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CANCER UHEMOPROTECTIVE FOOD
PRODUCTS

This applivation is 5 ivisional oF prlor spplication S
o, SOIRS67, fled Jul 20, 1908, pow U5 Pal Ne
6,177,832 wiich is o divistonad of Sor Mo, (85340234, fled
Agr 1, 1999, sow U5, Pal. Mo, 5,098,567,

The )8 Govormmen! af 1 paid-op Bosnse i this
invontion ansd Be Hight in JEmited circametanes 10 s
the patedt awner 1o lieense others on teasunalle forms a7
provided for by W0 torms of gramt FOL CA #5306, extitled
HRiovel Stratopics for Chemapopiection Againgt Canber,
{Paul Tafulay, Priecipal Ynvestigater) awasded by e
Mationad Cacer insimie, Departmnent of Hoalth and JTomaa
Services.

NACKGROUND OF THE INVINTION

1. Fickt of Envention

This invention rebatos % 3 Selnry spprouch 1 roducing
the Jovel of caclnopons in ool and thelr oeBs and
vhoraby reduning the misk of developing cancer, T pasticulan,
iz invention pedates i the producton and conswmption of
foods which are fch in canoer cliemopriective ol
More spocifieally, Ui iovention relares o chemepritective
compotitds thal moduiate marmsling onxsmes Which swe
ivolved in metasboism of caminogens. This inveation
relatis 1o Jood souwrtes wiich are exteepiely wick in sonn
poads that Indi {he aetivily of Phise 7 onaymes, withaw!
indcing binlodeaHy spntficant scivitles of thess Plase |
snpymics . poiivate carcipgens.

¥, Backgrouml

B i widsly reoogrisid that diel pliys 2 dage role B0
coniroting the sk of dencdoping cameens and il inorewsed
conmsuraptinn of font dud vepetaldes mdaeds canter inci-
drtipe i fmimann 7 bedioved thet o mujor aechapism of
phectinn dopends v e prosenas of chemicsl compenems
in planis that, whon delivered to mummbalian otlls, chevate
tpvels of Pliase 2 surymes that demify carcinagens,

Laddy studties on the trochimsm of chemoproiection by
cerfain ohemicals atswiod that thise Chomopralectors
inducod ocivBies of pronooxyyenates, st kiown a5 Phist
¥ eniyinos or cytocheemes PGS0, However, Thtaluy o1 81,
{reviewsd in “Chemicyd Profection Agsingt Caacer by
Fnduction of Flectrophbic Detoxicaiion {Ihise 7Y Ervymcs”
Bn: COLLULAR AND MOLECULAR TARGETS OF
CHUEMOPREVENTION, L. Wanenbery ot ot CRO Pass,
Noce Raton, Fl. pp 60478 (30923] dotormined ha!
administration of e koown cheaoprotector Bulylated
hydanyanisole {FHAY (o rodents wesuhéd in Hithe cherge in
eytoclromes FA50 (Fhase 1 onmyme) activities, bul pri-
Snandly clovaled Fhasé B cnnymes, Phase 2 enpymes wnch b
gltatlifor iransfernes, NAR{PYquizene reductae (M)
and plvcurinosylraasiorses, doexify DNA-wmagiog
electrophilic forms al witmaic coreinagens, Seloctive indue-
crg of Phexe 2 epzymeos are Jedigaated menofumclitiod
inducars. Prochasion & Thlalay, Concer fes, A8: 44 T0-4752
{3988), The monalarctional indveens uee pearly alk elecind-
pisdles and betong To ¥ digtine chernical clanses inchuding (13
diphenols, phenylencdlamines amd quinencs; () Micheed
foactian scosptors oomaining oleflns of aentylenes onju-
gated) 1o alechon-wilidrawing getupsy () odhivoyanaes
(%) 1. 2-dithivle-3-thivaes (3) bydrepetoxides; {6) whvalom
inorpanic ant oigatde amunic dedvanves; {7 ey metals
with polencies cclaed (o thehe affuitios for thick growe
intduding Ua®™. and G075 and (8) vicinel mercaptans.
Prexters of al., Proe, N Agad. Sod (084 ik 29633000
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L953), The orly spparent commion prapedy shared by all of
thess indduoers is deir abibly o react itk feiod groups,

Chomopritective apemts cam b uwsed 1o pxdece e fus
coptibiliiy of rrmmals to the ok nid neaplastic effects of
carcinagens, Thoss cliemaprotectons wan be of plant orgin
or synthelie compounds, Synthctic anubope, oF satundly
oUoHTIsE indueeks have dlso boen genenied and shows do
Plock chenica] cuehiopencnis i andmade, Posmer of al., .
Hued, Cigm, 35 VI0-1T0 {1990%; Thaag «f al, Proo. Neid,
Acad, Sof. T84 91: 3AT-3L50 {1005); Thang o 2. Caveer
Rig {Suppl) 54 1976019815 {F99).

Uiphiy clficient midhods fave bren develogod for mea-
suring 1o poloncy af pland exiocts 1o incrbase of induee the
sctivitier of Fhase 2 enmymos. Frockaska & Santamaris,
Anal. fiochan, 1059; 323-338 {1058} and Prochaska el 4,
Prov, Natl Aced Fef U349 32388 {1952 o
peddition, these methods bave been erployed for Inplating
the compounds reipinsibic for e intecer aetivitios in
piunts apd for cvabuding e aafichrcinogenls sclivities of
hose compoids aid D sythetic sualeps. Zhang of b,
Proc. Neif, Aced, Scl D54 8% 2390-2403 (1002) and
Posper ¢ al, . Med Cheae 37 170176 {39M).

Al inducer 2eilvily has hoen fouad in many difler
ent Tapilics of otlible pleacs, she amowals are hiphly
warinlle, dependiag on Family, genas, speclos, vriely, or
coltivar of the phant sehection and on growth sad haresting
oondhjons, Fham, dere i5 0 need an e art 0 identily
pacticwlar odithe phusts noth muthods of frowing and pro-
paring them dhat yiehd Bagh lovels of Phase 2 enzyme-
ipduess activily for chemeprotection, Thes is also o necd
for methods of mowing snd prepusing litle phints tha
prodboe 3 koown specteum of speeific saducors of Phass 2
pomyme actvity in osder o focioase the efficiency with
which specific rsinopons, of classes wf catcinogers, At
tarpeted o fnackivition. Ja sddivion, fhers i 8 aeed R
sretbeosid oof plant resding s pefeotion te inecase The lovel
of Phase 2 induesr astivily and 30 mieijrake 5 ppecsm
of thdicers produced in picticelar cwlbvars.

SUMMARY OF THE IIVENTION

His e object of the presont Fevention to provide food
prodects and food addiives that are vich i cancor Chemi-
protscl e Compouhds.

Adiotier Shinat oF (ke prosen? invemion i5 15 provide faod
praducts which vomtadn sebstantial guanlitics of Phase 2
sty inducers apd ar oxsaitially free of Phuse 1 ennyes-
frdng .

11 i 4 faher ohject of the paoeest inventica te povide
food pioducts which contain svbstantisl guamites of Phase
2 onzryme-nduciog poloarid A sbr-ewis fovels of indole
plncosnolaics and el beakdiwen produdts and pofire.
penic hydrsybuteay] plueosinodocs,

These ohjerts, aned othoes, ate achitved Dy providing
crferpdr sprowts, with the exceplion af culblage, eress,
mustord an rwdishy sprowin, harvested prior fo the 2deal
atege, The orscifetos sprowts isclude Faasslen elaracer
varietios acephads, alioglobea, botrptls, ooata, gemmifay,
gongyiodes, ftadios, medullosn, pefeifelia, ramosa,
gabeoite, sebelffoen, sgd rofeidy,

Anoflier ombodiment of o present inveation providos
cruciferous npresds, with the exeopiion o cablge, orees,
mustard and radish sprosts, darvesed prior o tho R-leafl
slage, wlerein he sprowts oto sibwstaotiafly frec of Pha 3
eapyme-indouing potontial,

el aprther embasdiment of the frosen! invention provites
& aom-laxic splvent erusel of crocifiroms sprowks, with the
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excoplion of cabbage, cress, musterd and radish sprous,
hippwosted prior to He -deal stafe. The non-dmic stdve
exlrRed oo be & water exttacd, Tn additian, he water extrast
on comprise 4 crtcitoous vogeiahls, sueh a3 0 orcllerous
vigelabls of the genws Rapbsiud, comprising as aclive
ROy Rsitass SATYTC. .

Anctier emboditnent of the presest invemtion provides «
food product compHsing creciferous sprows, with the
excaption of cobhage, oo, mumard ond radith sprotis,
Dggvesied prier to the 2-leal stage; citracts of fhe sprouis or
copeife s soelds oF sy combdnativn of B fprovs o
X LAcks,

A furher embodiment of the prepent invinton provides 1
metholl of iereasing whe chemopretective amound of Phase
2 chiybnes 0 8 mamimal, comprisog e siep of sthminis-
wring an effective quaatity of erveilvrous sprotis, with the
. cxzeplion of cxbbage, crisr, mauskan] and fidish sprovts,
Brervesied prior fo W 2leal slage.

Vet apoiber embodiment of the prosent invention provides
& method of incrersing Yhe chemoprotestive amoint of
Thase 2 covymcs in o ressimal, Comprising the step of
adiinisioring wm offective guautity of 3 foud produs oo
prsng, Craciferous sprows, with the orcoption of cabbags,
ress, murard and radish sprouts, harvedted prio? 0 e
Eelenl stoge,

Anpiher wmirdiment of e present bivesdion provides
cruclerous sprowis harvewisd prier o e 2-leal stage,
wherein the spromis have of fevst 200,000 vnils per gram
frosh weight of Pliase 2 emryme-Inlecing poteniis] whis
mesured after & duys of poowsh fom seedn il prodies
st sproats amd comaia ner-toxic fevers of ndale pipcosi-
pofates and Ehekr Dresldown producls and goltrogenic
hydroxyhuieny] glwcotionlates, Fhe creviftses sprom
spolude Fravfoe oforicor varsdios aoepfalfs, athegiahre,
borvyds, contai, gediifira, gongplod, falioa, aedailose,
patmifalia, sy, sobawds, sebiiites, wnd Felens.

A Ronther enebodiment of the present invention provides n
Lonut product comprising Spreuts lacvested prior in e 2-Jeal
Rhae, whorsin the sprouts bave 2t beast 200,000 wnils per
prain frosh welght of Phasd 2 comyme-imbiing poterdial
whin measutad afer 3 days froe goowth of sceds tha
proditce tha sprouts and contain son-doxic levels of iodole
phcesiolaies and theit breddidowa products aad goitao-
genic hydoxybutenyt glucosinolates, oxtruer: of Oe sponts
ar cruciferots gcedsl or any combisation of the wprouts or
xRS,

Wt pnenlair eayhodinaom of e presca itvertion privites
crucilerous sprowls Bacvesled prier lo e 2doal Mg,
wherdin fhe soroms have af least 200,000 wmits per geam
{resh weight of Phave 2 emoyme-drdiciap potential when
rersash i) ifber 3 Favh of growih from seeds that prosuce (e
sprots wnd Comain non-toxic levels of iadele plucosinolates
ank 15edr Breahicdinvg products snd gefiregeais iydroxybats-
nyl ghcosinelztos aod are wbstantially freo of Phase 1
eneyme-ipduciag poteakiz,

Anptier embodiment of the preses ievemtion provides »
noRouic solvem oteact of orcilerons sprosns hhrvesicd
prior 1o it A-teal $tage, whorein the sprouts bave o leas!
0 L0 undts por gram fresh weight of Phase 2 emgyme-
inducing polbrtial whon meseured wlter 3 days of growth
oo seods ihat produce the sprodls ad contain nop-wrie
levels of jndole plucosinolabes und (il broabdown products
and poltrepenic hydronyimtemy] glucosinoiaies, The aon-
tonic sobebnt cxicact can b 3 wader oxdracd. b addiioe, e
waler exifac] Gan comprbe o cracilorous vogetille, sech 45
a oreciferous vegutable of fi ponus Raphamas, chmprising
An BSHVE MyTasiRAK Sazyd,
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Vet wnother cpbodiment of the proser fnvention provides
o method of incrossing 1be chemoproteciive nmonm of
Phase 2 enmymos in & mummeal, comprisay the stop of
ndminisering an slfeclive grantity of criciforous sprevts
furvested prior 1o the Z-boaf kbage, whessis the sprouls kave
3t lensd ROOUGD0 wops por gram fresh weigld of Phese 2
chegr-indticing potemial when measured afier 3 days of
mowlh Tram sceds that prodiee 1be spreidks sod ceniain
aun-lesde fovels of indole ghrcosinointes and their break-
dowen predicts and goitopenie hydosslnteny] phicosing-
R

Yot pnother embodimeen of Bie prosenl invention provides
a mefhed of fnereaddng Bee cheméproiociive imonat of
Phose 2 opaymes in a mammal, chmprising the slep of
eddministering an offockive guantity of 8 food proteel eom-
prising wprotts barvesied pior e the D-deal Rlage, whereln
the spransts frave w1 Jows 20,000 wlts per gram Trewh weighi
of Phase 2 conyme-intucing poterial whop moasured aficr
2 diys of growth From seeds St produtce the sprowts and
oomain moa-fowic levets of indode pheinodaes and thelr
bredhdowsn prodicts snd poifrogenic hydroxybutenyd ghe-
coadnglites,

Afupler cmbodinen! of he prostol inventinn pravides 4
tiethod of preparing 4 fund pristuct fich i glecosinelaies,
comprising perminabing cruciloeons seods, with the eRop-
tiars of calbag, cress, mrestand set sadiszh seeds, sad far
vesting sprouts price 40 dbe 24eal stags tn fonm 4 food
wioduct comprising 4 plurakity of sprows. The srciferoys
rpronis inchwde Hrandee eforaces varicties accphale,
aifmglabra, elrylls, cestate, gomanfera, pooppledes,
ftvilicn, madntiosa, prfanfelin, vamoss, sabacdn, sebelicn,
ared sefonsia wd ootain aondoxic levels of indele glucosi-
aolates apd dhedr Ivcalidown protucts ARt geieegoaic
hydroxybuenyt plusesizolates,

Yot apgiher exidmdinient of the pretenl invention provide
a fond provuct rich i ghocesinotaies made Ty germinating
emeiferons weods, with e oxespiivg of wibbage, cress,
sroastnrd and radich seets, and harvesting sprows prior jo the
F-heuf stage to form a fuod prodadt somprising o plaraliy of
R R,

Vit another stnbodiment of the pressel fvention provides
a meihod of preparing o fobd product comprising £Rlcting
ghosineiaies and volivey aeates from cruciloraus wprols,
wilh the exception of cablrage, cresh, mustard and wdiidy
kprabts, Barvested prior o de 3-dead slape, with & ron-doge
spfecnt aml roopvering the extracied plecosinodsis anl
isoEcysaler. Myninase snR e, of & vegetihl, such =8
Raphamis specics, comaining e suzyne it mixed with the
eraeifirews Spouts, e oxirect, o both the sprodiz and the
puitack.

A sntbodiment of the premedt mvenlicn providiy 3
mettiod of proparing o Tood prosust rich in glioosfietates,
eomisieg germinating arecifisious jeods baving Wl fsst
200,000 wiriis per pram Tresh weipht of Phape 3 eneymi-
inducing potontial when mespsred allor 3 doys o growth
from secds il produce the sproae and which comiiin
aen-anie Tevels of indole glucosnofalen and thuir break.
dowp products aml goitrofosic hydrexyiateayl
glucosinaises, and havesting spoowts prier @ the 2-feaf
singe o form o Fod paoduct comprising o plendity of
sprouts. The Geds inay be Fragsion glerpcen, inchuding die
varitics deephaliy, albaglalra, balrylls, ciatatn, goimifors,
gongiledes, falicy, modwllose, pelmifolia, ramesq,
sahd, forbelitoa, and selaneda.

Yef anuter carbodioond of ke preseat ibvertion provitdes
i Tood product el in gleasinoluws mode by gomvinsing
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creciforouy seeds haviep o lessl 200K snits per grim
fiosh weight of Phest 3 oneyme-indiiving pelential when
mezsursd after 3 days of grovwil from soeds that procduoe: He
sproms and whith cotlas notdexis levels of indole ghu-
gogindnias and dbeir Lreakdivws products end peiinagenic
Bdroxybuteny! plocosinolates, apd cither harvesiing
sprows al the 2-leal stage 1o foom a food product cemprising
g pluzsiity of sprowts, The wwiitional producd sorising
aoo-toxic levels of iodols plucosinolsics and thelr breaks
down products asd poitragenie hydroxybuteny] glecosino-
[ZH

A funber embitinind of the present invention provides »
method of preparing a food protuct comprising cxiracting
pincoshuniates and Sothiocyanstes With o sohient from oru-
ciforows soeds, sproats, plans or plan) parss, whetcln seeds
il prodiuce dhe spormts, plasls of plant panls producing
ot Paving a1 e MHLEKRR snits gor gramy frosh wiright
of Fuase 2 onzyme-dnlieing poleatinl when meamired after
3 days of growth rnd whoreln e secds, sprowts, plarks or
planl pars Bave non-dewic levels of indole glucosinolatos
a1z breakdoven products and goitrogenin hydratytic-
ay] glucosinoistes, snd recovering Hie oxtracted phucosing-
lnes ained Baothiocyanates. The nonstoxic extrction solvend
can e water Myrosipase emgme, o 4 vepdtable, such as
Raghames spoaits, cottining the eovyme B mbved with the
crydiFerons sproshts, soods, plants, plan! pasls of cxtmact, of
any combingiion Merael

A Turthes epbodiment of the present inventian provides
method of soducing the level of crecinopens 1n mammais,
comptiiing sdmlasenor eaeiferons sprowds, with the
svcepion of caldmpe, oo, mmstand and radish sprosuts,

el amothor smbotimen of e predcat favantion provites
a reethod of redechny the lovel of curciroging i mranaali,
compHintng afataiitering crciferie spnts faving ot least
PONDIGD gits por gram fresh weight of Phouse 3 enpving-
HichnsTrg prientinl ohen measwred afine 3 Jays of groawtd
feorty weseds i prottuce dhe sprosds and son-loxls Javels of
fndule pincosiralates and thokr Breabduwn profucts aed
pirfiecienic Bydroxybweny] ghicosiaalates,

Arrthgr smbodiment of dhe prosen? invgetion provides o
ko of prepanidy o food prode By imrdadinp crueif-
¢s0u8 soads, aving & heskt 200000 wwils por gram fresh
weight of Phase 2 onzyme-nducing pitsstid wihien mel-
sured sfier 3 days of prowth from seeds that produce the
sprotds aad son-toxic lovels of indole glooosiaplates and
goitrogenic ydeoxybuteny! plueosdanlaies, into sn odible
ioprmdeil,

& Turker embediment of the prosont inventinn provitles §
methd of eximoting plecosinelmes and isothiooyanatbes
from plam $issse Wi oofpriscs homogenicing the platt
tissue 0 oan excess of o mxtire of dimethyl saifoside,
auctoniirte, ard ditrediiformamide (EMEACNTIME)
at a mmperatere thal proveits myrodoase adivity,

Appther ervbodimant of the preseat invenlion providen
emctorous wprovs barvested prier 0 e 3-doal slage,
ackeredn the ratio of manefunctionad to bifunctional indsenss
i o teast 2040 1,

Apotier objert of the preseed Smvention It do provide o
food product anpplementad with o pacified o parially
purificd phioosinadiie.

Crber olviedds, Yostured and advanlages af 2o proscpt
frvention wil become apparent froon the folHowing doiailed
desoripting, I should be understood, howewed, ot (o
detadled Gosorptivn amd the spocilic exwnples, whils adi-
caringy preferred embodinents of the invertion, are given by
wiy of fliwsration ondy, sinee warius chasges wd modif-

3

%

B

(=3

3

&

calipns within the spiat and soope of e ovention will
Lecae apparent to those shilbed in dhe anl feom thiz delatled
dercription.
BRIGE DTSCRIPTION OF TIHE DRAWINGS

B, 1 shows she iota inducisg potentinl of ofganie
welvert extracts of broccoli and daikon coliivers a5 x lune-
G of age.

33, 2 shows the Righ weoluiun NMR spectes of inotated
pivoosinolates obiained from hel synecus oxirzcls of B-day
old Sapa Progenli sprovs,

CHEITASEED NTSBCRIFNION
b Detinitions

15 the tesoription B fullowes, 4 minber of teoms are vasd
cutensively. ‘Fe follordng definftions are peovided jo faeili-
s widersianditg of the favertion.

A Bfanctions! intueer 35 2 mlecwde which increscs
wetivitics of both Fhase ) covpmes such a5 cyloivomes
Pd 50 s Pliase 2 onaymes ol reguings the phaicipation of
Aryd hydrocadsa {Ad) reteptor aid B cugnale Neaabiatls
Twsponse Glement (XRE). Bxamples inclide a1 planar
wrametios such as polycyalic bydrocshony, swo 4o O
7.3 S aetrcdoere-dibenze-padiosdn (TOTY.

A chemaprotestor or chemeproteciant s b kyafhelis o
patveally oechoning cherviond sgent 1hat fecheees s
v i 4 manundl o the Joxic and neoplstic elfects of
oarcitngent.

A, oo prodied i5 day ingestible prepanmion confaining
the spronks oF e Jasient dnvehtion, oF axirachs of prepadar
Hioms made Froan Hicse sprowiy, which are capable of gl
ering Phase 2 inducers to the mommal inpesting e food
prothue). The food peodect o be (roshly propared such az
selads, driaks or swidwiches comainitg sprowis of the
instant invention, Alemtively, e focd prottuct contsining
sprauds of the insteas fuvention can be drisd, eavlied, boded,
tyophilived or bukod, Breads, feas, soups, foncals, pifls and
tirbots, s amcng thy vast puedserof different fed produsts
coplemyated,

Inthcor aulivity ar Phage 2 onmyme- (efacing sivily =9
mdsrs of the alafily of o compnied(a) o frdaee Phase 2
onzyme achivity. Tn (ke prasent javention, ibduesr ackviiy i
measured by means of the mwrine beprioma cel iHoassay of
Ot setivity i vitre. Tadecer activity s defined herein ar Ot

1

© ipdueing acsivity in Hepa 1cle? oofls {mwrice hepatoma

L

i

B

5

&5

cells) Moubated with sxleacts of 3prouts, seeds or ather plant
parts peteeated with myrosianse, Fuducer activily is mea-
sured in Hepa {clc? mwine Lopatopia colly mown in
G-well microtivs phates. Typivatly 10,000 Hepa le3c¥ oufls
are inroduoed dnbo each well, Mepatnana obdls are grewm for
24 hours abd & phant exdsc Cmiaiing WHCEREE guankiie
ol fresh plant tizsue is werially dilused aomes e miceoticr
plates ioie ftorh oulture modinn comtadrion 055 mi o8N
Mg etk ansended with 9% Pedad Coff Semm (7055
andd srepinmyein amd ponicflin, The célis are fuether Enpu-
Baled far A8 doars, QR selivity (s do Bie Spmeelion of
tho {buc-frovwn qedused wiazoelum dyed is monsemd with
a0 opticat micratier plae seanaer in cell lysatos preparad In
ond plate, and refated 10 i prodeis Soneentration. Q-
1ative Inforsmition an specific acvity of QI0 5 obtained by
compirier akalywis of the absothanoes. e it of inducer
aclivity is B amonnd that when ofdod o 3 single micméier
weil doubder the QR aetivity, {See Prochanks anid
Sandatharia, Awl Hiechew. 109 328336 {19AR} and
frochmde ot ul,, Préc, Mo, Aced Sof, U84 89 23042308
(1993,

et patentiad or Phase 2 omeymednducing podestia) iz
a maeyre oF e comidned amanmss of inducer yotivily i
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phant Gesbe providied by isathiveyamuios, phis glecosiioices
thet coay o convered by myrosinese @ isslbiocyanaios,
CGlucosingiaios 3Fo ot thomsetees inducrrs of masmabizn
Phuse % eprymos, whereas othiopyanntos are faducers.
lohiees prtontial theacloms §s defined horein ag OB activity
i mbleine JoLeT Depabensa colls incolmted with rayrodiaase-
rreed enbrhels oF the sprouts, seeds of other plast pans. I
this present iavetion thereliore indueer potemtfal is messuned
by mernsd of o mutoe hepricme ool binwssay of GR
acdiviy In vitte &5 desoribed above. Inducer polential is
reeashred i Mepa 1eleT merao Depatoma cells grown in
tfweel] oot pler phures, Typically, 10000 Hepa 10147 colis
ary inbrocbsrees fno ok well, Hepaioria coliz are grows fr
2 sS40 o pLORE eadract cominining mdcragpra i quanTie
of fresh plant tissee i3 soriably diteted actoss 1he micmier
pPlates inta Deesl v meding comzining 0,15 mi oMM
culiure medinm aoerded with H5 Fotal Call Surem {FCS)
apd sireplomyein and peaicithn. Myrorinsse {8 unitafml
plunt extract) & edded 40 the plant dxrsel. Myrovinae 4
piritied by modificulfon of fhe tecknighe of Malmicr o1 4l
Annf, Bigrhe, 35 320-324 (1982} from 7 day okl Datken
SREOULS QECWD art A suppor! Contulning pe added muiri-
st Following 234-50ld pusitication, Me myrosinase had 4
specific acvity of 44 unitefmg protein Jvodlesmosnt of
sy reguired 10 hydomlyng 7 genod slidprinimin). Flam
cxtzact s dilwied 200N doip e dnidal wells of the
microiter phate fntorwed Iy 7 wariel dHutions. The collx e
further fncubated Sor 48 kours, QR rctivity (had on the
formation of the Placdmmwn redyoed tetmazalinm dye}
mozsuned] with an optics] micliter plats soanner io el
jyszies propared in fow plaic, wed sclated 10 i profein
copeentration. Juantitative infonwation on sproific activily
of R By obtained by computer analyiis of sbaprbances. Oine
it oF indecer potentiad @ the amnownt thed sy pdded oo

single microtiter well doubles e QR ectivity {See |

Frochasto and Sanlomaeia, Aol Biochem, 160 A28-316
(1958 end Prochaska ot ab, Prec. Noi Acad. Sol, D54 8%
TIP2A98 (150

A monolunctional faduonr lorehses the aotivily of Phase
2 cagymos selectively withow! sigaificantly aMoring Phas: 3
ehzyare acivitios, Monofunciions! {nducers do aot dopond
on 3 [uacjonal Al recepter bub entinnce trnmscriplion of
Flase 7 enzymes by meams of an Antioridan Responsive
Elernen! {ARIEL )

A crucHorous kprowt is 5 plam or secdhiag thet B of an
eafiy Fape of dovelopmem following seed germimation,
Creciforovs soeds are placsd in sa sovirosssent in which
they permingic and grow. The anecfferous sproats of the
Indand {overtion are barveded foflowing seed groination
thepmgd e fucleding the M-leal stage. The cruciferous
spronsis of indant invepTion bave al feast 200000 wiils por
e Tresly weoipht of Phase T enmsya-induciig poteatiad at
Mdupr following incuhaion ander conditions i which
graciforons sieds gormingie e geow.

N, Description

A maier mechanism af proléction provided by froits axd
vepotables fn reducing thie camcer iacidonce in humbms
deponds ot minor chemics] eompanenis which, vwhon dokiv-
crodh 1o mammiim oolls, chevats foveds of Phise 2 errmos
that detonily corcinoping. It has now been diseovered dhat
the sntivarcinapenic activity of ctrhin cdible plan cun be
incresned. Plank wucl a5 Brassier oforacen variety telicn
(hrroceolry ave porgally Ay hvrvested uniil they form kuads,
Ty growiap thise plants only 10 1be seedling or sprosd sTage,
shat B bedwenn e duset of gormination and the B-deaf siage,
thi: Jewiels of mfuoers of enwymes (Rt detondly carcinopons
Anyd pratect R6INEL 0ancayr ¢ah e incteaned s teast flvg loid

™

it}

1%

k)

40

F

Lt

&5

§

over thore Bmnd o thmamercial stage vogetshlos of the same
arltivary, Qfien increnses of botwoen 16 anct |G Fold have
boun ohusrodd,

» Harvesting planis pt a0 carly soedling or sprovt stags, oF
otherwise abresting el prowth, lcads o the greates
inducey polential snd yields o feod prodact of 2 type 0
which consumen: sre abmady secwstomed. Ihe Phase 2
enryme-inducing poieaiial of such sprows ntsy e as much
ag seversl hundred Tmes higher than Yl olserved in adul,
market stape vepotsbles chisined from the same sovds. 'Tlws
it 75 poesilie thay hemans can consunss the sune guantiive
af jdnesr potential by vating relatively sanall guantitics of
speouts, raher than lampe grenities of marketslage veg-
rabiog.

It frag neovwr boon found tha mont of she Induoes pitentla)
of crucifer plants 74 duwe o their coment af solliocyanlos
ared Sleir biogenic procdrsom, whicosiselues, Glucosine.
Fates de oonverted (0 dsothipoyanmes by the eneypme mym-
sinase wieh s 4 Minglocosidase, Normaily myrosigase asd
phacosianiates wre soparseed in the coli and iF ahe oolt
dnmaped, with toss of comparimentalivalion, myiosiaan
oones b codtset with atucosnolates, which are then
convertd 0 ErothiGovanalo,

T Grdter 1o piveen age numbers of edihbe plats sl o
wvaduute the elivels of spvironmental perlurbation oy Phase
2 enzyme-batucer poential in those vegelsbles, 71 was
TECERRY b prove upon tho previonsly deserled focli-
Hgled for Bomogonivation and exincios of thage vops
elitdes, Tecludoues indvindby doscribed for the extrection of
Fhasge 2 inducers [rom wgetaides involved hivmapeidistion
of he vogetabics in cold water, byophithanivn, extraciion of
the ridiant possder with acctonitale, fltration ard evaph-
Fative Conceptration, Prochaska o al, Fror Mod, Acad, Xl
TS 8% TAP4-2398 {1042),

Following ideptittcation of seiforaphane an the principal
Phase 2 induser from drotooh, Colparalive exirirlioms werd
performed ino ol BO% poahanol, wiekding simitar fnducer
aelivity a8 e afpromentioned seoloniinie exirscis, Wien
vyt wik aldcd 40 fese el miothantd exineds th
whichplueostnolates rve frooly sulube, there v o drastibic
enhancement of the Phase 2 indvees aclivity of these exiracls
bl sumaarized in Table 13 The deftbersie conversion of
thoss glucosinobties 40 Bofdocyanates wsing wogononws
myrosaass ths geve a beiter isdes of (e indvcons for Phase
* etmepmek of e vegetalics dosiod, 12 was s closr that the
mujority of dhe paientiyl Phase 2 intucers in ericiers was
wwia by present in whole phaats af e plicosiootale precer-
#0T5 Gf dscathitsanaies.

The progumdesss of plucosinodates and the rapidity witt
which, npon wounding of srusifews plant tissee, gheoos-
folaten are convered 40 ssofkocvannos, jod o the devel-
opment of an improved extraction procedure. By meripa-
{utinn of sbvend paxiares and Hf S wader astivily of frsh
veyelallefsobeent omogonsics, 7 peocecune wan devehiped
thnt permils both plucesinedsic and isothicryarat: gyantifi-
catiod bon %o sane, non-copoeniraind xympke, T addition
t being e rare-dmiting stop in an oxirnction protood],
svapiriive conceutration alows volatile inddoen: 10 picapt
deteckion. The improved precedire s bot simple agd
efficient, rigmiring only that the plant sample e compleidly
Lomppenintd inoadvent, Uring this wechmigue, 1o prorent
imveiors have twr been ble o demposteaie dramafic
inoreases In the teeovery of mducer sctivily and inthicer
potcatial from eraeifernus vepetables over provionsty
dercribed wwoboipues,

I frogh-picked vepelablos wie prompily aod geslly
harvested, dimetly inte afpenic solvests coanprising & mix-
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tere of DMBACITRSO ol o winperaduie et provems
myyroaimie rod iy, both gibcosinotates onit isothincyanaios
ate officiontly exieacted mtd the Qrpunit sofvoht mixule.
Prefarabdy, the DR ADN and DWSD ot aniacd i ogusl
vodumes, Howerer, the wlumes oF Qie e solverts ir e
mivuze can be varied o optimies exiraction of specific
glucosinotates and intfdocyansies four any plaat Hssso,
The temperature of the exiraction mixlare is preforably Joss
than & ., and mosd prefecaldy dosd Waa -80° O The
waperatars of the extmnaion solven! must b Kol dove
fecopian, A e rame Hme {he eneyme myprasinest, which
invarialty aocompanhes e consiiueis i dhe plas apd
rapidly comverts phacrnadnid sies inin isehintyanates, i inac.
e, Such exiraciy typaeally coniarn Mph guantitics of ghi-
oorinotyies snd naghmible guenriies of sethiocyssales. Flie
in plantn mayroainase senivily varies Detweed difforont pland
EPEGiGs.

Glacosielaes are ol themuedves inducers OF sami-
lan Phase 2 enmymiol, wherehs bnothiocyasales 3¢ Moao-
fusotienal inducers o the murdne hepsoma cell hivassay of
QI zctivify "Fho nduoer potemisl, ax distinet fom fnduccr
sctivity, of planf exiracts can be measared by adding purificd
ayresinase, ohiained from the sume, ar aller plant sowsces,
10 the assay SYFoM.

uchsindaes ae converied 3t lesst pat@ialiy 10 motin-
eyinrdes oy fumais 15, hoveever, 1 iy desfealli t soteinrale
this pomesesion, brocoofl or olker vegetable sprouis, Birgh In
ghucnsinniates, cam e mixed with syyrosinaie, The s
CRp 1 i WHlEL, B¢ SGME Hhor ner-tonic wobvert il does
a0l inactivete moyrosinase. The myrosinaee osn e from 2
partially pucified of paiified propatation. Aderrativily, the
myeosinase can be prosent {0 pisnd deste, sieh ava small
quantity of cruciler sprowts rich in tynosinase, inchading
faphascs saitvar af daifer. Such o proparation can e wal
tor procliecs & “soup” Sor frgestinn that & kigh in isethivey-
eoaber ard Jow in glecosinolates. Inducer poteniial van be
measured woimy o mudtwedl plxte sooeen with mudlne
hepatotis clls for i vito medsiremen! of DR apucific
nokivily s deseribied shave,

P rasdio of inerolenciional o lunetion dsdieoer adiv-
Fow of plant tissee s moasurod By bionsaykag plant extrecks,
25 desonbod sbave, no ooty in wild-ype Vepa 16367 oolls,
T sy, T pndaads dosipnated oF and BP0 that have either
difestive Ah recoploss ar defective eylackeims Po-450
genes, sespoctively. Prochmska wad Teladay, Camcor
Rogearch 481 47764782 {LFARY,

A Bseverted sprogt necording 1n the prossm imvemion a
be incerporated immodiately dne food preducts such as
fresh aaluds, sandwiches or drinfis, Alwrnative by, the goawth
of the hasvedtod speout oo bo sicested by pome aclivi
humsa Treevention, Tor exauple by fofriperation, 3t & slape
af gedwth prios 10 Hhe 2-%eal stage, trpically hedwesn §and
14 duys afier periination of seelds Growth amest onn ala
Be abitanphisted by removing A sprout from s selstale
amdder wider source, Freepiny, deyving, baking, coeoking,
Tyinpitfadang arkd boling are Smeorg the maky Sreatmerts
crtt I e do armst geodth, These roay afso be ukels] for
aither preserving mymosioase activity in the sprad {mgt,
Tyophiltedngy or for inpctivating mtodingse selivily in the
sprold {6, boRing), a5 is desiced in o panticalar appiicalion,

The hirvested sprovt con abw be aHowed w0 malure
Turilrer, wodér difforent provany condiians, prior o feder
poraton inlo o food pradie, Far sxample, (he sproul ol e
hugvested 2t o very yeaog sge of develupam, sech 15 3 40
2 dayr after scod ymbibiton, T sprosd can e be allowed
1w matere enier Gifferend proneng oostiliens, such o
increaned or teonvansd Yiphl infesdly, Wmpenture or bumid-

5

m

kL

L

L4

]

45

10

iy; expesuse towhnviolet Hight or other atresses; ar sdilion
of ekopedouws milrients or planl growth fegubabors
{hormosesh, Tie sprowd @ then immedistely incorgotaed
into a foodd prodduct, sach as for frosh cousumption in salads,
Adwernatively, he pepwdtd of W spront i5 arrextod anilifor
Sarther teed e Dy meank of Tyophilization, drdig, cxracking
with water or other solvents, froering, Daking. cooking, of
byiling, armang others,

A xproal 3 suitable for buacae consumyption i i1 does not
bave aon-adible ealatnile sech a woi) sbached of choping o -
i Typically the rpreats sne oo on 4 o -aiiive solid
supporl, sach us apat, paper towel, Dodting popen
Vermioubite, Perlite, oo, will wiler aad Iight sepplicd,
Tanws, T o wpro & pot graven in rodl, bt on 3 bolid suppor,
it sfoas net aesd o b washed 1 smove nopcdibde soil. §f
A ol 5 gre 1 8 padticulate solid suppon, sich as soil,
Wermichding, or Perhite, waldng may be reqyined o schiov:
a gprowd suitable for Buman consympTion,

Syrouts ca b gtaven i containers which 4 seitabie for
sipping and mharkering. Typically vach contuiners aoe plas-
to boxes ar jans which contaln o wetted pad at the bofiom,
The coptainers sliow Heht to peacirate while providien 3
myechanicaily proteetive barrien Numcrows aelbods for the
cufipvafion of sprouts are kaown, us exempiifled by U.E, PaL
Mos. 3,733,745, 5,043,376, 30455, 145, 4,101 964, 4,292,700
or 4,686,725, Fovd produeiy conteiniog he spmows of de
nstant frvemiog can be siomt srd shipped in diverse Eypes
of containars sach as fars, bapn and howes, smosp many
ofiers,

Eprouts swiindle e simroes O coter chiduoproioctans
ate gepernlly ohiciforomns sproaks, with the occption of
cabbage {Hraszics olaraced capiinia), oress
L epdd hamnativemy, musi e (Sineply ofbe and 5. aiger) and
redish (Maphanns sativles) spmants, The sehecied Rprouls s
ypicaiy frooe the fomily Crucilsras, of the tribe Heassicoas,
ard of the sulanibe Brassicinae, Preforalhy the sprouls arc
Bricstice oleraons scfecied from the granp of variclics
cansiating of acephade {fale, coliands, wild cabbage, curfy
ka]cg,mmu.'fam {marcoavstem ke, e {hinsind beatt
hole), adbaginbrd (Chineee hale), bofmidi {caulHlawer,
rpeoing broocoll), cowaiy {Pohupnese kale), gommrion
fEnissoln spoostd, pongydades dholiabi), falled {Droocoti),
perfarifolia {forsoy kalod, sabrweda fiavoy cablage), sabefiica
fooltards), ant) gefonsio {horocohs), smong elhers,

fracticnlachy wsofil broeond cultivars o be used o the
chimed mehod are Sapa, DeCloo, Bveren, Bmerahd Oy,
Fackensm, Corved, Dandy Barly, Vmpems, Manger, Gren
Comel, Trosn Valian!, Arcadiz, Culsbeese Caraved,
Chanecdior, Clation, Craiser, Farly Purple Sprowing Red
Aceow, Bureks, Excolsior, Galison, Ginga, Goliath, Green
Thadee, Geoonbodt, alfar Sprosting, Late Parple Spaouting,
Lole Wigier Sprowting Wiits Star, Tegend, Lepeeciuom,
Marazhon, Munaer, Minaret {Jtomarsra), Paragon, P,
fremivm Crop, ftrpine {Spring Rasbd, Rosalind, Salade
{Fadl Haxd), Samveal, Shogan, Sprinten, Sulian, Tuike, sni
Trigie. Howover, muay othar récooli ealtivoss ane suitalde.

Particukarly weofnl oaulifiowss culibvars e Adverds,
Arpaming, Asdes, Hupuedy Quosn, Cundid Charm,
Cosbwnere, Christmns White, Dominnm, Biby, Extrr Haely
Srowball, Fromont, Incline, Mikvwsy Aflinuieman.
Rushorore, S-207, Serrapm, S Newsdy, Sirin, Soow
Ceoveg, Snow Flake, Snoow Grace, Spowbied, Selide,
Tripam, Vi Queen, Wiite Thuon, White Biskop, Whin
Comessy, While Cerana, White Dove, Wiite Flesli, White
Fox, White Knight, White T dphi, White Quecn, White Rock,
White Jatls, Whie Sumieer, Wit "o, Yukno, Huwewver,
mahy elher oyl cUlibves and suaalie,
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Sitaldo aprounts will have wi denst 200,000 veits por pram
of fresh weight of Phase 2 cooyme-ingducing potepidat fot-
lowing 3wdays incubrstion of seeds under canditions ia which
the peods perminate and grow, Preforsbly the sprovs Wikl
have 07 least 250,000 anits of inducer potential por peam of
fresh woight, or gvel 300,000 units, 350,000 units, 40,000
uEis, or ASOG00 ubils, Stme tmples have boon found 1o
contain groater than 500,003 units pur gram of frosh weight
t 3-days of growth fram kesds,

The lovel of indecing sviivily and induving poteatial s
P Faned 30 Vary anmong ofueifens and even among sulti-
ek Mot preferably, the sproits are sulbstamidly o of
vk phcosinolibes and thein breakdpwn peodicts whigh
Brve Phase ) enzymednducing polectial in mamaabog
colls, and substmntinly fioe of toxic fovels of goltropéaic
wikcites and plucosinglaies such ax hydroxybutesyt
ghicosinakites, which upon iydelysia viekt exsealidaneil-
inmts which ars gpoitepgcic, Mature Brossols spmoams aned
paphsetd nee ricl in ose undesiable pluominnliies,

Mon-A0uic solvet G secoriing 10 the inventien e
wieTul o healihinf infusions or soupy, Nondoais or cisily
remtrealle solvenis wselnl for oxodtion acoonding o fhe
presend anvention fnclude witer, Nquid cuchen dioxide or
s, moag dthert e spronis ean be extracled with
cold, warm, or prefoealily hot or boilime waivt which deas-
beeds oF dractvale myresinase. The wsidie of the sprouls,
peb-exiraciian, may of may ool be romoved frim i
exbract, The oxtrsctinn procodure may be wsed 10 ataclivale
myrosTA LSS present in e oproats. This may comiribute 0 the
sTability of the indwcer potentinl, The ortriel can I fnpested
directly, or can be Forther tweated, Ut can, for exsmple, be
eveporaied 0 yiekt o deied odioeted peoducd. Bocan e
copted, Tromen, or figcze-dricd. B ocan be mixsd with a
cricifer vegelile which containd oy aefive myresingse
sryme, This will sccomplish 1 rapdd conversfon of the
phuciwinetaies W sotuecymates, piior to ingertion. Suit-
sile vepsiebies fhay comlain a¢iive myrosinase ore of e
gem Repdanss, especially daikon, o type of mdish,

Beoad, s wel] s sprons have Bosn fumi to be exiremely
righ dn dduess potendid, Ty oI5 wathin she soope of the
ipvention fo use crecilir ecds iy food products, Switable
gruti{er seeds iy be ground intn » Aewr or maad e use 4
u foud or drinlt supplement. Tie fioue o meak is incorpurated
into Bready, other Daked ponds, ar Bealth drinks or shakes,
Adterestively, the seeds may U4 sdmcled with a non-tosis
solvew such as water, Moued carbin Fiovide or othancl 1o
PrEpRry maps, MeAR 07 otlier thiks aad infusions, The seeds
can adso b incorpitared ivle o foed produdt withow grind-
ing. The seeds cao be used in meny diffsrent foods sch o
salacds, geunobas, Dreads aed other baked poods, among
orkers,

Food prothects of e instant isvention may Enchide
teprponagine, el OoF wnelracas o Rpronats oo soedts iakem fram oRe
or more diforest crclior petorn, spocies, varistios, sy
riealns or LuTkivars, 16 bas been fonad tha gonctiondy distined
orleifers prodece chomicably distingl Phaxe B oppeme-
inducers, Thifferen) Phase 2 onzyme-inducsn: detoxily
shemically distinet carcinopons o differamt raies,
Adeahdingly, food products composed of gened ically istiac!
reifer sprouts o wocds, o onttaels G preparstions made
Sitrm s sprowts o seeds, will deaosify o broader mape of
LA,

Clyoosiiolmics andior isothivevansics can be purified
feom pocd OF plapt extracis by muthods wel Koo i ke i,
Ber Fepwich o ol CRO Ol Rew Fooad Sof. Nots 38
1232 {1983) und Zhatg el al., Proo. Malf Acad, Sei. (54
B 23002403 (U0, Puriticd or partisBy  purdicd

(4

A

3t

L

a5

L]

48

o
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plucosinolnels) o isathictyanatels) an be added 1o foud
prodicts as 1 wapplereat. The dosg of pluoosintbeie zrdir
inothioeys e seiled 4o the ford pradyed preforally i5 inthe
taope of 1 ganel to LOOU ok, However, te Joee of
slucosinolais andfor funhiocysnate supplemonfing the food
product €30 be highen

The selection of plants Baving biph Phase 2 enzyme-
ngucer potenilal in spromws, sesls of othey plaat pans can bo
incutporated into Crociferae bresding programs. in addition,
those same brocding progroms can intide e idontiction
and solection of coltivers thal produce vpecific Flupe 2
chpymodnducers, or 3 pariionfer speclopn of Phaso 2
eneyree-inducers. Siriemies for the eranving, stlecion and
preeding of new codiivors of Crieiferse see well known
the sklfled saisan in this feld, Bressioa Crops amd Wil
Afitas: Blology & Areeding; 5. Tamnoda ot 1. {eds), Txpan
Sclentilfic Societics Press, Tokye pp. 354 (1980} Proptay
phasth s sorecoed for Phase 2 imduweer awlivily or ke
cheprical identity of specifle Phuse & cniyme-indutsts pode
duopd 1 ppocific plant dovelopmentat vlapes. Plams carying
the tradl of imtesest are idemiified snd the characfesisio
Feteasgiliedl or combined with oiher imputart agrendmic
cherscleristics using bronding toohaigues well kaowan I the
mit ol plant Lroeding,

EMAMPLE 1

Comparsen of CUricifetows Serom Inducing
Fotntial

Speonis wore propaced by ficst surfrce sterliing seeds of
dalfrian gprcies from tho oniciforas family withr # ¥ oan
feentinent Jn 709 cthapol, followed by 15 mon in 1.3%
sxing Byprchioriic conminiping Approsimately DED3%
Adeonox dotergent. Stods wen: grown in sterifte plastic
contoingrs af & aonsiy of spproximmiely B sccdsiom® for
Geoun 1 40 9 dhays on a (W75 agar spport Bt did act contain
anded prtrients. The environmum wos Gareladby controfied
with hroad spectnum Mvorcsoon Hohiimg, humidily and
temperalire coniegl. The suuds and eprisibe wiet icalated
wodder 3 daily ovele of 16 houss Hgh »f 257 €. snd & bovs
ek 2t 207 O

Sprouts were Barvested fllowing 3-days of incubation
pod jmpedistely phimped foto 18 voliaies of o mixiume of
cquad volumes of T FAACRTIMS0 o 50" . This sobvent
mixtune bas o freewdng poist of approsimaiely <337 €., byl
when sdmixssl witl 1655 waler, 25 Toumd in planl madedal,
tho froeuing poind b depressed to bebow 64 O Tho sctond
froowing point depression is even greater ol plant sraterial.

Hompgeniziion was adckanished oither by manually
wrinding thic samples i 3 plass-on-phass homageniar in the
prevenos of & sl amouat of {he tofat solvond wsed, then
pradually adding wore soivent or homogenizing the shimple
in 10t volmnes of solvent wsing a Brinkwan Polyton
Ihnnoctaleer Yor 1 min at hatf-maxsimum povwer, The benoe
gotals was dien comriluped o remeve retrakting pRElice-
Yuten aned stocnd w200 O amil assayed.

Yaducer potomial of plant extrsols propared 55 descrided
gbove, was determined by the refomditer plae bipsssay
encthod a5 described in the Definilings sotion sbove.

Groccoli and canliflower fprowds harvestod and assayed o
J-days sftor incwbation of seeds wnder geowth copditions
huve Phuse 2 enxyme-indoces potoniiat poodber than J000D
wneisfp frosh weight, O ibe other hand, cabbage, radish,
mustard aod crows bave Phige: 2 corynee ipdecer polentind of
Yews thar BOO000 waitsfy fosh woinh! when smuysd af the
Wamus i oL
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EXAMPLE 7

WarTailoas fn Endecer Peleptial Ameng Different
Broceoli Cultivars

There 5 wiefation by dndecer poscalal siong differsor
broceodi cuMbeans, Tn additian, most of te induopr poieslial
in crpmlfers is opresent a5 precenior glueesipofator. The
indnoer activity and andecer potential oF tindle! slaps broos
ool hesds was deermined followlng BMFAACNDMEG
oxtrackions snd psay of O selivily of dosoribed above.

Bioassay of bomagunsies of such markt stage brocooli
hezdds, wilh wntd witbout the addldon of purified plant
sivroskrase, showed that 1he amound of QR rotivily found in
the sbsence of myrosinies wak luss fan 5% of dhar ohscived
with athded myrosine. These clservalions confirmed pre-
vipus sigpesioes foeo Matile of o, Béschem, Plysiof
Pilpnzerr 170 510 {1984%) thed uninjurcd planis contain
atmos! no froe fathiooy mibes.

TABLE |

ittt of Myraslonne oo Indieoer Aoty
5 hukea itk Jroeeat] BManl tende

Tk poy gaam {wet wedghid

Breczall wrgrinhly

wliviet ALY NP ARTE
e S5a% 30T
Crailabrsh L 1550 Lkt
Tivepcet . BAFE
Dhady Teqly * btk il
Timgrr ' 15,413
Hrpa ¥ b 13,335
Meemadd ity * 12,500

= jhchaw Yot of dedediina {BAS nalineh

As can bo obasrved In Vodde §, most of e plasd inducor
potentfal is dorived from plucestnilaes follawing Bydmly-
pif by myrosinase 1o Form ikothivmyanetes. Hence, ydrody-
s 18 required for hisdogical acdivity,

EXAMPLE 3

lnducer Potephisd 5 Fliphest in Seads ard Teordes
15 Sprowts Maline

Fhase 2 eneymd-inducer poteatiaf is highest in secds bed
deorase anmdually doping eardy prowth of Sewdlings. Phants
s prepartd by fia gueface stenlizing sceds of Hrossic
gleracen varisly flion culivars Saga aud 12e{icco with n
{ min dreafinen i 705 olbanod, followed by ES min i 1.3%
sadium hypichiorie contaimiag spproadmately 0000 %
Advonos diterieal, Seods wore grown n stetile gtm;t;'s:
conlainess of o Sunsily of appreaxinadely § seedsiomt”™ on n
0.7 apar supper Bl S ot contadn xdded mitreats, The
snvimnmenl wis carslilly contralicd with broad specium
forercen! Hahiing, humidity and dempent sontrol. The
seeds ARG ABIOME Were Hcubated vader @ daily oycle of 16
B Bigrhd an 28™ O s 8 Bowes ok n) 207 O

Bach day plenbs were rapidly and gomlly coflected from
thus surface of the sgar from replicale containers. The planls
weort: fanasicd gently o mintarize ghucbsinolae hydrolyria
by emndogerons myresfnase selessed wpon plant wounding,
Sumples containing eppraximately S0 sprouis wore homog-
enfred o 16 vodumes of EMUACNAIMSZ0 sodvem al -507
. which diselvis nearly 3l the men-Epooociuasic pisnt
aaberiak.

Wirvestod planks vass homopetnred wed {18 activity with
atedl withoot myrosnase, was ddtenmined] o dewsiribed

it

15

9%

¥

A

of

14

afove. As can bo sedn in FHE. 1, Piace 3 eanyme-inductr
pokentind perpeasn of plint iz kiphest in seeds, but decroases
gradusily fullowing perminstion. Mo detecisble (Jess fhan
LO0B0 unisfay OT inthacer sorivily was present in the dhaeston
of mefohak movrosingse,

HEAMIMLE 4

Bproutls Hove Higher foducer Potentinl than Market
Stape Mapiy

The cvclferous sprowis of the mstant Fvenfion have
Tigher Mase 2 onmymu-drducer peleniisd than matket slipe
planis. More spucificully, sprowis bave o Reast 3 5ol
preater Phass 2 onuyme-intincing polentis) than matare
vopoiables. For sxample, taial induding patential of 7-day.
oid byoccolj sprouty, exbracted with TMEACNEMED and
sreated with mytosinase, i describot! above, wers L3EH00
syd 91,000 npisfE Tresh weight, compared fo 25000 soed
RO0D upits [rash woight for Beld-grown heads of broes
colt euitivars Saga and DeCicon, reapectively,

Sprost extracts of over 40 difforent membors of the
Crpniferae have aow been bitsssayed and Brooeall spepits
reraiin the most Phase 2 ensymu-nducce-rich phants fosed.
o] inducing potemist of organic solvent extencts of M-
oL ptage an sprowt stage brovcol and 10 daikon ik vhewn
in Tahls 2,

TABLE 2
Sumnsin Of boduser otcaiirl in Sacicls fod Mntuse Vegpinites
Aty fomiets frorh el
Wepeinhie Malapg Tk
Culsivag™ Vegeintile Spraw THdlnreees
LaATHON
M L= RIS o
Ak F235 ALARG i
TEnklai a7 16,647 RS
QA EIET LEST fachie i
THEALC0LE
Fongy A Lt )
Tinnm EEFHL] frtul 5
freran B335 1007500 13
¥memid Oy LA RN 7
racken i Erit SEGIN -]

=Tl eamemessial frokion of eneh gt v Faagrded {eg bt dopeess o
Hapfass siffens vagday sardieeln Jretisndy, and hesdn af Neogriom slene
iy wmrely déalica [aretoolils, Maisinaps way ad® 0l eytrecld doced.
=FTnppardl spiouis wine 1 dny oA and dniken eeedinge weee 45 dups
k.

Sprouts of 1he brocoel clthvar Bveres) contaimed 130
fold more indueer podemba) {onfisd fresh wiiphl) Maa
matue vepelables, The induoer aclivity i beococH wes
significantby higher than B drilton,

EXAMPLE 5

Induest Potential of Brociok Speowts Exvecs

Tpducer potomtiad of 1 series of water sximons of A-day old
brocrol speows of the calthear Sapa wore deicratined. Flame
wers prepared by find! sueface steeibizing seetls of Brassica
aeritci variety itafica {rocooli} cuftivar Saza by o ) mio
weatmenm i THE efliang), Tollowed by 33 min i L3
sotinm hypochlorite confxintng Approxanately OULE
Alvonur dutergint. Seeds wore grown imostorile plastic
erimainem i ¢ dongity of appeximately ¥ rocdsfom® for 72
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owrs on g §.7% ngar soppord Gt did o0 contnky edded
mtrients, The envirommont was carclnfly conoliod with
brosd xpeclmm Buorezeest Bghtng, humadity sod lomperas
tuye conirol {16 houes dight, 257 O hours divk, 200 Ch

Monts wers rapidly sod genty collected Nom $he surdnes
of et apar to minimize pacosinodaie hydrolysis by cndog-
ennks myrosinagt relehsed vpon phast wounding. Sprowts
{approximately 25 g frosh wifsproud) wirs pontly bar-
vesled antd immedintely rad rapidly planged inbo approxd-
mtely 3 wolemes of Boiling waler iy onfor o insclivade
sndngennls syrasinase 35 well ax (o exteer! phucosinelaes
sad pothivcyanates fom Hhe plad Hesue. Waler was

1

reluried 10 4 Dodd and mafrtadeed af o rodllksg boil for 3 min, -

The sprours wers then eilher stradued from dhe boiled
infuakan [ten, soup] or Domopeniped i if, and the rosideo
then removed by Hiteation or cenlrifupation,

Diata i Feble 3 ropresont both bomogensies and infu-
siona. {Mreperytions wore storod o1 207 €. umtil sssuyed,
Tnducee polgatial of @aat oxbracts, prepaed a5 deseribed
sbov, wis dotezmingd as desceibed In Definitions tection
e,

TARLES
mfumes Pgeaside ol 408 Wty Sarenels o0 3Dy Soon fiecali B,
ENTRACT 32, wnitedn frevh nasfphy
1 SRR
7 IRET
4 A5t
1 AR
5 4500}
5 PELE]
T SRS
¥ I
£ 13001
i FETANI
1" Frim
) IR
13 3T
1 kel
15 1 ARG
16 LRy Fer
17 L350
18 1,804
19 WAL
AVTRAGT FEUA00 & 616N ATLM.

Some varialily in the smoor! of Phase 2 enoimo-
induoer patentinl was titecied. High loveis of Phase 2
epayme-nducer potennial, Rowever, wers Comyisismily
ohtsrved,

BYAMPLE §

1ot Water Dracoch Dxtracts Troated wigl Diafion
Myrosinise

QR nctivity in 2 bod watsr bacomdl euirse! inerrased in i
presunde of 4 vepebibde sookve of fyrosimee, As squbbus
ortrsclion of 3-gay ofd sproaas o Deolgoli Suflivar Sagu
Erowh On WAkeT sean, iR which myrosimmy wes inaciivited
Ly Boffing for A min, was Givided into § gifforent 150 ml
aligquois, Mine-day ol duthon sprouts, a rich sounie of he
ehmyrl myroshonse, wers added ks cooled Infusion in
armbnts cquivalent b 8, 5, 9, 1T, 29 and 406 {wind of (he
Proceod, QR acrivity, 2§ determined in the Definiiion
Reelron, of T conieed extcicls containing 0% daikon was
26300 unisinremn Fosh weaht white QR activity of the
exraiis ol had reopived daikon x5 o source of myTosinase
ragyged Tepen OG0 o B33,000 unitsfpoam frosh woipht of

2

5

b

4

t

5

-

&

Rl

kLl

H

|43

5

]

4

I

by

16

brocooli, Accopdingly, myresinns preseml in the daiion
sprosis, inczeased the O wclivity n the broocoli exteact
greator than 19-fald,

BEXAMPLE ¥

Cilcoraphanin snd Glsaeoecin are the
Predomirant Glucouinodaes in bl Wider Txiracts
af Reaceodi (Cuitivar Saes) Sprents

Vatred Jon Clromatagraphy {F1C). Coniifaged kot water
extraets of S-day-ol droccol {onltivar Sapa) sprouls wore
rbjected I anddpical and preparative BHC 00 a reverse
gl 18 Portini] OG- HPLAY coluinn e ACNALO (14,
by vab) with feirestylommonium (FOA} bromide 25 the
aatpter-doa. rly Heee woll-separated poaks were detecied:
peak A elited of 5.5 min, B oat 155 it and a1 13 duin )
& modur ratio [ABC] of i, 2514010 {monitaned by TV
shsvrption at 235 omd, and they disappedced iF e awitial
extrecis wens st iteated with highly prrified myrosinase,
frebs AL T, and £ condained mo sipnificant inducer sclivily,
ardl eyclocondensaivn wmay ol myeonaes DydrolyRates
showed 1bat oply Pedks A and © produced sigrificant
puadt ties of dsuthivoyanates, seccunting for sf the induees
aelivity, See Zheop o aly, Awad Hiechim, 205 100-307
{10923, Pesk T was pol Further charactiechon, Posks /& angd
2 owere cluted Fom HPL ss TOA sulis I segueined
aAversen [0 aminomidm salls for shecessful amaws
speclooscony, MR and bicassry, Tie pure peall magiias
wore dried 0 3 vacuum centeiluge, redisatecd in aguious
20 e ML and eairseted with chioeoform 1o rhanove
exceis TOMAbromide. Tho smomeninm sl of ghcasinoisies
serrained in 1he agueons plhuse, which wis then svsporated.

dteaifieatipn of Gluepsiglates. The smeniim salts of
Poaks A and T were eluractenizid By mass sprolmomiic
armd MR teehadguos: (4] aeptbee oo Hasd Atoon Bombard-
qverd {TARD om o fefopyero] i this gave vadues of 436
(Peak A and 50 Qoo £ amw for B oepatied molesular
wiag, and () hiph sachetien NMHR, a8 e i FiGL 2,
prvvided prodgsrivees] Weeation oF Be srcu. Peak A
is plucorsphinin [E-mothyTaalfloyinly) plncosinoized, and
Peak O & he closely relaled plucerrscin [4yametivthbolatyl
ghwoosinelalel Thest identifictions and purity are slsc
esahisisbent with e inducer potencies; Meaks A aed O, ofter
myroslanse hydroiysis g potencles of 36,200 nnd 4,300
whiibsfrnad, respoeiively, compartd wilh foported OFF walies
of Q.2 pvd 33,003 unitslpanad) For sadforaphane and 2.3 5
{2,500 gataiomol for entein. T values are e con0CHia.
toms of a compiund mquired © doulds the QR specific
acdpeity d Jepr 1oicT aruine hepalonn oolks. Since oo
arl z Gitledr pluiieindate peaks, aad e nduse ackvity of
powk Aoand O acoouad for e ot inducer achvity of te
Extracls, 3 35 erelon: Whely that i this cupivar of hrooeoll,
e a0 SR lierd quatites of Gty indusers, 16, e
indole of hydrexyaliony] plicorienlaich, Pugher, the iso-
fated compouids sve harelore sebutantistly pus,

EXAMPLES

Comparisen of Agqueins asd Drgonic Solvin
Tochibques Yor Exyirnation of Jpduser Potenliak

Plapts weze pregated by firgd murface shesithbng seeds of
Hrassioa alersoea varisly itafies (hroorall) cubivar Saga,
with % cibanel fodlowed Iy 134 sodium bypochiorie
angd L0 aloonor. The seady webe grovwn in slerle plasiic
cantuirem M & duneity of apprasimedely § seediiom® for 73
houts on 5 9.5 apar sopport fhat did ool eontdin sdded
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plrients, e cpvirpomen) was Carednlly eopfrollad with
Broad apecirum fuarnecent Hghting, humidily, asd femmpeta-
pere oontrol (M6 hous Hghy, 35° OB bours dueh, 20° O

The plams were rapidly and goatdy coliceied from the
warfeoe of the agar fo minfmize plucosiaciste hypdrodysiy by
sntlopentus myrosindse eleased upin plag! weundiog, A
povion of the phantk wes homagénised with 10 velumes of
the EMPACHTIMGG solvend ab 507 O, 45 depertbed in
Example 1, which dizsedves mearly ofl the aAon-
ligroeslinlosic plant material, ARtematively, i buik of the
barvesict plants waz plunged jsda § volumes of boilinp
water for 3 min fo insclivaie sedeperous myresivase sad 1o
oaibrnel gacosinobates s frathinayanmes. T conded mix-
tere wag bomogenised, comfuged, snd the supenant Beid
was gpred s ~20° O

Tnducer potentiad of pland exiracis, proparod by e fwo
methods deseribed dhove, wis determined Iy o microtier
plate bidwssty us deseried above, Typlea! indveer polentialy
in sn rversge of § preparations were 203006 {DMIACNY
DME0 exiracts) snd SOSG00 {aqueown oxtrecis] wnils/p
(resh weight of sprosts,

Specirophoiamettic quantiation of the cyclorondensalion
product of the reaction of isothiccyrmaies with 13-
bempenedifitiohs was cuecied 00 a5 doscribod jo Fhang ot o,
Al Wechem, 205 100-107 (1992, Glucosinalatas we
rpitly convedled o Isoddocyanaies alor addiiion of myr-
kinaar. Al 6% o e total Sot water gaaractabde materisd
{issoived sodids] consistad of plncosinolates. These tralis
demonsteare 1hal {u) lddbiocyanste iovels in the cmde plam
sxtracts are exlremely Jow) {0 myrosinaso rapidly convens
shumdant glucovinndaes do isolhiooyroates: () kot water
exitariion reloases dver T of the iadutsr aetivity oxtrct-
ble with a iriple solvert wivmce piraiitlap recovety of
peomt of the biologica) activity in » praparation it is safe for
kutman consumplive;, sed (@) over 99% of the ipducing
potentisl in the st pland i presest a5 gliecsinolates sod
Feenefore mo wiher indecers grc proseat fn hickegically sig-
mificant quaniiiiss.

EXAMPEE 9

Develppirental Bogulating of Glucosinnintes
{toduction

Prefiminary experiments in which fiehd growvn Lrocoodi
(eoltvar eCioeo) wan barvested sf sequential Hane poinls
from the same fickd indicabed s on o fresh wetpld basls,
ndaenr potemial declined frmn the by vogelntive sapge
through chmmercind hareest, bat apyreaned fo incresse o Jale
Zarvest {onset of Noweringd. These dus sappested hat
ittucor podertial might be lhphest n secds. Bubscquent
studics have shown that when weads of § brooeol culiivars
wore surfnee sterHiod wmd grows wnder gaoloblotic
conditions, Fhase 2 cozyme-inducer priestial was liplest in
seods and declined progremively {on o frosh wiiphi basis)
over Howe thronphow! the Bt 14 days oF seedliag prowil,

fxpressed on 3 por plust badx, however, actlvity
remained comsiam over hik poried, sugpesting S ot this
carly wage of prowth Hete was oo sel syalesis of ghuoosi-
modates, Howeeer, wihen the ghecosolne profites of mathet
rlage broceadi hesds and 3 day old sprouts {ewldivar
Emporor) wore companed  hore was o prafound difcrence in
the apparm glucesireotaly composiiony of hese plints,

Sprouts wore propared by st sufee storiicing sosds of
Arussica eleraced varkety falica {reoccabi) caltiear Emperyr
with & 1 prinwie freaiment in MED ethanel, Rdiewed by 15
i [ }3% sodinm hypechionis with approsimuely

i

35

il

L+
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DL Aloonoad dotorgend. Svetls wwirs grinvn i sterde
plastic comtainers o & dennity of spprosimuily § seedsiom”
for 77 fowrs on A 9.7% spat sippon that did sot contain
gelded asiricais, Vhe covitonmond was eareldiy controthed;
Genad postmn: Suorescony Hphting, Berhkliy and dempery-
bkre poniod {10 Boyrn light, 257 8 Sours derk, 207 ),

Plapds were rapidly ard peetly velleded Tom e surfacg
of the agar i0 minimiee ghoosinobte ydadyss by ontep-
cpovs myrosiame released apon plant wovntding. Sprows
{approdmately 25 mg Troch whbproutd, wore oty laf-
vested apd immodistely and raplfly plesged 810 approxi-
moately 3 volomes of Doffag water in aeder 0 inkalivite
ontnpetovs mymosimide oy well as o oot placksianlae
apd Bethiecrapalos from the plam dissee, Witer was
soturned to a Doil and meiniained 0 & codling bodl far 3 min,
Thse FpacHLEs wers than sirained from the bodled infusion {1ea,
soup] and the infosion was stored &1 - 20 O untdl acgyed,

Marked slage hontds weore oltaiset By gonud mting scods
of the snmo seedlol in o geenhinees it potling S0, trans
planting !o s organically manaped Seld in Gty cownly,
3T apd harvested st marked stage, Tosds wire bnaediztely
froren upoR hacves!, ransperisd fo ke bakomdary on ice and
oxiracls wete prepared inoan ideatics] lashion 1o thosc
deseribed above [or sprowts excep! thel approvbnscly 3
gram foret dlmson wmsphes were awed for extesction,

indueer peleatial of pleat exteaets, propared as desoriled
nbowe, was determingd Inf e mfesotier plate bivassny
weathad 55 desesibed i Ixample 1. Mained on chromaing-
raphy tevesled two major peaks, probably pocoboassivin
and meg-pleenbimzsiciy, # extcacts of marded siage heads
with stmdlat reibntion fancs 0 glveobrangiciy {indode-d-
yimeihyt rlucokinolaie) and aco-glucobrassicin
{1 -metheayindile-dalaelyd heoorinniate). This oberva-
tion i consistent with pabdished reporis o e glveasinplate
vampositing oF maitre brodeol plasts. Hewever, palred ion
chromaogerphy umder e S conditions of identically
prépured extraces of 3<layold sprowts showed absence of
givcolirassicin ur neo-flacohoassicln, Additionaily, 3-day-
addd sprosts af diflerend broocolt cuMivas protece diffsrent
ik of ghcosmalates, Accodngly, gluctsingdile pra-
docton i developmentally epalated,

EXAMPLE 10

Evalvation of Arlicermnogtais Adivites of

Brocooh Sprindt Preparations s e Hupsins

T RA £9,10 Dimnethyl-1 2-Theommiliracene)
Mamary Framer Mpded

Sptowts wort proparsd By Bod surfoce slerlizing scods of
Brasaicy eferaome varely Sulfve Quocooh) cultver Saga
with 4 1 min tosbmen in TG sthantd, lalloved by 15 min
in 1A% sodinee hypochlorite with approvimadcly GH0L%
Aloonoy dotorponi, Seeds wose geows b stérle plastic
comainers ot 3 densily of spproximately & seedsfom™ Ry T2
bowrs on n £.7% ager suppon tha 360 pot contein added
awincnts. The cavirenment was carefolly conlddicd wih
brasd specirem Suorescent Hghting, beoidity and fempora-
wie condtod {16 hours Hplhd, 25° U8 haws dards, 20° U

The plams were rapicly snd geaty colleciod from the
sarface of the agor 1o ainfotize pleoosinolnie hydrelysis by
vrrlogenous myrosinase released upon plant wounding. A
Yitkge appaniiey of sprowts woes harvested by immedinely s
rapidly piunping inlo spprovimaely 3 volvtes of boiking
walET {6 (e b Imaciivaie oRdaEenotls mycosinate, 2t wel
58 exiracling slecosinolales and s bivcyanuies Trom ihe
glaud tisgie. YWhicr whs toltmncd 10 4 bodl and seaimaiced of
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1 rebing bod Jor 3 mein. Sprowis were fied syaincd from the
bBodledt inlislon g, sovpd pad e infosion was rophilied
and stosed ag 2 ity powder st 20 C. {demignated Prep Al
Otder sprouks, simibarly propaetd wose extrached with bolk
ing water, wonled o 25 O and wore ameided with 2
guaniity of 7 day ohl duikon dprouss eqpivelent 1o apnes-
madely 0,55 of thi: arifinat fresh weigdd of Sroccod sproats,
Thix mixbrre war homogenizn uring 4 Trinkman Pobyires
Thomiprenbrer and thealmndd ot 3773 for 2 hones fallowing,
which # was fillered Wnrongh 4 sinfered ghass filter, Iyo-
philized 25 above and stored a5 2 drivd powder a1 20" O
{decigeated Prep BE

OB fedwoer ackvily and indyccr potentisl of plam
exiracts, prapnred a5 desoribed above, wos delermined by
tre onforodies gl et Wossay moetlod o5 doseribed above. ‘The
imtiction of QT achivily iy prpararion A i lagely due o
aldnnsinelates: prodooimuetly plwooraplanin, which is the
glucosineiste of sulfteaphase, but this prepoiafion also
containg somo ghecocracia, which is the svifide anslog of
glucoraphanin, The fdudiion (R activity of proparstien 5
i almest exeheively due to isothiooyrnates arfsiig fom
tresiment of gincosinalaes with myreoinase.,

Fomale Sprapue-Dawley rats reccived a1 3% duys of age
worg fatomized, 4 animads per plaste cape. Al animais
rootived L0 dng DA, by pavage in 1 mieseme o, sl age
S0 drws, Sprog prepaeations 08 o1 B or vebicle oiwined
wore given by pavape 11 3, 24 7 day prhor o DMBA anthe
duy of JIIMBALT br prior 10 the DMBAMow) sad o6 the day
Feltowing DDA doding, The vebishe vsod was 50% Emul-
plior GROPISUTE water Animals were matnisined on v Semi-
purifhed ARNGTOA et ad libirom from the time of sooipt
uatfl terarinntion of e cxphriment (167 days of apel,

TARLE A
AdTIICATMARCHIEZUCT AT VIEES D0 FEROCI0LE SERGLT
JRTTRACTE P TG, ZA0A BT MAMMAIY HOMUR UG,
NLMRR MRAT-
ar LY
ARLMGALS KUIMDTR
AT TOTALL o
TRRMI- TUMOR  TUMORS
TR TREATMENT  NAPGN  ROMBEED PER BaY
XRTT, TNA o1y W ™ 1.4
FREPARALION 324 pghioae 18 " EEEH
A EECETE T
{Hlorminelate)  aliorpinee
mquiv
TREEARATION 33 pgiduge o i L85
o {03 ptal
fieothioeraaney  pudfnhpkiay
LU}

The development of padpable amons was diedayed Tor s
much Ax 5 woshy Iy dhe admimisration of sprow £,
ftats treaded with oiitbar Proparation A o T had sigeificandy
Fenwer mnss than e untvated comtod, 20 1B mruitplicily
of tumork fumees per rat) was sigothoently lowes i e
animats roceiving Preparations & o B

BHAMPLE t

wetabolism and Dlearanee &F CHecirsinnlades fn
Humans

Fovtn aayabi, seter-sinasrbciasgs vodisiiedss ngos 35 and A0 yoats,
cach in gowd Leabh, werts pul a3 Jow vegetable ol in
which no gioen of yoilow vopetables, of comdiments,
pytared, Frirseradiely, fOMMUTO0S OO pARRYAR WOId consimed,

b+

H

&

45

L]

]

1]

2

Adter 24 ores on such o thied, 18] wring wes c{rl!uﬂﬂuﬁ in B Er
aliquats, Affer 24 howss of ascfing dath, sebiects wposicd
180 ml of brocooli sprosl shup {preparcd as befond, son-
tining 528 pmot oF plucosinelates.

The tg wore prepared by fiest supher steriizing
srods of Brassica clerecmd varicly fallen Chraeaeli) cubtivar
Sagn with o 1 pavdo reatondand i 7% otbanod, fliowed by 13
et din 1.3 sodiad hypostioie aail o, GO0 Alobaox
detempent. Scods wore grows in sterile phasiie containers s
8 donsiiy of approximately & seediion™ for ¥2 hows oo ¥
.75 agrar support hat did nel costain sdded autients. The
enviponnent wig carefully controled with Lrowd specioomy
Suprepcent Hpfling, humldili: aid tempominre contred {14
B dight, 35° COF Jours dirk, 20° O3 The plants were
rapitly andd geatly coltecied from the surfeoe oF thi apar 4o
avitviniize mlicomnednic hydreiysa by ondogunos: mymsi-
axse debexsed upon plamt wobndiog, A large quantily of
sprits wis harvegied by Immtrd;m!}* il fapidly pladiged
Pty appreineately 3 volimes of boding whiel in orber 1o
naelvaie chboponoi mymkieaee o well s o sxieal
plucniinglaies and Bnihiovyenses from the plus tisse,
Waler was refuseed 10 0 boil and maditained 3t 3 reling boi
For 3 mmin, Fobuwing the Iflig step, sprows wark bamog-
aptred directly dn their jufesion watee for 1 rain wsing 2
Urintanan Polytion Homeponizer and the proparstinns wore
Frowen 3t ~T9° O wolil wse,

Inchucer potendial o plant exlracts, propared of deseribed
hove, was defermined by the picrotder plaje Lrassay
meihod a5 desoribed above. Iptucer potomiiad ir noardy ad
due b glocosinalabes; predeminantly slecorsphania, which
is the pheeotinolate of subfursphane, b kome gheeorrscin
which 5 1ho ssifde aealog of pleceraphacin was nisn
presend, Whett converted fo Bothiveyapales by the addition
of purtficd wwosinese, Phase 2 eokyme-indicing poteniiad
w100 000 unitsSel s contained 5.2 pmod of isothioey-
mriter per and, bs determired By e cyplooondensabion
wadtion described in Example 7. Fhvs, the subjeois con-
sarmed & tdnd of SHI el of plucosialaes.

Colection of 3 kour wrine sampjde was contineed for on
sdditions] 30 hows, Urlnary excrolion of boddocyanaic
capjtpates {dithiocyrbumates) wus moniiored using the
cvehocondonsalion reackion as feseribad in Example ¥,

TABLE 5

EMESIETION OF DETHOCARTAMATES 1Y TWO SSRGS
TRORFTING S0 MECHOMDLESR I9° (1 LIO0SINOLATES

LT AR A BROCOML..
TMT ORI R SUEHTLT 2
Dotestion Tize Jenc] THINoahEmee
(houry Pei & hiwr wrinn cellsgian
B haeeline 5A )
20 Traezline k%] ng
e Tmding 1 5.4
iz 168 B heter poad-glaks AT A
el Rad 8 Loy pou1doto L] FhA
a3 Ml B ohbar gl 1.1 FLEN
3 < B kel pardedloon A% A4
Tzl poedomn mis Svenge Beosiiue e W2
Toind =5 Merohl wl gare; 4.7%h i

The e subioas shpdisd metabofioully convertesd » sig-
wfeant fractiog of dhe Ingenied glhucbuinointes 1o the fothin.
ey prtes wineh wen converied o cogtane dithtocabammates
apdd mersrd in the grikie,

EXAMIME B2

fiffocts of Phystcal imerventions on Sprow Grewdh
an Froduction of Feducers of Quinone Roductase
Bprands were prépacedd by st udfaco sienilizing soeds of
fepfaas Seiveen {dpilon} by 4 1 rdnuly LresTment with
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F05% cthaaed; fadlowead by 3 35 min wedtment with 1.0%
st hyporRlari with approvimately 0.001% Alosrox
detergent. Soeds wern grows In sterile plisiie comainess wf
a density of approwimately § seadsfom” for 7 days oo u 7%
agar support thal did mol costain added marsents, The
epvironment was carclufly comrofled with broad specnim
fhunrescent liphilng, humidity shd lsmperatuns comral {16
hours tight 25° C.% howrs dark, 207 ).

Freated eprowts were iradinfod with gerarcidal UY ligln
for 0.5 b om Quys 5 aned 6. Tresled sprowts were only half (e
hetghl of the onteeated opacbrols, Manis work hacvostod on
day 7 by capidly amd oty ooliecting the plants Hom the
rapeTce 07 the aypar o mintindes ghooosinifate dredysis by
shlogontus myrosinuse seleansd upos phan! wounding.
Spronis wore harvested by imoedinte sud sapid plutgiog
into apprecimately 10 volumes of DMEACHIIMSO
§:3:1) & approvimarely 507 O B order o dwactivalc
-andagerss myraxinase 1 welk s 10 xiract glicesinolues
il Bathinepansles, Sprowds wore uamcdiniely Bomope
abfged with o growml glass morar aed pestle amd stored of
-2 G

Inttucer potentinl of plan! exbizeds, prepared as doseribod
wve, was deteaningd by the micretitcr plale Rioassay
method ey deseribed drove. Epdicer podeplial of the
WS drearel spromds wis over Do 1inses Wiad of untrated
semirals, Treziment of spronis with wlteasicdet Lt therefom
imyreaied B Fhase 2 onpne-stucer potential of the plas
fiswme,

Adthouglh the Sosepoing refers o padicudar preforod
corboiimerts, i wWill Be waderstiod 1hsl the present fnveh-
fion 35 rot 30 Kmilied, B Wil eccur to those of ontinary skl
in the ard thal variows modifications may be made in the
disglosed cmbodifpents sed that such modifications ame
imtended tr bo withln e scope of the prosent foveniiun,
which is defincd by the Inbewing ciaims, Al publications
s patent appHeations mentioned in vhik specification are
wdicative of The leve) of skill of those ir Ure 8 10 which the
vt porakns. .

Al pablicmions amd prient apphicationg are borel iotor-
prrnied by reference 1 the ryrve sxiend a5 1F each individasd
publicaiiun or paterd applivetinn were speciflcally snd ladl-
vidvally indicaed 10 be fncomorated By rfeence 0 i
anlfrety,

What is claimud is:

1. A method of preparing a fond prodhel el in jloceci-
nolales comprising evilormee weeds, owr made Tram e
cntciforors soeds, or 5 combination 1herend, whemin said
method comprives v mdusing eniciferus seods, Sour mads
from e epicifirpus peeda, of 5 combiasiioh thereaf, inta
another eriblo mprediond, wherin seid soeds and foyr are
rich in pincosipplates,

2. The methed of cladm 1, whereln said seeds aod ey
eomdain biph Phase 2 emome-indeeing potenifal and non-
toic fevels of indole gincosinalatos snt their Breskown
produois and poitregonic hydmehnenyd plecosinnistes.
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A The method of clxim 1, whercin saitd sceds prodirce
sprouts haviag af feast 300,000 unils por goan leesh weipi
of Phese B eneyme-Snteciep potcntiad When moauied slter
B-daws of prowth and pou-jexic lovels of indole glrcosing-
jaten akd thiir brenkowh products andd goiimogonic hydmsy-
bytenyl glunnsinbiaios.

4. Tho maothed of chein 1, whorein suid sesds produce
sprowts Bavlag o Jeast 200000 yoits por gram fresh weight
of Phase 7 enkyme-indocinp potontind whon mensied aliot
S-Tays of groseh and pon-towdc fovels of indole plucosing-
Tades and i Breakown prodicis aad goitegsnie hydroy-
buleanyd plucosianfatcs.

£, The metbad of chaint 1, wikrein srid soeds prodece
sproals having ol boasl 400,000 units per grans fresh wofai
of Phase 2 gomymc-irtuein potealiad whon measyred aflar
Sabays of grvwtfe and non-toxic levels of ledole plecesing-
Jadisis 2wl 1 bein Droakown produces zed goitragonic bydroxy-
bareny! phcosinelstes.

& The mathod of chxm 1, wherein said soeds prodece
wppdtkes having o1 Jewst FO0000 wairs per g frosh woight
of Plewsn & ensymedmdacing potential when mtassrcd afior
Fofays of growdh and non-taxic lovels of indele plecosino-
1nies 3ol Thais breakiows protiucls aed sileopeale Bydroxy-
bdeny] pltoosiedlsles.

7. A method of preparing 4 Bumas fond produet rich 1
glucesinelates comprising craciferous soeds, four made
from the coucifertnm seeds, or o combination (Beceef,
wherein the crueiferoy seeds snd fowr wre b W
plovaninolaies, wherein said metbod comprises:

{2h sedecting cracileus seods which produce shouls thay
e nich in glecosinolatce, o

(shpreparing & food protuct from the selocted crpcifordss

¥

8, The mcthed of clajn: 7, whetein the seieted erifer-
Bl ot e Spouls Siat cortadn o) loxst 30000 unls
per po Frosh weight! of Phass 2 opmyme-indicing piotiial
when measred sfter ays of goowih,

& The metlod of clxim ¥, whersin 1he sshecled oniclfer-
b5 sheds prodece spreaa e eemnin 51 {ers d00 K anils
per gram frosh welgh! of Phae 2 envyme-inbicing pode il
wWihen moeasred alter ks of growth,

1% The mehod of olatm 7, whoreln the selecid omidf-
erdur scods produce sprowis that contain Al Jeust SOG000
udits por prm feegh woipht of Phase 2 coyme-drducing
poleptial when meastred aftor 3-tays of growth,

M., The methed of elaim 7, wherein sl seeds zad Aour
vomain bigh Thase 7 comvme-inducing paicstial and sen-
wexie vels of indele plycosinpfates and theic hreakiwn
prodstis and godtmmenic hrdeomyluteay] glecosinolaies.

32 e qeetiod of claim 7, whozein the sclocted crucil-
crops seeds produse speouts W contain ot easl 200,000
wits per pram fresli weindy of Bliase 2 eneymednducing
patential wlhet mérsured 30 3days of growh,

+ F F %



