tradition seems to suggest, the interest in the
beneficial therapeutic applications of hallucinogens have
resurged [5, 107], renovating the attention paid to the class
[108]. In spite of the increasing number of relevant recent
publications, most of the existing information is yet ancient
and limited, urging systematic studies on this topic, both in
vitro and in vivo.

This article attempted to fully review pharmacokinetics
and pharmacodynamics of mescaline, focusing in its potential
therapeutic application, as hallucinogens appear to present
favorable toxicological profiles for this purpose. Mescaline
acts similarly to other psychedelic agents; it binds to and acti-
vates mainly the serotonin 5-HT,.receptor with a high affinity
[56, 57]. In comparison with LSD, binding affinities to the 5-
HT,4 receptor were lower for all of the tryptamines, including
psilocin and DMT, mescaline being the least potent psyche-
delic [109]. Investigators also observed inhibition of serotonin
(SERT), noradrenaline (NAT) or dopamine (DAT) transport-
ers for all tested substances, with the exception of mescaline
and LSD [109]. Although only LSD showed affinity to dopa-
minergic D, receptors [109], other studies demonstrated that
the characteristic behavioral effects of mescaline in cats were
nearly completely blocked by pretreatment with low doses of
either serotonin (methysergide) or dopamine (haloperidol)
specific antagonists [60]. Most peyote intoxications appear to
be mild in nature and are unlikely to produce life-threatening
symptoms. Therefore, it is clear that mescaline distinctive be-
havioral profile suggests a complex mechanism of action that
is still not fully understood.

Much work is needed to address variations in mescaline
content within species and within individual cactus, and the
influence of soil, season, and even hour of sampling [107].
Moreover, besides mescaline, other alkaloids have also been
reported in Lophophora williamsii. Among them, lophophine
is also psychoactive in man [51, 110]; the activity following
its ingestion was described as “a peaceful elevation of mood,
the generation of an euphoric state, and the enhancement of
visual perception especially in the color sense”. Lophophine
is also closely related to 3-methoxy-4,5-methylenedioxy-
amphetamine, which is a potent psychotomimetic agent [51,
110]. Moreover, it is important to remember that abuse of pe-
yote cactus may escape detection during routine drug testing,
making clinical and forensic diagnosis difficult. Likewise,
intoxication reports are usually described in a complete ab-
sence of exposure confirmation, as assays for measurement of
plasma mescaline levels are not widely available [10].

Finally, while hallucinogens are widely used, both by
drug abusers and by members of traditional cultures for re-
ligious or healing purposes, the long-term residual psycho-
logical and cognitive effects of these drugs remain poorly
understood. Renewed interest in the possible therapeutic
applications of psychedelic drugs may offer further insights
for the development of more potent analogues.
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