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tHE TXAGILE BRCATH OF tlFE: HOW tO (EEP IT OOING

Dr. S.loeon c6rb, n physiciM vho las
srE.i.iized i, &ug €gets, i! assoctated wilh
the Uniehity of Mism.i

i.al wa.fare between plants js rather
sidespread. It is not .onfned to eiotic
,peries in tJr-,w!r ,.ds, but oc(us in
the ommon erasses. weedr. .rnd trees of
oidj,ary Arn;ricD sardens and fams.
Thcrc is inceasiDg recosnitio. of the
importane of nndelstanding this pl,e-
nomenon, rot only as a lodanentd
fa.tor in e.ology, but also 6 a pEctical
mstter that .fiects lawns, orc}Ards,
farms, and may olso afiect the fats of
nJrjons und tl,e dcvelopment of new
dtrss fror tle core of drserse.
ct
,JruorUs ,ton" rhus far $rggest thar
most of the cbsical rvar.fare agots
seqeted by plants are not gen€ral toxins-
Thus, the tertn "io C prcbably is not a
E@d d€s.ription of tLeir action. Instead,
rley appear to be, for the most part,
higl'ly selective dj$ercntial grusth in-
hihitdE w}i.h ere* rhplt .ll..k .v,n
when well diluted h soil. Tbe sclectivity
has two separate facas.

Molt of the inhibitors te to afiect
one set of plant species hot Dot other

sp€cier th* seen closely r6lated- ro!
example, the bl.ck walnnt tfee (r/glans
,igm) inhibits the growth ot blackb€rry,
rf, ans others, but not ot black msobenv.
Furthermore, a Iin of phnrs inhibited by
tbe se.etions of a parti rlar speci€s
sea,s to b€ quite mfued, with no ap-
pareDt relatioDship b€twen the pl.Dts
inhibited. For exampl€, th€ black vfalnut
is also rcported to irhibit the growth of
poverty grass, drct, axnrnon cinqt]€foil,
rcd and \rhlte pine, apple trees, potatoes,
to$atoes, cparaglrs, alfaifa, hydn gea,
lilaq and ctrysanthemrm. Undoulrredly
some biochemical leature b l:mmon k)
ihe jDhibited gsup ad not to other
ErcuFs, but as yet no iii{omstion is
available on this poirt, nor am I aware
o[ any oreDt studies oi it.

A second aspect of th€ sel€ctivlty of
the chemical idLibitors is then e{ect on
difielent parts of the victim plut Sorne
of the i ribitoB, hcludinq those fdnd in
tonks be.n, sweet clover. and morDtain
ash inhibit lcot gtrMh. The tops of the
victin plants appatently gruw nomally,
for a short time and thar dic rbn,6tlv.
When dus up, they ar fourd to irave
tiny, rtuDted ,oots. Other inhibito.s ap-
Frently dect the leaves primarily, ed
sdne inhib{trs secretions of gasses af.
fect rcots and foliase of dher glsses.

Irr -"* of the srowth inhibit.r
di6en with difer€nr pla.ts. Some appar,
ently are plodtrr€<l in the tuots snd
spread out in the soil. The black wrlnut
is beljeved to be an dalnple of thir type. '
Some plats such as Ercelh lartn.,l,a,
Beryenb ,a,silolia, and Ancniria nb-
ri"lln,n {$onnwood) hAve an inhibitor
in the leaves. when the leave.s fflll to the
sround .!d deconrosc, the1, release the
nrhibitor, w}ich keeps other plants fron
gownrg {or a prolonged pernrd. Se€ils
rnd fuits are also soulce! of nrhibito$.
As tbe inhibitors leach out into the soil,
t}ei. a.tioD provid€s I small, safe zure
in whi(i tlF seedling cn obt|tu a vitil
starl nr its grcwlh. A few planti of se!-
eh Saloia and Arr"r*iu $ecrete volaiile
growth nrhibitors. TIre v.por appueDtly
@ndenses into dew, and lhe .le\r n|
hibits srowth of @mpetnrg plsnts.

l-Ie acrro.r ol lhe lro\vrh inhibiling
A t i chehicals Iatl ilto r*o- generrl g,oup..
/ v\ v\- Sone n,hibi, gt,wrl ot plaFrs of.lher

snecies. Tfi6y a,",eferred to rs heteror-
ogous inhibitoN. Other itrhibitors ect o,l
plrnts of the snme species and are refer
red to as lronrologous. As a general nr)e,
tle hmolosous inhibito.s arc mole l-ilely

PLA]\T GROWTH AS A CAI\CER CLUE
By SOLOMON CARB, M.D.

TI i\ well-knoM that pLnts compere
, with er.h ,,ther f^r $'nliohr ,,,,-I trients, u'rter, and cmwiDs spacc.

The mechanK of sucl .u.o"titi". r"-
vohe seveml p4ttemr to; exmptc,
l$t-srcwins trees rend to shade soaller
vegetauon. Some pla.ts rviih lvid&
sprcad rcots take up ground warer and
minerals more reodill ti.n otlpr Dlanrs.
An additional mechanim of plsni ctrm.
petition hos reatrilv brs attF(rins
increfi'ru rttention from scient$rc i;
ieverd nelds. Some ptuts apprrdtly
preveot the gforvth of.$opeting plaots
by seoeting chmical sro\l,th ;nhibito.s.
Tle6€ inhibiroB app@ to be quire ilit-
ferent in nattre from inhihro; or adri.
.urins whict tend to regul.te t}e Dl nt!
o*n gm$t} pattems.

Appnenrly, the phenomeDon of chem-
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to be lound in Ies fertile habitats such a!
dete.r. where lac* of cowdiDs has grcat
survival ralE. The efiect of the hmol-
ogous inhibiton therefo.e resernbles dre
erd €fiects of t€rritoriatity behador in
animals. an interesting ex{mple of tlle
breadtL of ecolosiGl prhciple.

Th€ chemisa] structurG of smu^h in-
hibitors do not follN any consistent pat-
tm. A (ln6pondinA lmk of snnilarity
in chmical structure is Doted in antfu!
oti€s. \r,hich are aho diEerential srowth
hhibitors

To my loowledge there have beea no
conEoled studres to ffnd out \rhethe.
the inLibitors are prcdueed in equivatrent
amouts du.ing all phss of a plst's
life, or whether they &e produ.rd ia
rnuch greater amourts duriDg certain
t!'n€s, such as buddhg or flolveriDg.
However, some geneml observations
sugg€si that the produc-tion of inhibitors
may relate to c€rtai, phares of the
phnt's life c),cle.

In some cases, speci6. e.ologic p,t-
tems may b€ explainable on the basis oI
dlfiereDtial soriah inhibito.s. The single
stmd collists of a Jarge number of
plants of the sme species, smeing in
tho same area, wjthout any Dlants of
diEereot spei6. In the pait, ittempts
were made to expl,in tbis p*tem on ihe
basir of sqnrior adaptabiuty to a par-
ricular habitat. However, in sinild hatr
itats, on€ Day find a single slana o{
another species, or a m ture of many
plallt.. On the other hand, if the s!€cies
ln a single stand se@ta a lroad-spec-
t m gm$th itrhibitor vhich n hetec
logous, it could soduce a single siand
oDG its d€nsity on the land eic€eded
some critiol level which rcflrlted h a
@ncentration of iDhibito. seater ilan
that wLich muld be witllstmd by the
handie$t c0rDpetitors.

l s€cond interesting e.ologic pattem,
the 'fairy ring," hrs been erplained as
due to growth inhibitors- The 'fairy
ring" pattem Msists of a centraloower,
sunounded at a distsnce by a ring of
similar flowers, all separated from each
other. At times, ihe @tml flower nay
have dispDeEd. The m6t fttEc s-
planation for the 'fsi.y rinr' is &;t th€
c€htral plaot is th oldesl and that jt has
produced a lminologN Cro\l,t[ iDhibitor
rhich prev6ts any plants of the s,m€
sp€cies ftom growing within a .ertain
radius. Pluts outside tiat ndius, hov-
ever, cpuld crow and flower.

The $rnposition of plant qrnmu-
nities, another area of considerable m-
Iogic interest;i, rllo pmbabJy nfluerced
by the diferential grouth inhibitds, aB

wel as by the urual erviroDmental

There 1,€ important agdcultural coD-
sequences of the actioB of the difiero-
tial go$,th inhibitori. The deletelious
e*ect of w.eds on crcps Ls b€en known
ftm the begi.nrngs oI farnins. How-

s2

ever, the orventiond splanauons have
not been satisfactory. lt bas be€a stat€d
that weds rmove &om the soil l'.ater
and e$ential nutriats, and &us inlibit
the Crowth of tle desired plants. How-
ever, some refection on rhls explanation
indicater iis deficieucy. We€ds tend to
be qrite efficient in thei usage of nu-
EieDts and $Eter; othenvise they o)uld
not swive in tie p@ quality soil in
which they are frequeotly found. fie
net m|ss of a weed is seldom as great as
the nas of the desirabie plant with
rvhich it ctlbrEtes. NevedEless, a scat-
tering of we€as in ar a.ea catr reduce the
yield of a cmp considenbly.

A N erplanation that fits sI the knowr
falts is that the lveed se.r€tes a difi€F
ettial smwtlt inhibitor that slowc the
growth of tl,e desirable plrnl

It should be DoteC that crop plaDts
may thenselves prcduce heterologous
grorvth inhibitors. Ir some Gses, tle in-
hibitors are rapidlv detroyed by soil
bacteriA. However seveml inhibitors ale
knom to persist in the so{ for many
year6. T[is may e'Tlain why a chaDge
fmm one oop to another inay at timer
result in poor )ields. A rcsidus of in-
hibftor from the frst crcp may a$et
srewthot a sobsequent dferenl sp€cies.

The (smpositioir of Iaws pmbably
depcnd3 to a jarEe estent on the efects
of cmwtl! inhibitors. The relationships
arc complex. It is rcported tLat Ker-
tucky bluegEsr tuhibits slovrh of C€n-
ada bluegnis, but in tutu is inhibited
by rediop. Tinothy is also reported to be
inhibited by redtop, but is not lahtbit€d
by clover which do6 intlbii Kentucly
bluegra$. Commercial mixtures of lawn
seds do not apparently take th€se fae
tors into account, so th.t the evertual
mposition o( a lawn may have quite
di$erent proportions to the iritid seed

The difterential plant groMh inhibi-
to are of great actual and potential iin-
portance in medjcine. sooe of our most
usefol medicNtions (the antibiotics) are
drfierential srowtl inhibitors produced
by one speeies of singlecelled plant
whcl, iDhibjt th€ srosth of oth€r single-
celled foms of life -d1at is, bsteria.
Although all antibiotics in chenic.l use
me frcm single-celled plants, there is
geld r6on to believ. that rhe higher
plants ilso p.odtrc€ anttuioti(.. How-
ever, sirce the single-elled Dlants can
be gown so r .h more rapidty in cul-
hre b€Aia. they are the most practical
sourc€, of the large mounts of nntibi
otics ne€ded in clidcal mediclfle.

It is notewortly that although sorne
medical artibiotics actualy kiu bacieria,
tnost do not. Lstead, they inhibit the
smwth, etabolis, or multiplieation of
the bactera. As a r€sult, .he €.ologic
balance bctwe€n host and bactedal in-
!6der,s altered tu lavor o, dE host, and

'tte l&tter's brsic deferte Eechanisms ara
then able to d$tsoy rlc invrders.

There hs! been conddemble interest
in the possibiuty o( flDding armng th€
diferential plant gro\th iDhibito.s oDe

or more *Li.l' will tuhibit tlle gm$'th of
cancer. The.re are both theotetic.l ond
observattonal ieasns to support such a
h@e The fudometrtal biocheistrv of
aDimsl ce-tlE tu baied on the bioclmis[v
of the plants on which a[ anim,k live,
diredly or indirectly. Many plant ma_

hnals are lnoM to have PmtoMd ef-
fects oD animal eI fuDcto ng ev€n in
dny doses, ind such rEects are usuallv
ouiie sreciG.. ExamDles are rtrcpjne.
diait lii styc"sides, tubocurarine, and
erAotamine. Atropine in i dose ol I mll_
Iierm $,tll e"tert specif,c actions on
lrome Dets of the hodv of a seleDty
tilogr;n neron-a ffn., dilufioo of l-to'
70,000,000.

Thjs ir not to imply that the medica_
tions mdtioned above ee difiemtial
sroMh inhjbiloE. They pmbablY cre
not. ard indeed we rlo not lflow what
turciion they se.rve in the plant. Ho*
ever, ttrey ar exarnples of the potency
.nd sele(,tivity of plart $stenaL in re.
larion to etrects on animal cells,

Only a f€w of the plant groq,th inhibi'
tors have bean studied for ellects on the
cruwth ot animsl clls, but illese stuai6
iiave been most mmuraeins. someFlsnt
arowth iDhibitoc hare a rrther broad
;Dectm of action aaa,ns,t mimal cflls.
P;ohanmonin hom An?no@ prtudr,ra
has b€cfl reported to inhibtt rapidly mtrl-
tipL,tng .€[s of all sorts-plst and ani-
nat-but not rasti,g clls, It might se€m
that such a matedal would be a good
articane! agent. but it pmbalrly is not,
becrum carcer cells ale f,or Predom;
nately Epidly multiplying.

TrN or,* !p s tutrdameutal point
about .a,.€r which should he clarifed
it the s@ch fo. !r anu€anc€r malicine
is to be uEderstood d@rly Caocer has,
in the past, b€en widely corsidered by
hoth plrysicians and laymen as a disese
in which ells multiply at very rapid
rate.s. To be sure, lhe rate of muluplie-
tim of caner cells do€s sl:m excred-
irgly rapid to the un oihmate victim a.d
his family. How.ver, by comp*ison to
ihe multiplic.tion rste of certaio n^m31.
vital cells, .ancer nultiplication mtes qre
not rapid at all.

Some illustrltions may be helpful. The
.ells of tl'e bone narcw ili .brmal peF
sons multiplt ,t a rate su$creDt to pro- N\l
duc€ 2.50O.0m red blood ctlls ?wrr N\':
s?ror&l fo. a life time. Alter hcmorrhaee. '
this mt may iDcr€ase ftve to seven times.
In the couxe of a y€ar, the bonernarov .--
of a nomal percon will prcduce 

"pitro!-mat.ly eislito pounds of red blord
ells- Other (Ells Nential to Me clso
multiply at npid Btes. Most of tlre Un-
irg of the gastroiDtestinal [act replacvs
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Itlclf in o period of le5s lldn a day. EveD
the cI! tninS tle mouth mukiply rt
fdrt€i mtei dlan most cinc€s. It is !
fairly conrnon experienc€ to cut or
sc'lpe the niouth lini.g w*il€ ch€win&
and thsn to discover sdlanced healins in

sinco hani no',nal cells nultiply at
such Bpid rates, ii follows that a bmad"
sp€€bum gm*th inhibito: that a$€ct!
all rapidly :nultiplying cels sould afiect
the.se notmal cells, too. Since at leasr hvo
t)"e., those ln the bon6 melmw and
tlbse lining the aastloiotelrinal tra(t,
are sssrtl.l to life, a brud-rp€ctrum
lnhibitor of any origitr would hU the
patiolt .t & &naIer dos€ rhan that
needed to completely contml th€ cancer.
Thls principle accrrunts for the unde-
sirable side efi€cts of gastroint$ttal
bleeding found with many of the .nti,
Gn(s druss in N today.
f)I ARENTITE'IICALLY, we ma!. on.
side, whdhei or not mns .db multi-
ply nore rnpidly thao ttrc normal t8sres
&Drh which th€y atE derived. Often they
do, but Dot alwa)s. For exsmple, r skin
carcioona may gmw more slowly than
notnal .*in. Tle dirtingDishins f€ature
of cancEr h not lt! Iate of gi0wtl but
its ability to invade nonnal dssues and

A matdial wltid selectiveb slows the
g'ewth ad ,nuhiplicatlon of canc€r ceth

wmeu"d8
ar0we

sP&a$?
su8soMlc... suPEBsoNtc...
,IYPEESANIC... I I you're an
eef osqace eng ine ef , L oc k h aed
has a p@ghm to match yout
intercsts, yout background and
yout ddve. Challenging assign-
ments oh sone of the country's
most vital projacts: the Amy3
AAFSS comoound helicootet.
STOL and V/SIOL uansio\s,
ex ttemely ed vdn ced lighterc,
supe6oo ic vanspons. S C R A M -
JET hypotsooic testing. Contact
M/. E. W., Des Lautiets, Proles-
sional Placement MahageL Dept.
6405, 2405 Nofth Hollywood
Way. Buhank, Calif. Lockheed is
ah equal oqpoftunity enlployeL

t ocffi EED-cluFonln c0xPArY
a orvrsior oF rocKkE[oarRcR^Fr coRPoRAlor{

aca(DOa?a

might not 'c\fc" @Dcer io the sense that '
flrgery ores appe icitis, but il could
arrest the dise€se su$ci€otlyto allow the
patient to live mmally for a full life
span as instiin doe! for diab€ti6. Ae
oraingly, I di$erential Sowth inhibitor,
which exets a much $eater Gfect on
me clls thaa on othex, appears to be
a promisi,g lsrget for canc€r researc}.

Ther6 is already some evldence of tlle
ditencs of plant growth inhibiton thst
exert a di0erenual efi€.t oh.nimal.€lls.
frrarorblc acid obtained from the npe
h€rdes of the tnountain ash inhibits mul-
tiplicstion of animal cells of ffbroblctic
origin in c$ncentranons muchlower than
those leded to inhibit rnultiplication of
epithelial ells.

There havo slso been r€po.ts of sev-
eIaI phrt $o*tb inhibitors that cured
trarsplMtable hmon in mic€ and rats.
Such reports must be r:onsldered nost
cautiously for several reasons. The trat's-
plantable turnors of rodenl!, despire
th€ir widespr€ad ule in canc€r res@rch,
are not cract dupbcates of homo @n-
cers. Spontaneous animal carers, whictr
are much closer to the hl[nan diseN.
ar€ unlortunat€ly s€ldom used in ("n€€r
reiearch because of the expense and
difrculty &ey eDtsil Funhermor€, it is
mt uncornhon to lead a report descnb-
iDg the €ic€[ert efi€cts which a plant
€xtnct hs had on a goup of trassplant-
Able rodeDt can&rs, and then lo fiDd no
ftrther rQorts of fololf-up studies. We
<Iont lrnow if the follow-up studie were
mr€port€d beca$e they tmed out
badly, or whether &ey *,ere never per-
fom€d becaure the inv6stigator was un-
able to obtain su$cient res€arch fundt
to follow rp his original ob6Nation.

Several grcups of invBtigaton have
blm studying tho efoas of plant ex-
kscts on ca!.rr witbout refcrE .€ to ary
possible rclatior'.hip to plant gowth in-
hibition. ?h€ repon! of dreir inltial ex-
perinents hdi.3te that s substintial
proportion of the pbnt ertlalts studied
had som€ inhibiting efiect or tumor
gmwth. It se6ns lignifcant th.t s€vdal
of thB plants fourd to itrhibit tumo.r
also are hown to sec'et€ plant grDvth

eramplec, Ir sevffal additim,l cas€s,
on€ speci€s of a Senu! l,as r€poted to
inhibit caDc€r gm$/th, but wasat test€d
for plint erosth l$hlbition e0ecc, wfiile
aDoth.r speciB of the same ger'r! wEr
r€9ort€d by other invesligators to prG.
duce a difieretial plunt growth inhibitor
but w3!nt test€d for efiects on canc€r.
E anpl6 are th. grn€ra Anenon" and
Proooplr. We do not )€t know whether
thc proponi,otr of difier€ntial gro$,th in-
hibitors amons the plets which abo af.
fect canc€r in snnnsls b higl.r tlar
could be €xpec{ed @ the blsis of clBnc.
slooq but I stMgly suspect thet it i!.

The t'gel rerexrch efiort o tlle d-
feds of plant €xnads otr .anccl d€3err€s

coisiderable attentior A trumber of in'
vestigaro$ both h€I€ and abroed have
stu&ed the efiect! of plant extracts on
tumor sm\rth, and th€t repot! have,
tu qeDeral, bten encouEsins. ln general,
jhv€stigators screeuing plsnt extracts for
ant*snor sctiviry find a higher propor
tion of positive lcads rhan iJe fouod tr
tle screening of rynthetic ch€ficals.

lnene h^ b.* a viqorcus natioml
smariha prcgram of synth€tic cheni- \
mls for &ti€ner activitie vith ov€r \
40,000 difierent chmiels scmea, and /
very few, if any prclnhins leads dev€l' I
oped. Iae_IEp-sq$!"-gt.ureL {
Dlasts have tleen $tudled. tt is di0iolt I
io u"de.stard why lh. study ot pla'tt \
matdds for rnticaD.tt icti!'ity has mt -J
beer better support€d by govemrnent
aeoci€i It c.nnot t!€ arsded that the
D-lant ,uberials would bc swtheized
;Dyway. Many m€dictioff of plant ori'
Ein. s+o.c stru.tMl furmulr€ are
known, cannol b€ sFtheized Mlh our
available teahniq',6. The digiulls gly-
colides .rc exd,Ient eramples. The
study of plant extractr for anti.anGr
aclivity ls one of sewral alPeds o{ can-
cer research rvetely han&capped by a
chronic shortage of {undr. Thb is difr.
cult to mdsiaatd when ts,o €xtracB
frcm tbe .ommon periwinlle plint, vin-
sistine and vinblastinq hale Alredy
b€en sho$,n to h€ hebful in lome hulnall
malignanci€s,

Th€ ntunber of train d irNa{igatoa
in the nation today B sufrcient to in-
cr€ale ounatioul research dtro.t o,
ptrrt .rt'acts h cancer by ; tactot ot
ten to thirty times pithout hsodt@p
pihg oy other vital prcgrDs. The
pot€ntial rcle of botanists iu caDer ,€-
search is much great€t than their cun€nt
p.rticipatlotr wouu sugg6t.

In tlE search for a stilfactory tr€al
mert for carcer. ft will be h€lpful to
think, mt in termr of a maelc bun€t
which wilt kill all c .!r c.lh without
H]li"s the patl€ot, but in tems oI agcrtt
which can modify th€ @pler ecologic
balance h\rt,eefl tunor and host in t lor
of the lxxt.
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