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Chemical interest in cacti stems from 1868, when Lewin reported the finding

of a pharmacologically active alkaloid in peyote (Lophophora williamsii).

fFurther studies by Heffter resulted in the isolation of the hallucinogenic prin-
ciple, mescaline. By 1940, structural studies had shown that the cactus alka-
loids could be classified in two main groups, p-phenethylamines (e.g. mescaline)
and tetrahydroisoquinolines (e.g. pellotine). With these findings, the first
wave of interest in cactus alkaloids was gone.

Triterpenes (Djerassi, 1957) and lactone-forming acids (Kringstad and Nor-
dal, 1975) have since been found in cactus species, but biosynthetic studies of
mescaline in the 1960's brought a revival of interest in related alkaloids {cf.
Lundstrcm, 1971a). At the same time, the availability of gas chromatography-
mass spectrometry (GC-MS) proved to be of great value and importance for the
rapid separation and identification of the cactus alkaloids, and several new and
interesting structures were found (Agurell, 1969a; b; Kapadia and Fayez, 1970;

Bruhn, 1571).

2. SCOPE CF THE PRESENT INVESTIGATION

“Some of the most interesting enigmas lurk in the desert stretches of
northern Mexico, where what we might term the "prototype" of the New Yiorld hal-

lucinogens - peyote or Lophophora williamsii - has long been the center of

religious and curative rites in the Tarahumare and Huichol country".

R.E. Schultes (1967)

When the present investigation was started, biosynthetic studies of mesca-

Tine and related alkaloids in Lophophora williamsii and Trichocereus pachanoi

were close to their completion. Pelatively few other cacti had had their alka-
loids structurally clarified, although-many species had been listed among alka-

loid-containing plants.



cult (La Barre, 1964; Furst, 1972), the chemistry and biological effects of
peyote constituents (Kapadia and Fayez, 1970; Shulgin, 1973}, and the biosyn-
thesis of peyote alkaloids (Lundstrdm, 1971a; Paul, 1973).

Lophophora is generally looked upon as a highly variable, monotypic ge-
nus. Recent field studies in Mexico have however indicated that there are two
species, L. williamsii (Lem.) Coult. and L. diffusa (Croizat) Bravo, differing
in distribution and chemical characters. No thorough alkaloid study of L.
diffusa had been performed.when the present investigation was undertaken (papers
I and II).

During this investigation, a sample from 1887 of "mescal buttons" (the drug
derived from L. williamsii), was made available for phytochemical examination.
When the early papers were studied, it became apparent that the alkaloid analy-
sis of L. diffusa provides an explanation of several controversial and much

discussed points in the older research work.

3:1 Historical remarks on peyote research

The early nistory of gayote research frem 1286 to the turn of the century
is presented in paper I. Unpublished letters and notes have been drawn upon to
clarify the events leading to ®he botanical identification of the drug and the
finding of pharmacologically active alkaloids.

The first self-experiment with "mescal buttons" was performed in 1886 by
Dr. John Raleigh Briggs of Dallas, Texas. His short report attracted the atten-
tion of the medical world and initiated an intensive research.

The pharmaceutical manufacturers Parke, Davis & Company distributed the
new drug to scientists and also brought it on the market. In September 1887, the
German toxicologist Louis Lewin visited Parke-Davis in Detroit and brought drug
material with him back to Berlin. He was the first to publish the finding that
the drug contained alkaloids and was very toxic in animal experiments. However,

the first mention of alkaloids in peyote seems to be an unpublished laboratory
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The two latter compound§ are phenolic amines and as such rather unstable.
Lundstrom and Agurell (1971) showed that 3-hydroxy-4,5-dimethoxyphenethylamine
is present in fresh L. williamsii, but also that this amine is quickly destroy-
ed. The lower mescaline content of the old material may likewise be due to de-

gradation, but could also constitute a natural variation.

3:3 A chemotaxonomical problem

In paper I, reference is made to several 19th century chemical analyses of

peyote under the names Anhalonium lewinii and Anhalonium williamsii. The most

recent taxonomic treatments (Bravo, 1967; Anderson, 1969) consider these two

species of Anhalonium as merely synonyms of Lophophora williamsii.

Interestingly, Heffter (1898) reported great differences in chemical com-

position between the two Anhalonium species. Anhalonium lewinii contained a mix-
ture of alkaloids, among them anhalonine and mescaline. Present-day analyses

(Todd, 1969; paper 1) show that Lophophora williamsii contains the same alka-

loids. Heffter found, however, that Anhalonium williamsii(produced predominantly

pellotine, and this has been a most confusing point in alt peyote research.
Heffter (1898) noted that he could not distinguish the two species morpho-

logically. Chemically, however, it was easy. He also found that the shipments he

received were always homogenous, and this led Schumann to’conclude that there

were two local chemical forms. Thus, Schumann (1898) designated Anhalonium

williamsii as Echinocactus williamsii a pellotinica and Arhalonium lewinii as

Echinocactus willjamsii B anhaloninica.

However, later investigations by Kauder of A. williamsii showed the same
results as for A. lewinii. Kauder concluded: "The circumstances seem to me to
call for further clarification, which will only be possible when we succeed in
obtaining that cactus, which contains only pellotine. In spite of great effort,
this has not yet been accomplished.® The problem of the pellotine-containing

Anhalonium seems not to have been further investigated.

-1 -
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Fig. 2. The distribution of Lophophora. L. williamsii is found from southern
Texas to San Lufs Potosi. L. diffusa 1s only found in Querétaro. Re-
drawn from Anderson (1969) with permission.
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Biosynthetic experiments with 1, 4 & 5 (Fig. 3) lead Lundstrom (1971b) to
postulate an independent metabolic pathway in L. williamsii, leading to pello-
tine and anhalidine. The results reported in paper I with L. diffusa may then
reflect an efficient N- and para-0-metylation of the alkaloid precursors.

Todd seems not to have been aware of the early confusion regarding Anha-
lonium lewinii and A. williamsii. In our opinion, however, Heffter's results
with A. williamsii can be explained if his plant material had been collected

in Querétaro and was ih fact Lophophora diffusa. Heffter found 0.75-0.89%

pellotine in fresh A. williamsii and only traces of other alkaloids. These re-
sults compare favourably with our present study of L. diffusa.

Evidence presented in paper I shows that localities of L. diffusa were
known around the turn of the century and that this plant was the object of an
extensive trade. After the publication of paper I, the following additional
evidence has been found. Two Mexican authors, Altamirano (1900) and Urbina
(1912), make independent reference to peyote specimens, collected in Queré-
taro. A specimen collected by Altamirano in Querétaro is cited by Anderson
f12£9) as representative of L. diffusa.

Also, plant material that reached Germany from Mexico in 1896 had morpho-
logical characteristics reminiscent of L. diffusa (Vaupel and Fuhrmeister,
1911; cf. Schumann, 1903). No early peyote specimens seem however to have
survived in German or Mexican herbaria.

The alkaloid analysis of L. diffusa is interesting from an ethnopharma-
cological point of view as well. In contrast to mescaline, pellotine does not
give hallucinations but is an active sedative and hypnotic. There is thus a
phytochemical basis for a difference in "hallucinogenic value" between L.
williamsii and L. diffusa. Whether L. diffusa has been ritually employed or not
is still an open question.

As shown in paper I, the alkaloid analysis of L. diffusa also provides an

explanation of other controversial points in the history of peyote research.
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al. {1971) isolated tyramine, N-methyltyramine and hordenine from Obregonia
denegrii Fri¢. The same alkaloids were identified by us (II1), tyramine being
the main constituent of the alkaloid fraction. Interestingly, a new compound,

3-hydroxy-4-methoxyphenethylamine was found in Pachycereus pecten-aboriginum

(X). The main alkaloid was salsolidine, and traces were also found of 3,4-di-
methoxyphenethylamine (XI).

Early in this work, anhalidine and hordenine were identified in Pelecypho-
ra aselliformis Ehrenberg (X). Neal et al. (1972) confirmed these findings and
further isolated pellotine and ﬁ,ﬂ-dimethy]-3-hydroxy-4,S-dimethoxyphenethyl-
amine. Plant material collected by us in San Luis Potosi also contained these
alkaloids, but in our cactus sampie N,N-dimethyl-3-hydroxy-4,5-dimethoxyphene-
thylamine, and not hordenine, is the major alkaloid (IIl).

Neal et al. (1972) also identified trace amounts of mescaline, N-methy1-
mescaline, 3,4-dimethoxyphenethylamine and N-methyl-3,4-dimethoxyphenethylamine

in Pelecyphora aselliformis. These compounds can not be detected in our extract

because of the presence of relatively large amounts of other, as yet unidenti-
fiad, rco-phenolic zlkzloids.

Pelecyphora pseudopectinata Backeberg is also called "peyote" (III). The

main alkaloid of this cactus is hordenine. [n So}isia pectinata Br. & R., hor-

denine co-occurs with N-methyltyramine (IIT). Turbinicarpus pseudomacrochele

(Backeberg) F. Buxb. & Backebg. could be of interest, since it is found in a
place where native informants said there were "peyotillos". Hordenine was the
only alkaloid detectable in this species (III). As discussed in paper III, some
of these "peyote" cacti seem to have had no aboriginal use as hallucinogens.
Nor is there any obvious relationship between the name "peyote" and the alka-
loid content.

Hordenine and tyramine are weak sympathomimgtics and are inactivated in
vivo by monoamine oxidase (MAQ). Unless a MAO inhibitor is present, these com-

pounds seldom cause pharmacological effects when taken orally. Tyramine,

- 17 -



Fig. 4. "Indian amusements. Shooting at the petahaya". Another use of Carnegiea
gigantea. From Bartlett (1854).
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In our study of Carnegiea gigantea (paper VI), the alkaloid fraction was

separated into phenolic and non-phenolic alkaloids with an jon-exchange resin.
Column chromatography on aluminum oxide of the non-phenolic fraction yielded
carnegine and salsolidine (= norcarnegine). The latter compound is the major al-
kaloid in our extract and has not earlier been found in cacti. Small amounts of
3,4-dimethoxyphenethylamine were also identified in the non-phenolic fraction

by GC-MS.

When the phenolic fraction was subjected to the same column chromatography,
gigantine and a new alkaloid were isolated. A trace of 3-methoxytyramine was
identified by GC-MS. The structures of the isolated compounds were verified by
comparison with authentic samples.

The MS of the new alkaloid was similar to those of salsoline and isosalso-
line, but these structures could be ruled out by gas chromatographic compari-
son. The new alkaloid gave a positive Gibb's test, characteristic of phenols
having the para-position unsubstituted. The 100 MHz NMR spectrum favoured
structure V (Fig. 5) for the alkaloid, since the aromatic protons appeared as
an AB quartet characteristic of two aromatic protons in ortho-position, and one
of these protons showed a weak coupling with the -CHZ- (C-4) signal.

Final proof for structure V (Fig. 5) was obtained by total synthesis of
this alkaloid. 2-Hydroxy-3-methoxybenzaldehyde (0-vanillin) was benzylated and
condensed with aminoacetaldehyde dimethyl acetal, according to the Bobbitt mo-
dification of the Pomeranz-Fritsch cyclization (Bobbitt et al., 1969; Shamma,
1972). The Schiff base formed was methylated (Grignard reagent} and the result-
ing secondary amine cyclized to give 8-hydroxy-7-methoxy-1-methy1-1,2,3,4,-tet-
rahydroisoquinoline (V, Fig. 5), found to be identical with the isolated alka-
loid. To this new alkaloid we have given the trivial name arizonine.

Arizonine is the second known 7,8-disubstituted tetrahydroisoquinoline al-
kaloid, the first being tepenine (= O,N-dimethylarizonine) (Kapadia et al.,

1970). This rare substitution pattern is also found in the benzylisoquinoline

-21 -
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Fig. 5. Possible biosynthetic pathways to the alkaloids of Carnegiea gigantea.
Compounds IX and X have not yet been identified in cacti.

¥

(Kovacs and Fodor, 1951). Alternatively, &opamine (I) can be ring-closed with
acetaldehyde to yield salsolinol (Schopf and Bayerle, 1934). The cyclizations
proceed mainly in the para position to the activating phenolic hydroxyl group.
Recently, however, it was shown that isosalsolinol (7,8-dihydroxy-1-methyl-
1,2,3,4-tetrahydroisoquinoline) is formed as a secondary reaction in this con-
densation (King et al., 1974). :

The presence of minor amounts of arizonine (V) in the cactus might be re-
garded as additional proof for the role of 3-hydroxy-4-methoxyphenethylamine
(IV) or dopamine (I) in the cyclization process leading to carnegine (VIII) and
salsolidine (VII).
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additional B-hydroxylated phenethylamines were found (Keller et al., 1973). In
our field screening of cacti in Mexico, C. calipensis H. Bravo was found to
give a positive alkaloid test. Plants were collected and the alkaloids extract-
ed and fractionated on an aluminum oxide column (paper VIII).

NMR and MS studies of the major alkaloid eluted from the column indicated
that the compound was {~)-N-methyl-3,4-dimethoxy-B-methoxyphenethylamine [(-)-
p-0-methylnormacromerine] (III, Fig. 6). This structure was confirmed by alka-
1ine permanganate oxidation, which afforded 3,4-dimethoxybenzoic acid, and

acid hydrolysis, which gave normacromerine as the major product.

OH OH
HO CH30
|
NH-CHs X~ N
HO CH3O Cﬁ3\CH3

=

OCH3 OCHj3
CH30 CH30 .
|
NH-CHs X N
CH30 CH;0 C}/-I3\CH3

1| N/

Fig. 6. Structures of epinephrine (I), macromerine (II), and the alkaloids
of Coryphantha calipensis (III & IV).
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and its nor-derivatives are probably not psychoactive. The related 4-methoxy-g-
nydroxyphenethylamine and its N-methyl derivatives inhibit monoamine oxidase
(MAO) (Ferguson and Keller, 1975), and epinephrine methyl ether (N-methyl-3,4-
dihydroxy-g-methoxyphenethylamine) produces significant CNS stimulation (Page
and Hoffer, 1964). Alkaloids III and IV (Fig. 6) should consequently be in-

teresting objects for pharmacological study.

7. STUDIES OF MISCELLANEOUS SPECIES

7:1 Alkaloids of Trichocereus species

Peru has long had its counterpart to the Mexican “peyote" in “San Pedro",

known to botanists as Trichocereus pachanoi Br. & R. This cactus is the chief

ingredient in a mixture of several plants, called "cimora”, which is used medi-
cinally and for divination (Schultes and Hofmann, 1973). The main alkaloid of
T. pachanoi is mescaline, and this hallucinogen is also found in other Tricho-
cereus species (Agurell, 1969a; b).

In paper X, and examination of fourteen Trichocereus species for alkaloids
is presented. Eight different phenethylamines were identified, all of them
known to occur incacti. Mescaline was found in T. cuzcoensis Br. & R., T. ful-
vilanus Ritt., T. taquimbalensis Card. and T. validus (Monv.) Backbg. While it
occurred as the major alkaloid in T. taquimbalensis and T. validus, mescaline
was only a minor constituent in the two other species.

So far it is not known whether T. taquimbalensis and T. validus have been

utilized by South American Indians for their hallucinogenic properties. Our
limited knowledge of the psychoactive cacti of Peru may indicate that the "San
Pedro complex" is less extensive than its Mexican equivalent, but it could also
point to the lack of ethnobotanical field studies.

Two species related to Trichocereus, Echinopsis rhodotricha K. Sch. and

- 27 -



peruvianus was included. Only tyramine and hordenine could be detected in the
alkaloid extract. It is not unlikely, that reports on the use of C. peruvianus

as a hallucinogen, should refer to Trichocereus pachanoi. The latter species has

already been misidentified as Opuntia cylindrica (Agurell, 1969a).

A single report on the occurrence of caffeine in some Brazilian cacti
(Freise, 1935) prompted a re-investigation of C. jamacaru DC. (paper XI).
Neither the seeds nor the fresh plant could however be shown to contain caffe-
ine. Instead, tyramine was isolated as the only alkaloidal constituent of the
cactus stem.

Opuntia species have been used as food for humans and animals. This does
not point to the presence of toxic substances. Nevertheless, Opuntia figures
(probably erroneously) in a discussion of natural hallucinogens (Gjerstad,
1971). Due to the earlier misidentification of T. pachanoi (see above), Opuntia
has entered the literature as containing mescaline. The now studied three
spec%es of Opuntia from Uruguay contained only hordenine (paper XII).

A species of Opuntia has also been mentioned as an admixture to "ayahuas-
ca", the South American hallgcinogenic drink (Rivier and Lindgren, 1972). So
far, Opuntia species would seem to be of doubtful value as hallucinogens, but
simple phenethylamines, such,as hordenine, which are substrates for monoamine
oxidase (MAO), could presumably reinforce the effects of the "ayahuasca" be-

verage (cf. Schultes and Hofmann, 1973).
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