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CANGER CHEMOPROTECTIVE FGOD 16473}, "The onlty appatom entrmon prropedy shined by ok of
T PROBUCES s edrcers o5 their ability o renol with Sind groups,

Thiv apphicalion & 4 divisionat of appleation Ser Mo,
(BRA0,234, Sled Age, 31, 1997, aow U, Pal No. 5,008,
569, snd n svisions] applicution of Ser. Mo, DEBEEA5E,
fled Sep. 15, 1995, pow 1035, P, Moo 5,725,895,

Teo U5, Guvernoiend s 0 paid-up Yeonse 0 this
imvertion snd tho right in Himited circumainpces 5o rerire
the patent owner o Eowmse tibers on asiabic terms a5
pravided far by the tormz of grant POV CA 24500, entliled
“Novel Sirstegies for Chemoprotoction Agrinst Canot™,
{Pal Thalislzy, Pripcipal veslipalory awarded by the
Mational Cancer Insiftnte, Depariment of Tlealh and Human
BepHots,

BACHKGROUNT OF THE BWVENTION

L. Ficld of Invertion

g fpvantion mines o 4 dictary approsch o reducing
e foved of carcimogens in smimals axd thelr eclls and
Hherohy reticing 1he sk of developing cunoer. $a pacioudar,
this fnvention folates 1w the producion and eensumption of
opds whicl ste rich it cakoer ChEROPrOTEHVE COMPOUR LR,
More spesificaily, Hin invention relates 10 chemoprotective
comprinds thay modulele mammatian cnzymes whish arc
mvolved i metsholism of curcinogens. This iavention
mines 16 fotd sewrds whith ato extremely rich n come
proninds Bt facies the ativity of Phas X enmyiaes, withew!
indseing biclogically sipnilicent soibvities of Umpe Phase 1
wrymes il AcHVAte caTchaes,

i1, Thackjuonnd

Tt fs widely roopgrined that dist plays o lwge role i
oconlralling {F sk of dovelnping caxnoers sl Bl increased
capsampliog o7 Ris sad vegelaldes reduos caiser incie
dort it haemans, 11 believed dhat a major mechanizm of
protesion depeods on the presence of chemici] somponents
in planks thet, whin dollvercd o rsmliag cells, ehivite
lowehs of Phice 2 enyymes that detuxily cartinogens,

Farly wtedick on Bie wethanism of chemnprileciion by
wepliin chimicals assumed hat ihese chemOpndestin
wpidiped aetivitics of mononyRoauses, Ak Bt 55 PRase
¥ enmpmmes of evipchromes P50, Powever, Talalay o1 10,
{revivwed in “Chimical Protection Aguirtl Camcit by
Induction of Gloctrophile Derpxicnion {Phase IT) Enzymcs”
e CRLLULAR AND MOLECULAR TARGETE of
CHEMOPRUVENTION, L. Wehenberg of ol., CRC g3,
Bocs Ralon, 4. pp 360-d78 {1992 deterained i
admimisteation of the known Chemoproteston butylated
hydoxyanisale {HIA) to rodoats resedied fe litle change fo
clochrames P-450 {Fhast b cuzyme) ackivitios, bul pro-
fouradly slovated Plase 2 eraymees, Phase 2 onmpings sech 48
glntathinee ransRerees, MADG quions redudase (OR)
and ghicuroceiyiraasferanis, detoxily DNA-Ganaging
electroplilic forms ol ulimate carcinopee, Selectiv induc-
we of Fliase 2 onzymes sro derigrated monfscionad xfuc.
wrs, Prochashs & Tafalay, Coacer Res 48 4770-4782
1088 The moanofimctional inducers are nearly Al clecim.
Fhuites and belong w0 § distinet chemicat dlasser mcluding {13
diphesols, preaylened izminey and gulronesy {3} Michael
eaction apoeptors comaining olefins or scotylencs condu-
pated 10 clectron-withtrawlmy groups, £33 islicynnales;
{4 1,2-dithioke-3-thiones; (57 hydedpertvits, (6 irivalonl
itorpanie xnd onpanic atenic derivatives) {7) beavy melals
Wit potencics relatod o their elfities for ot groups
including M, smd QP s {5} vicinal gimuncaptune,
Prostora o1 al, Proc. Woll, Acad, Sal, USA 9 206500060
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Chomoproteclive fgers o bi med 1 redues thi sus.
geptibillty of orammits 10 the toxic sl reeplastic effects of
carcinipens These chemaprieetnm duit e ol plin] onigis
wt sysleric comporndn, Sywhoic spalugs of nauwsiy
ponurring dpcers havo alse been peasraled and show 1o
Mook chermicy) carsinngencsis o animals, Posoer e al J,
Afed, Chpns, 270 170176 (1994); Fhang ot al., Mrec, Ned.
Acied, Sei, T84 11 31472150 {1000Y hakt of al, Caroor
fas, {5uppl) 54 1978519855 (1994},

Mighly sfficiont meibidds have been developed for mew-
suring 16e poiency of plant sxiracts in ncrense ar fndyoe the
activilies of Phase 2 oneywics. Prochaska & Samamarid,
Arind, Blociens, FGV: 328-330 (1953 and Prochadks < ab,
Peor, Natf, Acad, Sef {884 89 2304-239% (1093, I
addition, these motheds have buen smaplined Tor iselubnp
the composnds osponsible for the indvoor acdivitien in
plams amd for evaluating e snlicascinopernic apdvities of
ptesee: orrpuneds aed i fenthotio aralags, Thang o 2,
Prow, Nad, Aced, Sei. D34 39 23082408 (1902} and
Pasper et ol Aed Chann, 3F 1T0-116 (35943,

Adfmmph fnduott 1eivity has buen fumd in many dilfes
sm) Tamilies of edible platts, the smoums are highly
varfshle, depending on Dimily, gonus, specfed, varbly, of
cullivar of e pland 3election sad on grovvth snd haressiing
conditions. Thus, (hote it o nowl e e art 40 Hdentify
preticilir odibic plads sud mothods of growing and pre-
prring \hem dbat wiekd Mad lovels of Phase 3 ennyme-
indncer activily Tor ohomopritectivn, Thers §s a5 4 pegd
et methods of growing sad preparing cdifls ploms thal
proddies: 3 known specirum of specific inducers of Phass 2
emayme uckivity in order o iperease the offfcieney with
wihich speciflc carcinnpons, T classes of carcintgens, a7
tepeted for macivation, In addifion, there i A meed for
modhods of pland Breoding wad selecton to Fucresss hn leve
of Phwses 2 imtbsronr solivHy antd (o smaaipaiate the spocimm
of inducers produced in pardica b cillfivans,

SUMMARY OF THE INVENRTHIN

it it an objen of the present davention lo provite foml
products and fond addithres il ace rich in canper hemd-
profeciive compounds,

Anoilier obisel of e prosent imvention 18 1a prsvids food
products whith coptain substantiat quantitfes of Phase 2
ctnme-dndweens ad e tsseaially froo of Phise 1 emymne-
mieEn,

it i5  forthar ohject of the present inveation to provids
{ord producis which contain sl sntial gusntitics of Iease
2 epmymeinducing posertitk and non-toxic levels of indgls
plucosinniates and rheir breabdewn producs wof golin-
peiie hydmyhuiem] plocosinelaes.

Thiwe oljects, and others, are schiwwsd by peovdding
orwcibring spouts, with the oxcoption of cabinge, G,
sustard and ohdish sprowis, harvesied price W the 3-leaf
stage, The cruciferses sprouts sechode Sromden oleraon
varfeties weophals, elohoglabra, borrplis, cestam,
prammifie, gongylodes, Melica, mediflow, palnifolla,
Fanrg, satdn, sebellice, and selensia

Avotier embodiment of the presem Invenion privites
sricifesns spronts, wish the excoprinn of crlibage, css,
mwstard and sadish sprouis, kievestsd price to the Xdeat
#agt, wherein o sprowts ar substantfally free of Phase §
cizyno-indveing potemtid,

Vel sretlhey curbodiorent of the present investic provider
n nonA0Ee solven! oxtract of crociforais sprns, wath the
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exveplion of aibbage, orens, mwsard aed redivh sprooir,
Lapvested prior to the 2-deal stype, The sou-toxic solvent
sxleact can be A woar owimecl. b acdibon, the wider exlract
can oomprise A crecifersus vopelzble, such s 2 cruciferous
vegeiable of e penus Raphames, comprisitp an active
TS IAGE SRRV,

Anclher endbodiment of the presend Inventied providos o
food prodwst compriting creciferes sprouiz, with e
enceplion of cibhaps, cress, mustard ond cadish sprouts,
harvented prioe to W 2ead stage; extreedn ol e spenus or
cracifoasun Beods; oo any contbination of the sprowts or
enfranis,

Afwrhor emboditent of the presesd invention provides a
method of fnerasing e chomoprotective amovnl of Phase
2 enzynes 1n 8 meammad, compasing (be step of adminis.
tering an cffective quantity of ciuciforens sprowis, wiil the
axcoption of cabbage, cress, swstard and radich dprouts,
bapwisted prior to the 2-deal stage,

Vet anther ebodiment of the prowent nvenition provides
a methed of mercaning the chemoproiegiive amoum of
Phise 2 envymos i o mammal, vemprising We fep of
admiistering &0 sffective guantity of 4 food product com-
PrSInE crrTerous sproits, with the eaception of cabbags,
cress, mustard and radish rproads, harvestod paioe to the
2-jeal stage.

Another crbolimen of e prosent frvertion provides
carcifesbns sprouls hareosted prior o the 2l stape,
wheptin Mo sprosds have 31 Jeast 2000 smis per grom
Feeshy woight of Phase 2 ensyme-intucing pobentis] wlen
mensured alter 3 doyr of growdh fiom secds it produce
sl sprouts sutt conlain nen-oaic Tovels of indole gheoosi-
nolaies aad fhoir breakduwn products and geiteogenie
bydronylreny] gineosinelubes, The crapifermus wprows
inlude Frterica oltviemd vivittos acoplele, albuginbeg,
Bofryifs, crsial, gananfers, goagylades, itativo, mudulioss,
primifolia, ramesa, sehada, sabeifiog, and Fefoisie,

A ferther embodiment of the preses! inventich pravids 4
Loot product comprisizg sprouts barvested priorio the 2dead
stage, wheorein bt sprovis have o Jeast 200,000 anfi pey
gram frezh weight of Mhase 3 envging-indating priontic
whin memered alior 3 doys o prowth of sesds fhat
protice the Spaonts and comatn aea-toxic tevels of indoh:
plucosinodatos e fhele broskedown protdugis and godto-
sopic hydronyinliyeny! plevosinolutes; oxtincts of the
Sprouts or chuciferls socds) or any combination of the
SHCGULS O ERAFACIE,

it another stz of e prosonl ivensdion providas
cricileqouR spromls harvested gror o the eal stage,
whereln e sprovts s g Teast 200,000 weits pte plam
Feish weight of Phase ) eoryme-indacing polsmial whea
eastped aller 3 duys of groond from seesds thet progdvcs the
speouts and contain nop-soic levels of indele ghacosiioises
amif ity Breakedoven products aid goitrogenic hydonybuic-
oyl plucosinolales and w6 stbstamialty free of Fhase |
snEyneinductrg polentisl

Sanilor carhodiment of the present invention prevides 3
BOR-40KIG Solvent oxtricl oF Crucilorons sprowls hervesiod
prior b the B-loaf stage, whiveds f1e sproms have 4 Jeast
ABOL00 units per gram fosh weinht of Phise 3 oiyme-
inducing potontizd when messired afizr 3 days of peowtl
Lrotn secds thal producs the sprowls and Gindsin aea-loxic
Yovels of ibdote glucosinoixtes snd thoir breahdewn products
and pelimgenic bydroxybuteny! glovosinelales. The hon-
toxic solvent exhiact can be o water extract, Ta addition, the
Water CRURGEL wib wamiaiee A cruvdforous vegerable, srch s
civelforons vegslalite of the genus Rapbieus, comprisdng wn
Agtive myfasinums GhIymae.,

25

b

3

i
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4

“Yof another snvhodiment of the present iavontion provites
3 mothed of inoreasing e chemoprotective smauh! of
Phaso 2 cnuynies i o mamnead, oompriging d6e Sep of
adnfabstcring an effecdve quantity of emciforeds sprowls
Tarvested prior 1o the E-leal stane, wherein the spoouds Tnve
a Jeast FOUG0 waits per gram froih weipht of Phase 2
eneyme-intocing puleniial whin measured after 3 dayvs of
geowth from soeds that produee S fprols and comain
nondoxic fevely of indole glucetloodsics and their bresk-
déws products and poiirogenis hydenybutenyt glecovine-
Pates,

Yt zrother crfaddfment of the present invettion providos
a methof of fRoeasing 0 chomoproiective anoud of
Phage 2 cocymies in & i, comprising the #ep of
atdminivtoring an cffestive guantity of & food produel com-
prisloz sprows harvested priof 10 the 2-deaf stags, Shereln
tre Spranrts have o Joast AC0KN units pur grant osh weight
of Pthase 2 ohwyme-inducing potentiad when measurd alier
3 days of growth fom seeds thal produce the sprowts and
contain non-oeic Jovels of mtole gliesinodaes and theic
breakdown products snd poftebpenie hydrosybitonyd plo-
oominniates,

A [urdhet erabodipen! of e presend invension provites 4
meothed of prepariog o food prodied ek in glucosineaies,
comprisig genuirating eniciferans seeds, with the exoep-
o of celiage, cross, mudand and radish =oids, and hnr-
wenbiog Apeants prioe 30 the Blesf stage o fom g Red
prodval comprising b plurakity of speouts, The crivifercus
sprowts inclide Brarsea elraces variviies eceplata,
afboglabra, bolepits, costetn, gemeifora, poagylodet,
ftaticn, medudlars, patmifefia, v, sabauds, seheliicn,
and refoisle and Sontain nen-toede lovels of indodes ploe
cosinclates and thoir breakdows groducts and poitngoad
hydroxyityeay] plrcosinbiales.

Vet amother covbadiment of e prosen! invention provides
a foud product deh in gleeowinodstes made by gemninating
eriec] Fepnus noeds, with the exceplion of cabbage, ofeRs,
sipusTard ot padlsh seods, and harvesting sproats privy (o (e
2-beal wtape 4o form 3 food product comprising @ phirakity of
BREGILS,

Yot another crsbodiment of e preseat invebtion provides
3 mkhod of preparing & Foosd product comprising wxirasting
mlocosinolacs and irotkioeyanates Tom cruiferons s,
witll the cxcemion of calbage, oo, muslard 3ad oadind
sprotts, harvested grior 1o the 2-leal sluge, with @ nen-oxic
solvem am) reooveriop the exirpeied glucosinodates slad
frathineyanates, Nyrosinase amoyme, of o vogetahle, sk o
Raphamis specics, sonrinkg e sneyme is aived with the
spciferaus sprouts, i artraed, or both e spiouts and the
CHITHA .,

Ab pmhodiment of the present favention provides 2
raethod of prepasng  fond product ol in glecosinndales,
comprising goanlnating crndferous seeds having m lew!
2004606 unfes pot gram fresh weight of Phase 2 enmeme-
inacing potestial when messred alter 3 days of growdh
from Seets ihat prodice (he sprowts and which conlain
sun-osic levels of iadole pleciwingiales and thelr bovdk-
down products aad peifragsasic hydrowybsieny
fucosinolates, and harvesting spiouts prior fo the 2-desf
stage 0 farad o food pradwed comgrising 8 plirality of
sprivs, The secds may be Bruviies elereeen, inchaling ihe
varickics @oaphale, atbiglubes, botrild, costaty, geamifae,
genpylodies, iialico, mpdiflasa, polmifelia, ramaga,
sirlmiiele, Sahetfon, awd sofonsia,

Yot aneoaher ewdxdingent of die prosent vention provides
4 food protuct Hoh i glecosinodsies mads Iy germinadag
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crncifrous seeds having af feast 200000 units per grim
Vesh welaln of Phase 2 onzyme-induring potenisl whin
messueed altes 3 days of proverh Stom soeds thal prodee: the
spronts snd which contun somtexic Jevols of indolo ghu-
cosipodnies and their broalddown products and peliregenic
hydrasybatenyt plucosinokades, nd oither harvesiing
speowls &) e 2-tent stage to fora § food prodict comprising
a pleradity of sprowis. The nutritiopal prodttect containg
ron-doxic lovels of lpdols plecosinoiates and heir hresk-
down predicls and godiropeni ypdroxyhitenyd plecosing-
{ates.

A Parber embotiment of the prodedd invention provides &
methind of préparing o food grodus! comprising txiresling
pluoostaolaios sl BSoliocyamies witl a solveat from eri-
iferons peeds, spamis, plars o plant pans, wheeeln seds
thar produce the sprols, plapts oo plane panis producing
wprouds having o deist GO0 anits por g fresh weght
of Thase 2 enayme-nducing podoptiad when mosmered affer
3 days of feowih and wherein tho scoty, spross, plints o
plant paris have rondoxic levels of indelo plecosinoiaivy
and Meodr breatadown products aod goilrogenic bydronybute-
oyl ghicosinolies, and reogvering the ¢xitacied ghicosizo-
lates and jspthiocyanuies. Fhe shndoxic extrediltn solveat
can be waler, Myrosinaae engyme, of 3 vepctabie, sech ap
Haphanus specics, comtnining the erayme B axived Wik he
crucHorgs sprotis, weeds, phamds, plant parls of oxiract, or
any tembination thersoll

Adurthor embodiment of the prosent isvention provides o
mgthod of reducing the leved of Carcinopess in mamomals,
comprising adminisicring cruciferous sprouds, with e
expiplion of cablage, cross, mastawd amd racdish spronis,

Vet apother embodiment of the present invoation provides
& ssthedd of reduweing dhe fovel of cartinogens in muinmais.
coptprising sdmimimering crucifunes sponte huving ot less!
AU ity per penm Tresh weight of Flase 2 opmyne-
irefading prontial wheh messured #ller 3 days of prowwih
Fram #eotls that prodios the sprauls and ran-taric ovels of
indole plucosinplales and Hhefr Greakdown producss aad
poitpapemic hydroxyhuenyt plucosinolines.

Another embotient of the preseet imsgatien provides o
method of prepating 5 font prodect by inbeadnding crit-
crous soetds, hewing &t enst 200,000 wnits per gram Fosh
welpht of Phaso 2 emovmedndusisg paditisl when mes-
sured aftor 3 days of groddh o soeeds fhat preduce the
sprouts ard non-towic Jevels of indele plucomianiaton aod
poftropenic hydrovshaienyl plucosinodstes, into dn odible
ingredticnt,

Alurther ombodimont of ths presem invention provides s
metod oF pxtoacting phicosionlater and istihicoyansies
froun plant Besuo which comprizes bomogeniicing s plunt
famie inoan oxcess of 3 mixture of dimoihd solfosbde,
setonitrite, and dimothylfermemide (DIMTACNEMEC)
o1 8 temporatere Al PIOVEOE MuTasinsm aclivily,

Arother embodient of ibe protent investion provides
crociferous sproiis Borvested prior 10 the Adeal sape,
wherein the ratin of menafaretionad th bifukotional inducars
i beast 20 fo 1,

Another objert of the pross feeeslion &5 1o provite a
food produed suppemenitd wilh o pusified or paniably
purified gluooaintlse,

(Hher obieats, fentores and advanlogds of 1 prescot
mvertion will bocoms apgaent Trom the lollewing detaibed
descoipiion. 11 showhl boe wsderptood, however, that the
dutziled desedplion and (e specilic examples, wiile indi-
vling prefiersed anbodizaens of fhe invention, sfe given by
way of Hhesicalion paly, feos vaviown changes and modifi-

2
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coriens withio fho spi snd soope of the fnvention will
Beconie appare 1o thoss siilbed in dhe an from this duteiled
dekezinicn.

SRIBY DESCRIPTION OF THE DRAWINGS

FHG. & shows B toted snducing potoniial of onganic
sohvian exbracts of droccoli and datlon cultiven: o fune-
fion of age.

['EG, 2 shiows e Mo sosoluion NMR spectoa ol ivebated
glucosinniaics oltained from hot aqueous slrssts of 3-day
old Sapa brocook sprowis.

PETAILED LESCRIPFTION
1. Befinitions

In the desoription that fofloves, a momber of lerms e used
wtensively. The following defiafinns ase pryvided to ficills
ety patorstanting of the fnvemion,

A bifuncionad imducer s 5 medecadar which increases
sebivities of oW Fhase | ooisyines such o5 cytechiomey
Pl 50 and Phase 2 envymes and requives Sie paditipation of
Anyd hydrocabon (AN rmecpior and s oognate Xemoblolic
ftosponss Bloment (NXRE). Dramiples inchede fat plamar
aromatic suck a5 polyiselc hndtocadhons, are dyes of
2.5 % Bteirnchiotn-dibumen g dinxin (TCID).

A clsmopidiesior of chemoptodectant is & syathetit or
gaturily ocougring chemicil agent bhad reduces rasosp Rt
By it g mammat o the toxic amd nenphastic effecls of
ERICITINGENS,

A Roed prochied I oy inpestible prepantion conisining
the sproats of dhe Ensfont Invention, oF Sxiradls Or prepers-
ions made from those sprouts, which o oapable of deliv-
eriny Phase B fbocrs in dbe sammad igesting (e fxd
produed, The food prodect con be froshly propared sech s
wilpdls, trioks or sandwiches contoinimg sprosts of dhe
irtant Sneention, Altergatively, the fond product cortainiag
sprouts of e instant invontion oom be disd, codded, bodled,
dyophilized or Iuled. Hrends, 105, soups, ooteals, pills and
{abless, are among e vast sumbor of difforent food produciz
corRemplaid.

Inceoar ackivily or Phase 2 eamyrie-indusiog bty K a
meastite of the abiliy of 4 compouials) to indves Phoso 2
chzyme nelivity. bn the presend ioventio, iadader activity is
mehired by (ot of the mesrine hepatdms coll bioassay of
UL wctivity in vitre, Tretucer aotivity i doftood horeln as GR
pnduciep activity o Jlepa lele? cells {murine hepatoma
collsy ineubated with exiracts of sprowts, secds of othor pland
parts umircated with mymsinase, Induoer activity 5 mta-
sered in Flepa ole? murdae Dopstodta solls prown in
U6-well miicrotiter plates, Fypicatly 10,000 Hepa lole? oolls
ark irtpgdfoced into each well, Hepaiema el ané goave Tor
24 hrours and a plant exbael conlaming ditaograa uaniitics
of fresh pland Qi #s serialby diboted somrs Hie pricriliey
plates indo Tresh andisre reedinen coadabaing 0.3 wl odEN
chlters medivm amended with 10% Felad Calf Serum {FCS)
nod Mropomyein eed penfeillin, The cahs are forther jnos-
fatedd for A% hooes, QR activity (hastd on S0 Somation of
e Piuc-drown metuced teirndium dyed B neaspind with
ataplical micratiter plie seammer i ool Jysates propared in
one plaks, ank releted b fls profein concentration. Cmami-
ytive Information on specific activity of it is oblained by
eompuier anadyis of dhe absorbagces. Cue unit of indioer
ackivily 5 the 3mouat that whod added 12 0 single micotiter
well doubles e OR activity. {So¢ Frochaska and
Sunlumdrie, Anal Hioches, 108 328336 {1988 amt
Prociedia o ol Proc. N, Acad 5o, D54 88 2842303
(199350
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{mtbacer potential or Phise 2 ehaymovindsecing phiential i
& mresiare o B foglned amosnis of Ieducer scivily B
plngl fissee provided Iy dse Bocyanaies, ploy ghacosinolates
hal com Do converted by mymosinsse o BRothiocyniaten.
Ghecosinolades are sod (bemecives imtuocts of mammaiiag
Prass 2 epzyimes, whiress iselhipoyanatcs are indhoem,
Indueer potentind therefors i defined herein as QR activity
in souring Jolcd hepatoma oolis ineubated with myyresinase.
winted extracts of the Sprowis, eeods of other plamt parie. In
(he grese invention Herefore infuccr poteniial is eastrad
By meaps of e murdne hupaoes oell Bioagsay of QR
serivity 10 vitre 20 deseribnd ehove, Induper potential is
easibed i (fepa Foled murine hepatoma (ofis grown in
Itwed] pricrotiier plates, Fypically, 10000 Hepa bole¥ nolls
s intenduoed into cach wail, Hepaomas oslks ire grown for
74 Bowes and o plant cxtric] comiaing micropmn quamitics
of fresh plant tissne is seelally dilute) aovess the microliter
plados fnto Tresh ondiore medivm conairing 0,15 o) aMEM
cufinre medinm smcpded with 1005 P Caif Serum (U5}
and streplomycin aod popicillin Myrosioase {6 saitsin
ploml extract) i added o the plast extrsdl. Myrosinsso is
purified by meslification of the techniue o Paimien o al,
Anad, Biordnan 35 320-324 (10823 from 7 day ol Daikon
DRICUIS gaown G A Fuppett contiinteg ob sited awtni-
sims. Pollowing 234-fotd pevification, it mymsinase iz 3
spociic autivity of 64 unitsimg prolein {woitemour of
cogyme reqursd i bydrolyre 1 gl siargrinfeim]. Pl
exttacl i dilied Pfold dnte dbe intfink walls of the
microtiter plate foflowesd by 7 sorinl diulfons The colls ard
Custhor incubated for 4% houms, QR activity {based oo the
formation of fhe Blusdeown roduond ferasodinm dyed s
mensuzed with gn oplical microtiter phale wamner in ool
lysnes prepared in onc plate, and eefated 3o HF pooicin
copcertpaton. Chiantiiabive informstion ob specific activity
af O iz obtained by sompuicr apadysis of abserbances. O
unft of inducor poteriial is Bee smdunt that when added to 2
single mivrotiter well doubles e QR setivity. (See
Frochasis and Santamarin, Asal Binckere foth 338-330
(19883 and Prochasks of ak, Proc N Aced Sid, (54 B9
23043358 {1933},

Amopofunciions] fpdecer ncreases Hhe activity of Plase
2 comymes soloetively withaut significatitly shering Fhuse 3
earpme achvities, Monolunctional inthiens do aod dupend
on o fenciiohal Al reeeptor but oaliance franscription of
Fliase % chrymes by means of an Antioxdant Bispeasive
Digment {ARE),

A, crciferous sproul it o plant o seedling et §5 M an
varly slipe of dovelopment follawing seod permination,
Crogiferos gosds are placsed in an ervironmert [n which
feey germioatg and geow The crciferobs spronis of e
imstant invention Are harvered folfowiag seod perminaticn
through ad imcluding the 2-Nsl sspe. The erciforous
spremis of instant Inverton hive 4t Jeast FODO0G unils por
gram Fresh weofpht of Phase 2 eovymi-indusing potcitind m
B.geys following dncubation under sondions in wiich
sricifRrous soens germimids and poow.

B Doseription

A miinr mochanism of protection provided by Lits and
vegoisbles in roduding the cancer ncidesce i humans
dupends an sindr chenical compuseants which, when deliv-
ered 1o mammmatian obls, slevaw dovels of Phise 2 enaymes
that defosily carcinpment, M has pow becid diseovered that
e smliarciaaponic activity of cortain ctitle #aals con b
increaned, Thants such ay Srexvicn ohereces varioty fabicy
{hrocoaily we pormally tod harvested uptll oy form heads,
Ry prowing ihess plarts anly o it apatling 67 sprow supe,

k)

P
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that is betwoen the onted of preminatfen sad the 2-deal stago,
e bovels of induones of envymes that detoxily carcinogens
and protent agafnst cantoer tam be fereased af feast fve-fold
vt 1vose found in comnoreial sisge vegershles of (he same
caltivani, (e incronses of boiwen 19 and 1060-F0l8 e
e pbadred.

Farvesting plants ol dp wacly seadlinp o sprow s, o
olhersise Arresling ihiir geowth, leads W the preatist
Inducer potenial snd yields o food product of 3 Iype ip
which constrren: sre abezdy actustomod. The Phage
chzvine-inducing poteaily of suel sprovts Ry be as mach
w5 severel bundred dics higher Wian that observed in adilr,
mmket siage vagetsbles olvininod fiom the name sesdds, This
it Ig possibla that huemans cin oenslnge Bie sang grantilie:
of inducor poleatiad by eating redatively sarall guantithes of
sprouts, fher than bange gusetithes of iarked-stage veu-
£ables.

B has now beew Tound that most of dhe drdsoes pobeitin
of crecifier phanks i due 10 Hickr conlont of isoihivoyanates
st bl Dogenic procarsors, glucusinalaés. Ghidosiaa-
{sten ake converied lo isoliocyanates by the epvynis miyres
slase which i 7 thinghicosidise. Wormally nryrosioase sl
plecosinnistes are separated da tho ool and o the o0l f5
damaged, with foss of comparimentalization, myrivina
comes M0 cimlact Wil plucosingiatex, which arg Yen
converind do isothiacy s e

Jor omles to sorcen {srpe nambens 67 efible plants aod 4o
evalaaty tho offects of snvironmente) portirbalion on Phuse
2 eneymedudiesr potemial in those wepolablen, Howey
BeCOERAry 1o improve upan e previcusty duierdbed Wok-
migees for homogesization and odrsclion of those vig-
etables, Fechniques infially desceibed for the oxtraction of
Phase 2 lpduoers from vegeiables invelved homogenivation
of the vegelalrles io cold water, Iyophilizstion, extracton ol
the resitliant povaier with rectonditnle, Blfration end evapa-
sative pancenteation, Prochaska of o), Prec, Mot Aced, S,
T35 B 2394-230R (1992,

Fedtowing Wemification of sulfpraphane 45 the priacip
Plpe 2 fpducur Trom Broccal, comparative exinschiong wird
performed imte by S5 myetlannd, yiodding similar inducer
setiviy 35 the slovememinded acclenimile sxirects. Wik
mytozinase way added o thise Bol mothanel oxitcis in
wiiich ptucosinolates are frialy saluble, these was ddramiric
ertnpoenent of the Fhase 2 irdueer actlvity of these oxtrasls
{date sypamarieed i Tolde 13, The delibarate conversion of
hese plecosinelnies 0 LAMACYANISE GRIDE cXOZSROMLL
sy roinass this pave o boiter inther of the induocrs for Phase
7 enrymes of the vegedalilen tusied. bovws thus clear ihat the
mragarity of the potemisl Phave 2 inductss iy orlcilicrs was
bswalby resent in whole plamts as e plucostuclate precir
w0 asothioeyanaies.,

“the preporderance: of fusosinelates and the rapidity with
which, wpon wounding of crucienous pluat isue, plucod-
pelates are ormvenied jo ssctbinoyanmics, ded 1o the devel-
opment of #f iproved cximetion procedare. Ty manip-
{arfom of podvent mixteres aad of the seter 0ctivily of fresly
sepainblofalven bomopenatos, 1 proptour wik deviloped
thil permits ot plucosingisis and Soiocyauaics guanti-
fication fom the same, non-concen mivd sample. In sdditfen

-ty eing fhe Tatc-dimiting mep inoan oxirastion protecod,

4%

EvnEo N CONCCEEMTR aftows vodatEe ieduoors 10 oscape
dtection. The improved procedies i3 both simple and
efficient, roguiring only Hml i plant sample be compleinly
Lopaosepized in sebeenl, Bhing Ui wohmigue, the present
lovomtors hove dhux Loen adc 0 doemonbinie dramatic
incronses i the reeneery of Redaced aciivily and fodebe:
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polcmial from cruciforons vopeiabiny over provigusly
dentribed fecluHmiles,

B feoshopicked vepetable sre promplly and gondy
Twvestiod, diseetly inlo angamic solvents comprisias & mix-
et of IRAFACMDMS0 and ¢ temporidure (hal provonks
myssinase selivity, both ghroosinodaies and odhictyanates
are sffcientdy exlratted ino the prgatdc solwin] misiec.
Preleraldy, the DME ACN and TME0 an mived in ogquad
vofumis. Dowever, 36 voleores of e thres solvenis @ e
miviuee oot be vared 1o oplimiae extraction of specifie
ghicosinokuios aud sefdocyannies o any Flant G,
The temporature of the sxtraction mixiure & pritorably ks
han 0 0%, and mosl proferibly less than -50° O The
femperature of e exiraciion solvenl masl Be ket shove
Froeing, A fhe samo time thy anvyme myrosinase, wiich
tnvariably aceompenies Hose conRliiiant: in the phinds
rapilly coiveets plucosinolites iate dsethinoyanates, i inse-
oo, Soch exbzecls fypicaty contain bigh quamities of gle-
cosinoties asd nogHaible quantities of isothineyanades, The
in plamta ryrosingse activity vacies between diflersn! pla
IpECies.

Glicosinalsies are not themsebven intucens of armay.
Hiam Phade 7 cunyRies, vhereny isidhitipanades we mono-
(wntions] inducers i the munine hepatoms cull Binasshy of
e solbvity, The induccr potemtiad, aw disind from Induoer
aciivity, of pland exiracts-can be meodsured by adifig purificd
mympsise, Cllaintd Trom the dame, or fther plagt sirces,
o the assay sysienn

Glucnsinolates are eomvarted 3 feas purtindly o isoltin:

cryamaies fn s, 1, howesver, it B desinble (o soocorate

thix cotversion, broceodi or orher vegedable sprovls, Mpl s
pluensinolaies, can be mixed with mymesitse, The midaoe
can be in waler, Or 50me othor ponqoxic sadvent tha! docs
agd josctivaie myrosingec. The mymosinase can be rom 4
partialby purfed ar parificd preparation, Alurrabeely, the
autosinase can be progeat i plant tssus, tuch s o seal
quamiby of crscifies sprouts sich in mynmsinase, nehaking
Raphanre: sutivier br daikon. Such a prepatation van g st
10 produce 4 “snup” for inpodtion (et is high in sothioey.
ahates and low in plucosiagiates. foducer polenfial can be
mersrred wsing A palivel plale scroon with adine
epaiorng <l for i vitre mensurement of GOt pieeilic
aciivily an desealed slhove.

e ratto o msouofunidinnal 1o bifunclionat imbecer activ.
ity of plael tisste 5 megswred by Bivarsnying plant oxiescls,
e ddenrilred abwei, it Gely S wild-iype Heps T0¥7 oolls,
fad wdiay, i mtans desipnated of and BPe] diad huve eilher
defective AR sdeptors or defective opfochamne P-430
penes, rospeclively. Prochaska and Talaluy, Cencer
Razearch 4% 47761783 {1988},

A hurvested sprov acoprdion 1o the prosent Imvention cnp
Lo ncorpirted immodistely Imio dood pridicts dnch s
frosh wybadds, pandwichios or drinks, Alwmatively, the growth
of the harvesied sprout chm be arested by some sotive
huwhan intervcaton, for oxample by relrigeration, 3t 4 Fape
aof geowlh griar o the 2-doaf stage, 1ypieally betwera 1 o
14 duye alter poiminyion of setds, Growth arrest can also
b aooomplished by cempng 3 speost fram a8 subsisic
anlfor waler sourde. Fresdng, drying, bakisg, cooking,
by ophibizi g and bobing are among S ey Beatnois bat
v b used [ aron groedh. Thes may wiso be usefal fur
enfher prosorving mynosinie webivily o e sprow (vg.
Wopltitizlag) or for inictiveiing mysnginase cCRVEy in The
sprout (2.2, botHing), 2 5 tesired in & particnda applieatian.

The harvested speeia e alse Do allpwed o mabne
farihen, wader different grotdng conditionr, prick b iRy

it
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poration into a food product, Far exemple, the sprowl can b
harvested a1 u vety young e of developinent, such 2% o
7 days after secd imbibiifon, The sprosd ¢an tien bo allowed
t makire wntler differem growing condifiens. shch as
lncroased oF docronund dipht intensity, mpoafure or bumid-
ity ewpostre 0 wlitnvdiele Hukt o sther strcsses; or additipn
of cxogenows nutrients or plant geowdh regulmors
(rormonsy The aprodt iy then immudisnedy iocomorated
it 1 food product, such us for fresh consemption i salsds,
Adternatively, the prowdh of the sprot s srresied anddor
Tt trowtod by moans of lpophilization, drving, exdacting
with wiler or other solvents, frecing, baling, cocking, o
Boiking, wneny olhers,

A spton i5 snitable for Insmad cansumption I doos roT
bave non-wdehie subareate such o6 208 altacked of elinging o
i Typioadly she sprodks are geswad on & som-paiciive solid
suppor], seah a% aghs, paper towol, bloiting paper,
Vermiculito, Perliie, gie., with water and Night supplicd,
“Thun, if & spronsd B aod gaown i s, Balon & sulid supper,
it dpes om noed tw be washed! 1o embve son-odible soil, H
2 RpIOUE i3 prown in A panticalate polid suppee, ach a5 sell,
Vermicutite, or Perlfte, wathing Moy be roquited to schisws
A st suitable for hamen corsmplion,

Sprowts oan be grdwn o oeatainirs which are saHalde for
shipping st assiticting, Fypiealy sech containen; s phig-
Hic hexess or fan which contain o wetted pad 0 the It
The conbuiners silow lipht 1o penctnds while providing a
rrochanically protective barcher, Mymporoars melbods fus the
cufibeation o sprouts are ko, 35 cxemplified by 18, P,
Mos, 5,735,745, 3,663 376, 3,115,048, 4,150,904, 42027060
oF 4,086,725, Fondt products coptaining the sprouts of e
instant ivenibon can b siosed and shipped in dbvbrie lypes
of coptiners tach &% jark, bags aod boxes, amotg fmany
ihers.

Sprouts suitabic oF sevrces of cander chmoproteciants
wre pomerally cruciforous sprowtd, with the sxecptive of
cabbape {Hrassics alerdces CRpifaia), cress
(L epid s, st atd (Sinaply alfu snd 5 aiges) and
ridisly (Ropolriveeer Seprvrest sprowds, T selecied sprowls sre
typieally frons tho fanrily Craeiferne, of the wibe Brassiceas,
aned of The sulbieibe Brassicinae, Proferaldy be spronts are
Brosslen oforaoee selecled Prom the growp of vosietios
vonaisting of accphain (kate, colberds, wild calbbage, curly
!:uicg. snadulfoss {marrowrstom kede), ramoss {thewsand hesd
Latbe), aiboplabra {Chirese foled, boknis {caudifower
sptensding Braccoli), costala (Podupuese hale), mommilern
{Brisel sprowtsh, gopytodes {kolirabi, Hakiey (rrecendi)

simifotia {Fersty aleh salavda {savey caldraged, salelicn
E:xﬂlar{}s}, aif wetonria fboroeplel, amuny oihors,

Papiealarly wiefal broceol cubivars o Do veed in the
chaimed mothod are Sags, Dellices, Bverest, Baneradd City,
Packman, Corvet, Dandy Eady, BEmperor, Mariner, Oreen
Comet, Groen Valinnb, Asewdty, falabrese Canivel,
Chaneallor, Ciadinn, Cnscer, Barly Puple Sprbnting Red
Arrov, Burskn, Bagedaior, Galleon, Ging, Coliaib, Green
Pruke, (roenbell, fislian Sprouting, Lufe Perple Sprouting,
fate Winter Sprowting White S1ar, Legend, Eeprochive,
Marathon, Mariner, Minuet {Romazesco), Parsgan, Paricl,
Prominm Crop, Tapine (Spring Raab), Rosalind, Salade
{Fall fant, Samered, Shogun, Sprimern, $iftan, Talko, sad
Tririe. Mowever, madny othér braoonli cultivaes are swilable,

Puticatarly vreful coulifiower cutivars are Abverda,
Amazing, Agdes, Burpuady Quesn, Candid Charm,
Castriisere, Christmos While, Dominam, Bley, B Barly
Sapwhali, Fremont, Inelime, Milkyway Minutemaa,
Bopelimorm, S-207, Scpien, Rierrs Mewsls, S:iaia, Sppw
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Crmwn, Snow Flake, Snow Graee, Snowheed, Sollde,
Tiipan, Vieled Qucen, White Baroh, Wihite isinp, White
Cotesks, White Corona, White Dove, Wiile Fash, While
Fox, Whits Mnighi, Whiti Lipht, White Oueen, White Rock,
White Safls, White Summer, White Tap, Yakon. However,
meny other crnlillower sultivnrs aro st

Suitalic sprewts will fave st deast 200,000 wnits por pram
of frosh weight of #lase 2 enyme-indueing potentisl fol-
Ipwing 3Cays inoubntion of séeds under conditions in which
the seeds goininaie amd grove Peforabdy the gpoums will
Bave ot Feast 250000 wnits of induder poteatial per gram of
feealy woipht, or even 300,000 units, 350,000 units, 400000
upits, or 450,000 waits. Some samples bave been fovad 1o
comlain greaies tham SOMDDG wakts pea gram of fresl weight
ot 3-diys of prowth from pesds.

The level of inducing setivity sed inducing potortial has
beeh Fonsd to vary smopp crucifiers and oveq among
eubtivars. Most prefersbiy, e sprotwls o sebatamislly freo
of huichs glucosinelates snd thelr Droslulown prodicis
wiiicl have Phave 1 énrynie-intucing polertial In sy
Yian Gels, andt substantially froe of toxle lovols of goitogenic
mitciles amd plugominajaies such as hydeowybutenyd
plicosinglates, which wpen bydoolysis viehi craadidosod.
innis which rro poitrogende, Matace Viussgln sprosts s
eapesesd mr el in fose wnderitde ducosinoliles

Mon-towic solvem oxtraols soonsdisg 1o e isvontion dre
gefnl ws kealhind nlnions or voaps, Nogaokic ar vy
seanovable solvenis useful for exiraction acctrcding 1o e
preackt invetion frclude water, Hquid Subon dinadie or
cthanok, smang oiiors. The sprowts tan b exlicted with
cold, waen, or preforably %ot or bodling wuber wirich deag-
wre o juctivale myrasinaie, Toe reridue of the spross,
pREbextaRclion, may Or may Bl be semoved from he
rodtaed, The exitaction proceduns faay b used o inackivats
YRGS prerent in dhe mprasts, This may contritmie o the
st lity of e hvduesr puteniial, The fxtrac can De iRgistid
direetly, or can be forther treated. 16 can, for example, be
evuprrabesd T yisld 4 dried exeacted prodedl, T can b
conbed, frorem, of froeae-dried, B ocan bo et whb s
crucificr vegoble which confaids an aclve mymmams:
spryems. Tis will accomplish & rprd convossion of i
phocosinolates 4o ismbioeyatnies, pricy o ingestion. Soit-
ably vepetnbles thil condain adtive morosisase are of the
genis Raphanus, sspeeinlly deilon, & type of cadish,

Feods, 1 weH a5 sprowts have been S fo b extoemcly
Fich in intucer potgstial 'Thos Bt is whibin e soipe of the
invenkion #n uhe srdfor el Tn ol prodects, Seitable
emeifior seeds may be gicund it a fuar o meond for use 5
i Yoo ar drink suppieaend. The fiour or meal 5 iveorporatcd
intg breads, oler baked gouds, or kealih deinits ot shakes,
Adterantively, the seeds may bo oxirieied with o son-loxie
sobven wail as weter, quid curdon dioxide or cthanct 1o
[REEAEG seups, Weis of oiler deirky and afsicas, Fhe secds
cam aden e fnperparated into 2 fond product willou frind-
ing- The soods ol be used in many iffoesa fonds such o
sabnds, geibtlas, brosds snd other baked goods, amongy
utbumy,

Food prodects of fhe inseamt investion may faclade
sprouta, sunds oF extrstis o sprouts or sewds takim rom one
or mire diffeeen orvcificr gonorn, specis, varicties, shibva-
rieties or cujtivars, 1t has becn Epund tha genet fcally distinet
cracitiers pooduce chemiesdy distingd Fhase 2 ongyme-
inducers, Pifferont Faase 2 enryme-ipducers detoxily
chemically disting! carcinogens al differant rates.
Accordingly, feod protncts campsed of geaclioally disting
erifer RN of Sotdy, ar exineeiy or preparalons made
from theso sprouts af weeds, will deloxily 3 hroader rage of
CAGETLRANg.

ot

s

a4

1

=

L+

55

@0

£

12

Glvcosinolates aniffor isoldocyanatoy can bi porified
from seid or plond fataects by taothodds well knowen i e it
Seo Popwick <1 wd, CHC Ot Rez Food Scb Nurr 18
125304, {1988) antt Zhang ot al,, P Nadd Aced, ol 134
B9 2300-240% (1992). Purified o protially punified
pleoosinolatelsh or buahineyansoi} o e added 10 food
prifucts x5 o upplement. The doos of atwcosinolate alior
lsoriiocyanate added 1o the food produet prefeeably is inthe
mapge of T opmol o LOOO pmads, Howewer, dhe dome of
fucpsinelate ardier isothincyanate supplemoniog the food
procuct cud o higher

Tie welection of plants having high Phase 3 cagyme-
inducat potentidl in spronis, seods or ofhor planl pardt Caa I
{mcorporated inte Cruciterat brecdiag pragosmy. Tn addition,
these same breeding fropoums can inclad: the dentbieuticn
and solection of cubfivars el produce specific e 3
eppymc-dnduoets, or 4 pardenlar spectrem of Phage 2
chzyme-nducers. Sumbegick for e crossing, wlection snd
biecding of mew culivers of Crachieeae are webl Biivs o
the shddled antisan in Wi fedb fierssfea Creopy aed WG
Afttes: Hiplogy & Drexding, 5. Truaodi of al, {cdi), Japen
Beleptific Sociefes Pross, Takvo pp 354 (T950). Trageay
plats are soroened fur Phase 2 inducer activily or e
chemical fdentity of spocilic Farse 2 compme-ntuoes pro-
Quced atspecific pland dovelapmontsl sages. Phants e viig
the trail of imtesest wee fontified and the chancloristic
intommificd o domlnoed with othor imporianl apeEmeTHe
clamctensios using brocdiog tochnigues weli keow in the
apt of plom Srouding.

Heample §

Comparon of Crcifatous Sproat Tedution
I'atentizd

Sprouty wire prepamd by s surfzee sterilicing secds of
diffcrent sperics T the crdeiforae Demily with & 1 ;in
trexbmven? fn 0% whanob, EoBowed by 15 mie in 139
sptien Bypochlorile contafniag approximately GOM %
Alvonox detcrgend, Seetds wire prown o serile plastio
collunem &b 3 deasity of approsunalely ¥ senduafem™ o
from 1o ¥ days on i 7% ager suppasd that &t coendain
akded puiricnls, The environment was camelally comfrlbat
with boxd specirem fuaresdent Jiphting, Duemitily and
temperalite comyal, The nocds and speowis wern inclafed
ander o daily oyole of 16 booss figdd ot 25° O, and & Rowrs
dark ap 20° €0,

Speowts were harvated following Sdars of incylation
and immediatedy plonacd jate 10 volumes of 5 mivtare of
comal volomes of DMIFACNTMEC 01 507 C. This sohvent
rixiure bas 3 freceing poial of appoovimately -33°% ., byt
when sCrixed wiilt 105 whier, a5 fownd in pland muldnal,
the fosiing point i dipressed jo below ~64% €, T acnal
freepiop poind depresation i ven groater willk plant matetisl,

Hombgenizafon was sceomplished cifler by masually
petnding 1he simples i a glass-on-plans bomegenteer i die
presence of # wmadl amownl of the total solvend uxed, e
pradtundly adiking wsoss selvent oo bumopenizing th suple
in 10 volumes of solvest using o Brnkman Palyton
Hommmgenies for 3 min at hallaiwimua piwen Thi hooo-
pensde vl Thet cenptritaped W momove emainidg partica-
Inves and glored at <207 O gal assayed,

Indiecer poteniial of pland sxiracts fripaied a5 Joscrilad
abowe, wap detorminod Dy the micmotiies plate bionssay
method as dosciibed in the Definitions section nlowve,

Brocooh aml o filawer sprtnss usvested 8 sssaved o
3.34y5 after incuhalion of seeds ander growth eantiinns
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Dave Mhaso 7 enmym-ipduoer prientinl preater fan 200,000

wnitsfe frosh woight, On e olker hand, cabbage, radish,
mstayd snd oross hive Phase 3 enepme-inducer polenth] of
Tess rhan 200000 vhitsiy fTosh weight when isayed of the
gimne L5 point.

Examphe 2

Warlation In Inducor Polenbiul Amang Different
Frocooll Cuitivans

Trere 35 veelation i nducer potential among differam
brocool wmailtivars. 1 addition, most of the inducer potential
in cracifors 75 present 53 procumror glucosinodus, The
inticer nctivity aed indueer potential of pathe! Sape bres-
coli heads was dutcemned fllowing DMTACNEMED
extractions snd axsay of QR activity as described abive,

Dinaasay of bomopepates of sich mare! stage brotenl
Lends, Wil and withoul the additien of perifled plan
myrgtnase, showed that the amount of G ectivity found in
the ehsente of Byvrosinase wan lees thin 595 of il chserved
with sdded mivoesineee, Tiess obseniaiiony confianed gg-
vipus stggesdions {we Matfle et ab, Bechen, Physiol
Phanzer THR5-12 {19843 hat unindored plonts eoctafn
afmas) no frme o hineysnates,

TABLE
Tledd of Mipordante oo Tndiper Aodidiy
Tinila pere gamms (et

Eporepdi wpjabny vepeahls
aliver G AR
Doz AR Fioae
Cadsbaun Ceyves 1,56 A4 5048
B - RIAF
Yaundy Tinrky - O,
Yiepaio . 15,335
Eagn 50X 15,535
Beeenld CHy N 13,000

“ predoe mils 0T deteniion (AF ol

Ax cim b observed in Table |, most of the plam induoer
poiomi i derived from plucosionalrivs fblowing hpdroty-
3% by prosiniss to form iseticeyaames. Tlenvr, hydroly-
win 3% pugeized for Diolopies] activity.

Exawple 3

Imbseoeer Prepding T3 Maghest In Srods And
THerkases A% Bprots Malute

IMhase 2 onryme-inducer patentlal iz bphest fa Seerds and
docrsaso gratuadly dociog cordy prowth of seudlings. Plants
were preprred by fint surface sterilining soolds of Bredidod
olerages variely dtalied culivars Ssga sud DoCicco with 4
L an roatmend i F05 ethandd, foflewwed by 5 minn 105
sefism hypochlotiie contateing spproximately O.001%
Aloozox detorgent. Sveds wire gtown in sforile plashis
comatpers Al @ density of sppoosinately 3 seoedsiom” on A
.79 agar support Wl did ot eopdake sdded autrems, The
cqvisonman] war carelully controfed with Deehd spectoum
{tugroncent Hghting, hemitdily and temporatune contrel. Th
souds and sprouts werk faculated umder % daily eycle of 16
fhowrs light w1 257 O sad 8 louns dark | AP O,

Bach day plamts wive sapidly snd perlly wolleded from
the swrfuee of Yo agar from replivate cundaintss, o planty
wes hatvesied penity o minimine slucosicodate bydrobysiy

W

7E

H

¥

&

14
by cndowerons myrasiaase released wpon plat wounting.
Sunples comainig apposimatuly 40 sprauts wWore homeg-
coived i 4 vedumes of DIMEFACIDMB0 solvent ol 507
. which dissobvin pearly a3l the soa-lipnoccliuiosic plant
wbierfed.

Mnreeged plants were homopenized agd QR activity with
aod withon! myecdinese, wis duermined a5 deseribud
above. As cah ba seen in FIG. 1, Phase 7 canymc-inducer
potential per pram of phaet iz phest in soeds, Dol decrerses
gradually iuwing germication, Mo detectable {less thun
BOOA sembaiafyry CHE Imddspoer activily swask probent i dhe whene
of sthded mytosinesg,

Exanmple 4

Bpiots Have Higler Inducer Polential Than
Mathet $age Manks

The crecilforots sprowls of the inslan! invention Bave
higher Phase 2 snpymaefpcucer poteniial than marhet stpe
phanls, Mere spocifically, sprowis have al fowt 3 S-fold
Ereater Phast 3 enzyme-oduciog potentisl ibao mafars
vigelabies, For cxrmpde, wtad inducivg potentisl of Todsy-
oﬁbﬂm]i spEnuds, extactod with DIFACNDME0 sed
treaded with myrosingse, of dopcribod above, wers 23560
ami 97,000 waitafe fresh woight, compared © 25000 and
20,000 aatesfy fresh welgh for fivld-grown Sesds of beog-
col eiltivirs Soga and BeCloco, revpectivedy,

Sprout extoacts af over 40 different membors of the
Cragiferae have now been Mowsayed xnd broosoll sprouls
remadn (e most Phase T eavymi-isdacerrich plants feted,
Toind fndecing potemisd of anpaic sehient extbacts of mar
Loy stage and sprout sage heoceal] and daikon i shean in
Table I

TARLE 2

Cparnan pf fndoeer 1'0cengied n
.ﬁﬂmﬂa anl] Mdiere Yendrhin

Antivily {uadsg
Dech welpnf]

Vezlaable Mtz ~Fid
Laaflivas” Vegrlzile B deal*= LTHEA e
DPARON
Mium k] A -
Tersbar AA5 A5 1)
=i 1,471 HAGT 1
Lhimen 2857 E3 000 iR
IR
G A0 AT 14
Belioa 26000 s ) 75
Soeer a5 1037000 135
Fmbmid {3ty 12500 HR3,000 o
rcenaka pilbued) SEL00 2t

*Tha pamanesedel gt 31 gxeh pEnn s romspled g The e of
Bophimts kirdzs vorly redicata {rmdiehf), ad best of Fracdeca ohrd:
oo ey dlariies {roessid I, M‘y..'ordnnm wik pddel go 2df feTmile dnsed,
4 Bt Ut were l--fr.!.' old anil Sxdkon poegliog Wede SmF Jayk
18,

Bpenuts of the broceeli eultivar Bvemsl comtrined 130-
{ofd mere indveer potectiab {unftsfy frosh woight } than
midure vopeieblos, The inducer ackivily in brotool was
wigtificanily dipher than in daihnn,

Grmaiphe 5
Induesr Potontis) U4 Brocooli Sprost Exltacts

Indueer poteisial of 2 suces of water extsacls of 3-day old
brreodi syrouds ol the caltivar Sags were determined. Plants
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weeat propored by fimt wneliss sierilizing sveds of Repaion
wiaraces variely fiafivd (brocost) cultivar Saga by o 1 min
treatment dn 70% ebanol, followed by 15 min o 1.3%
sodjam Iypochlorite containing spproximately 00155
Meopoy dotcrgemt, Seeds were goown in sterile plastic
comalaer bl 2 density of approsipmately 8 stedsiem®™ fur T2
howrs on 3 G7% aghr supper {hat did no) corlain added
muiricnts, The envivonmont was carefaliy controlted with
broad speetum fuorescernt Bghting, bumidly aed iempem-
torre sonkedd {16 Jovss light, 25° CUB hows dadk, 2090,

Flunts wors tapidly and gonty sollected from the sueface
of Ui zpar 1o minfwiss glucosinolate hydralysis by ondog:
enous myrpsinaie mleused apon plant wosnding, Spreuts
{npproximatcly 25 mg Fexh wifiprout) were gondy har-
vested oad immrediniely ond copldly phraged i eppronis
muiely 3 volumes of boiling water i ordor o inacdivet

eslogentus myrosiness us well a5 10 exivact ghacosinoluier

ek, ieothiooyenates Trom the phand disawe. Waler was
reteened fo & Dok apd mathinined 13 4 rolfing hodl for 3 mtin,
The sprivis woie ton sither wesincd from the Dboiled
Infusion [fon, strup} or hemogetized fa i, ond fhe restdee
then temoved by Siteofen or centrifupation.

Tt i Iable 3 represent Doty hoamogotaies s jufi-
sinns. Preparitions weore stored o -20% O, wesl assayed,
Tducer potentind of phant extracts, prepared o3 dedoriled
shove, wit determinod ix deseilod in Dolinifions sechion
ainhve.

TARLE B
Intpecy Potesiials of TEo1 Walsr Exteacin
O e b ST T
EXTRAACT W0, wnilats foast weight
H pa
7 00
3 24T
4 Faam
H 42500
¥ FLILH
T LRk T ]
[ TG
K Ry kEeral
1w BEVING
| ATHET
E IR
13 21T
14 fied sl
15 HhertEEy
16 TiAEH
1% L EREEES
H 1SR 00
b p ATt
AVEAGE A TUE = B),500 FTLM,

Bome wariabillty jnothe st of fhate 2 emaymie.
inucer poteatial wes dotocted, High lovels of Fhae 2
eoxymo-indgost pileminl, however, wore consisiently
alasrved.

Exampls &

1ot Werder Mroosed] Fairsels Trested With Thshon
Wlyrinsinase

LR activity in o bot waler haoccodl extsag) woreased il
presenee of 4 vepelable sowmoe of myresneee. AR aqueous
exftaction «af My o3 sprowis of Jepoeddi cudtivar Sugry
T On weler afin, B which myesiaase wis insclivales
by Doiling for 3 min, oss divided o & different 150 a0l
attgons. Mie-day ol daikon sprowes, 1 rich sourey of the

h

L)

5

0

5

i

&
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cheyme Brygsiian, wiet sdded 10 this cooled infuplon in
anoants ¢quivalont to 8, 5, 9, 17, 39 aed 409 fwhe) of i
Grocoodi, QR ackivity, as delormined in the Delisition
section, off the contry cdracts containing 0% duflion was
26,500 weitsfpsam fosh weipht while QR actvity of the
catracts that frad received datkon ng 1 source o myrosionss
rasged Fiam 500,000 10 833,000 suisfpon Fovh weight of
broccoli. Accordingly, myrosinais present fo 1Bc datkon
wprows, inorcased The QR sctivity in the brocosdi oateast
greater dhan 19-fold,

Exympl 7

Gludoraphanin Amd Ghicasradtin Ar T
Prodominanl CGlreosinlates Jy Hot Waier Exfracts
OF Procoodi {Cnlivnr Sapal Sprovis

Paired Ion Chromatograpty {FICh Centeifuped hat waier
extracis of -day-obd drococh {ouliivar Sagi) sprouls wiee
sdviccied o wnalplical and preparative PIC o 4 reveme
phase C18 Panist ODS-20PTL enduinn [ ACNHLD {175,
By vol) with tettacetylammoniun {IDA) bromide aq the
comier-fon, Oaly throg well-separited peabs were ditected:
pirak A eluted ol 5.5 min, T at 115 pin, and T 43 minal
s modr rathe TAHCT of oo, 2504000 fmoniorsd by UV
sbuarplion ol 255 omy, and ey disappeanid iF the anataal
exlrachh wee s tremtod with Bighly puriied myroiinase.
Peaks, A, B, and O comnined o sipnlficas imbioer activity,
and cyclocondensatinn wissy of mywosiease hydroiysales
showed Wal oply Peabs A and © prodweed sippificant
guantities of iscthineranstes, wecounting for sf e intuces
activity. St Zhang of ak, Aand Hockem, MWELE-107
{19920 Ponlc B was mot furihes charsteraed, Peaks A gl
C wore cloted Fom HEEC a5 TOA salls Il roguired
cohveriion o ammoniam salts for swecesslul maks
specirnsoay, NMR and biosssay. The pre poak materiabs
wore dadd i o vaenum cemteifege, rdiselved in aguodi
20 rodl BELCL, andd extrnoted with cRIOAQIm 10 TomHe
excess TOAbromite:, The ammonism salis of glacosinal sty
remuined i e aqueous phuse, which was then ovaporaled.

{dentification of {ucostnadates. The ymmontun ralts of
Peaks A and (0 weie charcterbaed by wast npeotmselrie
ard N technigques: (4} augarive fon Fam Adem Doabard-
men {FAR) on o {hingiyered marein; this pave vadues of 435
{Peak AY nned 428 (Peak 03 wiei Tor the aepative molecular
fony, and (i) bigh rosobiion MM, 25 shows in FRG. 2,
provided mmequivocal idettifiesticn of the steciare, Feak A
i glivaraplmnia {4-motpdsfimyaty! slecosinodue], and
Poak £ the closcly related gluodracia {4-mothyithinbuly]
plcosinolaie], Theee Identificntions and purity ars sl
consisten wilh the jodecor plencies; Pesks A and C, after
myrosinase hydrodysis had gotencios of 15,500 and 4,360
uritsiumned, mapectively, compansd with reporied CD values
of 0.2 p] {33,290 gaitetnrod) for wal foraphaac and 1.3 6
£2,900 unitgenod) for omcin, 1) valies 0ig dhe conuemFi-
tions of 4 vompoynd eqnned 10 doukle e OR spocifie
activity in Mepy 16167 mudne hepatoany $elle Since thers
st me alhet ghicosinotiie proks, 1ad e fmdeer swtivity of
poik A and © socoun) fof the s mduoer achivity of ibe
putracks, B s therefors Hkely that w905 cuBlivar of frnacedd,
there ate ro sigalflean guantities of Gt inducers, 1.6., o
indede dr pdronyatkenyl glucosinolstes. Furiber, the fRa-
Fatedd commpondds e therefore pedatantialiy pure.

Examplc 8

Comparison OF Agucows And Orgaric Soivin

Techmignes For ction OF Iadueer Potemial
Flamts were prepated by fimt surface sleriisdng reeds of
Srasilen ofpases vicioly dtafioa {heoocoll} culibver Saga,
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with % othanol folowed by 1435 sadinm fypochlorite
andd OEMHS alcomax. The wiéds wert geown o dlerile
plnastic cobtaine s & donsily of approximadly § seedsiom®
for 72 hours on o .75 agst suppont thal i) ne contain
sdted pumicnks, The envirnnmen] wa carsfally conliedfod
with proad specimem fAuorescert fighting, humddity, and
temporature conleed {16 hour dighy, 25" CA8 bours dark, 20°
Lo

The plabts were tapidly and gemly odllected foum b
surfoe of the agar 1o mirtmics ghioosinelne bydmlysis by
endogenows myresinase relensed upnn plant wonnding. A
pontion of the plants were homugenized Witk 10 wiwnes of
the BMPACTIDMEO solvent ol =807 O, sk descriled i
Example 1, which disselves readly all the nba-
linercelutosic plam madorfal. Ahernatively, fhe luik of e
Barvesied plamts was planped into 5 vobwmis: of hafling
wier for 3 min 1o fractivaio ondoganaes mynmingee S o
sxtraet plocosisotales apd Sothicoyanates. The cooled mik-
titre was honapgenized, cottrifiged, and e swpemrant furd
was #oted o =207 O,

fodducer potentfel of pland exleacts, propared by the fwo
reethodds desonbed sbove, vwas deiermined by the microkizer
plste bioarsay s5-desenipod above. Typical inducer pelominls
in an dvetage of 3 proparations wors TORBO0 (DIMEALTY
DMED evteactsy and SOSJHAY {aotleouns exiracis) dniesfy
feénh welpht of spoonis,

Bpectrephntonetsic quantitation of the eyeloconlensarion
product of e reaction of isothincyanaox wiib I3
benrenidithinds was carefed ol 45 deseribed in Zhang o ok,
Anal, Wlochem, J05:100-107 (1792). Glucosinplnies webs
rapitfy convenid & itliosyartes afier sodition of myro-
ginaae, Aboat 6% of the (el kot waler extraclable malerial
Jebued v salide] comsisted of glucosinoisios, Ihore reshils
demonairate el £a3 ipathiooyegate fovels in the comede plam
exlrcds aee extebrsly o (B myrotknang raphtly convens
shundan! ghucorinalaes do s biocpansos; () hot waie
criraGlion mieses o TS of the Ietueer meliviey extrael-
sble with o deiple solvent wixure pormifting monvery of
arvivet of e bindogiced setivisy ina preparasion that is snfe Tor
humnin consumption; et {6 over 5% of (ho fnducing
polenial in she infacd plad iz prosent 23 plusosinolates and
therefiore ao lhies ndecits ars presert in balogiclly sig-
nifcant quantiiis.

Tocample &

Dovelopnental Regsdation OF Glueosinoise
Pronluciion

Ereieninary expeciments in which fHeld grown bmceali
Coudivar Te{icen) was Bisvestod at sequoniizl i poirs
feom the saime 003 indicated that on & frevh weight basis,
induper poiestlal dochacd Yooy (he carly vopetative siage
throwiph chmmereiy] haevesl, Bul sppoared 10 incronss o Inte
barvest (onaet of fowddned, Fhose data sapgested ths
indueer poteatial piight be highes! jn seods. Subieqguen
sluelics Bavg shown that when socis of & broteod allvars
were sinlace slerilized 3nd prdwn under gnolubiotic
ooniditicns, Phase 2 enmpme-inducer pulential was kgt im
woets and dochised propressively {un u Tesh weight bagis}
over tme fraupheut the fiest B dars of seedling prowdh.

Lupressed on a peir plagt basis, however, aclivily
semaitied comslant over (Rl perod, suppesling fhat 4t dhis
eyl stape of prowsh Mere was o aot symbesks of gledog-
relaies, Howover, wion the sbacesinolars profiles of merhe!
sage Lrogooh Beosds smd 3 day oid sprowts (suliver
Emperen wete comparcd , there was o profaan diffisenc ja
the: apparent pincosinninie corspoyitioes of e phinls.

Ly
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Sprowts weore prepried by find surfros sterfhizlng seeds of
Kragsicn olerqoes variely Hedice {brocoold} cellive
Emyperos With 4 1 mhinuie rsaimeent in #05% cfhunol, fillowed
by 35 min in 1.3% sedinm hypochiorite with spproximately
G0 Aleonox detergent. Seods wore grown in HN‘.—-L‘-
plastic containers o 2 deptity of approvimaiely 8§ seadsform”
for 72 bours on o 0.7% agar suppord bt < ot comam
added ol penis, The cpvimoeicet was careliily comrofed;
Bopad specimem Bevrescenl ighting, humidity snd temipens-
ture gontod (16 Fours diphn, 25° O hours dark, 207 O,

Flants were rapidly and geatly codlected from e surfies
of the agar o minfmize ghubsioolsse hydrobysis by ondeg-
unnws mpreeinate relonsed wpon plast woustding. Hpeouis
{approviematcty 28 mp frosh widpmen], wees genfly Bir-
vosfed nad immediately and repidly plunged ime spprowi-
mately 3 voluiacn of boiling wator in order fo insclivate
opdoperous myrodinase as wel s o exiract phacosinalafes
and irothiodyansies from the planl fissee, Waler was
returned o v botl and maistsined 3t = malling Ia0i or 3 min,
The sprouts wers then sirxined from the bodled infuelon {ea,
woup} snd D infumion was shered B 200 O entil axcyed,

Market stage brade webe philuined by germinaiing soode
of the same wecdlo) in 4 geenlouse in polling soi, trans-
slanting to an orpenically mamiged feld i Canel! Cousty,
1AF> and dmevested 1 marker wage. Heads wors imavedintely
froson upon harves , drsnsportsd o the labarsdory an dos and
extracis were prepared inoan demical fashion to tiso
desoribed ahove for sprobm excepl tha approdamniely 3
grem florot Mssue samples ware wisd for extraciion.

Inducer potestisd of plant extracts, proparcd as deseribed
alwrer, wes dotermined by o mHciotier plaic bioaseny
nredhodd us dexorfbed 0 Bxaaple 1 Pajred jon chromatop-
mphy revealed Bed major poaks, peebably phroebrassicin
sl seo-plocobrosicn, in extracis of market stage heads
with winpslar retention HBmes o pléecbrassicin (rdofed-
yimeihy! plucosinolate} and seo-plucchrasgicin
{1-methonyindoic-Bytmetlyl plucosinodaic). This obserey-
tom is cemsipiat with publisiiod ropons on the plecosipelale
eampositon af maure beedeot phasls. iewvon, ;:mmd 1
chromatography wnder he sume conditions of sdenticslly
preprred exteacis of 3-&3:- ot sprowis showed sbsence of
phioobrasmicin o feo-plcobransicn. Addidonsity, J-dny-
oltl sprowts of different hroceol Sultivars produce ditforent
mixtures of gleoosinndiles, Accordingly, ghrcosinalate pro-
duction & developmrentably roptiiaied,

Poanple 10

Punlistinn of Anticarcisoaemic Aolvitics OF

Brociol Spront Pregatations 1o The fHegpins

THVETEA, (5,70 DHmethyl-1 2-Henmmticisd ne)
Mammary Tomer Mol

Sprawis wers prepasesd by S surfacs slerliziag soods of
fragsica alivacwr varkely iteflon Qrrococtt) cultivar Saga
with 2 | min rrsiment in TO% clbanol, foflowsd Ly 15 min
in 1.3% sodivm hypochlanite with apprsimnely 8.001%
Adoomnn ditenpest. Feeds were grown e stenke ;:lamn:
cohiainers of o duasily of appromianiely B seodes fem” bor 72
hogrs 0m 3 BT apar supper that <5 apt contain sdded
amrisnl, T sovitommen was cerclifly conirpbld with
Dhroad spedimin fuarescent Hzhting, humidily apd tetpera-
wee controk {34 Bowes light, 23° CU8 hours dark, 207 C)

The plaais wore rapidly ad geatly collesied from
satrdact of Bie agar jo mikitaize plucosinelate hydrolysis by
cielogenors mymorirase relowssd spon plact wounding. A
larke quantiy af sprouts was harvested iy fmmedinely and
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thpidly plonging imo approvimately 3 volumes of bl
waber in order 10 activitg mdﬂnézemuﬁ‘mym,am. as wekl
as vatructing, wucosinotalen and Bethiceyunuies fom the
plant fhssue, Water was redurncd to o 3ol and maaimsined at
a rolfing boil for 3 min, Sprows wess then struingd from the
bl mbmsivn {iea, #oupd and e infuvion was EEOyii}iwi
apd stored 35 4 Bry povidsr i 200 C [desigasted Prep Al
Diher spronts, siovilarty propaced veere extzhotod with hos-
oy water, cobled do 25 O, and wene sendud with s
auambiy of 7 day old Srikion spasuts wdvalem 10 approd-
mstchy 0.5% of the original fresh weight of broceod sprouts.
This mixture was homagenizod wwinp v Briskman Polyiron
omogenizer and dnculmted of 317 O for I howss fodlowing
which i1 was filrersd ti:mu%h n sindered glass flce lyo-

hilimad a5 abvve and stored as o deied poveder at 287 £
deapoated Frop B

OR inducer activity and mduder poiontisd of plon
exiacts, prepared ux descrited above, was delsemined by
the microtiier plale bioassay methos) as described ohove, The
imduition of 51: activity in prepatation A i bangely due fo
plucosinniatos; prodomimuntly glucoraphasia, wiich 5 e
glucesiedate &7 alfinuphang, bw Wi presarstion akso
conisns some plucocneein, which s e sulfde wmalng f
giucoraphaniy, ‘The Induclion OR sctivity of proparation B
W ahmost oxchwively due i fsothiccyanmen snsog Som
sregtmem of plueoiineliios with myrosmas,

Femsic Spragse-Tawley tats weceived af 35 duyn of sge
weee materirdd; 4 animals per plastle oage. Al amimals
reeivisd 100 mp DMBA, By z,;avuﬁa iy ) sekarmes ol ol oo
S0 days. Sprowl preparalions {A or B or vehicle controd
wete pivon by wivage at B 2 & d dngﬂnﬂrw LMBA, on the
oy of DMBAEZ ke prior to the DMBAdosed nnd an e da
Toflowing DMBA dosiap, The velicle used dus 0% Enul-
e BROPESNE water, Anmals wete miintained on 2 semi-
purifictd AL-TEA Gt ad Hhitem Trom the time of mocipt
until derminadion of o exporimend {107 days of =gl

TABLE &
ANTICATETN NG ACTIVITITE OF DROCOOL STRILT
LCPILATIES 0 THE TR, joa, B ARY TAMLRE MR A
LHERYE
WIDADNRH F FEECITY
ARIMALE AT TOTAL  NUMBTH OF
TRERT TREMI- TUMER  TOMORS
GRGUP MINT NATICR RUMBER PR RAT
CONTROL [ HL i M 17
ondy
TRIP- Al 1ik i FELL
ARATEOR & donr (0
[MHusioilagy paad
Wl
-p'ham}
B}
gL %14 mgt n 1 N5
AfECUN R doen (100
{Ixethic- ran
cyseait} LhH LY
FN
ol

e dovolopment of palyatle mah was delayed for 3
mugh & § weeks by the adounistration o mpruT yiracts,
fats tpeptedd with cither Propnrmian A or B bad simificamily
Cevwny fomons than e tretrsated conteal, wnd e muiipliciy
of {umers (Memamns per 1ul) vwess sigeificamby bowes o the
prmils feociving Proparstions A b B

Hunmple 1

Mriabntinn Ast Clearanoe O Glucosinglnies In
g v
Twp maabe, non-smoking voluoteers dges 35 nd 40 yoams,
exeh in pond healfy, were prol on o Jow vepdulile dict i

oy

i

o

n

45

it

¥
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which no goen o7 pellaw vepetables, or crnd iz,
wpustard, borseradish, fomatom or papayes woe sonsumed,
Adter 24 hopnd oo sich 2 dol, 53 veine was collectod in 8 hr
alighots, After 24 bowrs of basoline data, subjucts ingesiod
100 ] o Bedcool sprovt soup (preparcd &g briew], con-
inining 520 preed of gleoosinolnes,

The sprouts wors propared by Bost swrfaes Rerilizing
seeds of frevifon elorpees varioty Sl rocod) codthvar
Saga with a 1 min reatmerd in F0% ethaned, folloveid by 15
min in 1.5% rodium hypochlurits with o G001 % Alcorux
deterpont. Seeds wete grown i stedile plashic comaisngs J
& fepsnty of approximaiely B stedatom” for T30 hunn o0 4
Q7% agat wuppert ikt did ael conluin sdded sirems. The
gnvironmond was carelully comrotied with Leosd specinim
fioresoent Hglting, humidtity und tempersture contred (16
koues Hght, 25" OB bours fark, 207 G The planis were
wapilly and geatly collected Trom the sutface of tht agar 1o
minifeize phactsinohte fydrolysis by sndopenons aryris-
page Feloased wpon plant wounding, A tage gquanlity of
sprouts was barvestet Iy dannetistely and mpidly phioped
inin approsimely 3 volunes of bodling water i onder 4o
lpactivate endogenons myroesipase aw woll o5 to exlracd

supasiaciiies amd iscthiovyanites fom fthe pland disEncs.

Fater was fedurned to 3 hofl and mantained Al mlfing Ioli
For 3 pin. Folowing the bolling step, sprowis wis bomag-
cnzed ditcctly o cir infusion waler o7 1 min waing o
ke k Polyior Homepenizer wnd the propacstion: wers
friczen a) =70 O until we.

foditeer potential of pha) cxitacky, prepared of deseribed
aliove, was detormined by the micfotiter plate Winassay
method a0 desoribed bove. Indvesr pinentisl is coarly all
dii 10 plucosinalics; predaminamly ghectipsis, which
i the plucosinolste o salfuraphane, bl snme glecocnucin
whith &5 e saifide ahalop of plucoraphania was slip
present, Whin converted o iofhiyanates Iy the addirion
uf purificd myzosinase, Phast T enpyme-indecing pobestial
wapi V0,000 enttefml and Contdinet 5.2 pmod of ispthivey-
anaies per i, 4% deteemined by fhe cyclousadensation
seaction desctibed in Exnmple 7. Thes, the silgecls con-
sumed 1 3093 of 520 pmod of glucosinnisies,

CoBeation of B Beus Urme samples was contimeet for an
additiona 30 howrs. Unnary seccction of isothisoinas
conjugsies {dithivcalanates) was momitored veing the
eyclocondensation feaction as desoribed ia Bxmple 7.

TABLE §

THETETION (0 DETTRCCARDAMATIS Y W0 SURTCTS
INGEITING 520 MICHOMULER OF OLECOSINGLATES

BT ATy TROE SALhA R P
T NI SUBECT I BURMKY 2
Crlivitive Time Jemd] ISRETAERRINE
(rnrs poa 5 fwar swiin pollecclon
B bhralinn 14 T
14 eiins h i
w4 Faareline 1.7 .4
a2 141 & powr w1 ma
e
5B ¥t 8 hezr a4 M
porsdoss
ag Wl &t hor A4 BrF]
LS
A6 &y £ oy AR 4.4
FRR-FL
Tl peheomg abisie ma BE
nwednpn Bhsedine:
Fouk iie Meeeenl of duse: £ yRb

The two wuljocts sthdied metabalically convetted & sig-
mificand Traction of ho ingested plucosingEates 1o the fuoltan-
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cyrhrbis which wore powverted 10 cogmate dithiorartamtes
and mengured o fhe wing,

Exampls 17

{HFects O Mysict fmervintions Gn Sprow
Cheopwtty On Procdiection OF Snduoem OF Gumone
Reduniis

Spapuls wers prépared by first sueface stetilining secds of
Rapfammus sativenr (daikon) by 2 | mimte freanmest with
TG othanod, follened Dy o 15 axin treaimehl with L35
sodivm hypoctioriie with spproximately GO Aloanos
delotpent. Scods wars prawn o storis glastic conteiners o
u density of approximetcly & soedsfom® Br 7 davsona 0.7%
apar support that did m conlain added oobdents, The
grveirnnment was carefully contralfed witl broad sprcirem
fiuoroscent Hpbdie, humidity and oiaporaiye contrad (16
hours Bght 25° A2 howrs dark, 207 C)

“Fragied sprowy wore drmadised with geraaicital UV light
For 0.5 hr e days 5w & Trowiod speouts wore otly hedl e
hitgkt of the urirtated conttols, Pliats were hitvested an
day 7 by rapidly snd pentfly collscting the planis from the
sarlane of the apat to minimine ghieosinoiale pdrodyris By
entugenons myresnase solongsd apon phal wennding,
Sprowts were haresied by fmmoedinte and ppid plangleg
ime approximately 5 volumes of DMEACNDMEQ
{1A:) o approsimnarely ~S07 O dn dnder 19 inactivale
cmdogertug mymsinse as well a5 fo extracd glucosinclstes
and inothiocyanetes, Sprowts were imaodlcly homog-
oized wilh 5 ool plass morar and pestle sad Mored &
200 O

induger potentinl of plant extescis, propared of doscribed
shove, was determined By the wicrtliter plate MHoassay
mcthod as desoribed above. |odocer potertisd of the
ErVirgalod sprouss wax ouver fieed limes thal of sniated
oerals, Troatment of sproas with ultravioded ight therefies
inereased he Phase 3 enwyme-indiecr potentia of g plant
tfrga.

Athouph the forogoing rifors 10 panicsler preferad
embodimeins, 3wl be understoo! that the presem inven-
1inm i5 0k 5o Hindted, 1 will eocer 30 those of oydinany vhill
i e art ot vaziony modificaions may be fmade fo e
disclosed enpodimenss and that such wedifeaions arc
inteidod to bo within die seope of Yo prosent invention,
which it defined by e following cleims, Al publcationg
god patery appd feations mentoned it GiE spoctficsion s
Frtckicadive of 1:0 fowed nf sdai of those in e an o which the
InvanTian gerning,

Al pulskications and patent apphivsiong ace hroedn incor-
porated by toferancs U (i sme extent us i sl individual
publicativn or paicat spplivalin were speeifisally s jodi-
vigually indicaled fo e incorporied by eftrenos in #5
oplitedy.

Wi is slaimed s

1. A nop-lodic solvem eximet of o orsoifee soed or
crucifaes spiont, whornin el sprout 5 (A Darvesicd
between thy onset of perovination up o s including the
2hual stape, and {0 aot o Sresdos olerseon saplinia,
Faplifiten wigboron, Simapis ofla, Staapis nigre, or Bapfuens
SO PO,

2. A nnheteric solverl ewadt socordivg te chim 1
where b the solvent wsed 1o ewitact s3fd seed or sprodt i
sefected from the gmap consisting of waler, {iquid carbon
gioxide, wd sihakek

5 A nopctonic welvest eatredd sooosding 4o whiim 1,
Carlbur comprlsing 4 crucifer wogoishle tonfainteg an eeifve
POYTIRHTMNE SRV,

3

i

k)

EE
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4. A nonsoxic solvenl oxtmet socording o cdaim 3,
wherein suid conciferous vogotabie v of the gers Rapha-
FEE

5 A ponooxc sefvenl Exiined of seconting 16 olnim 1,
wheredn s exivact iz dricd, copled, feowen or freese-dricd,

§. A fopd produet oomprising Gle exteact of claim 1.

7. food product comprising the oxiract of cladm 5.

8. Adfood prodeet soetrdlng 46 chaim 6, whersin seid feod
pmteet in selected fom the mroup cotwisting of foed
supplements, drinks, shakies, daked poods. teas, SURES,
ooreals, pifly midets, salads, sarderdclics, aod pranoday,

O A pill or whict compeising 3 crecifenms seed o
prre]fepous ko o7 extret oF suid reod ar spmsd, whe s
madd sprowl ix furvenied betwesn the omeet of gosmind o up
10 and fmcluding the 2-deal stige,

3. A pill ar bl ancording 10 chaim B, wheria said
sprow! 5 not x Aravifea efcraced capitars, Lepidium
Jeriue, Stnaple afbn, Sinopts afgra, or Haphauas seiiv
TN

Bl A food product corsprizing 3l leas! two varistios of
cruciforous sted or crocaleraus sprait, of eximel of satd seed
of sprowt, wherein said sprout &5 (AY harvested heiween the
oaset of permimition wp to wd including Be Meal stige,
antE {3 01 3 Brassfce whvcet varioy copitera, Tapifum
wotiven, Sivapis afba, Sinaply algra, or Roplanns soifvie
TP,

12. A food prodiel comprising 1 sokies of glueesinalanes
of isnthincyanates, wherin awnd plucosinadaie or bobiooy-
anite sovrod 8 8 crucHimns sbed of eovcilbrons sprise, o
extoaet of S5 soed or spront, s whorein sakd spront s (AD
burvegted Letween the onset oF gormination up fo end
inchading the 2daxl Mage, and {5 oot 2 Brassfea oleriaer
vigiely capitaky, Laptdinm suiv, Shapls olbe, Sinupls
Aigre, or Raphames s i,

13. A food produc! scoording 5o claim B2, wherein said
sprongd s 4t Jeast 2O0,000 units por grant Fresh weight of

hane 2 coapme-inducing potentid when measwred sfter 3
days of poowth from seeds hal protucn aaid sprouls.

M A Faod protuct acoarding a0 clain 12, wherein said
sprowt fas o) least MSTLORO waits por gram frosh weight of
Fhase 2 enzyme-inducing potential when measwred afinr of
peawil From pecds that prodates said sprowis,

15, A food prodiet soearding o olaimy 12, wheroin suid
e’;;pmut has 8l loast BOOL00 snitc per geam frosh weipht of

liase 2 eagyme-frducing potestiol when smoassred afier 3
iy of growth Tom scods el prodios A3 Bprous.

1o, A fool producd scoonding fa claim L2, vwhesein st
sprout has ob feast RSOGO enits pur mraes feeslt welpta of
Fhase 2 eapyme-inducing polesiad when measered afizr 3
ghayen o gprowetly Tooen socdls dhat phodeod faid Bpouls.

17, A foodd prodict seopeding 1o claim 12, whesgin sald
sprout hms af teust ANLGED wnits per gram el weipha of
Fhase 7 eagyme-induling potenidl wien wmeasied aficr 3
days ol geovl pecds tha prothece wdd Sprouts.

18, A food product nooording 1o olaim 12, whesein shid
sproot a8 a3 foast ASGGG0 wnits por priim {oosh woighn of
Phase 7 engyme-inducing powntiat whey mepsared afler 3
s o7 groveth {oom soeds dhat prisdios Snd Bprouts,

19, 4 {ond producd aoconding 10 elaisy 12, whorein syid
uprastt Bas o feast SO0 i por pram Sresh weiph of
Phase 2 enzyma-nducing pobatis] whon meassred afier 3
days of grovah from seeds et prodece sald sproms,

20 A fnot peodiet soovrding to clum 13, whereln saiif
sprowd is & Hrassier sferacen seltetod from the group of
vafictios consising of acephaly, albogielen, Iedrpds,
coytain, gemmiferd, goupledes, fwifcn, uadellesa,
pafiifoli, s, sebarda, sabailic, swd selinsta,
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21, The food predust socording 1o caim 20, wiicrzin said
sprovd is Firssied oleracoe yatiely afien,

22, The foord prothict socotding io <haim 29, wWherein said
sprow Is Bravitoa olesnora vagoty borryrls.

23, The food prodict according do chim 20, whein said
Epmm is Rrassior olferaces varicty Dofrpiiy Subsariety otie

ora,

24, A food product acooedieg to clxim B2, wherdin said
soueos of placesingletes of sofdocyanates i o eracifer sood.

25, A food product acoirding to claim 24, wheredn waid
seed i inoerporated ine a ford progduct sefecied from (ki
prmp oonslsting of sslac, prantian, sad baked goods.

26, A Somd product secending 1o clait 24, whesteln sl
st i pround it 3 four o meald prior o irEorsion o
suid food protuct,

27, A food produe accerding to ciadm 26 wherel sald
ground seed fs incorporated dolo & food product seletlod
from the growp consisting of denks, fhakes, baked goods,
pilfs ar Whicts,

H

24

28, A food produel acoveding tn ohaim 12, whoroin said
wonscs of plecosinniates ar isothiocyanates is o ol

SpIou.

20, A food product zeeonding to ohsim 28, whersin said
Fpront i 3 hervewsd sprowt mcorporsied i waid Jood
prociucd for fovh cunsvmpticn,

30, A foud produst socording o claim 39, wheeeln said
fou) prodwcd 1 sdocted from e geonp odnsisting of salnds,
sandwiches and drinks or shakes.

31 A food produnt seoarding o cjaim 28, whisein pald
sprout his been sulpiet to ivopbillicstian, drving, extraction,
Trecmag, baking, cooking, of boiling prier to incarporstion
irytiy said Food poodadt.

32, A oot produet according o claim 33, wherdin said
o] peowdind 35 selected fram the groug stasistiag of baked
poods, teus, sup, corcals, pills, tablets, drinks, and shakes,

33, A food produdd actordiag 1 claim 12, wherin ssd
stnrce oF plicosinolaten or isallocyanates is crieifer seed
or ereciforonus speoni extrac.
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UNITED STATES FATENT AND TRADEMARK. OFFICE
CERTIFICATE OF CORRECTION

PATENTNG, 537712251 Page 1ol
DATED : January 23, 2061
INVENTOR(S) + Jod W, Fahey of i

i i cortified that srver appaars in the above-identified patent and thal said |.etiers Patert is
hereby corrected a8 shown below,

Column 22,

Line 39, pluase delele chim 14 and inscrt as foliows:

-~ 1. Afood product according 1o claim 12, wherein safd sproul has at Jeast 256,000
onits per gram fresh weight of Phase 2 enzynte-inducing potential when measured after
3 days of growlh from seeds thal prodecs saild spromts, -

Signed and Sealed this

Twenty-ffth Day of March, 2003

JAMES E RCOAN )
Aaireecror of the Wadind Seaies Patet ood Teodomark-Offied




