Higher plants—the sleeping ¢
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Recent figures® claim that domestic sales
of ethical drugs (at the manufacturers’
level) totaled $6.3 billion in 1974 for human
dosage forms and that wurld-wide sales of
combined sctevinary and human dosage
iorms totaled 311.3 billion in the same year.
On: can proba‘)ly double these industry
fizures v eviimate the cost of human and/or
vetzrinary drugs to the consumer.

vith 2n estmated $12.5 billion bsing
speni annuclly ior human drug dosage
forins in the United Ststes, the main thrusts
of this aricle are (@) 10 poinrt ou: {and em-
p..a~tze) 1he value of drugs derived from
higher glanis {excluding aniibistics and
ciner fungr] preducts, anizazl products,
C:iz)"-"\...s ard comple:siy svnthetic en-
tities.. 1%} 10 poini ot the iz nportance of
these drugs o the armamenarium of the
phvsitian. and {c) 1o suggest several reasnns
why hizkes planis eosendially @re teing
neziected in new drug development re-
se2ich programs. Severa! examples illus-
traiwve of the material under consideration
wiil i*» made from the personal expericnce
of the authors.

R .l;)l’n.e con lu’-u-r F‘:nni: us
Saurces of Crugs

Farnewonh has previously pointed out
the imporiance of all types of natural
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products in the Ainerican prescription
market.2-5 We have analyzed the National
Prescription Audit (NPA) data,’ which
includes the tota! for new and refilled pre-
scription sales by community pharmacies
in the United States. Of the 1.532 billion
prescriptions dispencad during 1973, 25.2%
contained one or morc active consiituents
obtainzd from hizher planis (seed plants).
If nixe considers that in 1973 che average
prescrintion price tn the consumer was
$4.13,° then total prescristion sales in
conununity pharmtacies for drugs from
higher plants for that year amounted 1o
about $1.39 britien. Furthermore, microbial
products {surh as anchiatics, ergot alka-
leids, and l""r.v....mug blelogxcals) ac-
eounted fie about 13.37% of all prescriptions,
and animal-cerived prexcriptions accounted
for abeut 2.79% of iz 1otal.

In order 0 determine whether or not
1973 was an atvuical year, a compuierized
analysis was carried out on the American
prescription market from NPA daia each
year for the pericd 1939 through 1973.
Although the total number of prescriptions
increased dramatically over this 15-year
pericdl, the perceniage of natural-product
prescriptions  remiined rather coastant
(Tahle 1). This may indicate that (1) nat-
ural products represent an extremely stable

Tahle 1—Comparison of Natural-Product
Contuining Prescriptions Dispensed in
Community Pharmacivs {1959 and 1973).

UHigher Ani-
Plants, Mlcrobcs. mals, Total
Year Co % % %

1959 25.5 21.4 2.3 49.2
1973 25.2 13.3 2.7 41.2
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Table 2—Most Commonl) Encountered Pure Compounds From Higher Plants
Uscd as Drugs in 1973.

Total Number Percentage of

Active Plant Principle of Rxss Total Rxs
Steroids (from diosgenin) 225,050,000 14.69
Codeine 31,099,000 2.03
Atropine 22,980,000 1.50
Reserpine 22,214.000 1.45
Pseudoephe.rine? 13,788.000 0.90
Ephedrine? 11,796.000 0.77
Hyoscyamine 11,490,000 0.75
Digoxin 11,181,000 0.73
Scopolamine 10,111,000 0.G6
Digitoxin 5,056,000 0.33
Pilocarpine 3,982.000 0.26
Quinidine 2,758,000 0.18

€Total number of Rxs in 1978 was 1.532 billion.

dProduced commercially by synthesis; all others by extraction from plants.

des, and the like. Thus, it seers !egical and
convenient to consider $3.0 billion as the
annual value of drugs obtained from higher
plants at the consumer level.

Apathy Ia Supgorting 2arci on
sruge from Plants

It should be remembered that although
estimates will vary, the most commonly
quoted figure as 1o the number of higher

plants to be found growing on nlanct Carth
is about 500,000. One oftea finds quoted
educated “guestimates” that “less than 5%
(or 1C% or 13%3) of plants have been in-
vectigaied for pharmacolegically active
principles.” One could really debate the
paint as to what hus to be considersd tafere
a plant is “investzated for pharmaeslogi-
c..lly active principles.” After more than 5
vears of experience at computer codirg the
world literature conzcrning the che: nical

Table 3—Most Comnonly Encountered Higher Plant Extracts
Used in Prescriplicus in 1973.¢

Total Number Percentage

Crude Botanical of Extract of Rxs? of Total Rxs
Belladonna (Atropa belladonna) 10.418.000 0.68
Ipecac (Cephaelis ipecacunnhae) 7,047,000 0.46
Opium i Papyaver somniferum) 6,894.000 0.45
Rauwolfia (Reuvolfia serpenting) 5,822,000 0.38
Cascara (Rhamnus purshiana) 2,451,000 0.16
Digitalis (Digitalis purpureg) 2,451,000 0.16
Citrus

Bioflavonoids

(Citrus spp.) 1,379,000 0.09

Veratrum (Veratrum viride) 1,072.000 0.07-

4 Compounded prescriptions represented fess than 2.07% of total prescriptions® and were excluded
from the survey data that were compiled and analyzed, The drugs indicated above were in standurd
dosage forms and not in multicomponent, extemporancously prepared prescriptions.

b Total Rx volumc in 1973 was 1.532 billion prescriptions.
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against further exploitation of a market
now estimated at $3.0 hiilion at the con-
sumcr level? The answer can be cxp ressed
sim:ply that there are major examples, from
the not-too-distant past, in which moderate
imvestments in tme, money, ard effort have
not paid off. Let us cite jusi a few 1o illus-
trate the point.

A few years ago, one of our leading
pharimaceuiical houses nude the decision
to initiate a modest cffort in the search for

new drugs in plants. At that time, the -

company had no stall trained in the prob-
lezus and approaches to deveivping such a
program. Thus, it surveyed the employ-
inent records of its sl of PhD-level
chemists, and determined that one indi-
vidual had indicared on his employraent
form that he was 2lso interesied in natural
produets chemistry. He was an exceliane
organic chemist and hzd d=uded that the
best approach would be w salazerate with
a trained botanist in a cevncry rich in
meduinal follilore. Thls hotaaist was ai-
rected w ship several places each wmonth to
the pharmaceutical firm where extracts
veers eade and sabproted so t broad aresy
of pliarmacolegical sereens. bt shetdd he
noted that, in manv in<tinces, the phar-
macelesical sereens did not niude ax imal
nwedels o detect the type of activity for

which the pl int was a-‘ru--'ly used by the
natives. As time passed, the Lharmacology
stafl becaine irmitated an “thi-h, black, sticky
extracts that clogzed ug their syringes, and

whidl, fur the most part, did not give dra-

matic activity.” o
After about 2 yeus the program was
drujpud, and the tesulis vi e pharmaco-
logical ¢ aluation of 100 or more of the
plaints were publnahcd An examination of
lhc {ine print in the article revealed that
indeed many ol these planis elicited re-
markable pharmacological cffects. It was
ditficult 10 envision a phurmaceutcal firm
making such information known to the
scientific community withuwat folluwing
through on the isolation of the active prin-
ciples. An inquiry broughi 1o light the fact
that since tooperation of the pharmacolo-
gists could not be enlisted, and hecause the

results of the crude extract testing were not
dramatic enough,* the program was
dropped and the chemist was allowed to
publish the data.

It was subsequently determined. through
taiking with colleagues of the butonist, that
many of the plants eventually published as
having interesting activity, had been only
tentatively identified. Indecd, several
eventually were found to have bee:. incor-
rectly identified. The botanist had not been
consulted prior (o publication of the results
to determine the exactness of the identifi-
cations; thus, even though many interesting
pharmacolngical leads appear to be ap-
parent in this publication, a {ollow-up by
other interested investigators would un-

doubted!y result in utter {rustration.

A second example can be cited in which
annther puarimaccutical firm iniuated a
pregram through which leads were ob-
zined by saarchxng books on .aedical bot-
anv concerning the floras of primidve
countrigs. laicresting uses {5 plants were
noted an:d orders were placed for the col-
lccnon of I-kg quantities of cach plant for
i phartnacalogical soresning. Asis il
snown by werkers in the T §, commercial
plant supphc.—s usti.ily operure hy netifying
their batanis eollaburators to oollect spedfic
plants (giviryg the:n the Latin nare and any
other pertinerit information). In most cases,
the botanisi rerognizes the Latin name of
the plant as one which is known popularly
by the naiives under some common ver-
nacuiar name. A native io the area who is
knowledgeable in herbal medicine is dis-
patched to collect 2 kg of *the bi:rk of cap-
inuni” (as a hypothetical exainple). Almost
anyone can tell you the result irom this
point on. The native culleats what 1o him is
“capinuri,” but a native in an adjoining
village or province might collect an entirely
different plant that he knows as “capinuri.”
This is not 100 difficult to undersiand; even
here in this country, il a person were asked

* If a crude extract has only 1.0% of active
principle, is it reasonable to equate the quali-
tative and /or quantitative response against that
produced by a pure chemical compound?
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to collect 2 kg of “periwinkle.” that person
could conceivably return with any one of
four or five different species of plants (and
each quite distinctly unrelated). Thus, the
shipment of “capinuri™ is shipped to the
pharmaceutical firm (invariably the col-
lector will not supply a voucher herbarium
specimen of the plant being collected for
future reference). The extract from the
“capinuri” shows very interesting phar-
macoiogical effects, and the commercial
supplicr is requested to obtain another 50%)
Ib of tl:# burk: of the specificd Latin name
plani. Gy supplier again nniifies his con-
tact {vsually several months or vears later),
and pe:hips a different nauve is dispatched
to collect the 500 Ib of “capinuri.” Again,
no voucher specimen is made and the 560)
Ib of Lk, after extraction and testing {or
conflinnation of the original activity, is
found 10 bz devoid of that activity!

Al orr ume several years ago, it was
known 1o some that mere than 20 planis
with er:reaely interesting pharmacvlegire!
effects iiad been obtained a1 the aforemen-
toncd pliarmaceutical firm, but the nhar-
macolimical effeas of most of the plans
could not he duplicated on subscquently
collecicd samples. The obvious answer to
the wystery (by those in charge of the op-
erativ.;) vwas that this siinply represcnicd
the trials and tribulativns of botanical-
chemical-pharmacological research and /or
biological variation fromn onc batch of plant
material to the next. Could not all of this
have been avoided if all parties concerned
were morc aware of the need for proper
precautivas in documenting botanical
specimens so that identical collections could
be madc at a later date?

A third vivid and unfortunate example,
and perhaps the most costly one known 1o
these writers, is illustrated by a physician
who approached a major pharmaceutical
firm stating that for a modest sum (we are
told $509,000), he would spend some time
in a primitive jungle area and observe
medicine men using plants as drugs. He, as
a physician, would be able 1o ascertain the
condition of the patient, confirm the diag-
nosis of the discase, and assess the effects of

herbal remedies prescribed by the medicine
man. In cases where the herlial reznedy was
judged effective, the physician would then
collect large quantities of the plants and
ship them to the drug firm.

Because thic was a novel approach. the
physician was funded, and he went off 10
the junglc. He did everything that he agreed
to do. He cullected several large saumples of
plant matcrial, carefully numbered each
sample. and prepared pressed voucher
specimens of each sample, so that botanists
could later ideniify each sumpic. He iden-
tified each of the voucher specimens by
writing the correct ideniifving number on
a leaf of each specimen with u ball point
pen! The voucher specimens were carefully
dried (concurrently the leaves becamc
brittle) and the bulk samples of plan: ma-
terial and the voucher specimens (not
carefully packszcd) were shipped to the
drug firm. The voucher specimens were
wurned over to a bimanist whe. found either
thar many of thic leaves had crumbied, or
that the identifying numbers were illegible;
virtually none of the voucher spscimens
werc found 10 be identifiable. Obvivusly
there was no further interest in testing the
bulk samples collected, because if any
showed interesting activity, ivwouls be
in:possible to recollect larger samples for
additional studics.

These are only a few of the many ex-
amples that could be cited il space were
available, and it is a cenainty that such
examples become widely publicized. Is it
any wonder that administrators allocating
funds for research programs are reluctant
to initiate projects to explore the possibility
of finding new drugs from planis? On the
other hand, is it not more reasonable 10 look
at the wremendous untapped potential of
new drug development from higher plants
from a positive viewpoint, and to make a
eonmmilment 10 a major program that
would include sufTicient time, adequate
funds, and the acquisition of a variety of
specialists who are trained in and who could

ize the problems inherent in this
area, 30 that the obvious oversights in the
examples cited could be avoided?
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