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« .« Plants of the same Figure or Likeness, have Jor
the generality much the same Vertues and Use: Espe-
cially if we consider, that the Organs or Structure of
the same Vessels and Ductus's io consummate that
Regular formation, and consequently the Juices Circu-
lated and strained thro’ them cannot be very Hetero-
genous; and that as for the most part, the Scent and
Tast have great affinity, so of course their Vertue
likewise cannot be very dissonant.

JAMES PETIVER (1699)

A SURVEY OF THE PLANT KINGDOM

In 1753 Carl von Linné, who believed that he had
classified all living organisms, stated that the Plant Kingdom* com-
prised 10,000 or fewer species.st Ninety-six years later, in 1847, John
Lindley set the figure at nearly 100,000 species in 8900 genera.™* He
assigned 1200 species to the algae, 400 to the fungi, 8400 to the lichens,
1800 to the bryophytes, 2000 to the ferns and their allies, 200 to the
gymnosperms, and 80,000 to the angiosperms.

“Modern plant taxonomy is only just over 200 years old, yet what
changes in concepts has consistent research brought about jn this
field!®2¢ Estimates for the Plant Kingdom now vary between 280,000
and 700,000 species, with those botanists most familiar with the still
only partially exptored tropical regions overwhelmingly favoring the
higher estimates. Until recently, the algae have been thought to com-
prise approximately 18,000 species; the fungi (ineluding bacteria),
about 90,000; the bryophytes, from 14,000 to 20,000; the ferns and
their allies, 6000 to 9000; the gymnosperms, 675 in 63 genera; the
angiosperms, about 200,000 in some 300 families and 10,500 genera.™
These are very conservative figures, now rather outdated.

* We use the term here in the traditional sense to include slgae, including blue-
greens, fungi, and all photosynthetic terrestrial organisms,M?
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and %%n{t)%rg;;ora.ry Speclah.sts estimate the fungi at between 30,000
e e e eatus s
In fact, one modern un: ing these mostly unicellular organisms.
exceed 200,000, T spccxghst calculates that the grand total might
Follows: ph,co . The fungi are currently divided approximately as
12000 'to 3’0 Omycetes,. about 1000 species in 235 genera; ascomycetes,
l‘ur,u i ) 0_0 species; basidiomycetes, 13,500 to 14,500 species;
gl_r‘lznper_fectl, 10,500 to 30,000 species.?*®!
ich Soue::elthsrd]y a need to stress the importance of the fungi as a
and many oth iodynamic compounds.’® Almost all of our antibiotics
are also 3;(::' It:r usefu.l medicines are derived from fungi,**** and they
specific tr:m: f)c’) rl::-:?‘ in th.e pharmaceutifzal industry for carrying out
oUTpOses, ations in the synthesis of steroids and for other
varie:hi algac—all aquatic, but about 56% marine—make up 2 most
abont gz%up of 01‘_gan1sn'1s.“"“’-‘“-““-123 now estimated at from 19,000 to
carlicat k,nUU species. The procaryotic blue-green algae are among the
one to 3 8}1\;{1 organisms: pre-Cambrian fossils dated variously from
Althoush 1 lc;m years of age and even in_clucling modern families.
the al z%e }:Jse as foods and as a source of iodine since ancient times,
as soﬁr ave only ref:ently captured the interest of research workers
i ces of new biodynamic compounds. Already, however, an
pressive number of new compounds have been isolated.”
souriml:‘ thf: last fev:' years, t.he lichens have also beet neglected as a
20,000 of biodynamic constituents. They number from 16,000 to
=0,00U species in some 450 genera.** Recent research has heightened
mteres.t in their potentialities, since they have been found to be rich in
bacteria-inhibiting compounds**** and to have many chemovars.’
The bryophytes—mosses and liverworts—number from 14,000 to
25’009 species, mainly tropical. They have been neglected by phyto-
chemists, and those that have been studied, although giving results of
evolutionary importance,'*® appear {0 pe rather devoid of medicinally

usefu! compounds.
The pteridophytes—t
to lack biodynamic constituen

he ferns and their allies——appear generally
ts, in spite of the fact that some (e.g.»

Dryopteris felixmas) are still used as drugs. But again, phytochemical
investigation has been far from intense.’® Recent research has shown
that a whole host of compounds which are of potential medicinal
interest occurs, including sesquiterpenoid lactones, ecdysoncs, alka-
loids, and cyanogenic glycosides, Further investigation is likely to
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uncover equally interesting constituents in the 12,000-15,009 species in
250 genera of this very ancient group of plants.*™ One hint may l?e
derived from the results of a recent survey for antibacterial activity in
methanol extracts of ferns from Trinidad:® crude extracts of 34 of 44

METACHLAMYDEAE
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FLAGELLATA . g

Fig. 1. Phylogenetic representation of the Plant Kingdon showing cstimated size of
groups in number of species.
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(77%) were positive. Although these results may have been due in part
to the presence of procyanidins, there are likely to be other com-
ponents which require investigation. Another hint of the potentialities
of tl}ls group lies in the recent isolation from the comparatively small
fﬂp‘llly Lycopodiaceae of nearly 100 extraordinarily interesting alka-
loids, some of a wholly new type."”

. In the spermatophytes, the gymnosperms—a group of plants
going b?.(:k in the geological record to the Carboniferous—are of
economic importance mainly as a source of timber and resins. The 675
species of this group® are known in medicine principally because of
Ephedra, source of the sympathomimetic alkaloid ephedrine, and
Taxus, which contains the highly toxic alkaloid taxine. However, there
are many other physiologically important constituents, such as the
stilbenes and C-methylflavones which act as protective agents against
heartwood decay,

The major group of spermatophytes is the angiosperms. Domi-
nant today in most of the world’s floras and the major basis of human
social and material evolution, the angiosperms ar¢ the plants known
best to man. Estimates of the extent of the angiosperms vary. Most
botanists hold that there are 200,000 to 250,000 species in 300 families.
The monocotyledons are usually credited with a quarter of the total. It
is now clear from our increased knowledge of the tropical species that
this figure is far from reality, and that some estimate nearcr 500,000
must be allowed.” But even though the angiosperms are phytochem-
ically the best studied group of plants and have been the source of
most of our medicinal, toxic, and narcotic species,’®1 the potentia-
lities in many fields that lie hidden in this group of plants have really

been but superficially explored.
It can truthfully be said that chemical exami

Plant Kingdom has only just begun.

THE VAST ARRAY OF PLANT-
PRODUCTS

There are now well over 12,000 secondary organic compounds of
known structure, excluding oligo- and poly-saccharidcs, peptides, and
proteins, and the vast majority of these have been isolated from plants.
This census includes 5500 alkaloids, 2500 terpenoids (including 400
carotenoids), 1500 flavonoids and related phenolic compounds, 700
acetylenes, 500 polyketides, 250 nonprotein amino acids, 200 fatty
acids, and up to {000 other compounds such as glucosinolates, cy-

nation of the whole

DERIVED NATURAL
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anogenic glycosides, quinones, purines, and others,?22426.21,7,61,1274,
0TI Most of these latter groups are certain to be increased in
number, complexity, and novelty when modern sophisticated chemical

techniques are intensely applied to an examination of the Plant King-
dom as a whole.

animals. Others are used by man, often in crude decoctions, to kill
insects, fungi, other mammals, birds, reptiles, amphibia, or fish. Yet
the whole number of compounds investigated as potential curative
agents represents probably less than 10% of those so far known. This is
surprising when we realize that chemical signals, together with their
biochemical control mechanisms, are the basis of the inherent coher-
ence of all ecosystems®* and that plants, by the very catholicity of their
biosynthetic pathways, contribute much more than animals to the
overall complexity of the interactions involved 101,100,118

The chemical defences which plants possess against animal herbi-
vores, phytopathogens, and the vagaries of the physical universe must

For example, plants synthesize many potent insect-feeding deterrents
like azadiriachtin® and so called third-generation insecticides® which
are far more effective thap DDT. They produce, on being challenged,
effective fungicides, such as pisatin and other coumestans, and many
compounds that grossly reduce the germination and seedling devel-
opment of other tompeting species.™ All of these compounds are
worthy of further study, either for direct use or as models for sub-
stances with possibly even more potent activities.

EXAMPLES OF ANGI OSPERM COMPOUNDS

Let us examine the distribution of a few classes of compounds in
the angiosperms, This will show not only how widespread are certain

reward further examination, We will take as examples the alkaloids,
the cyanogenic glycosides, and the steroidal sapogenins,
Alkaloids

All chemists recognize that the alkaloids encompass a very diverse
assortment of different chemica] structures of very different biogenetic
origins.”” The widely employed definition has characterized alkaloids
as basic, nitrogen-containing, pharmacologically active compounds

g
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:‘,’hmk} are f‘c‘Jund both in plants and animals. Specialists have dis-
lng_msh.ed alkaloids proper™ as those compounds with hetero-
;’YFhC nitrogen, thus excluding the alkaloidal amines. The term “alka-
d(:gnia;oper ﬁOlncidBS, by and large, with the currently employed
Criterio?:-]t}?f true alkalo;d‘s” by Hegnaucr, who added a further
from am: at t.h? heterocyclic systems In this group should be derived
trypto hlncs arising by dec.:arbo?cy!at_xon of amino acid (phenylalanine,
logii)calp an, ornithine, l_ysme,_hns'tldme, or anthranilic acid);* the bio-
ot amines and their derivatives which do not contain a hetero-
niifzel:- rtltr:g x"ere grouped as “proto-alkaloids.” A third class is recog-
i1 d- ) ed pscudo-alkalp:dsz” whif:h, although containing nitrogen,
e erive from terpenoids (including sterols) or polyketides. Purines

nd peptides are usually included in this latter class as well. Fig. 2 gives
examples of these 3 types of alkaloids.

The concept of considering alkaloids or other compounds in
relquon to their biogenetic origins and pathways has become basic to
t_he“' use in modern chemotaxonomic research.® Phylogenetic rela-
tionshlps between plant groups can often be established, substantiated,
or lelrlﬁed through the use of such biogenetic relationships, whereas
consideration of “alkaloids” per se throws little light on the prob-
lem_-“""‘ It is, however, sufficient for our purposes here, in examining
_lhe1r distribution in the Plant Kingdom, t0 accept a rather loose and
inclusive definition of atkaloids, and to include the “proto-"" and

“pseudo-” alkaloids together with the rest.

Before 1803, when Sertlirner discovered a new kind of nitrogen-
ous (alkaline) chemical compound in the opium poppy, Papaver soi-
niferum, no alkaloids were known.® Sertiirner named the new com-

pound morphine for the Greek god of sleep Morpheus, and, because it
d “alkaloids.” Chemists

was basic, he termed this class of compoun

very quickly discovered meore such compounds. By 1949, approxi-
mately 1000 were recognized. Ten years later, this figure was increased
to 2000. By 1969, the total stood at 4350 and the current figure
tioned above.™

undoubtedly passes the 5500 men
1.* only 270 were found in nonangiosperms:

Of the 1969 total,
fungi, 130; algae, 5; horsetails, 3; lycopods, 100; gymnasperms, 30.
(Note: there are no alkaloids known in the ferns.) The remaining

* |t should be noted that much of our knowledge about the distribution of alkaloids
fcolor or prccjpitalion 1ests. These are not always reliable, as

relies on the application © tios iesc @
many nonalkaloidal compounds may give similar reactions.
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A pseudo-alkaloid

Fig. 2, Some examples of alkalojds,

Within the angiosperms there is great disparity in the distribution
of alkaloids among the various familjes, We have taken here the

data. On this basis, we find that 30.5% of the angiosperm genera
examined show a positive reaction for alkaloids
having only 26% and the dicots 31% of alkaloid-containing genera,
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gl'g:;" I\:I:e Slipcrorders of the dicotyledons,™ the Ranunculanae
Hich, mrhiloshe Brice (53%), and the Lamianae (42%) are all alkaloid-
(8% ’) are ah: ricanae (7%), Myrtanae (7.5%), and Hamamelidanae
e ost devmq .oi' alkaloidal families and genera. In the
melinana}; 2(£ns, the Llhana.e (32%), Arecanae (24%), and Com-
with the re( %) have the highest percentage of alkaloidal genera,
being mac tznlammg superorders, Juncanae (10%) and Alismanae (6%)
ohtaiod ower. These ﬁgures are approximately the same as those
he var en one examines the distribution of known alkaloids in
vIanous lower taxonomic concepts.

surve; ?1}11:“[: be noted, hoxovever, that the overall picture given by this
lies Which)lg e only approxlma.tely f:orrect, since there are many fami-
be betts _"ave not been examqu in depth for alkaloids. This cannot
the Lo r illustrated than l:!}z studies on the Orchidaceae. This group is
generageét Ol_' all plant families, wifh 25,000-35,000 species in about 600
positiv. arlier surveys of alka}onds showed only 11 genera as being
- el’t althou.gh only 2 alkaloids—dendrobine and nobiline from the
iy tlt]:u urally important Dendrobium nobile—were isolated. The fam-

f, en, §tood out as one of the least important from the point of view
of alkaloids. As Lindley, orchidologist of the last century, wrote: “lt
Of_ten happens that those productions of nature which charm the ey¢
Wlt_h their beauty . . . have the least relation to the wants of mankind,
while the most powerful virtues or most deadly poisons are hidden
beneath a mean exterior ... In view of the relationship of the

orchids to the lily group, a spot test was carried out for alkaloids on
hroughout the family

]500 herbarium specimens randomly sampled t
in the Orchid Herbarium of Oakes Ames in the Botanical Museum of
Harvard University. The results indicated 8% positive.*’ More recent

phytochemical studies on fresh orchids,*~*® however, showed that
d were alkaloidal. What is even

32% of the 1000 or so species examine
more significant is the uniqueness of many of the orchid alkaloids,
some of which will undoubtedly turn out to be of extreme biodynamic

interest,”

Cyanogenic Glycosides
Let us now turn to cyanogenesis.

cyanic acid on crushing contain cyano
pounds (an example of which is illustrated in Fig. 3 oceur in at least

800 species in over 70 (22% of) angiosperm families. They are especially
important in the Araceae, Euphorbiaceae, Flacourtiaceae, Gramineae,

Most plants which yield hydro-
genic glycosides.“B These com-
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O-glucose
C=N

Fig. 3. Prunasin, 1 cyanogenic glycoside,

Leguminosae, Malesherbiaceae, Passifloraceae, Proteaceae, Rosaceae,
and Turneraceae. Many families are devoid of such compounds (e.g.,
Orchidaceae). Their distribution in lower plants is not so well known,
but 2 recent survey of over 300 ferns showed only 3% to be cy-
anogenic.® It is of interest, however, that cyanogenesis has been
shown to be genetically polymorphic in Lotus corniculatus and several
other legumes,* as well as in bracken (Pteridium aquilinum);® this
4 polymorphism is reflected in the selection of the plant by herbivores.
Obviously, this factor is of importance here and in the search for many

other types of new drugs, as shown in the case of the steroidal iactones
in Withania.®

Steroidal Sapogenins

, Finally, let us consider the steroidal sapogenins. Species contain-
j ing these compounds have been valued by primitive societies for
ages in the preparation of arrow poisons. These principles are ex-
tremely active in altering membrane permeability and, hence, show
hemolytic and other important effects.® Their distribution is chem-
otaxonomically interesting, since they are much less common than the
corresponding triterpenoid sapogenins.?’ They are found only in the

SN OH

Ho i
H

Fig. 4. Digitogenin, a sterojdal sapogenin (aglycone). In the saponin complex sugar
residue is attached to the -OH group at C-3.

. | /- J. R
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g ;’:ﬁl}l"l'lzfci::eé}e, tegu_minosac, Scrophulariaceae, Solanaceac, and Zy-
Agavaceac t;)l_n the t.:llcotyled'ops but are particularly prominent in the
OCOtyledon,s ;Zosconaceae, Liliaceae, and émaryllidaceae in the mon-
and one in tlll écept ff)r one report of their occurence in the Palmae
olan famil eThl:Omehacea}q, thf_:y h?.ve not been identified in any other
of plant ste}rr' ! is is surprising in view of the known wide distribution
that this ciao 5 \\["hlch occur in almost all plant species. It appears also
triterpenoid ss of sapogenins is almost mutually exclusive with their
congeners,*

INFORMATION SOURCES

advalr;]cr;l:s‘;s one were [‘9rewarned, one might assume that the great
soarch o lzlhphytochemlstry. have resultec'i from a carefully organized
from trun Teil part of botanists and chemists alone. This picture is far
research?{ € progress that has characterized recent phytochemical
of man a; beer}, in great part, the resylt of the coopcratiye interplay
o foms Yu?t er diverse and_ often' sqen:nngly unrelated disciplines; and
and other fjelds has the interdisciplinary approach been so essential

nd 50 effective. Naturally, the basic disciplines involved are botany,
Ch‘?m}Sth, and pharmacology. But anthropology, archacology, lin-
g“lSthS, history, sociology, comparative religion, and other specialties
have likewise contributed to our search for new biodynamic constitu-
ents. This intertwining of data and points of view from diverse fields

has been called ethnopharmacology.*~"*

Random Screening

Clearly, a number of different avenues are open in the search for
new plant constituents. The most obvious is probably a random of
Seml{andom screening of plants. This method is direct, but it is ex-
pensive in time and money. It has been employed in several recent
surveys, Some have concentrated on 4 gearch for specific constitu-
ents—alkaloids,™** flavonoids,’ etc.” Other surveys have been geo-
graphically limited and concerned with a larger number of constitu-
ents, such as those which have been carried out on the floras of
Australia,® New Guinea,** West Africa,!®® India,* and many other
countries, including parts of the United States.'”

Other random surveys have concentrated upon a search for plant
constituents active for specific diseases Of for very definite biological
properties. Thus, there have been surveys for antiviral or antibacterial
activity, for cytotoxic effects, and for a broad spectrum of other
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properties. About 50% of temperate-zone lichens, for example, have
been shown to possess lichen acids capable of inhibiting gram-positive
bacteria and even tuberculosis bacilli and some fungi.'*** Undoubt-
edly, one of the most ambitious random searches has been the Na-
tional Institutes of Health’s screening of plants for possible antineo-
plastic activity.”® More than 26,000 plant extracts representing some
6500 species have been tested. It has been suggested that ... in the
light of present knowledge and experience . . . a random selection and
testing of plants selected from a broad cross section of families and
genera will prove of greatest value in attempts to discover new entities
for the treatment of clinical malignancies.”? Faced with the enormous
size of the Plant Kingdom-—even of only the higher plants—this type
of random sampling requires the investment of great sums of money,
the availability of many kinds of specialists, and relatively long periods
of time. It can be carried out today only with governmental or inter-
national support.

Literature

Another common approach is to concentrate research on plants
which have been, or still are, used in folk medicine as described in both
ancient and contemporary literature 284 Unfortunately, this liter-
ature has many drawbacks. It is often diffuse, uncritical, of hearsay
nature, and is scattered throughout many fields: anthropology, cth-
nology, history, a variety of chronicles, reports of explorers, travelers
and missionaries, and the writings of others whose direct contact has
been with primitive societies.

Ethnobotanical literature goes back some 3700 years to the Code
of Hammurabi. Many might think it folly to spend time on such
ancient literature. Yet, had data in the Egyptian papyri been critically
evaluated earlier, we might not have had to wait until the 1940’s for
our knowledge of the antibiotic properties of the products of certain
fungi.'® There may well be much still to be learned from a dis-
cerning search for hints in the medieval herbals, especially those
from outside Europe and the Near East, even though it is generally
assumed that they have been wholly exhausted,

There are 2 other sources that must not be neglected. One is the
writing of naturalists, physicians, and herbalists of the sixteenth and
seventeenth centuries—intrepid, enguiring, insatiable chroniclers of
things and events in the new lands fast opening in that exciting period.
In many cases it is possible to winnow the grain [rom the chafT; yet this
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De PYCIELT, fwTabaco, Cap. L1,

LANTAM, quam Mexicenfes
Pyeielafen Yele vocane, ab Hairinis ap-
ellatar Tabdeus, 4 quibus non ad Indos fo-
os, fed & ad Flifpanosid defluxic nomé,ed
quod fuffumigifs admifeeretur , que Taba.
¢os criam nuncupare confleucrunt, § Bras
filianis Petum, ab alijs Herba ficra,, d non.-
nulkis Nicotiana dicitur.Non cft autem vna
huius planex fpecies. alijnamque tres in.
hoe antigue Orbe reperiri affirmant , ac
plan:nmc'Lnnc it Tabacurs maiorem ; mi-
norem, & minimum partiuntur . Arquiazs
maioris, minotlsq; Tabaci differentia pus
filla eft { confiftic enim in magnicudine , &
longitudine., acadhrentia foliorum fines
pediculis eauli, vein malori ebfEruatur , in
minari verd folium eft paula minus, longe
pediculo ramisinharens, ac floram poficu-
£a; cumep id ob canlas mucationes in plan-
is efficiences,, Jatius in procemio explicaras
contingere poruerit ) non immeritd duz
fint tancum [peeies , quez obfrnantut in hac noua Hifpania. quactum alteram g,y
Pycicle , alteram verd Quankyeleappellant, Iyn'r[tcr%o herbaett, folia ferens Feick
laca, oblongz, ac Perfonatz quadantenus fimilia. caules, quinque pluresvé do. pinz..
drances longos , arque hicfuos, inconditos, {riatos, 8 leues, fores Hyofcyami
Jutei fimiles,eisg; decidentibus valcula pradiéti Hyolcyamixmula, referta f2-
mmine pufille, Papaueris minore, acex rufo nigricante . radicem breuem ; non gpectestr,
admodum tepuem, led Abrarams Quaubyels verd in magnam affurgens alti Guiubrel
tudinem, Affyriam Malum,Limoné vocatd,xquat . Caule recto multos cmic-
tence ramos, & in cis folia mali ATyrij longiora, hirfixca, c9lorf: vitidi qiluriu-
re , vti tora planta diffufa . incerdumgue folia, foli, 8 cali rarione variantur.
uandoque enim cubiralem longicudinem , ac pedalem [atitudinem affecura
zuc pediculo caulem ampletuntur . nonnumquam verd foliaminora pedi-
¢ulisinhzrentia ramis confpiciuntur. Floges Campanule inflar fert,concauos,
ac per extremum fex, fepremué angulis ditin&os, candicantes, medio verd
purpureltentes, ordine per ramulorum longitndinem difpofitos . quibus fire-

cedunc capiula Ocymoidi fimilia,maiora tamé, plena 1{’E:minc pufillo excinc-
' 3 o

Speclesy

ation of Micotiana rustica (picietl) and part of the
discussion of tobacco from Francisco Merndndez' Rertun Medicarum Novae His-
paniae Thesaurus, sex Plantarun, Animating, Mineralium Historla (Rome, 1651),
Hernéndez, a medical doctor, carried out ethnopharmacological studies among the

Aztecs during the sixtcenth century.

Fig. 5. Reproduction of the illustr
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important task has rarely been attempted. Modern research workers
might well learn from Rumphius, whose work in the seventeenth
century'® is basic to the natural history of the East Indies and whose
writings include notes on folk uses of more than 700 species of plants.
Insisting on personally verifying everything whenever possible, he
nevertheless wrote down what he considered fact as well as hearsay,
or, as he said,

... fables, superstitions, and old women'’s babblings. . .
certainly not, as it were, that I put a firm trust in
them [but because] in those faery tales always some
grain of Truth, some unseen natural virtue lies hidden,
and to excite amateurs lo diligent search, I assure them
that in these lands many secrets of nature are revealed
daily, erstwhile unknown to Europeans and seemingly
unworthy of belief.

The serious writings of the early explorer-naturalists and mis-
sionary-doctors of the New World are especially rich in still unin-
vestigated ethnopharmacological reports. In many cases these writings
are well illustrated, and the identity of the piant is not in question. One
of the greatest of these sources is Nova Plantarum, Animalium et
Mineralium Mexicanorum Historia, written between 1570 and 1575
by Dr. Francisco Herndndez, physician to the King of Spain, who
sent him to live with and study Aztec medicine,®

Use of these older literature sources, though often frustrating
because of their casualness and incompleteness, has been spectacularly
successful in a number of instances in leading modern specialists to
new avenues. Several examples will suffice. The rediscovery of the use
in Mexico of several potent haliucinogens—especially of some 24
species of fungi in 4 genera and several morning glories—has led to
important, novel, and, in both cases, totally unexpected chemo-
taxonomic and biochemical discoveries 448287007 Ap example from
the Old World is the rediscovery of the tranquilizing use of the Indian
snake root Rauwolfia, clearly set forth in the Vedas as early as 1500
B.C., which has led to significant phytochemical discoveries that have
revolutionized treatment of hypertension and psychotic disorders and
has had a tremendous impact on treatment of many mental in-
stabilities. '
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38 RERVM MEDIGARVM NO. HISP.

Le TLILXYOCHIT L fin forenigre Araco Aromatico. Cap X ¥,
GLVBLLIS habacl Thivedd, fo-
Jijs Plantaguiis predira,fed pinguiorsbus,
Y & longioribus,viroreq, nfietis fanvrato,fingu.
Iis ex verague parte caulis aleernatim exorienti-
busisc Iheuis long|s,.1n;.;u[lis,& pené werctibus,
alenubus mufcura,aut Balmum indigemen,
migrisq.vde nomen, Calidis regtonibus proue-
nithunsinbusg Arbores ampleclicur, & sydis
las {iliquas verno tm:-roru profure. Calidz bz,
fime ordine rertio , addiq. folwe gacmad, &
Mataxeehnel  filiquae bine ex aqua retoluer, &
oraga viinam cient, menlria cyocant . cuin
Afecasechi! parrum aceelerant, ac fecundas,
DA LUBING foerum erahone , ventriculem ca-
Iefaciune , & roberaur , taeum difiueivne , hu-
nrores crudos CONCoqUINE, AEjHe AUt
cerebino vim addung & veero auxiiianor . Ad
uerfus veriena frigida gelidow. venenarorum
idans , tadem filiguae dreuneur effe remedio
Felutm bongups eff vreids vudicim , latim fix,
' [liguavore fonges vnesas fovyerafia dugsenm vt

Fig. 6, The earlicst illustration of tlilkochitl, the vanilla plant { Vanifla planifolia), from
Francisco Herndndez' work, Rerum Medicarum Novac Hispaniae Thesaurus, seu
Plantarum, Animalium, Mineralium Historia (Rome, 1651}

Recent analytical studies of Aztec medicine have indicated that
“although magic and religion were quite important in the Aztec treat-
ment of disease, there was a strong empirical underpinning which has
not received the attention it merits.”** Of 25 plants studied, 16 would
produce most of the effects claimed by the natives; 4 possibly would be
active; and 5 do not seem, from what is known of their chemical con-
stitution, to possess the effects claimed. This implies that 80% might be
effective,

The second source is undoubtedly more promising: modern eth-
nobotanical writings. This source is much more prolific and reliable
than we suspect. Many projects, especially in recent years, have con-
centrated on studies of the intricacies of plant uses and interpretation
of plant properties in still viable primitive societies. They range from
complete studies of the uses of and beliefs about plants among na-
tives"117 to incidental but usually significant remarks on one or

several species,
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Tolobaraxibuitl. exehiac.
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Fig, 7. A page lrom The Badianus Manuserlpt (Codex Barberini], edited by B W
Emmart (1940), showing 2 medicinal plunts. The plant on the lelt is tolohuaxihuitl
(Datura inoxia), one of the most important of the Azfec medicinal plants, The

Badianus manuscript is an Aztec docurnent of 1552 discovered recently in the Vatican
Library.

A first step in evaluating and utilizing this vast fund of scattered
modern information would be to gather it together in one large bibli-
ography and possibly to computerize it—a seemingly colossal task,
but actually not incommensurate with the wealth of new information
that conservatively could be expected to accrue therefrom, An inter-
esting example of the value of this method of handling ethnophar-
macological information is the recent computerization of literature

references to the use of plants in ethnomedicine as antifertility
agents,'°
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Exploration

BL{t t?thnobotanica] data derived entirely from the literature often
have distinct limitations. They may be botanically uncritical or an-
tl}ropologically unsophisticated—or deficient from both points of
Vlew..Voucher specimens for exact identification of the plants in
question may not be available. When the data refer to the medicinal
uses of plants, diagnosis of diseases may be open to question, Fre-

Fig. 8. Medicinc man of the Kams# Indiun tribe in Sibundoy, Colombia, preparing to
diagnose an illness after having taken an hallucinogenic drink prepared from Datura.

{Photograph by R. E. Schultes)
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quently, when the information is found in floras, no specific tribes or
groups of people or few geographical or ethnographical facts may be
mentioned. All in all, it would seem not to be wise to base a whole
program of natural-products research on the literature alone, yet there
have been pharmaceutical searches organized exclusively on this basis.
They have not led to spectacular successes,

And here we come to the great challenge that faces us today: the
need for modern, sustained, and well organized field work among
people still living in primitive societies. While there is certainly no
reason to presume that peoples in primitive cultures possess any
particular insight into the discovery of biodynamic plants, it is true

Fig. 9. Medicine man of the Barasana tribe on the Rio Piraparand in Amazonian
Colombia preparing a ritualistic curing ceremony during which the haflucinogenic
coupi drink {made from Banisteriopsis caapfy is employed as an aid in diagnosis.
(Photograph by R. E. Schultes)
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lhat.they do live in a much more intimate relationship with their
am'blent vegetation than do those of urbanized, advanced civilizations.
Trial and error and the experience of centuries have built up a rich
store of folklore. It is, therefore, a shortcut, as it were, for us today to
use to our advantage.

There are not available at the present time enough well trained
cthnobgtanists, and the immediate future does not promise enough to
cope w1t'h the rapid disappearance of primitive cultures. Civilization is
clompg: in on many, if not most, parts of the world still sacred to
aboriginal peoples. Our great concern lies in the progressive divorce-
frlent of man in the less advanced societies from dependence upon his
immediate environment, A prime example is the Amazon Valley—an
area with an indigenous flora of at least 60,000 species, still only
partially known, and with peoples characterized by an exceedingly
penetrating perspicacity concerning the uses of unusual biodynamic
pr_Opertics of their plants. Yet, one after another aboriginal cultures in
this vast area are rapidly being lost. We must, for both academic and
practical purposes, salvage some of the medico-botanical lore of this
part of the world, before it shall have been forever entombed with the

culture that gave it birth.

Herbaria

There is still another area where research h
rich in information on folk uses and the properties of plants which, in
many cases, might orient the natural products chemist toward profit-
able goals. This area has been sorely- neglected. It is the wealth
represented in the herbarium collections of the world.™

Taxonomic botanists rely on the archival material filed away in
large collections called herbaria—material collected over many years
in all parts of the world, usually by trained botanists and prepared in
the form of dried and pressed specimens firmly attached to a heavy
sheet of paper and provided with a label on which all pertinent
information concerning the plant is available. There are approxi-
mately 1800 herbaria in the world.© Many are small or limited to a.
certain group of plants or to some specialty. But a large number have
very extensive holdings and have been established for more than a

century,

The size of severa
trate how vast the potentiality
tions may be:** Paris (Muséum

as languished—an area

| of the larger herbaria of the world will iflus-
for ethnobotanical notes on the collec-
d'Histoire Naturelle) 7,200,000 speci-
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Fig. 10. An herbarium specimen of Brunfelsia grandifiora D. Don supsp. schultesii
Plowman, collected as a phytochemical voucher by James L, Zarucchi, March 4, 1975
in Amazonian Colombia. The specimen is preserved in the Economic Herbarium of
Oakes Ames, Botanical Muscum, Harvard University,

S
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mens; 5,000,000 specimens each at Leningrad (Komarov Botanical
Institute), Geneva (Conservatoire et Jardin Botanique), and Kew
(Royal Botanic Gardens); 4,000,000 each in Stockholm (Naturhisto-
riska Riksmuseet), Cambridge (Harvard University’s combined her-
baria), New York (New York Botanical Garden), and Washington
(United States National Herbarium); and 2,500,000 each in Chicago
(Field Museum), Leiden (Rijksherbarium), and St. Louis (Missouri
Botanical Garden).

In these major herbaria—together totalling nearly 50,000,000
specimens—many of the sheets of plants contain the collector’s anno-
tation of a local use. This information is not only firsthand, but the
data concerning locality, people, and time are precise. Furthermore, .
unlike most literature citations, there can be no doubt about the
identity of the plant specimen; there exists the actual voucher specimen
for authentication. No matter how many years have elapsed since
collection of the specimen, it is always possible to return to the exact
locality for more information, for authentication of information, or
for bulk samples for chemical study.

Several interesting *‘herbarium searches” have been done, but
there still lic uninvestigated many fertile collections. Dr. Siri von Reis
Altschul of the Botanical Museum of Harvard University completed
and published an index of significant notes on food and medicinal uses
of plants taken over a period of 4 years from the 2,500,000 specimens
in the phanerogamic herbaria at Harvard University.®~7 This system-
atic search yielded more than 7500 reports, many of which bear
investigation by modern methods in view of their verified folk uses.
The same botanist is now conducting a similar search in the herbarivm
of the New York Botanical Garden, which promises to uncover
equally significant new hints for the phytochemist and pharma-

cologist.

Archaeological Material

Other minor or limited approaches for phytochemical research
may on occasion arise from other aspects of ethnobotany. One of the
most interesting lies in the study of plant remains from archaeological
sites. ,
Ancient peoples may have had different uses of plants. There are a

number of examples. What can explain the extensive remains of Lith-

osperum ruderale, kKnown to pOSSess antifertility properties, in certain
archaeological sites in the southwestern United States?® The abun-
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dance of the remains militates against its use as a contraceptive agent,
It could not have been a food. The remains of coca leaves in very early
Peruvian mummy bundles may, of course, indicate that the ancients
simply used the plant as a narcotic; but perhaps it indicates more basic
employment in ethnomedicine.!** The recent discovery in the tomb of
a Bolivian shaman, dated about 500 A.D., of Ilex guayusa (Fig. 11) for
preparation as a snuff, and with indications that it may also have been
applied rectally in the form of an enema, suggests that these Indians
employed a caffeine-rich plant in ways no longer known or employed
in the modern world.®* The recovery of large stores of seeds of the

Ilex Guayusa leaves

Tiahuanaco Culture £500AD. ¥
Bolivia —

Fig. 11. flex guayusa leaves from the Tiahuanaco culture of Bolivia, (Drawing by E. W,
Smith)

VERYARN A
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of the Andes and Amauzon. He
outh America, collecting many
1 extensive restarch on rubber

Fig. 12. Richard Spruce, one of the greatest explorers
spent 14 years in the middle of the last century in S
toxic, medicinal, and narcolic plants and carrying ou
and quinine, (Drawing by E. W. Smith})

sapindaceous Ungnadia speciosa in dry cave sites in the American
Southwest has given impetus to phytochemical investigation of this
seed. [t could not have been used as a food; it is toxic. Why was it there
in large bags—in a site dated 1500 B.C.?* Could it have had some
strange ceremonial use as a poison or narcotic—a use now totally
forgotten? These and many other hints from digging into the past
relationship of ancient man and the Plant Kingdom may help orient
modern research into the wealth of biodynamic constituents of plants.
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ON THE HORIZON: THE WHY AND WHERETO OF
FUTURE RESEARCH

Why should we look to the Plant Kingdom for new biodynamic
principles? This question—at least to'a botanist—might seem to be so
trivial and juvenile as not to deserve the attention of a serious answer.
Yet it must be taken up, if only because it has so often been asked. The
answer in brief is that the Plant Kingdom still represents a vast
storehouse of unknown compounds and it is only by further exam-
ination of its riches that we will be able to make progress in the design
of new medicines and the further understanding of our ecological
heritage.

It is such a simplistic statement that one might hesitate to make it
in a serious discussion. We do not hesitate to make it—because one of
the authors has spent his life exploring the tropical American forests
for new biodynamic plants; the other has spent his life in an exam-
ination of the chemical peculiarities of hitherto uninvestigated plants
and, as mentioned earlier, the probable function of these compounds
as feeding deterrents and toxic agents against insects and phytopatho-
gens, Such studies show the wide diversity of physiological activities
which plants possess. Truly it may be said that plants live on their
chemical wits!os

We must now come to grips with the potential medicinal use for
this extraordinary array of chemicals that Nature has provided for
us, *26707102 We agree that the course of investigation into synthetic
drugs should not be interrupted. Yet the study of synthetic compounds
represents a simpler, more direct investigation relegated, more or less,
to the chemist and the pharmacologist; and in very few cases has it led
to a novel group of compounds based on a natural model. An in-depth
chemical study of the complexity of perhaps half a million species of
plants demands an interdisciplinary approach—an approach in which
the botanist and the ethnobotanist must take the first step. But their
work must be backed up closely by that of the chemist and the
pharmacologist, preferably with field work as well as laboratory in-
vestigation. Certainly, this will lead to a better understanding of the
raison d'étre of all secondary compounds, 18 '

What can we say about the future of our search for new biody-
namic plant constituents?

When we realize that there are more than 50 classes of secondary
organic constituents and that only a small percentage of plants have
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been phytochemically investigated—and even then usually only for
one or 2 categories of constituents—the wide-open field for research
must be obvious.

Furthermore, sophisticated modern chemical techniques can
greatly amplify the horizon attainable by today’s phytochemists. An
excellent example is the increase in chemical understanding of Can-
nabf‘s, one of man’s oldest cultivated plants, going back nearly to the
beginning of Old World agriculture some 10,000 years ago. Chemical
study during the past 25 years has resulted in the discovery of more
thfm 30 cannabinolic compounds,®® and modern science believes that
tl‘us most complex of plants may well have interesting, medically
significant biodynamic constituents.

Even though it represents nothing more than an educated guess,
we would venture to say that less than 10% of the organic constituents
of the angiosperms are known—that fully 90% remain for discovery
and investigation. Justification for doubt there might be. When one
combines, however, the spectacular advances in the chemistry of sec-
ondary organic plant constituents with the many hints offered by
modern chemotaxonomy and ethnobotany, then this “guess” may not
appear to be too extravagant.

From the chemotaxonomic point of view, there are many clews as
to where we might profitably search for further biodynamic constitu-
ents.®” Such a search depends initially mainly on the pharmacologist to
recognize the plant species and classes of compound which are of
interest. Three examples should suffice. The importance of kava (from
the piperaceous Piper methysticunt) as an intoxicant has long been
known,® but more recently it has been recognized that its main active
constituent, kawain, (Fig. 13) and related styrylpyrones, are central-
nervous-system-active muscle relaxants. Indeed, the drug is now used
in clinical practice to alleviate nocturnal myospasms, Recently, atten-

0.0
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Fig. 13. Kawain, & styryl pyrone.
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tion has been drawn to the antifungal activity of other styrylpyrones¥
which occur in related families such as the Lauraceae, and it seems
obvious, in view of their potentially useful biodynamic properties, that
we should devote more effort to an examination of their distribution
and pharmacological evaluation.

A second group of potentially important compounds is the iri-
doids (Fig. 14). Until quite recently, their structures were unknown;
but recently they have been shown to be active against several micro-
organisms.*” These monoterpenoid lactones are obviously worthy of
closer study, since their sesquiterpenoid congeners show extreme
promise as antitumor agents.’ The iridoids are usually circumscribed

COOH COOCH;
N ' X
HO 0 0

CHz O-glucose
o

Fig. 14. Loganin (left}, an iridoid, and isoplumericin, a fungicidal iridoid.

to the Scrophulariales and Gentianales, with about 50% of the families
of these orders containing such compounds;** but they occur sporad-
ically in other members of the “Rosalian complex” (Hamamelidae,
Dilleniidae, and Rosidae). The fact that some iridoids act as insect
pheromones and others as attractants to cats and other Felidae in-
dicates their potential importance.

Finally, consider the search for novel natural products with an-
titumor activity.® It is obvious from a glance at the structures of the
most active compounds that they are sesqui- or di-terpenoids which
contain methylene and, especially, 5-membered-ring lactone systems.
Obviously, a fuller examination of the Compositae, with its wealth of
such compounds,® would be worthwhile, especially in view of the well
known contact allergies which many species of this family impart,®
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Fig. 5. Vernolepin (left), u cytoloxic sesquiterpenoid lactone, and taxodione, &

Walker carcinosarcoma-256-inhibitory diterpene.

‘ It is less obvious that ethnobotany can suggest numerous and
f:lwerse indications of as yet wholly uninvestigated biodynamic activ-
ity. It may, however, suffice to point out a few instances that have
resu_lted from our recent work in tropical South America, When one
realizes how these observations are circumscribed by the number of
researchers, in time and geographical region, one may easily appreci-
ate how many more observations could be made with a larger corps of
researchers working over a longer period of time and across the 5
continents.

New and chemically unexplained
last few years in the northwest Amazon, have been found in plants

belonging to Virola (Myristicaceae) (Fig. 16), Schoenobiblos (Thyme-
liaceae), Ocotea (Lauraceae), and Swartzia (Leguminosae), none of
which has been chemically well investigated. The genus Ryania con-
tains species which are among the most toxic plants of the Amazon.
Several species of the closely related Caryocaraceae, Marcgraviaceas,
Quiinaceae, and Humiriaceae—all poorly studied chemically and all
apparently lacking alkaloids—are elements of the toxic flora of tropi-
cal South America.®>® A curious ichthyotoxic plant, Patinoa ichthy-
otoxica (Bombacaceae), employed by the Tikuna Indians in fishing,
has not been chemically analyzed.”

Members of the Bignoniaceae an
quently indicated as toxic elements in the neotropical flora. A recently

described species of the pepper family, Piper erythroxyloides, is
chewed by the Motilines of northern Colombia for its tongue-numbing

arrow poisons, collected in the

d Monimiaceae are also fre-
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effect,” due possibly to the presence of styrylpyrones. The Con-
naraceag, allied to the richly alkaloidal family Leguminosae, has spe-
cies known or employed by natives as poisons; but in spite of this
wide recognition and the size (some 350 species) and phylogenetically
interesting relationships of the family, it is chemically almost un-
studied.®® The Ericaceae, especially in the Andean highlands, de-
serves much deeper investigation. Aristolochia (Fig. 17), now attract-
ing attention because of interesting new compounds that it contains,

Fig. 16. Virola thelodora. (Drawing by E, W, Smith)

\/
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Z(:In.e of which appear to be cytotoxic, has rather striking uses in ab-
iginal medicine in the Amazon.
econZ;?cR;‘:;?ceae' a large family which—partly because of many
hemioal sl?nud s such as Cinchona and Coffea—has received consistent
ol studies y, merits greater attention along lines that ethnobotan-
family i indfnaty c;ndlcate. Intcns!ﬁcatlon of chemical studies in this
i the loave 1cafe by the recent discovery of N,N-dimethyltryptamine
genic pre as of PSJ;:;"IO!HQ viridis, used in South American hallucino-
Clants :v rations. Furthen:aorc, a nu{nber of species of rubiaceous
P oison (4 recently_ been cited as poisonous or as ingredients of
ous preparations: Duroia, Psychotria, Palicourea, Reli-

niphyllum, among other genera."*

s

'A@IST‘OﬁOC}f
., ‘.m@diczimmﬂﬁs
™ RE. Schultes

(Drawing by E. W. Smith)

Fig. 17. Aristolochia medicinalls,
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Flg._ 184, Hubit: of Brunfelsia grandifiora subsp. schultesii in the Leticia uren of Amazo-
nian Co[oml?tq. This plant, known locally as chiric sunango, is an important element
in folk medicine and is presently under investigation for possible cardiovascular
uctivity. (Photograph by T, Plowman)

Fig. 18b. Flower of Brunfelsia grandifiora subsp. schultesii (Solunaceae), {Photograph
by T. Plowman)



THE PLAN
T KINGDOM 163

o th?(SJt\ivxthstanding the great ampunt of chemical attention devoted
o olanaceae for such a long time as a result of economic interest
obacco, tomato, and potato, the use of many other members in
E:d;cme’ the largff number of n.arcotic or hallucinogenic species, and
P 1}ectacular poisons of th'e mg_htshade family, there remains a vast
% or modern phytochemical investigations in this family of some
genera and nearly 3000 species. In fact, some of the hallucinogenic
;lse;sl of se\;;:ral genera in this family—Brunfelsia® (Fig. 18), Cestrum,”
hoc roma,*Latua® (Fig. 19), Petunia®—remain either unstudied or
ave had only cursory chemical investigation.®™

The Lythraceae should also be placed high on
only b_ecause of the recent discovery of several
alkaloids in the Mexican auditory hallucinogen Heimia salicifolia.
Ethnobotanical observations also suggest the advisability of looking at
the biodynamic constituents of such rather unlikely families as the
Amarantaceae, Araceae (Fig. 20), Cucurbitaceae, and Olacaceae.” A
thorough chemical study of the Malpighiaceae is long overdue®® and

the priority list, if

new quinolizidine
BT,57

LATUA publifora_Lane) Fhib

ora of the Solapacent is & strict endemic of central Chile und hasa

Fig. 19, Latua publ
%eputution uspa p{:?tcm poison and hallucinogen. It ks recently been recollected after
marny yeurs. Tropane alkaloids have been reported from this species. (Drawing by J.

B. Clark)

N
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X PHILODENDRON »’Z«%
. Syscarpiiemn g
-' RE. Schultes

Fig. 20. Philodendron dyscarpium, 1 member of the Araceqe and native 10 quartzitic
savannas in Amazonian Colombia, The inflorescences of the plant are widely used In
the region us oral contraceptives, but the plant has not been pharmacologically or
chemically studied. (Drawing by E, W. Smith)

has recently been stimulated by the discovery of N,N-dimethyltrypta-
mine in leaves of Banisteriopsis rusbyana (Fig. 21), an additive to the
hallucinogenic drink ayahuasca, caapi, or yajé prepared basically from
the B-carboline-rich species B, caapi or B, inebrians.”™ The discovery
and frequency of folk uses of tropical American members of the
Apocynaceae—a family certainly accorded a great amount of chemical
study in recent years—urge further and more novel examinations of
many as yet unstudied genera of the American tropics for new biody-
namic elements. Virtually nothing is known of active principles in the
tiny Andean families Desfontainiaceae and Gomortegaceae, members
of which are employed as intoxicants in Chile, e

It would be easy to extend this list. To do so, however, would
merely emphasize and reemphasize the great and still almost unrecog-

\ ( |
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at serious and critical evaluation of all

ig;;:\rgfl ‘::hl_lobotanlcal information can provide modern laboratory
Opportunif' in natural-Products chemistry.!*® When one considers the
i ies that dal!y _p.resent themselves around the world, the
0}8; 1m1tlc§s potentialities may easily be appreciated.

dow ilrlocg;es?, in natural products research'has, in many respects, been
certair] lr)mng. One of .the' major f?ctors in resurgence of activity has
Classiﬁcfu' ee:n academic interest in the use of chemistry in plant
oo 10% chemotaxonomy, blochemlvcal taxonomy, molecular
onom ty hat has been termed the “blpchemical period” in tax-
g ys 'artf:d about 1950,'1‘7 a date th_at curiously and perhaps signifi-
- )‘(‘ :vomcc]:ldes rouggly with the period during whif:h so many of the
elaxa tfmfer drugs, mostly. from plants, were dlscox.rel:ed.: muscle
moul nts [rom South American arrow poIsons; antibiotics from

oulds, actinomycetes, bacteria, lichens, and other plants; rutin from
a number of species; cortisone precursors from sapogenins of several
plants, especially Strophanthus and Dioscorea; hypertensive agents
from Veratrum; cytotoxic principles from Podophyllum, Vinca, and
other sources; khellin from Ammi pisnagd; reserpine from Rauwolfia;
hesperidin from the citrus group; bishydroxycoumarin from Melilotus,

nized and unused orientation th

oyed as an additive (o
high concentrations of
Puerto Limon, Colombia, (Pho-

Fig. 21. Leaves of chagropangi, Banisterlopsis rusbyana, empl
ink, The leaves of this plant contain

the narcotic nyahuasct drink. The
N,N-dimclhyltryptaminc. Comisarin del Putumayo,

tograph by T, Plowman)
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Fig, 22. Among the Indians of the northwest Amazon, the Kofin tribe of Colombia
and Ecuador appears 10 have one of the richest cthnopharmacopoeas. They employ a
great variety of plants in preparing their sundry arrow poisons, mitny-of which have
not yet been chemically investipated, The photograph shows 2 curare-mukers pre-
paring the bark of a species of Sirychnos, one of the ingredients of a type of arrow
poison. (Photograph by R. E. Schultes)

and sundry others—not to mention new psychoactive structures of
potential value in experimental psychiatry from both cryptogamic and
phanerogamic sources,

CONCLUSION

Nearly a century ago there was still little interest in or even
comprehension about concentrated searches for new biodynamic prin-
ciples in plants, especially when guided chemotaxonomically. As early
as 1897, however, Helen Abbott wrote:!

The vegetable kingdom does not usually claim our
attention for its intellectual attainments, although its
members would certainly seem to possess greater chem-
fcal skill than a higher race of beings exhibits in labora-
tories. There has been comparatively little study of the
chemical principles of plants from a purely botanical
view. It promises to become a new field of research.

e

N4
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This it has become. Can i
L ome. we use it to full advantage in 0
new ?lodynamlcally active plants? ’ ur search for
n conclusion, we might well quote from an extra inarily signi
) S1om, ! ordinarily signif-
;&il;lt] lt?lc:iture given in 1859 at the Medical Society of the University of
o Vlt e by Geo.rge S. Blackie, M.D.—a lecture fraught with modern
o epts but which has been forgotten and ignored.’* Dr. Blackie,
ong many other points, said the following:

Need we wonder that the philosophers of ancient
Greece pursued their philosophic discussions in the
groves of Academus; that the modern Brahmin ‘neath
the sacred Banyan contemplales the wonders of his
god; that the ancient Druids performed their learned
and religious rites under the shade of the mighty oak,
that the Persian monarch, struck with wonder and awe,
decked the planetree with the Jjewels of his host, and the
ancient priestcraft of Egyp! planted groves around the
shrines of their divinities?

Peoples whom we have chosen to consider members of less-
aqvanced societies have consistently looked to the Plant Kingdom-—
without which no animal life on earth could have evolved—for the
bel.termenl of life. Should we as chemists, pharmacologists, and bot-
anists—with so many and varied means at our disposal—not take a

lesson from them?
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