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ABSTRACT

Plant collection strategies for antitumenmd antiHIV screeningare reviewegdlargelybased on
collectionsfor the National Cancer Institutkuringthree periods: (1) 19459, (2) 196082, and
(3) 1986 2004 (2008). The primarystrategyhas been taxonomic collectionsspiecies
(biodiversity)in geographical area®fthed by political boundariewith considertion to
phytogeography based on distribution patteringenera Antitumor active speciesrefurther
reviewed according tplant parts andregetation typesampled The most significant antitumor
compounds, including derivatives, are thesaployedin chemotherapyor are currentlyin
clinical trials. In the first periodin which~1,500 species were screenadecolchicinefrom
Colchicum autumna)é previouslyknown to be a mitotic poisopodophyllotoxinisolatedfrom
acrudeextract (podophyllinPodophyllum peltatunmoot-rhizome)d employedin folk medicine
as a cathartic but investigated for candeemotherapyased on alleged use in treating venereal
warts thevinca alkaloidqvincristine, vinblastinefliscoveredrom screening extracisf
Cathararthus roseudased on folluse in treatingliabetesand theantileukemic activityn
Camptotheca acuminafeom a random screening of 1,0p@&ntextractshat led to the
discovery of camptothecinThe second periogaslargely taxonomic collectionsom ~35,000
speciesn which ~3,500 were actiy®,192 crystalline compoundgere isolated64 of which
were evaluated in tumor panelSignificant compoundgplant sourcs) discoveredrom this
screeningare bruceantinBrucea antidysenterigacombretastats (Combretuncaffrum),
ellipticine (Excavatia coccineaDchrosiamoore), homoharringtoninédCephalotaxus
harringtonia), lapachol Stereospermum suaveolgnmeaytansingdMaytenus serratg nitidine
(Zanthoxylum gilletiitaxol (Taxus brevifoliqandtriptolide (Tripterygium wilfordi). Someof
the compoundsre stillin clinical trials, originatingfrom samples collectedearly 50 yearaga
The thirdperiodincludes antiHIV screeningas well asantitumor screening of plant#\nti-HIV
screeninghas found calanolides (A and[-]-B costatolide)n Calophyllum lanigerunandC.
teysmaniji conocurvone iifConospermurspp.aff. C. incurvum michellamine Bin
Ancistrocladus korupensiandprostratinin Homolanthus nutansSeverakantitumor active
compoundsn clinical evaluationraresemisynthetic derivativegerillyl alcohol and flavopiridol
based on a flavone IDysoxylumbinectariferum another based amsteroidal alkaloidn
Veratrum californicumcyclopamine, which hdsng beenknown to cause birth defects in
livestock and MDR inhibitos, perveilleines fronkErythroxylum pervillei Relationships
between plargtused in medicial folklore and those actare discussedProblems experienced
in establishingplant collecting agreements are also discus§aek tobudget cuts in the NCI
screening of natural products, it is suggestedribgél antitumor compounds the WBA
sampled collected since the year 2@0nay notreach drug statusntil the year2050.
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INTRODUCTION

The objective of the Atural Cancer Instite's (NCI) natural productslrugdiscovery
program has been to briagroad spectrum of biochemicaubstances before a screen of
selected cancer systeimsorder tomethodically sift out those of potential value for cancer
chemotherapyNatural produdt screening covexthe entire process from collection of
organisms to the final evaluation of clinical trials of a new drug (Perdue & Hartwell 1869).
plants, amplesareinitially obtained in small amount$Q0' 2,000 gdried) fom which crude
extractsare prepared and submitteda@prescreem Extractsthatproducea significant
responsen one or moreéioassayg areconsidered activéGeran et al. 197Boyd 1992; Boyd &
Paull 1999; thespecies from which the actigample anextract vereprepareds an active
speciesthe genus an active gen{&pjut & Perdue 1976)Discovery of activity ina speciesnay
lead to literature revievonthe pharmacology o&ctivecompoundsncluding those isolated from
related species and genégaffness & Douros 1%j). If unknown frecollections (5 kg or more)
are obtained t@solate the active agefs) through fractionation guided by bioassay activity
(Cragg et al. 1996) Novelcompoundsvith good activity ardurtherevaluate againsta panel of
antitumor assay®r clinical developmen{Goldin et al. 1974Sieber et al. 197&uffness &
Douros 1979. Screening also includaaturaland synthetigroducts acquired through
systematic worldwide literature surveillance and voluntary contributions (Suffness & Douros
1979).

The NCI screemlsoevolesin which changes iacquisitionandscreening lead to new
discoveries from species previougtactive. This includeactive compounds in pagbf the
plant notpreviously collecteds well as thosthatvaryin presece and concentratiaccording
to developmental stageof the plantgrowing season, ecolgg geographicalocation and
endophytic organismSpjut 1985Zarate et al. 20Q1Strobelet al.2004). An example is an old
extract from asampleof Solanum umdlliferum Eschschcollected ly A.S. Barclay in 1965 from
southern Californigit was inactive in the NCI screéWalker 256, Lewis Lung, KBbut 30
years latedemonstratedgignificantactivity toward DNA repa#deficient yeast mutants in which
solasodingO-acetylsolasodine and solasodin®33-D-glucopyranoside were active agents
isolated (Kim et al. 1996)Anothersampleof the same speci@scollected byR. W. Spjut in Feb
1972 showedactivity in P-388 Leukemia(Aug 1973 CPAM 1977 for whichrecollectons
weremade andgent to Morris Kupchan in Aug 1976/SDA ARS 196Q 82), but no reports
could be found othe activecompoundsn P-388, while Kupchan hackarlierisolatedi3-
solmarine, solapalmtenine and solapalmatine frdmer&@olanumspecies based ontaaty in
Walker 256and KB (Hartwell 1976) Anotherextract from a sampleollected by Barclay in
1965 of Eriophyllum confertiflorum(DC.) Gray inactive in1 9 6 0 6 sd waslateeaetive
in P-388 (Aug 1972CPAM 1977; recollections led to isolation germacranolidgof whichthe
most active was eriofertopin (T/C 1,67-388; Cassady & Suffness 1980).

The evolution of the NCI involves not only the prescreens for deteatiddsolating
antitumor agents but also clinical developmentes$ toxicderivaives, a ontinuingprocessn
theimprovement ofthe effectiveness of anticancer dri{§arnsworth & Kaas 198 Boyd 1992
Cragg & Newman 2004lewman & Crag 2007).
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Collection strategiearereviewedaccording tglanttaxonony (biodiversity, bie
prospeting) anduse in folk medicindor three periods of screening: (1) 1949859 (Goodman
& Walsh 2001; DeVita & Chu 2008), (2) 1960082, and (3) 198004 (2008). Taxonomic
datawill alsobe presentednd discussed fantitumor activity according to plaparts and
vegetations typesThis will includesamplescollected by the WBA that wesereenedby
chemists at universitiess well as the NCIThis is followed by a discussion on the relationships
between plants used in medicinal folklore and thoseeatithe NCI screerand on problems in
justifying agreements based on traditional knowleoligglant medicine

TAXONOMY (Biodiversity, Bio-prospecting, Random, Systematic)
VS. FOLKLORE (Ethnomedical)

The main difference between these two appgreads that the taxonomic approach
provides for a scientific (systematic) basis to assess relationships among the samples screened,
whereas the ethnobotanical approach is limited in scope to the alleged therapeutic uses of plants,
which may be known by atal (ethnobotanical) name, although upon collection a voucher
specimen may be obtained and identified by scientific name (Hartwell 1976).

Taxonomyis the study (or practice) of classifying organisms into hierarchical levels of
relationships based on dlarities and differences. The relevant taxonomic levels to a botanical
screening program are class, order, family, genera, species (Barclay & Perdue 1976) in which
subdivisions are also recognized (e.g., subclass, subfamily, subgenus, sulospevidy).

The naming of plants is governed by the International Botanical Rules of Nomenclature
according to six principlesdl Independence from zoological and bacteriological nomenclature,
10 Application of names according to types (standards), Rtiority according to date of
publication, IM® Only one correct name is allowed for a circumscribed plant as ranked@h¥
scientific names have to be in Latin, and\RRules are retroactive unless expressly limited
(Greuter et al. 2000). Natural product chemistd pharmacologists, particularly those who
advocate At r adi tdooohsedm tonappteciaBeonoey as a wséful teohtbe
discovery of new anticancer drugs; see BaralagPerdue (1976)and Wheeler (1997).

The NCI screening of naturptoducts has always employed a taxonomic approach to
acquisition of samples, at least at the species level. This is not to imply that the NCI strictly
targeted plants based on a Achemotaxonomic st
methods taselection of plants for screenirdgsuch as alkaloids that might be pursued (e.g., Li &
Willaman 1968). Rather, plant samples have largely been procured by a systematic process of
elimination through taxonomic identification of species, employing Latieiiific) names,
although in some cases the sample may be identified only to genus. This NCI methodology has
been referred to as random screening (Barclay & Perdue 1976; Hartwell 1976; Spjut & Perdue
1976; Spjut 1985) with limitations to duplication iaity imposed at the species level (Spjut
1985). The philosophy has been that any species could yield novel compounds useful for
treating cancer, not just those used in folk medicine (Perdue & Hartwell 1969; Hartwell 1976;
Suffness & Douros 1979; Spjut @8). Geographical areas were often selected by political
boundaries and travel costs.



Plant Collections for Antitumor Screening Spjut, World Botanical Associates
06-Jan-2010

The random taxonomic collection of plants has also been referred to as biodiversity
screening, bigprospectingmass screenin@r systematic screening (Spjut et al929Barton
1997; lwu 1997Frisvold & Day-Rubensteir2008). These alternative expressions can have
different applicable meanings. For exampiediversity the genetic and morphological
variation that exists within species (such as ecotypes, formsietis, subspecies) as well as at
higher taxonomic levetds is often assessed in terms of species numbers (Wheeler 1997; Marshall
& Hillman 2000); worldwide estimates of vascular plants range from 235,000 (Suffness &
Douros 1979; Spjut 1985; Wheeler 1997y&0,000 (Farnsworth & Kaas 1981) for which a
systematic sampling procedure might select geographic areas based on differences in vegetation
at the species level as well as phytogeographic patterns at the genus level (SpjuBiB85).
prospectingconsides species variation and other factors, which may include ethnobotanical uses
(Soejartoet al. 2005) , as encountered by the collector in the field; for example, a collector may
obtain a sample of fruit or bark of a species that may not have been preacaitple. The
various methodical approaches to plant procurement may also be viesyesteamatic
screening

However, the objective to gystematic screenirrogrand in search of the unknown
plant chemicals that may be used in cancer chemothirigpy obtainthe broadest chemical
diversityfor the least cogSpjut et al. 1992), a methodology that employs taxonomic data from
previous screening as it pertains to plant classification and nomencfatyregeographn
ecolog/, pharmacolog, chemistry, angblant parts (Spjut et al. 1992). Thus, an effective
systematic collection of the botanical diversity depends onliaell from previous screening to
refine plant collecting strategi@shat may further target the collection of plant parts, species,
generaor families, as well as to avoid their collection (Barclay & Perdue 1976; Perdue 1976;
Spjut 1985; Spjut et al. 1986, 1992; Beutler el@B9. Systematic screening as defined by
Spjut et al. (1992) emphasizes taxonomic characters other than fopidditieal boundaries, and
species.

The terms biodiversity, biprospecting and random also apply to conducting plant
explorations without requiring knowledge of the species identification at the time of collection,
especially before the US Endangered $seAct of 1973. A voucher was prepared at the time
of collection and identified later, after shipping the samples and returning to the lab. Plant
taxonomists are trained to recognize plants to family and often to genus. Even though the
species might ndie known by name at the time of its collection, a person trained in plant
taxonomy can more easily recall what was collected than someone who lacks knowledge of plant
taxonomy. It is therefore obvious that a random but methodical sampling of the available
botanical diversity can provide a large number of samples at a relatively low cost, compared to
selective approaches based strictly on chemotaxonomy or medicinal folklore. Additionally, in
collecting general samples for the NCI program, one may alsd vdtarle a species previously
collected occurs at other locations in case recollections are later needed. The random taxonomic
approach thus provides an investment to later recollections, assuming thlart&xonomist
who first collected the sampleasked to make the recollectirand because of his or her
previous experience with the initial collection, there is expectedly a lower cost in planning and in
field surveys for its recollection.
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I. Plants Screenedfor Antitumor Agents1947 1959

The firstperiod(1947i 1959)is one of realization that plants amenajor sourceof novel
activecompoundgSchepartz 1976)a result ofa culmination ofindependenstudieson
experimental screeningf extracts frommanyspeciesccording to pecific therapeutic uses in
folk medicineandfrom randomacquisition Plant extractsvere part ob chemical mass
screening arenaf that includedmicrobial organisms, fermentatiomgalucts and synthetic
compounds; for exampl8oyd (1992 Talde 1) classified2 anticancer drugs in five groups
alkylating agent® 11, antimetabolited 7, natural products arderivativesd 12, syntheticd 11,
hormones and steroids21, in whichonly threewere fromhigher plants (vinblastine,
vincristine, etoposideNewman and Cragg (200@hd Cragg & Newma(2008 have since
updated these reports and found thetural productsor their defvatives arerelated to63i 70%
of all newdrug discovees, while Mans et al. (2000lsorecognized compounds from eight
species of higher plants haviagsignificant role in cancer chemotherapy.

Studiesinitially focused on specific plants plantderived compoundsin the early
1 9 4® khn@vn mitotic inhibitorsvere investigateduch as alchicine(Ludford 1948; Bass &
Probert 1950)which had beenidcoveredin the 1800'srom Autumn crocus@olchicum
autumnalel., Liliaceagd based on its use the medicinal folklordor treating goud and other
illnessegdating back tdhe first century iD i o s ¢ dviaterid mmedicg Greene 1909)
however colchicinewastoxic to normal cells due to the high dosagguiredand narrow
therapeutic indexSuffness & Douros 197%8abincova et al. 2009)Nonethelesscolchicing
andother cytotoxic compoundg.g., maytansiné) provideskeletal model$or finding less
toxic analogssuch agolchamine(natural analod usedin Russiaand elsewheréor treating
skin cance(CA 19629 andfor developingmethoddo shield the toxic effectsuch ady
encapsulang colchicineandbio-chemicallydelivering itto tumor cellsvithout damaging
normal cell§Babincova et al. 2009).

Another cytotoxic compound, podophyllotoximasisolated by Hartwell and Shear
(1947) from a crude extract known as podophy#imploying theSarcoma 3assay
Podophyllotoxin had been earlier reportednirthis plant in regard to its use as an anthelmintic
and catharti¢Millspaugh 182). However,podophyllin(crude product)prepared froniresh
root-rhizomes oMay-apple Podophyllum peltaturh., Berberidacegewas investigatetly
Hartwell because oits use in folk medicinéor treating venereal warttaterit wasdiscovered
that it hadalsobeenemployedfor treating cancer (Hartwell 1960, 197@3u it was not until
much latetthat less toxisemisynthetic derivaveswere dscovered etoposide and
teniposidé® approved in 1983 for treating various cancers (Lee & Xiao 2005).

In the 1950'sa number oéxperimental studiesere conducted oscreeningplant
extractsagainst Sarcoma 37 based on spetifegzapeutidolk uses, taxonoin groupssuch as
conifers and Amaryllidaceaenown toincludespeciesised in folkmedcine for treating cancer
andon plants withmiscellaneousnedicinalusegBelkin et al. 1952a, 1952b, 1953a, 1953b;
Taylor et al. 1952Fitzgerald et al. 19531958 Endicott 195). Thesestudies whichscreened
extracts from~500 plant specieprovided justificationfor further screeningatherthannew
clinical leads. Actives includedanoebicidal plantsn the Simaroubacea8jmarouba amara
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Aubl. (also active against mammary adencocayma C3HBA)andCastela texanéTorr. & A.

Gray) Rose Compounds isolated frotaterscreeningpfSi mar oubaceae i n the 1
197006s irugeartiruathcehdlacénthotteat underwentlinical trials (Suffness & Douros
1979;Cassady & Suffness 198bBut failed due to toxicity, whilsemisynthetic derivatives

continue to benvestigatedValeriote et al. 1998; Cuendet & Pezzuto 200%he anthelmintic

Hagenia abyssinic@Bruce) JF. Gmel.(Rosaceaesyn.Brayera anthelminticpin their survey

ond ants used to trpestitidepfamasckedicy chdmage ddmnsSdmc
samples of this species obtained in283pjut& Ensor307Q EA, HSC, K)from Kenya were

inactive inthelater NCI screenKB, P-388 Leukemia) Manysamples oCuaurbitaceae,
CupressaceaandLiliaceaewere activesuggesting cucurbitacipignans,and saponins

respectively compounds that haahownlittle potential for cancer therapy (Hartwell 1976)

wasalso reportedhat Hartwell had found podophyllotoxin species ofuniperus Other

Sarcoma 3active® thatareof interest todayn alternative medicing include St. John's wort

(ethanolic extractypericum perforatun..), horehound (ethanolic extradfiarrubium vulgare

L.), andSalmatian sage (aqueousrext, Salvia officinalisL.). Hartwell (1960) had recead

letters from Germany and Kenya recommending a Polish physitiatmadhadachieved
OsuccessO i n t ewilhan pxadctetit. Johresavarianel whileclypericinoids

continue to b invesigatedas a cancer remedyand inthe detectionof cancer(Mans et al.

2000),common side affecteported on the internarehair loss in contrast tan Australian

patent filed in 1953hati ncl uded St . Johnds wo ©O)tBekimatalhair r
(1953)also noted thatlkaloidal plants were mostly inactiyavhich included Taxus baccaté .

In 1955, the Chemotherapy National Service Center (CCNB&establisheds a
service agencwithin the NCIto acquire andcreen chemicalubmitted by various outside
researchersandby 1958hadevolvedinto atargeted and integrateatramuraldrug development
program(Zubrod et al. 19665chepartz 1976; Suffness & Douros 1979; Goodman & Walsh
2001).

Several inportantrelateddiscoveresin private industrysoon followed the vincaindole)
alkaloids, vincristine and vinblastineyrrently used for treating Hodgkin's lymphgraaute
childhood leukemiaand other cancersThese compoundwereisolated fronthe rose
(Madagascarperiwinkle, Catharanthus roseud..) G. Don(Apocynaceaga segregate genud
Vinca synonymV. roseal.), native to Madagascar amddely cultivated and annvasive
specied in warm regions (Codd 1963). Thatileukemic activityvasdiscovered
serendipitoushasa result otwo independent research groyfse Universityof Western
Ontario atToronto and Eli Lily)extractingperiwinkle samples in search of compourids
treatingdiabetes mellitubased on its reportddlk uses against that diseag(ter &
Livingston 1976Sieber et al. 197&pjut & Perdue 1976; Goodman & Walsh 2001 f(Ete &
Fahy 2005 Spjut 200%. During 1949 1955 their investigationshad observed a decline in white
blood cell countvithout asignificantchange in blood glucose levefslab animalghat were
given extracts of periwinkle. Subsequentdge active component was identified by the
university group \inblasting (Noble et al. 1958)while Eli Lily in 1958 discovered notable
antileukemic actiity in their anticancer screenipgogram(P1534 Leukemig)whichledto the
isolation ofvincristine(Svoboda 1961Carter & Livingston 1976; Sieber et al. 1976)hese
anticancer compound®onbecame establishddin 19643 as useful drugs for treating cancer
(Carter & Livingston 1976¢Goodman & Walsh 2001).
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Anotherimportant discoveryas antileukemic activity 11210Leukemig from a leaf
extract ofCamptotheca acuminaf@ecaisngNyssaceaegcreenedby the NClin 1959 which
was among randonacquisitionof 1,000 plant extractthatthey hadobtainedin1958from the
USDA, who had earlier screened the extracts for cortisone prec(iPendue 19682erdue et al.
197Q see also Correll et al. 19655The USDA had found that theamptothecaxtract had
tested positive for flavonoidsamnins, and sterols, but negative for sapogenins and also alkaloids
(Perdue et al. 1970)The extractsverefrom plantsestablishect US plant introduction stations
(Chico CA, Miami FL, Savanna GApr improvingcrop germplasmfor discoveryof new crops
and for new introductions into horticultufgodge & Erlansori956) Theplant samplesvere
collectedby the USDAIn Sep 1951Their extractavere subsequentlylaced in storage after
tesing for sapogenins.

TheNCI discovery ol.-1210 activityin C. acuminatawas a good indicataf a
clinically usefulanticarcer drug(Perdue 1968Suffness & Douros 197®eVita & Chu 2008,
however, additional plant material was needed to confirm the activityhe specied a native
tree to soutitentral Chind wasnot readilyavailable Unlike the widely distributed periwinkle,
relatively fewplantsof C. acuminatavere availablet the Chico statigrand insouthern
CaliforniaarboretgPerdue 1968) Jonathan Hartwell, who had been in contact with the
Agricultura Research Service (ARS) at Beltsville, Maryland for assistance on resolving
nomenclatural problems in hssudyon plants used against canc&ogodman & Walsh 2001),
pursued recollectionsf C. acuminataandthe procurement of genersdmples through
cooperative agreememtith the ARS established July 1960 (Schepartz 1976).

The USDA ARS under a cooperative agreement with the 8l@Gbtained samples of
twigs, leaves, and fruits @amptothecaacuminatain Sep 1961 from the two plants at the Chico
station(Perdue et al. 1970). The new leaf extract failed to confirhereagxtracts from twig
and fruit samplegvereactive in L-1210(Jan 1963) Thisled tocultivation of the species from
which further recollectionsverelatermadefor isolation ofthe alkaloid camptothecir{Wall et al.
1966) Camptothecin wathusdiscoveredrom a purely random screening of plant extracts
However, camptothecin failed in clinical trials due to toxicity. It was not uritiB3@ears later
that semisynthetic derivativesfopotecar{Hycamtin in 1996, GlaxoSmithKlingdnd Irinotecan
(Camptosar in 2000, Pfizer)ane developed and approved by the FibAuse againshdvanced
ovarian ancolorectalcancergRahier et al. 2005)

By 196Q the NCI had screened ~1,500 extractefflants (Shepartz 1976), 1,000 of
which werefromthe USDA extractshat had been screenedli959 (Shepartz 1976) and another
~500 from the eaidr screening by Morris Belkin and DorothedZgierald in addition to
~115,000 extractsom fermentation prducts and synthetiqg6&oodman & Walsh 2001).

[I. The NCI/USDA ARS Procurement of Plant Samples: 19601982

A majorsystematieffort to screematural productbeganin 1960whenthe NCI
establishedooperative agreemenith various institutiongScheartz1976 Spjut 198%, the
primary onefor procuringplant samplesvas theUSDA Agricultural Research Service
(McCraken 1976Schepartz 1978 it wasrenewed yearly for 22 yea(Spjut 1985)



Plant Collections for Antitumor Screening Spjut, World Botanical Associates
06-Jan-2010

During 19601 1982, extracts from an estimated 35,000 spani€H00 genera of plants
were screeneduros & Suffness 198 Spjut 1985) The ARS Medicinal Plant Resources
Laboratory (later Economic Botany Laboratory) procured ~58,000 samples in whif0~
were recollections. This includesequentially numbered eessiongrom 1i 58,000and another
~1,600 taxonomic specisdamplegFOSI and POSI, discussed latstarting from80,000. The
specieestimatevasextrapolagdfrom a 1980printout of all genera and number of extracts
screenedor eachgenus andan actubcountin June 197%®f 20,525 species in,416 genera
excludng synonymsas determined bBarclayandPerdug1976) They atoreported67,500
extractsscreenedfrom ~35,000 samplestatz & Coon 19760 which2,127 species in 1,225
genera were activén contrast ta/7,382plantextractsndicatedby Schepartz (1976dr the
sameperiod(196Q 1974); the~10,000fewer extractsn BarclayandPerdue (1976nay not
haveincludedthosescreenedy other collaborators such #s University of Arizona (Twson)
and Chas. Pfizer and Co. (Maywood NJ) during 19961 (Statz & Coon 1976)he WARF
Institute (later RLTECH) was the majoextracor for the NCIl samplesAug 1961 1982. The
collection of plant samplefie extraction,the screeningandthe isolation of active agents were
all done under different contracts at different locations.

Before samples were shipped to the extraction facility, the scientific names for general
samples accessioned by the ARS were reviewed for validity of publication bassd wnfloras
and names listed imdex Kewensis Plants that showed antitumor activity were further reviewed
for consistency in nomenclature with other names in i&fiGnedPlant and Animal Materials
(CPAM) file and for identification of vouchers, degied at the U. S. National Arboretum (NA).

Plant Procurement Guidelines

Although samples of species wa@lectedas encountered in the fieldlant taxavere
alsosought aftepna limited basisespeally during 197175. Examples aréhe studies by
Belkin et al.(1952 & seq.and Fitzgerald et al. (1953, 195@hdthe ARS procurement of
FamiliesOf Speciall nterest (FOSE Amaryllidaceae, Apocynaceae, Celastrag@aaduding
Hippocrateaceag) iliaceae(sensu lath Magnoliaceae and related fandli;m Magnoliales,
Rubiaceae, Rutaceae, Simaroubaceae, and Thymela@a@hgenera in other families such as
Colubrina(Rhamnaeae ansamacrolid colubring regarded aPlantsOf Speciall nterest
(POSI). The FOSI were thought to be unusually rich in ambituactive agenté&.g.,
Apocynaceae witkllipticine, reserpinetylocrebinevinca alkaloidsvoacaminesee also
Raffauf & Flagler 196}) andalong with POSI were targeted for new analogs of known
antitumor compounds (Fitzgerald et al. 1958; BarclayekdBe 1976Suffness & Douros 1979).
Instead of the usudl.5 2 kg samples, larger samples, weighing 25 kg or more, were ohtained
however, general sample§POSlandFOSI received through routine procurement were also
included The FOSI and POSI samplsre assigned to a separate series of USDA accession
(PRfor Plant Recorfinumbers, the 80,000 series, and were forwarded to a fractionating chemist
(e.g., Kupchan, Cassady, Farnsworth, Kingston, Wall) rather than to the routine extraction lab in
Wisconsin(RALTECH or WARF [Wisconsin Alumni Research Foundation]). A special effort
was also made to collect samples of conifers during1B%BRL (Barclay & Perdue 1976ased
on podophyllotoxin in Cupressaceae, taxol axusand homoharringtonine i@ephalotaxs,
~90% of the knowroniferspecies were eventually screened (Barclay & Perdue 1918).
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concept of FONI foFamiliesof No Interest was also suggesfed grasses (Poaceae) and some
related families (Barclay & Peréu 976)but procuremenheveradoptel this guideline because
grasses are often time consuming to collect as evident by the fact that only abaftth&%
genera were screened (Barclay & Perdue 1976).

Prior t0 1979, species were precluded from further screenipga¥iouslyactive, orif 10
or more extractbad been testedithout finding activity (NIH Memorandum 1971Spjut 1985).
It should bekept in mindthat a species can be divided into plant parts from which either one or
two extractsverepreparedor eachplant partsample for instance a tree divided into seven
sampled (1) wood of root, (2) roebark, (3) wood of stem, (4) stebark, (5) twig, (6) leafand
(7) flower and/or fruid couldbe representebly 7 or 14 extracts. Duringhe earlyl960's an
agueous extract and 886% ethaolic extractwere prepare{Suffness & Douros 1979)ater
(Mar 1964 Apr 1974), asingle solven{aqueous/ethanpprocedurevas adopted (Statz & Coon
1976) 100 150 g of pulverized dry plant material was extracted at room tempeklsture
mechanical mixingn open beakers with 50% aqueous ethanol, then filtered and evaporated to
yield a dry extract (Perdue & Hartwell 1969)hus, a tree species might be collected once or
twice before precluded from further screening, whereas herbaceous spaelesample in
whole, could be collected as many as ten times before being precluded from further screening
(see Fig. 1 irSpjut 1985)

In 1979, imitationsto the procurement of plant sampiesre also placedt the genus
level. Genera wergrecluded fronfurtherscreeningpased ompharmacology oknownactive
compounds isolatear by lack of activityin 100 or more extractscreened Species duplication
was furthereducedo 6 extracts teste@hstead of 10 extradts The genus and species
limitations were cmbined into a single listing known as SLOP &pecies. ow On Priority
(Spjut 1985).This list was sent to all suppliers who wénenasked not collect SLOP.

Extraction and Bioassays

Besideghelimitationsto collecting thathadevolved, there were aimgesn extraction
proceduresind bioassay®m whichas many as2different assays had been in ((sdbott 1976)
Initially, three bioassays were employed in the prescreen, Sarcoma 180, Carcinoma 755 and
Leukemia 1210 (Hartwell 1976; Rettig 1977; GoodrndaWalsh 2001). As feedback from
screening of natural products was received, the extraction and bioassay procedures were
modified as discussedrther.

During the early 1960's, some assays were sensitive to ubiquitous compounds such as
tannins thahadno potentiain chemotherapyPerdue & Hartwell 196%artwell 1976 Suffness
& Douros 1979farnsworth & Kaas 198@ragg et al1996. Initially, tannins were extracted
out before screening; later the bioassays that were sensitaenios and also ptosterols
(Sarcomal80, Carcinoma 755, and Walker 25%@gre dropped from the prescregtartwell
1976) Screeningof aqueous extractsasalso discontinued Several othebioassayg such as
the B16Melanoma, new Lewiking, and £1210 Leukemia were rdteed for preclinical and
clinical screenindSieber et al. 1976)
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The KB Cell Culture (KB) and the-B88 Leukemia(PS)were themajor prescreemassays
from1968 1979 (Abbott 1976;Suffness & Douros 197%arnsworth & Kaas 198 Suffness et
al. 1988) TheKB assayis a culture ofhuman cancecellsof the nasopharynx in artificial
media in test tubeiEagle & Foley 1958; Foley et al. 1958yhereas>-388 Leukemias an in
vivo assay, implanteth the peritoneum of selected strains of hybrid mice bred esfyefor the
NCI cancer screening program. KB activity has béefimedasan extract o20 mg/mlor less
thatreduce0% cell growth, whereas-888 activity wagleterminedoy increase iimean
survival at leas5% , usually expressed as Test/Contsdl00 (Abbott et al. 1966Perdue
Hartwell 1969 Geran et al. 1972)all et al. 1976 Spjut et al. 1988 however, criteria for KB
(and also F388)activity wereperiodicallytightened to reduce the number of actives (Perdue
1982)

It should bekept n mind that theserereprescreensmployednot only for screening of
crudeextracts bufor guiding fractionation and isolation ptirecompoundsn which further
screeningagainst other bioassayss also carried aun thedevelopnent ofnovelcompoundgo
anticancer drug(Geran et al.197250ldin et al. 1974Sieber at al. 1976)all et al. 1976;

Douros & Suffness 193. However KB activity doesnot differentiate betweekilling normal

and cancerous cel{Suffness& Douros 1979)and marginal actity in P-388 (25 50% increase

in life span)was often due tgesquiterpene lactonésspecially Asteracea@ndphorbol esters
(EuphorbiaceagparticularlyCrotonoideae and Euphorbioide&wutler et al. 289) that did not
demonstate activity in other bioasays Hartwell 1976;Cassady & Suffness 1980). Nonetheless,
the KB assay led to the discovery of tagdlani et al. 1971 which fractiorationof the
extractg(fractions)of Taxus brevifoliaNutt. barkguided by this assayere found active inL
1210(Perdue & Hartwell 1969)an assay predictivier developing a clinically useful drug
(Perduel968 Suffness & Douros 1979whereasthe R388 assay was known to detect over 95%
of the clinically useful anticancer ageiatisd not likely to miss activity in BLMelanoma and
Carinoma 38Spjut et al. 1986Suffness et al. 1988 Subsequentlyit may be noted that

betulinic acidisolated from three unrelated species (Hartwell 198%J known from many other
plants (Cragg & Newman 28 wasinactive in KB, butactive in Walker 256(Hartwell 1976)
andP-388 (T/C 14) thathas sincalemonstrate activity in assaygpredictivefor clinical cancer
trials andagainstHIV (Cragg & Newman 2008)

In May 1974, thestandardextractionwas modified into a fractionation predure that
required more plant materianincrea® from 500 g to 1.2 kg (Statz & Coon 19765uffness
& Douros 1979; Spjut et al. 198@amples already in the pipeline and others that were
inactived represented by multiple plant parts of a spec@gctiond were combined (wsb
with tw-If, sb with tw, rt with tw)to obtain sufficient quantity of material for extractiofhis
change in extraction proceduesl toanincreasan the number of active specjasany of which
were marginal in activity Recollections howeverwere prioritized based on tumor activapd
history of activity in a genuwith emphasis oR-388 activity T/C>175 high priority (500
pounds), 150175 medium priority (300 pounds) and low priority <150 (100 pounB&nts
activeonly in KB were assigrieN.R. (No RecollectionstatugNIH Memarandum1978) One
majordiscoveryassociated witkhis change is theotbretastating twig-leaf sample of
Combretum caffruntEckl. & Zeyh.) Kuntzesodiumcombretastatin A-Phosphatéiasbeen in
clinical trials since 1988Cragg & Newman 2003?inney et al. 2005)This isanother example
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of the length of time it takes for promising antitumor agente&ehclinical studies 15 years
since it was first collecteh 1973,and isstill in clinical evaluatio® going on40 years.

By 1979, the NCI had screened 108,830 extracts from approximately 35,000 species of
plantsin which theyidentified 4,712 active extractepresented b$,286 species 1,510 genera
(Douros & Suffness 198. Recolletionsdiscovered?,192 crystalline compounds, 64 of which
wereevaluated in tumor panels (Douros & Suffness1)98Vithin a year before termination of
the NCFARS program, the NCI had screened 114,045 plant extracts in which 3,394 species in
1,551 generavere active (Suffness & Douros 1982).

[ll. The NCI Procurement of Plant Samples: 1861 2004 (2008)

The NCI screening of plant extracts waaced insuspendednimationin 1982 due to
alleged lack of discovery of new anticancer drugs, although an éstir8#®00 species in 1,600
genera had been identified as active leads (Douros & Suffnets3idness & Douros 1982)
however, this numbeas minorcompared to 2,619 new chemical structuhes weresolated
from higher plantsn just the year 1985 (Alson 1990) The vinca alkaloidbad reached
anticancedrug statusvithin 13 years of the plaét first investigation for use in treating
di abetes, but this was -Hargesyamehdment 8@ GHAGO
Walsh 20019 requiring a greatedegree of proof of effectiveness of a new drug before FDA
approval, and also before the 1960 NCI/ARS cooperative agreement. The anticancer drug taxol,
by comparison, took 30 years to attain drug status after the first sample was collected (Aug
1962 1992 Cragg & Newman 2005)As it went into Phase Il clinical trials in 1985, the NGl re
established screening of plant products, initially for-a&ttf compounds. By 1990 a new
antitumor screen consisting of 60 tumor cell lines was establ{@wal 1992; Byd & Paull
1995) Instead of renewing their formeontractwith the ARS, the NCI, through competitive
RFP's, contracted with the Missouri Botanical Garden, the New York Botanical Garden, and the
University of lllinois in Chicago for samples from tropicagions (19862004), and the Morton
Arboretum (19962000) and the WBA (2002004, and FY 2008) for sampl&sm the United
States andts Territories Since 1986, the NCI has established a natural products repository of
extracts stored aR(°C in Fredeick, Maryland. More than 200,000 extractsekept at-20°C in
the NCI storagdacility at Frederick MD This along with the previous records of ~3,500 species
of plants that have shown antitumor activity, particularly in the KB aB8&assays, providan
invaluable pharmacological library.

The NCI plant collectioawere cut agaiin 2004for the apparent lack of new drugs
despite the promising compounds that were in the pipelineséelitluded older compounds
such as bruceantiiBrucea antidysentera J. F. Mill.), camptothecifCamptothecacuminatg,
homoharringtoninéCephalotaxus harringtonifKnight ex J. ForbgK. Koch), lapachol
(Stereospermum suaveolgnmodophyllotoxin(Podophyllum peltatuin maytansindMaytenus
[Gymnosporifserrata[Hochst. ex ARich] R. Wilczek), ), ellipticine Excavatia coccinea
Ochrosiamoore), nitidine (Zanthoxylum gilletii syn.Fagara marcophylly andtriptolide
(Tripterygium wilfordi) that had failed phase | or |l trials because of undesirable side dftects
have since served as templatesdevelopment olesstoxic derivatives, or have been
reconsidered foadjunct cherotherapyor for other selective types of canceii&axol (Taxus
brevifolia), which took nearly 30 years from the time the source plastfirst collected, has
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also included additional derivativésat are employed in chemotherapy (Hartwell 1976; Suffness
& Douros 1979; Cragg & Newman 2006As noted earlier, sersiynthetic derivatives of
camptothecin angodophyllotoxin are now curregtused in cancer chemotherapy.

New therapeutic compoundigliscovered since 1986are from the NCI screening of
agueous and organic extraatsrh ~ 65,000 plant samplegpresergd by 16,000 speci
(Beutler et al. 2006 and from pharmaceutical researchtamgeted compounds and screernimg
the NCI andprivate sectarThe recenty discoveredantitumor compoundr their semi
synthetic derivativesn clinical studiesncludeflavopiridol, a flavonederived fromrohitukine
foundin DysoxylumbinectariferumHook.f.,, a derivativefrom the naturallyoccurring
cyclopamind i sol at ed fromVdratrem califordiCudDsirandbecause of toxicity to
cattle and sheefKeeler 1978; James 1999lann 2010, roscovitine derived frormlomucine
found inRaphanus sativus and MDR (Multi Drug Resistance) inhibitors, pervilleines in
Erythroxylum pervilleBaillon from MadagascaMans 2000Cragg & Newman 20032008.

A number of dscoveries havalsobeenmadefrom antiHIV screening theseincludecalanolide
A and ¢)-calanolide B (costatolide) fro@alophyllum lanigerunandCalophyllum teysmanii
respectively, conocurvone fro@onospermunaff. incurvum michellamine B from
Ancistrocladus korupensiandprostratinfrom Homolanthus nutarf€ragg & Newman 2005)

Alt hough the discovery of aygecMatvghastreeme dat e
developedor clinical trialsonly since 20040Oncologists at John Hopkihgniversity were
looking for chemicals to target a specific embryonic developmental pattkwawn as th&onic
hedgehog signaling pathwayelatedt o a geneti c (protein deficien
s y ndr o meandead tdinaedulloblastomd he researchetsad recalled studies on the
inhibitory effects of cyclopamineandthenfoundthat cyclopaminelid indeedsuppress specific
cultured brain tumor cellBom mice andhuman medulloblastoma (Berman et al. 200R).
derivative of cyclopamine is under development by the Infiathgrmaceuticals, In€lPI) for
treating various cancers associated with the Sonic Hedgehog pathway.

It is of interest to note that samplesudratrum californicunthat wereactive in theNCI
19606s screen probably did not contain cyclop
sampleghat might have contained cyclopaminey have beeprecluded from screening by the
NCI because ofreviouslydiscovered atitumor activitydue toother compoundsThe
occurrence of cyclopamine varies geographically and ecologi&piyi 2010.

The numerous problems encountet@developing new anticancer disfjom a plant is
generallydescribed byoyd (1992) andadetaiked historyis given fortaxol byGoodman and
Walsh (2001).Many plantderivedantitumor drugdave been recognized as mitotic inhibitors
(Boyd (1992); howevetheir mechanisms of action waas exemplified by camptothecin
(topoisomerase | inhibition),-thethyt9-hydroxyellipticinium (topoisomerase Il inhibition),
vinca alkaloids (tubulin depolymerisation), taxol (tubulin stabtion),andbleomycin (DNA
cleavage), while othdypes ofmechanismfor remediation of cater are evident by
combretastatins (vascular distigm) andthe MDR inhibitors.
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VARIABLES IN PLANT COLLECTIONS
Plant Parts

Active agents are often concentrated in one part of the; plawever,plant parts
collectedfor a screeningorogramare also detrmined by weight requirement3hus, while it
may be desirable to collect stdmarkas showrbelow, such samples may not be practical to
obtain from shrub(Perdue 1976)

Despite the wealth of collection d&ta the NCJ studies orbiologicalactivity according
to plant parts hae been limited. Ore reason is #itlow frequencies in activitgmongthe
samples extractequire a large number sampledeforeconvincingconclusions can be
drawn. Another isthat the procedural basis for sampling has never been standardized.

Perdue (1976) reviewdds collections obtained frordenyafor 44 species otvoody
plantsthathad shown activity in KB aridr P-388, his earlierstudyfor herbaceous species
collected in the United StateBdrdue et al. 1970and3,472 samples ("extracts") from 1,041
woodyspedes (based orthe number ofeafextract$ collectedby Sydney McDanieand his
as®ciatesnear lquitos, Peruheir collections/ielded89 active extractsom 67 species
Perdués (1976)objective was to determinghether the same number of active spscould
have been identified screeninchadbeen limitecto fewerselecive plant partper species In
the case of herbaceous specibs,authorgoncluded that it did nabatterwhether a separate
sample of root wsobtained(Perdue et al. 1970)or woody plantPerdue (19763uggested
that lossof active speciesould beminimizedat a considerable savings in screerangtby just
collectingstembark and twign which aloss of 12 active speci€27%) might berecoveable
from screeningelatedspeciexlsewhere iAfrica. Perdug1976)alsoindicated thathe active
speciesn his Kenyan samplesvas most often in stetibark followed by roat Thisconclusion
wassupporedin the frequencypercentagedf active extractdy plant partsamples fra Peru
4.5 % forgembarkfollowed by2.7 % forroot,compared to 2.4% for twig, 2.2% for woedy
stem (with bark) and.4%for leaf

Spjut 1979,1989, 199% conducteda similar studythat furtherevaluatedantitumor
activity according to vegetationypes reviewing samplesollected by the ARS botanistand
their subcontractorthat includedPerdue from Kenya and Tanzania, Enti from Ghana, McDaniel
from Peru, Tosun from Turkey, aipjutfrom southern CaliforniaExceptfor Spjut's
collections from @lifornia, none of the samples wesgbjected to thexclusionscreening
guidelines Perdue had collected in Kenya before Tanzania, and his Tamzaniples were
identifiedonly to genus when submitted to the NCI screen. The McDaniel collections, which
were identified to species, were the first from the Amazegion. The large majority of the
samples from Turkey haalsobeen identified only to genus.

Spjut hadfield experience not only in California but also in Africa. He hesitedthe

collection sites in Ghana and worked extensively in the andssePerdue had collected in
Kenya and in Tanzania.
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In compiling data orPerdue’s collections according to vegetation tygegjtreviewed
Perdue'dield notebooks, and the determinations receivedhfthe East African Herbariufar
his voucher specimensPerdue's collections from the Southern Highlands of Tanzania, in
particular, were perhaps the maesimprehensivef any from a geographic areaninmbers of
species anth their separation gslantparts. This was largely the result of working closely with
the natives anth havingSamuel Kibuwa as his taxonomic guite selectimg plant species
(Perdue pers. comml973. Monetary rewards weraffered to nativeor finding speciesnot
previouslysampledasdeterminedy Kibuwa who alsdadretained a memory of what had been
previously collected not only in Tanzania but in Kernggarabotanist who had years of field
experience in working with professiortakonomists and waable torecognizeall plants in the
field, at leasto genus. Bnilarly, thelarge number o$amples from Perprovideda good
representationf the bdanicaldiversity inthat region The data forll of these collections are
summarized as followd able 1)

Table 1.General vegetation types and geographical areas indicating number of species (spp) sampled follow
percent active (KB and/d?-388 assays) of the total number of samples for each plant part.

Rt = root, rb = rootbark, wst = woody stem that includes both westim with bark (wsb) or without bark (ws),
sb = sterrbark, tw = twig, If = leaf and twf = twig-leaf together.

Spjut's(1989,1995,unpubl.)findingscorroboratehose of Perdue (197&r stembark
generally being the most active part of the pfattbwed by root Additionally,a number of
othe interesting distinctionsan be madel) Rootwasmore frequenthactive in samples
obtained frondrier vegetation type&) Separahg leaffrom twig may yieldtwice as manyeads
inrain forestspeciegfKenya Lowland, Peru) thahnot separate¢twig-leaf combined Ghana)
whereasn samples frondrier montane woodlarglnd grasslargl{southern Tanzaniahere
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appeas to belittle or no valueto separating leaves from twigsere, it may be noted thatody
specieo f t he A Mi o mieomdstlydeciduaus 3 @vdrall, the tropical forestsith a
well-marked dry seasdmdthe highest frequeng of new active speciedn southern Tanzania
wherevegetatio varies fran escarpmentontanerain foress to plateauwoodland over short
distancesthe wadland and patches of drier forests in ravines and on hilltops disptaye
rain flush"(just bdore the rainy season commenycda coastaKenyawest of Malindj a rich
mosaic oflowland forestsand scrub vegetation typescuras a result of convergees of present
and past floras.

Many of Perdue's samples frahre SuthernHighlands ofTanzanighat were inactive
were extracted a second time under a new procé8taiez & Coon 1976) and tested agaithe
P-388 and KBassaysluring 197778. Criteria for activity wasreduced slightlyf{P-388from 125
to 120, KB EDso from 20 to 30 Suffness pers. comrh979. Additional actives, presumably
marginal,generally doubledhe frequencyof activity for eachplantpart, for instance, 8.7% of
the sterbarksamples from the montane seasonally dry forest in Tan#daatiavere active under
the old procedurencreased to 17.4%nder the new proceduré much greater increaddrom
2.6% to 13.1% was found foistembark samplesrom tropical woodlandand grasand
Because it was not clear which samples wereveduated, and which parts were sometimes
combined to obtain sufficient material for extract{dlecided by RALTECH)data for the
repeated extraction and testwgre not included in the above table.

Also not included in thebovetable wasa review ofsamplesupplied by the Botanical
Research Institutef SouthAfrica, Pretoria(BRI) under the old and new extraction procedures.
Under the old procedutbere were377 samples from ~150 species that werd £0 WARF in
1972,butonly threespeciesvere found activeUvaria caffraE. Mey ex Sond(ws-sb, twf,
both KB, Annonaceag Ficus sycomoruk. (tw-If, P-388 Moraceal andCombretum zegri
Sond.(If, KB, Combretacege The relative paucity of acté species appears related to the lack
of root (4 ) and stervbark (1) samplestheir collection obther plant partéand numbersyvere
woodystend 148, twig(tw)d 6, leaf(lf)d 37, twigleaf (tw-If togetherp 150, fruitd 2, and
aerial parts or whole plants sémiwoody to herbaceous spe@e89. Sampledatersupplied
by the BRB screened under a new fractionation procedlunieldedsubstantiallynoreactives,
nearly 90species Thetotalnumber of samplesd speciescreenedinder the new procedure
were nottabulatedbecause multiple samples from a plaftenhad been combiness mentioned
earlier, but theactiveplant parts and tlirenumbes for the woody speciesereas follows ws-
sbtw-1fd 31, wsshd 14, twlfd 8, andtwd 1. Among the activapeciesfrom sanples not
combinedwasCombretum caffrurtw-If-fr from which combretastatins were later discovered.
Samplesof this speciesvererandomlycollectedon two occasionsn Feb 1973 ané Oct 1974
Both cdlections werereportedactive from ethangl methaol and chloroform extractsn KB
and in RP388, the firstin Oct and Dec 1976, and the second in Jul and Aug (CPAM 1977)
The mmbretastatingvere isolated from a 1979 recollectifPinney et al. 2005).

The samplesf California woody plants weraigelyaerial parts Somespecies were
precluded from screening becawdg@reviousantitumoractivity in older tumor assaye.g.,
Asclepias albicanS. WatsonCrossosoma bigelovi. WatsonEriophyllum confertifloruny
2.4%o0f the species collecteglere found to be newactivesin KB and/orP-388 (Encelia
californica Nutt., Hymenoclea salsol@dorr & A. Gray ex A. GraylLeptodactylon californicum
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Hook. & Arn.). Spjuthas subsequently collected root and bark samples from the desert regions
of Mexico (19791 1980 and the United States (1971880 2001 2004, 20072008) and from

Baja Californica (19862000) for screening at the Purdue Univerdidhio State Universityand

later atthe NCl(e.g.,Crossosoma bigeloyii

The sampleSpjutcollectedduring 19791 1980 fromthe United States arighja
Californiaare not directly comparable toathshown in te abovetablebecausef SLOP
guidelines (Spjut 1985 nddeployment of new assays. In 198@ Astrocytoma(ASK) was
substitutedor the KB assay Additional samplesvere alsaobtainedfrom Baja Californiasince
the 1980and were screenad vitro cancercell lines by chemists at Purdue University atd
Ohio State University. ain Pedue (1976)or Kenya the distribution of actives according
separat@and combinegblant parts is summarizetielow for40 active speciegSpjut and Marin
200Q Spjut 2003):

139 root only: Atamisquea emarginatdiers ex Hook. & ArnASK (Capparaceag)
Bergerocactus emoryEngelm.)Britton & RoseASK (Cactaceaef-orchhammen
watsoniiRoseASK (Koeberliniaceag)Marina parryi (Torr. & A. Gray) BarnebyASK
(Fabaceae)Olneya tesotdi 5 human celline assay¢Fabaceae)Pachycormus discolor
Coville, 1i 5 human celline assay¢AnacardiaceagParkinsonia microphyllaorr. (syn.
Cercidium microphyllunfTorr.) Rose & I.M. Johnston) KB-abaceaePPhaulothamnus
spinesceng. GrayASK (AchatocarpaceaglRhus integrifolia(Nutt.) W.H. Brewer & S.
Watson,1-5 human celline assay¢AnacardiaceagStegnosperma halimifoliuBenth.
ASK (Stegnospermatacea&tillingia linearifolia S. WatsorPi 388 (Euphorbiaceae)
Viguiera deltoidea. GrayKB (Asteraceag)andXylonagra arboregKellogg) Donn.
Sm. & RoseP-388 (Onagracede

99 twig-leafor stem-lea only: Acalypha californicaBenth.KB (EuphorbiaceaeBerginia
virgata Harv. ex Benth. & Hookf. ASK (AcanthaceaeBurserasp. KB (Burseraceae)
Castela peninsularigB (SimaroubaceagfCrossosoma bigelov{iLi 5 human celline
assaygCrossosomatacead)icraurus alternifoliusUline & W. L. Bray ASK
(Amaranthaceagef-rankeniapalmeriS. Watsorili 5 human celline assays
(FrankeniaceaeKrameriaerectaWilld. ex Schult. ASK (Krameriaceag andMerremia
aurea(Kellogg) O'Donell ASK(Convolvulaceae)

30 stembark: Esenbeckia flav@randege KB (Rutaceae) andGochnatia arborescens
Brandeged&B (Asteraceae)Jatropha cineredOrtega) MuelkArg. (Euphorbiacegealso
active fromroot, P-388.

98 multiple plant parts: Acanthogilia gloriosaA. G. Day & R.Moran1i 5 human celline
assaygPolemoniaceag)Bursera microphylle&KB, Callaeummacropterun{DC.) D. M.
Johnson (syrMascagnia macropteréDC.) Nied.) ASK,Castela polyandr&B, P-388,
Dalea junca (Rydb.) Wigginsli 5 human cell linegFabaceagincluded by Barneby under
Psorothamnus emaryA. Gray) Rydb., but recognized by Spjut as distinct from that species
based on morphology and ecology, the combinatid?sorothamnusvas never made
Hoffmannseggia intricat8randege\SK (Fabaceag)Salvia cedrosensiGreeneli 5
human cell linegLamiaceag)andSphaeralcea axillaris. WatsomASK (Malvaceae)
Seven species active in root, one also sbamk

58 whole plant: Dyssodia anthemidifoli@enth.ASK (Asteraceae)Eriogonum preclarum
RevealASK (Polygonaceadjlermannia palmerRose 1i 5 humarcell lines
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(SterculiaceagNamacf. hispidumA. Gray1i 5 human cell lines (Hydrophyllaceae),
Orobanche coopelA. Gray) A. Heller(Orobanchaceag)

10 flowers, butdid not include samples from other pa@s)via melliferaGreeng1i 5 cell
lines).

Thes results clearly support obtaining samples from separate parts of the plant whenever
practical 26 of 40 specieswhichexcludesthose withmultiple parts active and samplestioé
whole plant stembark andor root were activan 32 of the 35perennial o woody species.

As a final comparisomnanysamplesollectedby Spjutin Western AustralidWA)
during 1981were screenedgainstKB in which activity in separatg@lant partswasagainmostly
root (Purdue Univ. 1986 npubl.screeninglata received frorivicCloud and Cassadgr 340
WA samplesPR-56531 56870, p.p.Wall et al. 1987) Of 44 active specied4 wereactive
only inroot,compared tqust four (4)activeonly in aerial partgexcludingseparatdruit
samples. The remaining KB activeseresamples of the entire plant in multiple partsof the
plant(Cragg Itr 1986; Purdue Univ. report 1986, unpubl; Wall et al. 1987®ne species of
Restionaceae in which separate samplébexihale and female plants were collec{etlithe
whole plant) activity in the female plan{0.0359)was~34timesmore potenthan that of the
male plant(1.22) The Restionaceae are an ancient familgohdwanaland distributiowith no
previous reports of biological activity until now (Spjut, McClo@ahssady Craggunpubl.).

The most significant active thhisemergedhus farfrom the screening othe WA
sampleds smokebushConospermum unilateralénitially identified asC. incurvumaccording
to the taxonomy at thetinib e f or e E. B e n n ednbféhs gehuainpablisbethi ¢ r e v i
ms of Bennettds r evi si Thiswas potamaniicdreat active, buSgmj ut i
antikHIV active from whichthe novel concurvoneias subsequently isolatéDecostercet al.
1993) Concurvonevas found to be einely concentrated in rootUnrelated to this discovery is
an L-1210 activeof the whole plantcharacterized by havingell-developedoot-rhizomes
which predates the Spjut collections from Wakdmay still be of interest (Hartwell comm.
1974) especilly since only 1 in~12,000 samples screened werewctn L-1210 (Statz & Coon
1976) and nearly all41210 activegrom screening of crude plant extraetbvanced to clinical
trials.

Thus when collecting samples from shrubs or perennial species wigh-aleveloped
root (including rhizome) separateoot samples should be collect@tenever practicdb
increasaliscoveryof novel bicchemicalactive agentsAlthoughsuch plant partsiay be viewed
as destructive collectingpjut and Marin have demomatedthat suchsamplesan be obtained
from trees and shrubsgithout destroyingthe plant{WBA 2003 Annual report
http://www.worldbotanical.com/images/WBannualrpt-yr3.pd9.

Extraction of the samples collectbyg theWBA for the NCI during200T 2004was
completed in Jan 2009 (McCloud pers. comm, Jan 2008¢. 2007 08 samples collected by the
WBA were identified by the Pl but a review of the identificatitimest was contracted f@with
Botanical Research Institute of Texas, BRIT expired Dec 26@9nhot been completedPrior to
1981, reports of active species weseeivedwithin 15 months of shipment to the extraction
facility in Wisconsin. Since 1986, the NCI has done their extraction and screeiiogsa
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however,funding for the program hdseen cut a number of times, in 2004 and in 2008. Here it
might be noted that although it took 30 years for taxol to become an anticancer drug from the
initial collection by A.S. Barclay, the first recollection was made within just two months after
first reported activéJul 1964) As a result otheaforementionedCI budget cutsdelays in
identificationsreviews,NEPA requirementsirregularities in permitbeing issuedandapplying

for patentsestablishingfCRADAS, and otheiadministrativefactors,one might project that it

could takes0 yearsor more(year 2®0) for anynew drugdiscoveredrom the WBA samples to
beapproved by th&ood and Drug AdministratiorFDA).

Common (Collectable) vs. RareSpeciesand Genera

Not all species are equally aable for collection. Many are rare. Spjut (1985)
estimated that 50% of a flora may be collectable; however, there is a diminishing iretoss
to collecting new species arfalso maintaining the same level of taxonomic diversity at the
genus level.

The availability of species evident by comparing whags beerollected within glora
of adefined geographical regida thatwhich includescollectiondatafrom neighboring areas
California, for instancewasconsdered moreollected than adientstates; yet, within
Californiaonly 27% of theavailableRosaceaspeciesverecollected whereas 51% of theame
Californian speciebad been screeneghen data includsamples from othestategSpjut
1985)

Typical Biodiversit{istribution Patterns
Genera andspecies Collected for the NCI: 198875

Hollow Curve Distribution for Species Tested/Genus
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Fig. 1. Comparison of numbers of species tested per genus cdlfectide National Cancer
Institute, July 1960June 1975 (Spjut 1985) with the number of individuals of beetles collected in
River Thames (Hubble 2001). These graphs illustrate the hollow curve distribution efitish
1922)as discussed in Spj(985) Perdue (unpubl.jound ayearlydecline innumber oKB active
specieghat may bedue in partto biodiversity distribution patters.
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It should further noted that distubon patterns of genera and specieslagarithmic, not
linear as shown in a comparison of two graphs in the preceding figure (Famelfor the
number of plant species collected per genus for the NCI {196®, Spjut 1985), and the other
on number®f individual insect beetles for each species in a geographic region (Hubbell 2001)
The graphdllustrate thefhollow curved (Willis 1922) that characterizes biodiversity distribution
patterns; the two curves are remarkably similar for two unrelatedhisrga.

As evident above, ost genera collected for the NCI were represented by relatively few
species1,672 genera by one species, 602 genera with two species, 289 genera with three
species, 185 with four species, 146 genera with five species,...1@ gatieB0 species,...to 5
genera with 100 or more specieit the other extreme, ostlird of the species collected for the
NCI program belongdto 201 generawhich in the abovéigurearemostly16 or more species
tested (Spjut 1985)Because weight gelirements often require many individutdsbe collected
from herbaceous species, only the most comsmetiesusuallygetcollected Similarly, nmost
speciegeportedly used in folk medicirfeave to beeommonto survive repeated collecting by
indigenouspeople

Based on field experiencexonomic randongollections from a geographic region began
to decline notably imvailability of speciesandgeneranot previously sampledfter the first 20%
have been collectg@pjuli Norris comm., 1981, 1990992 mossscollectedin California). As
oneinitially collects speciesfrom an area, mostremonotypes (one species per genus), but as
additionalspeciesarecollected an increasing numbeyvill belong to genera already collected
the diversity(numberof speiesper genusdecreassin a hollow curve manner as shown above
However,one can start this process oegrainby going to a differengeographic region
although a small percentage of the same species may be encountered, depending on whether the
new region is on a different continent or corresponda toghlevel ofclassification such as
Floristic Kingdom €.g., New Caledonia, Madagascar; see 8|gat 1985)

What are the Plant GeographicalRegion%

Spjut (1982, 1985) divided the world into 38rfstic regions. An earlier version
(unpubl., Spjut 1982) map is shown here from an unpublished report (Spjutf@®Bajter
display purposes; the Amazon (#17) was later divided into three regions (West, Central and East
Amazon) while several other riegs were combined. The boundaries drawn for the regions are
based on distributions patterns at the genus level taking into consideration vegetation and other
phytogeographic studies referenced by Spjut (1985) in view of the genus being the lowest level
of chemotaxonomic diversity. The red colored regions were those most frequently collected,
followed by partially collected regions in yellow and scarcely or not all collected in green. This
can be compared to the following figure (Fig. 3) from Perdue (@input see also Perdue 1976)
that shows the countries and states where plants were procured by the ARS and by the University
of Hawaii during 19601975. Also, there were collections by the Commonwealth Scientific and
Industrial Research Organization (&&)) from eastern Australian during the early 1960's that
are not indicated on Perdue's map.

To further exemplify the significance of the phytogeographic regions, Spjut (1985)
compared areas defined by political boundaries where collections had not lukem megard to
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SLOP. It may be recalled that species were excluded based on number of extracts, not on the
number of different locations sampled. This guideline (SLOP) correlated with species
dominance in that species of trees would be excluded béifose bf shrubs and that shrub

species would be would be excluded before species of herbs. Thus, when SLOP was compared
to vegetation studies in Nicaragua, for example, where few collections had been obtained, 72%
of the species that characterized the va&tyEn were SLOP, because of extensive collections

made in nearby countries within the same phytogeographic region (Spjut 1985).

The NCI Plant Collections in 1980 According
58 Plant Geographlcal Reglons of the WOI‘|(
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36 South-central Africay
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5 BoreaIAsna

40 Desert

29 Macaronesian
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Southeastern Coastal African

10 Mediterranea 22 Juan Fernandez 33 Forests 44 Philippines 56 New Zealand

Chihuahuan & Great Basin Java,Celebes &
11 Deserts 23 South Andes 34 Afro-Montane 45 Moluccas 57 Ascension & St Helena

Sonoran Desert & South Temperate Oceanic
12 Chaparral 46 New Guinea 581s

Fig. 2 The floristic regions of the world as recognized by Spjut (1982, 1985) indicating
where samples have been collected for the NCI; red is where many collections were ob
yellow, fewer collections, and green, none or few collectid®®011982; see also Spjut
(1985) and Fig, 3.

From a phytogeographic point of view, the greatest diversity in the fewest number of
plant samples might be obtained franeas where floristic kingdoms, subkingdoms and regions
come together and where island floras have many endemic genera. Exampdes are 1
southwestern North America from U. S. to southern Mexico (e.g., California chaparral, Sonoran
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Desert, Great Basin Dese@hihuahuan Desert, southern montane coniferous forests, subtropical
thorn forests, @ Cuba (West Indies),8 Venezuela (e.g., Amazon, Venezuelan & Guiana
Highlands, West Indiesittp://www.avenezuela.com/mapas/mapaspdf/vegetacio)).pdf

Brazil (e.g., Amaon, highland forests, savannas, coastal rain forests, Caatidg@plémbia,

60 Bolivia, 70 Chile, & Argentina, @ Cameroon, 18 Congo, 18 South Africa, 18
Madagascar, X8 Mediterranean, 18 southwestern China, #5Borneo, 16 New Guinea 1@
Western Australia, 18 Tasmania, and B0 Hawaii. Political boundaries and loss of natural
vegetation are not considered but nonetheless critical; see for example changes in forest over
timed 1945, 1960, 1974, 1990in eastern Brazil at
http://www.nybg.org/bsci/res/bahia/Defor.HtnFor centers of plant diversity in the New World,
see Smithsonian Department of Botantgp://botany.si.edu/projects/cpd/samap.htm

Fig. 3 Geographical regions where the USDA ARS had procured samples for the NCI «
1960 1982 (prepared by Perdue in 1975; see also Perdue 1976).

The distinctiveness of the island floras, particuléinlyNew Caledonian flora, isvident
not onlyin theendemic families and genera, but also in the paucity of species in faonilies
subfamiliesthat areoftencollected in other biogeographical regions, namely Compositae,
Poaceae, andaboideadGood 1964 Thorne 1969 Thus, the biodivesity on New Caledonia
offers chemicalnoveltyon a taxonomic levaiever beforescreenedby the NC)); however,up to
50% ofthe vegetation othis continentalsland like many other placaa the world hasbeen
modified by human disturbance, dating baok3,000 years(Mueller-Dombois& Fosberg
1998).
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MEDICINAL PLANT FOLKLORE

Medicinal plant folklore may be defined as plants used in medicine without substantiated
scientific evidencasmay berecognized by a legal author;tg.g., od andDrug
Administration (FDA) Thisi ncl udes #Atraditional knowledgeo (
whether written or unwritterand many of thallegedbotanical remedies sold as dietary
supplements The term medicinal plans then confined tohose from which rdicind
compounds or drighave benestablishedFarnsworth & Soejarto ).

Historical Record an Plants Used inM edicine

The historical records oflgntsused in medicinemay be tracetb the beginning of
agriculture (Hartwell 1960; Zohary & Spieg@by 1975: Summer 2000however medicinal
uses of plantprobablycoevolved with that oHomo sapienas a huntegatherer, which dates
back more than 10,000 B&4sey 1992Gupta 2004, fia pattern of coevolution and mutual
domestication between human beiagsl their various domesticaes t h a fiadopterdof t o
techniques fin which dnventioroplayed little or no role (Cengage 2003)iiSince many
domesticates are plants that in the wild naturally accumulate around human habitation and
garbage, and thrivia disturbed habitats, it seems very likely that the awareness of their growth
patterns and the concepts of planting and tending would have been clear to any observant
forager; thus, the techniques were d@wd 0 ( Cengage 2 GafyIyltivatedodidb r eov er
plants have weedy relatives (e.g., amaranth, sunflower, beans, peas, wheat, rice, tomato) that
were probably the easiest to select for cultivabenause they were annutiat colonized
disturbedhabitats Their use probably spread videmic difusionand cultural diffusior{fVasey
1992; Pinhasi et al. 2005)

The oldestecords orplantsusedin medicinehave been indicated be 2800 BCwith
reference tahe Chinese Emperor Shenng the first herbalist (Perry 1961thePen Ts'ad a
pharmacopaa on 365 medicinal plantsSummer 200@ thatincluded opium, ephedra, hemp,
and chaulmoogra oil (fromydnocarpusspp. for leprosy) This isthought to have been
compied undethis direction ~ 2500 BC; however, tiddestknowneditionmay be 50 AD
(http://antiquecannabisbook.com/chap2B/ChinafPsao.htr). Generallythe Sumerianare
recognizedor providing the first writen record of medicinal plantsbeginning around 2500 BC
asevidentfromt heir fAdr awi ngs of -®gorzalyié8).( Si mpson & Co

Thewritten accounts on medicinal plangsa continruous oneover time Duringthe BC
eraare:TheCode of Hammurahinder the direction of the King of Babylon (~1770 BEbers
papyrusfrom Egypton 850remedieg~ 1500 BC Summers 2000Rig Veda theearliest
Hindu text from Ancient Indig~ 1500 BG from which theAyurvedic textdollow (Charaka
Samhita, Susruth Samh@éadAshtanga Hrdaya Samhijtan 1,500 plantderived medicines
Hippocrates(460 377 BCP t h Eathér of Medicing® 300/ 400 speies, Theophrastu§371i
287 BCP thefiFather of Botangd who gaveinstructions orthe collection, preparation and use
of 600 medicinal plant speci@s his Historia Plantarum andPedaniuPioscorideg1st century
AD), a Greek physicianvho descriled 1,000remediesn his 5-volumeDe Materia Medica
regarded by some as set back to the advancement of European medicine due to inaccuracies and
lack of organization (Simpson & Conr@gorzaly 1986).
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Publications ommedicinal plants appeared more rapidlgh theadventof the printing
press in 1439Simpson & ConnefOgorzaly 1986) Amongthe many Europeamerkals that
followedis the prevailingi Do ct r i ne ¢'DOSS Begnete2@0v)based @n a religious
notion that a plant's characteristic such as the color of the juicape st the leaf was to be
used for a similar body fluid or part (e.tpbed appearance of liverwddr liver ailments, red
sap of bloodwort for blood disordgr3 his philosophymayoriginate with Pliny'Natural
History, or maybe tracedurtherto Chinese medicine (Summer 20@&nnett 200); however,
DOS mayhave beemore ofataxonomic {(mnemonit) tool (Bennett 2007)The Chinese
medicd philosophy usuallentailsa compound prescription (of many species) pertaining to four
different elements: (1) the principal curative effect, (2) an adjuvant for an increased effect, (3)
the auxilary to counter toxicityand (4) theéicondud¢ant for the target organt(. Li 2009).

Limitations to ScreeningPlants Based on Medicinal Folklore

Plants reported for use in medicine are often not restricted to an indigenous culture (Spjut
2005) i.e. also to say thatnany compilations on medicinal plants mdespecies based on
reports outside the geographical area of study (dedjcinal Plants of the Philippines
Quisumbing 1951)Wh et her any particular people can cl a
species is questionable (Spjut 200&gpecially in viewof the historicahccounts that represent
an accumulation of knowledga plants and their uses over time (Cengage 28p3it 2003.

Farnsworth et al. (1985¢portedhat7 4 % of 119 plant derived dr
chemical studies toadate the active substances responsible for the use of the original plants in
traditional medicing 45 of121 ina later updatetist were recognized adrugsin the Unted
States (Farnsworth and Soejarto 199heir list of plantderived medicinegcludedcaffeine,
camphor, ephedrine, nicotinea, cocaingetrahydrocannabinol and others that may be regarded
asdietary supplements the United Stateg\Iso includedin their tabulatiorarederivatives from
the samer closely related species suchfiamm Anisodus tanguticugVlaxim.) Pascher
(anisodine, anisodamine}olchicumspp, (colchicein amide, colchicineRigitalis spp.
(acetyldigoxin, deserpidine, deslanosiddppe, digitoxin, digoxin, gaianthamine, lanatosiges)
andPapaver sominiferurh. (codeine, morphine, papaverine, noscapiti@)s, the actual
number of species Isss,i1010, 36 of which areregarded aweeds(Stepp 2004)

Spjut (1985, 2005)ecognizedhat a disproportionately large numbermptdnt species
used in medicinal folklorare widely distributed. For example, the historMadicinal Plants
by Charles Millspaugh (22, alsoAmerican Medicinal Plants, An lllustrated and Descriptive
Guide to the Plants Indigenous to and Naturalized in the United States which are used in
mediche), describd in detail the preparations and medicinal used.80 species of which ~55
(30%) are weedy introductions from Europe. Moerman (2005) noted that 26% of the weedy
species in North America are used medicinally by American Indians compatex 84 of the
indigenous flora.To further exemplifithe extent to which a widpreadspecies can be used
medicinallyd as a result ofultural diffusion(Spjut 20059 is Moerman's (2005) example of the
nearly ubiquitous yarrowAchillea millefoliumL.)d usedme di ci nal |y #fAjust abou
with exception to Hopi Indians of New Mexico and the Tsimshian Indians of British Columbia.
This European species was recentlyicatedto be native to North America, where it may have
immigrated from Asia across tlgering Land Bridge (Ramsey 200&)ossibly wherHomo
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sapiengmigrated to North Americat a time when its megafauasobegan to declined.
Johnson 2009Gill et al. 2009. Among the indigenous species mentioned in Millspaug82)1.8
is Podophyllum peltamimwith references to the isolation of podophyllotoxin (MillspaugB2)8
although the precise structure was not determined until much later (Lee & Xiao 2005).

Many widely distributed species in folk medicine probably attained their distribution
throudh trade just as food crops have found their way into many cultures. An example is guava
(Psidium guajavd..), a food plant native of Central America commonly used in deserts and fruit
salads (van Wyk 2005). It hasenreportedly used in the Philippin@sark, roots, leaves) for
washing ulcers and wounds, in Pakistan (sbamk) for dysentery, in India (rodtark, stem
bark, leaves) for diarrhea and toothache, in Africa for diarrhea and malaria, in Mexico (leaves,
fruit) for cleansing ulcersandas an athelmintic and for dysentery, in the West Indies a
febrifuge andor dysentery, in Uruguay (leaves) for leucorrhoea, and in Costa Rica (flower buds)
for diarrhea (Roig & Mesa 1945; Quisumbing 1951; Pakistan Forest Research Institute 1956;
Watt & BreyerBrandwijck 1962; de Montellano 1975) he various medicinal use$ guava
havemultiplied through culturatradefor the past several thousand years @amtree Nutrition,

Inc, 1995 http://www.rairtree.com/guava.htypand like many other introductions has
becomenvasivesuch asn Hawaii and Fiji(\Wagner et al. 1999)Among Farnsworth et al.
(1985) D1 species otirug plants aréhose that are consumed food or grown as crggsuch as
black mustardBrassica nigral..), areca palmAreca catechiL.), pineapple Ananas comosus
(L.) Merrill), papaya Carica papayd..), tumeric Curcuma longd..), artichoke Cynara
scolymud..), licorice (Glycyrrhiza glabral.), cotton Gossypiunspp.),Citrus spp., and kava
(Piper methysticurfrorst.). Here guava mighbe addec s pléanadrugirom guava leaves
(standardized to its quercetin conténiyedfor the treatment of acute diarrh@aintree
Nutrition, Inc 1995 http://www.raintree.com/guava.htn

The greater the number of medicinal applications for aispehe more likely it hebeen
collected for the NCI screen (Spjut 200fr example51 of 68 speciespecifying use for
hemorrhoids i n @QedcisalPtabts ofthedhilipginbs@realsp reportd for
11 or more medicinal applicatiofer which at least94% were screened from samples collected
outside the Philippinegvww.worldbotanical.com/Philippine_plants_tested.h8pjut 2005).

AlthoughFarnsworth et al. (198%javesuggestedthdt 2 5% of all prescrip
dispensed from community pimacies from 1959 to 1980 contained plant extracts or active
principles prepared from higher plajits seems that actual case studieghere investigators
pursed a specific ethnobotanical use against a particular disease that led to discovery of a new
drug for that purpos@& are not clearly substantiatedn exampleis the discovery o€ardiotonics
from Digitalis purpureaL. in 1775by a physician in Staffordshirertho hadfollowed-up on one
of his patientshat hadndependently found herbal remedy fori$ heart problem. The herbal
remedy waga i ¢ 0 n ofatldast 20rifferent herlis which foxglove was subsequently
identified by the physiciams the active ingredief®. R. Lee 2005)the physician in this case
was also knowledgeable in botany aimistry The legitimate question thes didthe
physi ci an 6 shatforglave was redponsible for the activity, or wasever really
knownfor sure which of the 20 or more plamisthe remedy was responsible for the activity.
Moreover Digitalis had an earlier history of being used as an ordeal pogswhfor treating

24



Plant Collections for Antitumor Screening Spjut, World Botanical Associates
06-Jan-2010

dropsy(M. R. Lee 2005)MostFDA approveddrugs discoveredrom plants with a history of
use in medicin@ppearex post factqFabricant & Farnsworth 2001)

Retrospective sidies on comparing antitumor active plants used in folk medicine with
those collected at randoloy SpjutandPerdue (1976) indicated that plants used in folk medicine
were about twice as likely to show activity compared to those collected at ramoweve, data
in this study did noadjust forthe differences in théollow curve distributiorpatternof species
betweerthese categorigSpjut1985,2005) As indicatechbove a greater proportion of the
medicinal plants are more widely distributed tharsthoollected at random (Spjut 1985, 2005).
The correlation that Spj@ndPerdue (1976) showed was largely due to cytotoxicity (KB assay);
i.e. medicinal reports of plants indigag toxicity (e.g., anthelmintic, cathartigyere more likely
to show activy in the KB screen (Spjut 2008)an medicinal plants in generdhdeed, plants
used to kill fish or mammals had the highest percentages of active spamigsg & Hartwell
1969;Spjut& Perdue 1976; Spjut 20Q5)hich includecknowncardiotonicspecies (Farnsworth
& Kaas 1981) Because the folklore plants are more widely distributed, they would also be
expected to have a higher proportion of tannin sabninactives(Farnsworth & Kaas 199
thanthose represented the random screernlhe lower pecentages of active species in
Har t we | 1197%) plantis 8s@d’against cancerf.3%, compared to 22.4% in Quisumbing
(1951 ) medicinal planti generalvas suggested to be the result of a larger number of species
in Hartw e | (L9%&1971)study,2,725compared to 855 in Quisumbing (1951)ata in Spjut
(2005)showedt hat 66 % of t hil®71Hdantd hadebeen sceenédlc@rpated to
73% in Quisumbing (1951)

These retrospective studieannot possibly account for the variaises ananethodsn
preparationsespeciallywhen the plant samples are uniforrelstraced in the NCI screenFirst,
it must be realized that ethnobotanical preparations are not pure compounds. \Witsether
whole plantor part of the plantor a crude extragit is a mixture of many chemicals (crude
produc). Secondthe preparations are not uniform (paste, tea, cold infusion, hot infusion,
inhaled, smoked, consumed internaélyc). Third,the plants employed may be only part of a
complex preparation of many s and other substances as often the case in Chinese medicine.
Then here is the placebeffectthatto some extent ipart of cultural evolutiomf mediciral
folklore( Aipsychol ogical ef f ectndoubtelythebpeoesthatget Dour o s
selectedover timeéd through trial and err@r arethosemostlikely to effecta physiological
change The guestion that scientists investigate is whettephysiological changs related to
anew chemical that can be developedarug and/or whether isithe applicatior the crude
productitself thatis unusual.

TheNCI screening prograndentifiesspecific(pure) compoundthrough fractionation
guided byassayresults and it is the pure compounds tla@éemployed in cancer chemotherapy,
not the crdle product, ahough severalelated pur&eompounds may be employed
combination chemotherafarter & Livingstone 1976.g., etopside and teniposidesee also
Boyd 1992and Newnan& Cragg 2007.

A case in point is the NCI investigation of prostrgarpolar 12deoxyphorbol ester)

from a preparation odflomalanthus nutan&s. Forst.) Guill (Euphorbiaceae) The compound
had been isolateflom this speciefor its antrHIV activity, but it was not a new compoundt
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had beerdiscovereccarlierby Casimore et al. (1976fom an unrelated specieBimelea
prostrata(J. R. Forst. & G. Forst.) Willd. (Thymelaeace#®t was investigatefdr its toxicity
to livestock(St. George's diseasadfor its antitumor activity Pimelea prostratavasactive in
P-388 leukemigMar 1973)based on a leaf sample collectedwyethnobotanistGGeorge Uhge
from New Zealand iiApr 1972. Daphane orthoesters and-fdttor" werealsoisolatedfrom a
recollection of the whole plamtbtainedin 1979(Petit et al. 1983) Prostratin whichwasnot
reported active in 388, but nonetheless a derivative of the tigliane diterpeiolittmica)
family, wasfi st r ongl y act iHWesaeen, includirg &IVNa@d drug medisiant
HIVi 1 straingGustafason et al. 1992p5anplesof H. nutanswerecollected by Paul Cox
because of its use in Samoan meditha included th leaves for back pain and abdominal
swelling woody stem for yellow feveland roots for diarrhea (Gustafason et al. 198@jer
reports refer to its usegainsthepatitis A question that arose wasetherprostratinor other
phorbol esters or tannins in the planéresponsible for the alleged Samoan claims? Through
Paul Cox, the NCI obtained a sample (bark) of the preparation itself for evaluatidauadd
that prostatin wasin suchlow concentration (37ug/ liter) that it would be difficultto attribute it
to the alleged claimsompared to thligherconcentrations of othesecondary metabolites
the preparation (Beutler et al. 199&)khoughthe concentration of prostratin #d. nutanscan
vary (Johnson et al. 2008)n any case, two ethnobotanists were involved in the discovery of
prostratinfor its anttHIV activity, while it seems that onlZoxwas recognized ia patent
approved6 Aug 1998(EP19910910575)ronically, Cox may have employed Uhe's (1974)
Medicinal Plants of Samaa the selection of his samples ttwe NCI screening.

However the original medicalparishionersn this same casaight everbetracedto
earlier culturesn MoroccoandChinaif other Euphorbiaceae are considerEde genumame
Euphorbiawasadoptedyy Linnaeu® internationallyaccepteds the starting point for batical
nomenclaturé for Euphorbus, the name fire Greek physicianKing Juba oMauritanig 25
BCi 23 AD, whose medicinal remedies included the dried milky latéx oésiniferaO. Berg &
C. F. Schmidt, endemic to Morocca plant in which we (WBA) had received a requeg003
from a pharmaceutical company to supply a large quantity of the miky flat a clinicaktudy
of its antitumor propertiesMore than 70 of the ~2,000 specie€aphorbig have been used
against cancerous symptoms (Hartwell II9%71) and extracts from35 species were
identified as active in the NCI scre@@PAM, 1977, 182). Although it is usually the whitsap
in stems that is employed, the rootdoffisherianaSteudel have been used in China against
cancer for over 2,000 years (Mabberley 1997, not in HartW@&lii 71). Rootsof this species
contain prostratin amongtleer diterpenoid (Ma et al. 2007)

Species oEuphorbia(EuphorbiaceaePimelea(Thymelaeaceaegndmanyin other
genera ofheir respective familiegare weltknown for their carcinogenic diterpenoid compounds
that also inhibit tumor growth (Cashneoet al. 1976Farnsworth et al. 1976/cCormick et al.
1976). However the structurally relatedhgerol found in many species &uphorbig has been
employed as a templater synthesizingantiHIV triester® such as ingenes, 5,20 triacetat®
thatareof interestbecause they amot tumor promoting Thus,one might concludéhat
practitioners irmany cultures have recognized the physiological efferctducedby
Euphorbiaceae and Thymelaeacpkats whereagplant taxonomists chemists and
pharmacologits are systematically identifying the chemicahstituentshat may béest
employed in modern medicin28.5% of the extracts tested from plants of the Thymelaeaceae
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had shown antitumor activity that included one speeietsvein L-1210, and 14 othewsith T/C
>175 in R388 in contrast to 4.1% active &acts for 64,634 screené8arclay & Perde 1976).
Additionally, recent discoveries in several other Euphorbiaceae appear promising, englerin A
(Phyllanthus englejifor treating colorectal canceR&nayakeet al.2009 and schwaerifurthins
(Macaranga schweinfurthiviuell. Arg.) that may possiblgemonstrat@ novel mechanism of
action, Afespeci al-29%andgSF53D (Beutdeset ab. 20Q6).1 i nes SF

Farnsworth and Soejarto (@9 extrapolatedhat 28% of the world's species may be used
medicinallybased on survey of 33,000 spegieswever, this estimate probably did not adjust
for the widely distributed species that make up much of the folklore bulkk. Mo er mands ( 2
estimate of 8% is empyed, then the world number of medicinal plants is approximately 20,000
speciesThe NCI history of random collections clearly shows that ethnobotanical species get
collected for example, Spjutl985,USDA Memoranda: 1978) reported that only 5 of ~450
North American genera listed in Harwell's (196971) 3,000 plants used against cancer had not
been screened\yenia, Gratiola, Limosella, Malaxis, PinquiclJacompared to nearly 100
genera in just California alone that also had not yet been screenedy{SpjatMemorandum
1979), and which for the most part are not known to be used in folk medicine.

Moreover, generating lists of plants used for specific medicinal remedies and then
collecting them will not necessarily lead to a skeut, or to cost effecteness in making
discoveries. Selective approaches to plant collections, whether medicinal or tavadlyomic
based s at least 10 times more expensive than a methodical random appfoajor problem
is extracting meaningful data froliterary reportsaandbr databases on medicinal plamsrder
to identify those species that arally indigenous anthiavenot alreadybeenextensively
screened.The selected specidisenhave to be evaluated featuresof taxonomy, ecology,
geography, abundance, planarts, method of preparaticend whether it is feasible to obtain
agreements and permits. Field explorations have to be planned in regard to length of time
required with the idea of obtaining the samples in the shortest distance of travel, which might be
compared to the Atraveling salesman probl em. 0
or Mediterranean regions, one may expect to colleicb@8amples per day (Spjut 1D8or in
tropical areas as many as 60 samples may be collected per ddue(Rddartwell 1969). In
contrast, the selective collecting of plant samplesless there are a lot of thémuvill likely be
limited to one or two samples per day.

The Intellectual Property Rightsto Plant Genetic Resources

The authors of various herbal$ho have publishedver the millennidhavecontributed
their intellectual knowledge (IKyvithout expgectationto royalty paymentdor any disceeries
that nayarisel at er . AThen in 1992 t he(CBDpdeclaetht i on on
exploitatonofjenet i c resources to be the sovereign r
1997). This isthe yeamwhentaxol was approved by the FDA for treating ovarian cancer and
when Merck gave the Instituto Nacional de Bioversidad in Cost Rica upfront payofehit
million and $100,000 in equipment along with an undisclosed percentage of royalty payments for
any discoveries arising from screening of Costa Rican pldiits. is also when the WBA ran
into difficulties in obtaining plant collecting permitsr WesternAustralia
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Plant Collecting for Scientific Research in Western Australia (WA)

ThePrinciplelnvestigator(Pl) for the WBA obtained samples for cancer and AIDS
research from Western Australia (WA) in 1981, 1986, 1990, 1991 and $882ies of
smdkebush ConospermunProteacegewnereactive in theantkHIV screenbased on samples the
Pl of WBA had collected in WA during Au&ep 1981 for anticancer screeniiige NCI had
developed its Letter Of Collection (LO®@) 1988(Cragg & Newman 2005pr which we
(WBA) had made known to our contacts in Australia, Mexico, and Ecugddrh e L OC st at e
NCl 6s willingness to coll aborate with | ocal s
development of novel drugs from organisms (plants, marine invatéshmicrobes) collected in
their countries and/or territorial waters, and, if requested, the NCI will enter into formal
agreements based on the LOC with the relevant source country government agency or
organizationo ( CrTaegegvasdintestenitel® @ ex@dssedy)one key
official in the WA Department ofConservation and Land Manageme@A{LM) in 1991
However,he mentionedhis in context of his private business in eastern Austmali@ving the
capability to do tissue cuwire; thus,it was not clear whether this researtmeededgcould be
done privately othroughCALM.

The original samples of WA plants were obtained in 1981 under a U. S. government
cooperativeresearch projedietweerthe NCI andUSDA Agricultural Research Servi¢ARS)
with the required permits from the WA government. In Oct 1981, the NCI natural products
screening program lost its funding, and had to terminate its agreement with the ARS. At that
time Spjut was in the mid point of collecting WA samples and bachinediately stop
collecting. A concern arose as to whether the WA samples that had been collected should be
shipped to the U.S. since the intended purposed of their collection could no longer be met. The
curator of the WA herbarium at théACM expressd his disappointmerdandno need for the
samples to stay in WA. Spjut relayed these concerns #R&sand to the Chief of the Natural
Products Branch (Matew Suffness) who then arranged to have the samples extracted at
RALTECH and the extracts forward¢o three of their contraciniversitychemists. Some of the
extracts were screened inKBur i ng t h eancetlzere vas inter@sB i@ dbisg follayp
recollections at RTI (see Wall et al. 1987).

The WA saamplesand their extractat Purdue Univesityd that had been tested in KB
under the Chairman John Cassadyere retrieved by the manager of the NCI extraction facility
in Frederick MD Theextractsof the WBA samplesvere then screenddr antkHIV activity.
Several species were fatito be of mterest.In 1990rewllectionswere obtainedhrough
contacts recommended by CALM; howewverpursuing recollectionst wasstronglyindicated
thatthe WA resources werkmited, and thathe WBA personneshouldvisit WA to obtain the
recollections. In 1991 the WBA obtained recollectionsf several antHIV active speciesinder
a NCI/WBA Master Agreement Award witkll the requiregermits from the WA authois.

In 1992 ,however,CALM expressed delays in processing YWBA permits. One of the
confacts who had assisted in the earlier collections indicated that fajorecollections and
survey of smokebusiCponospermurspp.) could be done under his permit. It was also suggested
it would help alleviate concerrilom theCALM by collecting undeanAustralianbusiness
thus,WBA-Australiawas established
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A key official in WA, who wasnotoverly concerned about any agreement in 1991,
became discontentedth the LOCdespite the fact that the WBA had established World
Botanical Associategustralia with strong legal support through its Australian partnership.

They were also looking for upfront payments and the U.S. to finance development of their own
screening program, and to finance their clinical trials of extracts from the plant (not the pure
chemcal, conocurvone). The WBA had made an investment for screening WA plgpsrted

by the LOCwith theintentto facilitate royalty payments for any discoveries, but as proprietary
information was made available to WA through the permit process, tléioos for granting
permits frequently changed, making it difficult to reach a mutual understanding and agreement.
There were numerous lengthy discussions that took place irdPiergerso® between the
WBA-Australia with its attorney present and top les#icials in CALM. One of the issues we
(WBA) were concerned about was CALM wantiogiaskthe identify of the samples in their

code.

Politics and
Medicinal Plants

Fig. 4 Various news articles on smokeby§tmonospermum inavum) published in 1992.

Contact was also made with Kings Park for assessing their willingness to do research on
Conospermunmn tissue cultve while one of the officials in CALM also had earlier expressed a
similar interest (in 1991), but under a private company instead of the WA government as noted
above. Thus, conflicting and competing interests were evolving. A business partner in the
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