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PREFACE

For centuries it has been recognized that plants relate
to human health'and well-being in many ways beyond their
fundamental role as qr?mary sources of . food and energy.

Many of the untque plant constituents have pronounced effects
on antmal ,systems or {n the human body; some of them are
potential)y harmful” and represent a risk in the use of a
parttculdr plant or in the exposure to it, others are useful
as medicinal agents in the treatment of diseases. Many of
the latter are extracted from plant materials on a large
scale for marketing as drugs and even more of them have
served as structural prototypes which tnspired chemists to
synthesize analog drugs with even more desirable properties.
Clearly, today's drug therapy had {ts ortgins in:the explora-
t{on and exploitation of pharmacologically active plant con-
stttuents. It is therefore appropriate that a synposfum of
the Phytochemical Society of North America was devoted to
this subject.

The present volume consists of eleven.papers dealing
with varfous aspects of the topic "Phytochemistry as Related
to Disease and Medicine", which were presented at the Four-
teenth Annual Meeting of the Phytochemical Society of North
America held.tn August 1974 at Western Carolina University
tn Cullowhee, N.C. Plant hallucinogens are the subject of
the first three chapters. The first, by Schultés, reviews
the occurrence of hallucinogenic agents in plants, in tabular
form. Emphasts is on plants from Central and South Amertca.
The ndxt two chapters deal with marijuana and its constituents;
Wall discusses the chemistry and metabolism of the cannabinoids
while Hoffmann and his co-workers present the results of a
study of the comparative carctnogenicity of the smokes of
tobacco and marijuana cigarettes, The fourth chapter, by Duke,
speculates on the roles of plant chemistry in folk medicine,
and utilizes the 1000 crop matrix system developed by the
U.S. Department of Agriculture.

Other harfmful or potentﬁ:]]y harmfu éffects of plant
constttuents are reviewed in *the next chapters. Mitchell
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viii PREFACE

describes the subject of allergic responses to plants and
plant constituents, and Kué welghs the evidence for and
agatnst the occurrence of teratogenic compounds in potatoes
Infected with Phytophthora <infestans, Ressler then dts-
cusses the plant neurotoxins which cause lathyrism. The
search for new medtctnal agents in plants is the focus of
other chapters; one, by Kupchan, on plant antitumor agents
ts followed by a discusstan by Scott of recent work on#the
btomimettc synthests of indole alkaloids, a group of com-
pounds which have come to promtnence because of the anti-
tumor activity of vinblastine and vincristine. In turn,
this ts followed by the extenstve review by Mftscher of
antimtcrobtal agents from higher plants. Ftinally, a con-
tribution by Nakantsht reports the structure of azadirachtin,
an tnsect feeding deterrent of plant origin, thus toughing
upon an {ndfrect influence which plants could have on human
health through control of tnsect populations. :

Ne would 1ike to thank the authors as well as many
others who have been tnvolved tn the preparation of this
volume, Our thanks go to the following companies whose
ftnanctal contributtons towards the cost of this sympostum
. are greatly apprectated: ‘

Abbott Laboratories, Pharmaceutical Products Division
.Hoffman-LaRoche, Inc.

Ortho.Pharmaceutical Corp,

Syntex (U.S.A.), Inc.

The Upjohn Company

Wyeth Laboratortes, Inc.

. A special word of apprectation must go to Mrs. Karen
Vetlleux who retyped the whole volume and gave birth to a
chtld and the ftnal typescript almost stmultaneously.

Victor C, Runeck]és
Heinz G. Floss
Kenneth R, Hanson



CONTENTS

Present Knowledge of Halluctnogenically
Used Plants: A Tabular Study
Richard Evans Schultes

2 Recent Advances in the Chemistry and
Metabolism of the Cannabinoids
Monroe E. Wall
3 On the Carcinogenictty of Marijuana Smoke
' D. Hoffmann, K.D. Brunnemann, G.B, Gori &
E.L. Wynder :
4  Crop Plant Chemistry and Folk Medicine
James A. Duke
5 Contact Allergy from Plants
John C, Mitchell
6 Teratogenic Constituents of Potatoes
Joseph Kué
7 Plant Neurotoxins {Lathyrogens and Cyanogens)
Charlotte Ressler
8  Advances in the Chemistry of Tumor-Inhibitory
Natural Products
S. Morris Kupchan
9 Laboratory Models for the Biogenesis of Indole
Alkalotds
A, Ian Scott
10 - Anttmicrobial Agents from Higher Plants
L.A, Mitscher
11 Structure of the Insect Antifeedant Azadirachtin
Koji Nakanishi

INDEX

29

63

83

119

139

151

167

188

243

283

299



Chapter One
- SPRESENT KNOWLEDGE OF HALLUCINOGENICALLY USED PLANTS:
A TABULAR STUDY

RICHARD EVANS SCHULTES

Botanical Museum, Harvard University
Cambridge, Massachusetts

Introduction ‘ 1

Table of New World Hallucinogens Ty

Table of 0ld World Hallucinogens 1k

Selected Bibliography 18
INTRODUCTION

Of the many plants known to have ha11uc1nogen1c
act1v1ty, only a few have ever been purposefully employed
in magico-medical, religious or other ceremonies. The
reasons for this pars1mon1ous use of psychoactive species
is not wholly clear, but it is probable that man has
learned by trial and error that some hallucinogenic species
are otherwise too toxic for safety. Whatever the reason,
it will be clear from the following pages that the chemistry
even of those hallucinogenic plants valued highly in primi-
tive societies 4s often unknown. Furthermore, it will be
obvious that many of these hallucinogens have only very
recently been botanically identified.

Inasmuch as I have published numerous detailed papers -
both technical and popular — and have been a joint author
_of a book on hallucinogens, it has occurred to me that the
most serviceable way of summarizing our present knowledge
might be in tabular form. It is my hope that data thus set
out may be more easily and more quickly consulted. The four

1



2. RICHARD EVANS SCHULTES

hallucinogenic species mentioned in connection with the
fronticepiece to this book are included in the illustrations
(indicated in the Tables by an asterisk against the pldte
number), There is appended a relatively representative bib- .
Tiography designed to help the specialist easily to find more
information than that contained in the summarized tables.

PLATE 1. Jugticia pectoralis Jacquin var. stenophylla Leonard.



HALLUCINOGENICALLY USED PLANTS 3

PLATE 2. Several nwushrooms reported as hallucinogenic
agents in lexico.

1. Psilocybe mexicana Heim

2. P. zapotecorum Hein

3. P. semperviva Hein & Cailloux

4. Panaeolus sphinctrinus Fries

5. Stropharia cubensis Earle
(Drawn from Heim: Champignons toxiques et hallucinoggnes)



TABLE OF NEW WORLD HALLUCINOGENS

RICHARD EVANS SCHULTES

Family and Plant

Region Where Used

Common Names

ACANTHACEAE (Acanthus Family)

Justicia pectoralis
var. stenophylla
[and possibly other
species] PLATE 1

AGARICACEAE (Agaric Family)
Conocybe siliginoides
Mexico
Panaeolus sphinctrinus PLATE 2 '
Psilocybe aztecorum; caeru-
lescens; Hoogshagenii;
mexicana; mizaeensis; Was-
sonii; zapotecorum; et
al. spp. PLATE 2*
Stropharia cubensis PLATE 2
CACTACEAE (Cactus Family)
Lophophora W'iZZiamsii
(Echinocactus Williamsiti;

tAnhalonium Williamsii)
Canada

Lophophora diffusa

Trichocereus Pachanoi

COMPOSITAE (Composite Family)

Calea Zacatechichi
PLATE 3*

Oaxaca, Mexico

CONVOLVULACEAE (Morning Glory Family)

Ipomoea violacea Southern Mexico

(Ipomoea tricolor)

Upper Orinoco-Rio

Central and Southern

Central and Northern
Mexico; the United
States: and parts of

Ecuador; Peru; Bolivia

mashihiri

teonanacatl; ,
teyhuintli;
tehuintlinana-
catl (anciently);
siwatsitsintli;
cui-ya; nti-ni-
se; nti-si-tho-ye-
le-nta-ha; ya-nte;
nti-ki-so; t-ha-
na-sa; to-shka

peyote; peyotl
(anciently);
hikuli; hikouri;
mescal button

San Pedro; agua-
calla; cimora
(preparation)

zacatechichi;
thlepelakano

badoh negro;
piul2 negro




HALLUCINOGENICALLY USED PLANTS

when Identified How Used
-

Active Constituents

1968; 1971

1956-1969
1939
1956-1969

1887-1888

1944; 1967
1959

1968

1960

Alone as snuff‘(?)

Ingested

Fresh or dried tops
of plant ingested

Prepared in a drink
with other Mescaline
plants

Leaves made into tea
and also smoked

Seeds ingested

Psilocybine: psilocine

Mescaline; pellotine; an-
halonidine; anhalamine;
hordenine; lophophorine;
and 32 other phenylethy-
lamine or isoquinoline
alkaloids and related
bases

Large amounts of pello-
tine; small amounts of
anhalidine, anhalamine
and lophophorine; traces
of mescaline; anhaloni-
dine; N-methylmescaline;
0-methylpellotine

Ergine; isoergine; chan-
oclavine; elymoclavine; .
ergometrine; plus several
minor alkaloids




RICHARD EVANS SCHULTES

TABLE OF NEW WORLD HALLUCINOGENS (Cont.)

Family and Plant

.

Region Where Used

Cormon Names

Rivea corymbosa
(Turbina corymbosa)
PLATE 4%

LABIATAE (Mint Family)
Coleus Blumei
Coleus pumilus

Salvia divsinorum
PLATE 5

LEGUMINOSAE (Pea Family

Anadenanthera peregrina
(Piptadenia peregrina)

Southern Mexico

Oaxaca, Mexico
(native of Asia)

Oaxaéa, Mexico
(native of Asia)

Oaxaca, Mexico

Orinoco basin, Colombia,
Venezuela and adjacent
Brazil; possibly dis-
junctly in Brazilian
Amazon; anciently, West
Indies 4

ololiuqui (an-
ciently); piule;
la s2fiorita;
bitoo; yuca-yaha;
bador

el nene; el
ahijado

el macho

pipiltzintzintli
(anciently);

hierba de 1a Virgen;
hierba de 1a
Pastora; shka-Pas-
tora

cohobha; yopo;
Aiopa; parica

PLATE 3.

Calea zacatechichi Sch] echt.



HALLUCINOGENICALLY USED PLANTS

When Identified

How Used

Active Constituents

1903-1941

1962
1962

1962

1801

Seeds ingested

Leaves crushed and
ingested

Leaves crushed and
ingested '

i - .
Leaves crushed and

ingested

Leaves prepared in
form of snuff

Ergine; isoergine; chano-
clavine; elymoclavine;
lysergol; plus several
minor alkaloids

Same tryptamines and beta-
carbolines as found in
Virola (9.v.) plus 5-hy-
droxy-N, N-dimethyltryp-
tamine

PLATE 4.

Rivea corymbosa (L) Hall.




PLATE 5.

Salvia divinorum Epling

& Jativa.

RICHARD EVANS SCHULTES

TABLE OF NEW WORLD HALLUCINOGENS (Cont.)

Family and Plant

Region Where Used

Common Hames

Anadenanthera colubrina

Mimosa hostilis
PLATE 6

Sophora secundiflora

LYCOPERDACEAE (Puff Ball Family)

Lycoperdon marginatum;
mixtecorum PLATE 7

LYTHRACEAE (Loosestrife Family)

Heimia salicifolia
PL ATE 8*

Southern Peru; Bolivia;

_ Northern Argentina

Eastern Brazil

Northern Mexico; South-
western United States

Oaxaca, Mexico

Central Mexico

huilca; vilca;
cebil; sebil
vinho de jurema

red hean; mescal
bean; colorines;

frijolillos

gi-i-sa-wa;
gi-i-wa

sinicuichi




HALLUCINOGENICALLY USED PLANTS

PLATE 6.

Mimosa hostilis (Mart.)
Benth.

\

2, SN
EJ!%""

N\
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N\
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when Identified How Used Active Constituents
1916 Seeds prepared in N,N-dimethyltryptamine;
form of snuff 5-hydroxy-N,N-dimethy1-

tryptamine; 5-hydroxy-
N,N-dimethy]tryptamine=-N-

oxide -
1881; 1946 Root prepared in N,N-dimethyltryptamine
drink
1965 Seeds ingested Cytisine
1958 _Ingestion of p]ant' ?
.-1936 Leaves slightly Lythrine; cryogenine;
5 wilted are crushed heimine; sinine; ver-
in water and liquor tine; lythridine;
and set out to nesodine; lyofoline

ferment




