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Institute, Departnent of Health andiHuman Servi ces.
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terms as provided for by the terms of grant POl CA 44530,

entitled "Novel Strategies for Chemoprotection Against
Cancer", (Paul Talalay, Principal Investigator) awarded

10 by the National Cancer Institute, Department of Health
and Human Services.

BACKGROUND OF THE INVENTION

I. Pield of Invention
This invention relates to a dietary approcach to
15 reducing the level of carcinogens in animals and their
cells and thereby reducing the risk of developing cancer.
In particular, this invention relates to the production
and consumption of foods which are rich in cancer
chemoprotective compounds. More specifically, this
20 invention relates to chemoprotective compounds that
modulate mammalian enzymes which are involved in
metabolism of carcinogens. This invention relates to
food sources which are extremely rich in compounds that
induce the activity of Phase 2 enzymes, without inducing
25 biologically significant activities of those Phase 1
enzymes that activate carcinogens.

II. Background
It is widely recognized that diet plays a large role
in controlling the risk of developing cancers and that
30 increased consumption of fruits and vegetables reduces
cancer incidence in humans. It is believed that a major
mechanism of protection depends on the presence of
chemical components in plants that, when delivered to



enzynes that activate carcinogens. 1. Background It is
w del y. recogni zed that diet plays a large role in controlling the
ri sk of devel oping cancers and that 30 i ncreased consunption of fruits
and vegetablés reduces cancer incidence in humans. It is believed
that a m&j or mechani sm of protection depends on the presence of
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2 manmal i an cel | s, elevate Ievels of “Phase 2 enzynes that

det oxify carci nogepgmmalian cells, eSt]Jé%ié of! ﬁlﬂfse@cgﬁﬂﬁ& Yhat

chenoprot ecti on by certain c mca s assuned that thes
chenoprotectors 5letoxify,caYCIRPIeNR- es of nonooxygenases, al so known as
Phase 1 enzymes or cytochrones P-450. However, Talalay et al.
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Press, Boca 5 aduged aﬁt;vnfjps dEmolikdxygendses]| aldoticmowmaes Phasa
acBimAm tst rat hont of 1 hﬁhl ; g%ﬁ'&?%@ﬁ?&ﬂé‘é Qf-4%ty|lﬂi&4er Tahlamé éi! SO' e
EPha)se 2 ;ﬁzspre)s ;'gﬁsﬁu‘(}’l%eglsn“but'aigmlc%fg% BﬂﬁﬁFV%’F eéé?éﬁsbﬁ?égcir eﬁ’é’ymes
Phase 2 enzynes Indughionm &f §glechréphile itDehwmdficaties, (PYEXE) IIX)ui none
reductase (QR) andegiyifdgmonosul t redafvtaesesanrlet woidctrar TARIBTEaRF N9
el ectrophil |£°f or r@iﬁ;ow&&lcaﬁc' 23 en%erg et al., CRC Press, Boca
Raton, FL, Dpp 469-478 (1992)] determined that
administration of the known chemoprotector butylated
hydoxyanisole (BHA) to rodents resulted in little change
in cytochromes P-450 (Phase 1 enzyme)} activities, but
15 profoundly elevated Phase 2 enzymes. Phase 2 enzymes
such as glutathione transferases, NAD(P)H:quinone
reductase (QR) and glucuronosyltransferases, detoxify
DNA~damaging electrophilic forms of ultimate carcinogens.
Selective inducers of Phase 2 enzymes are designated
20 monofunctional inducers. Prochaska & Talalay, Cancer
Res. 48: 4776-4782 (1988). The monofunctional inducers
are nearly all electrophiles and belong to 8 distinct
chenmical classes including (1) diphenols,
phenylenediamines and quinones; (2) Michael reaction
25 acceptors containing olefins or acetylenes conjugated to
electron-withdrawing groups; (3) isothiccyanates; (4)
1,2-dithiole~3-thiones; (5) hydroperoxides; (6) trivalent
inorganic and organic arsenic derivatives; (7) heavy
metals with potencies related to their affinities for
30 thiol groups including Hg**, and cd**; and (8) vicinal
dimercaptans. Prestera et al., Proc. Natl. Acad. Sci. USa
90: 2963-2969 (1993). The only apparent common property
shared by all of these inducers is their ability to react
with thiol groups.

35 Chemoprotective agents can be used to reduce the
susceptibility of mammals to the toxic and neoplastic
effects of carcinogens. These chemoprotectors can be of
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synt heti c conpounds. Synthetic anal ogs of naturally occurring inducers

have i’v" so beenpgenera&gﬂw ef £280e St ONBLicuD | Rave Cbaeiécabvsmﬁmogmesi 55i n
o Proc. Natl - BAEEREIRd, enq dodricy, 51 Mgkt gﬁ%ﬁg vo' Tichpagd 08 O
Cancer Res. (Supphjiued: the7setingties ofoRhase 2 enzymes. HFEHF?‘EE!l%lent
net hods hayg beegasdesshened fapa1. Biochem. 169: 328-236 (1988) and
Prochaska st al., Proc. Natl. Acad. Sci. USA 89: 2394~
2398 (19%2). In addition, these methods have been
employed for isolating the compounds responsible for the
inducer activities in plants and for evaluating the
15 anticarcinogenic activities of these compounds and their
synthetic analogs. 2Zhang et al., Proc. Natl. Acad. Sci.
USA 89: 2399-2403 (1992) and Posner et al., J. Med. Chen.
17: 170-176 (1994).

Although inducer activity has been found in many
20 different families of edible plants, the amounts are
highly variable, depending on family, genus, species,
variety, or cultivar of the plant selection and on growth
and harvesting conditions. Thus, there is a need in the
art to identify particular edible plants and methods of
25 growing and preparing them that yield high levels of
Phase 2 enzyme-inducer activity for chemoprotection.
There is also a need for methods of growing and preparing
edible plants that produce a known spectrum of specific
inducers of Phase 2 enzyme activity in order to increase
30 the efficiency with which specific carcinogens, or
classes of carcinogens, are targeted for inactivation.
In addition, there is a need for methods of plant
breeding and selection to increase the level of Phase 2
inducer activity and to manipulate the spectrum of

35 inducers produced in particular cultivars.



measuring the potency of plant extracts to increase or I nduce the
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10 provide food products which contain substantial

gquantities of Phase 2 enzyme-inducing potential and non-
toxic levels of indole glucosinolates and their breakdown
products and goitrogenic hydroxybutenyl glucecsinolates.

These objects, and others, are achieved by providing
15 cruciferous sprouts, with the exception of cabbage,
cress, mustard and radish sprouts, harvested prior to the
2-leaf stage. The cruciferous sprouts include Brassica
oleracea varieties acephala, alboglabra, botrytis,
costata, gemmifera, gongylodes, italica, medullosa,

20 palmifolia, ramosa, sabauda, sabellica, and selensia.

Another embodiment of the present invention provides
cruciferous sprouts, with the exception of cabbage,
cress, mustard and radish sprouts, harvested prior to the
2-leaf stage, wherein the sprouts are substantially free

25 of Phase 1 enzyme-inducing potential.

Yet another embodiment of the present invention
provides a non-toxic solvent extract of cruciferous
sprouts, with the exception of cabbage, cress, mnustard
and radish sprouts, harvested prior to the 2-leaf stage.

30  The non-toxic solvent extract can be a water extract. In
addition, the water extract can comprise a cruciferous
vegetable, such as a cruciferous vegetable of the genus
Raphanus, comprising an active myrosinase enzyme.



SUMVARY OF THE | NVENTI ON It is an object of the present
i nvention to provide food products and food additives that are rich
i n Tancer chenopr ot ecti ve comnpounds. 5 Anot her obj ect of
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2=leaf stage.

Yet another embodiment of the present invention
15 provides a method of increasing the chemoprotective
amount of Phase 2 enzymes in a mammal, comprising the
step of administering an effective quantity of a food
product comprising cruciferous sprouts, with the
exception of cabbage, cress, mustard and radish sprouts,

20 harvested prior to the 2-leaf stage.

Another embodiment of the present invention provides
cruciferous sprouts harvested prior to the 2-leaf stage,
wherein the sprouts have at least 200,000 units per gran
fresh weight of Phase 2 enzyme-inducing potential when

25 measured after 3 days of growth from seeds that produce
said sprouts and contain non-toxic levels of indole
glucosinolates and their breakdown products and
goitrogenic hydroxybutenyl glucosinolates. The
cruciferous sprouts include Brassica oleracea varieties

30 acephala, alboglabra, botrytis, costata, gemmifera,
gongylodes, italica, medullosa, palmifolia, ramosa,
sabauda, sabellica} and selensia.

A further embodiment of the present invention
provides a food product comprising sprouts harvested
35 prior to the 2-leaf stage, wherein the sprouts have at



veget abl €, such as a cruciferous vegetabl e of the genus Raphanus,

conprising an active nyrosi nase enzyne. WO 97/ 09889
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provi des cruci ferous sprouts harvested prior to the 2-|eaf stage,
Yet another embodiment of the present invention

provides crucifercus sprouts harvested prior to the 2~
10 leaf stage, wherein the sprouts have at least 200,000
units per gram fresh weight of Phase 2 enzyme-inducing
potential when measured after 3 days of growth from seeds
that produce the sprouts and contain non-toxic levels of
indole glucosinolates and their breakdown products and
1S goitrogenic hydroxybutenyl glucosinolates and are
substantially free of Phase 1 enzyme-inducing potential.

Another embodiment of the present invention provides

a non-toxic solvent extract of cruciferous sprouts

harvested prior to the 2-leaf stage, wherein the sprouts

20 have at least 200,000 units per gram fresh weight of

Phase 2 enzyme-inducing potential when measured after 3

days of growth from seeds that produce the sprouts and

contain non-toxic levels of indole glucosinolates and

their breakdown products and goitrogenic hydroxybutenyl

25 glucosinolates. The non-toxic solvent extract can be a

water extract. In addition, the water extract can

comprise a cruciferous vegetable, such as a cruciferous

vegetable of the genus Raphanus, comprising an active
myrosinase enzyme.

30 Yet another embodiment of the present invention
provides a method of increasing the chemoprotective
amount of Phase 2 enzymes in a mammal, comprising the
step of administering an effective gquantity of
cruciferous sprouts harvested prior to the 2-leaf stage,

35 wherein the sprouts have at least 200,000 units per gram
fresh weight of Phase 2 enzyme-inducing potential when



wherein the sprouts have at |east 200,000 units per gram fresh wei ght
of Phase 2 enzyne-inducing potential when 25 neasured after 3 days of

gr owt-r—fronTseEds that pr oduce sald sprouts and contain non-toxic

| evel s of indole gl ucosinolates and their breakdowmn products and
goi trogeni c hydroxybut enyl gl ucosi nol at es. The cruci ferous
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botrytis, cosWRYBYennifera, gongyl odes, italica, risdt peLeg66
pal m fola, ranosa, sabauda, sabelliga, and sel ensi a. A
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potential when measured after 3 days of growth from seeds

that produce the sprouts and contain non-toxic levels of

indole glucosinolates and their breakdown products and

15 goitrogenic hydroxybutenyl glucosinolates.

A further embodiment of the present invention
provides a method of preparing a food product rich in
glucosinolates, comprising germinating cruciferous seeds,
with the exception of cabbage, cress, mustard and radish

20 seeds, and harvesting sprouts prior to the 2-leaf stage
to form a food product comprising a plurality of sprouts.
The cruciferous sprouts include Brassica oleracea
varieties acephala, alboglabra, botrytis, costata,
gemmifera, gongylodes, italica, medullosa, palmifolia,
25 'ramosa, sabauda, sabellica, and selensia and contain non-
toxic levels of indole glucosinolates and their breakdown
products and goitrogenic hydroxybutenyl glucosinolates.

 Yet another embodiment of the present invention

provides a food product rich in glucosinolates made by

30 germinating cruciferous seeds, with the exception of

cabbage, cress, mustard and radish seeds, and harvesting

sprouts prior to the 2-leaf stage to form a food product
comprising a plurality of sprouts.

Yet another embodiment of the present invention
35 provides a method of preparing a food product comprising



15 goi trogeni ¢ hydroxybutenyl glucosinolates and are
substantially free of Phase 1 enzyme-inducing potential.
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7 nmeasur edextraet3 days of growh from seeds that produce t he
sprouts and contain non-toxic |evels of indole gl ucosi nol ates and

their breaﬁgovm products _and gm trogeni c hydroxybut enyl
gl ucosi nol a An embodiment of the present invention provides a

method of preparing a food product rich in
glucosinolates, comprising germinating cruciferous seeds
having at least 200,000 units per gram fresh weight of
Phase 2 enzyme-inducing potential when measured after 3

15 days of growth from seeds that produce the sprouts and
which contain non-toxic levels of indole glucosinolates
and their breakdown products and goitrogenic
hydroxybutenyl glucosinolates, and harvesting sprouts
prior to the 2-leaf stage to form a food product

20 comprising a plurality of sprouts. The seeds may be
Brassica oleracea, including the varieties acephala,
alboglabra, botrytis, costata, gemnifera, gongylodes,
italica, medullosa, palmifolia, ramosa, sabauda,
sabellica, and selensia.

25 Yet another embodiment of the present invention
provides a food product rich in glucosinolates made by
germinating cruciferous seeds having at least 200,000
units per gram fresh weight of Phase 2 enzyme-inducing
potential when measured after 3 days of growth from seeds

30 that produce the sprouts and which contain non-toxic
levels of indole glucosinolates and their breakdown
pProducts and goitrogenic hydroxybutenyl glucosinolates,
and either harvesting sprouts at the 2-leaf stage to form
a food product comprising a plurality of sprouts. The

35 nutritional product contains non-toxic levels of indole
glucosinolates and their ©breakdown products and
goitrogenic hydroxybutenyl glucosinolates.
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| evel s of indol cumjitscPerngramesrank veight (nfe ANAGHN 2 enzm‘b‘r’daﬂ}!ﬁié“!and
goi trogeni ¢ hydrgpedndiany | vignicasasinted esfter 3 days offegrewthhemd

enbodi nent of t e | I O egypa ch in
gl ucosi nol at es g&b%eg% %&3 ngg%ﬁ na rwts ? }“grgosr i@ﬂ@' “ Cﬁ ﬁh’
exception &P n°“‘é‘ﬂ¥l§&ge13‘(ﬁ%s°f mE‘gaP-G aﬁ?d“"r"é&f‘g aE%%d?“ rvesting
sprouts prior tdoddukddwneafprodagest o ahdr mgpiftrogepicdubdydroxybutenyl i sing a

plurality of sprw inolates apdl anddiRlersigodi rey  Of ektyadies ent
Vides thod o preparin

I nvention 35 ood prrgduct conpr, si ng
qlucosmolates and 1isothiocy nates. e non-toxic

extraction solvent can be water. Myrosinase enzyme, or
15 a vegetable, such as Raphanus species, containing the
enzyme is mixed with the cruciferous sprouts, seeds,
plants, plant parts or extract, or any combination

thereof.

A further embodiment of the present invention

20 provides a method of reducing the level of carcinogens in

mammals, comprising administering cruciferous sprouts,

with the exception of cabbage, cress, mustard and radish
sprouts.

Yet another embodiment of the present invention

25 provides a method of reducing the level of carcinogens in
mammals, comprising administering cruciferous sprouts
having at least 200,000 units per gram fresh weight of
Phase 2 enzyme-inducing potential when measured after 3

days of growth from seeds that produce the sprouts and

30 non-toxic levels of indole glucosinolates and their
breakdown products and goitrogenic hydroxybutenyl
glucosinolates.

Another embodiment of the present invention provides

a method of preparing a food product by introducing

35 cruciferous seeds, having at least 200,000 units per gram
fresh weight of Phase 2 enzyme-inducing potential when
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8 ) extracting glucosinol ates and i sothiocyanates from

cruci ferous sprouts, with the exception of cabbage, cress, mnustard
and radi sh sprouts, harvested prior to the 2-leaf stage, with a
non-toxi ¢ solvent and recovering the 5 extracted gl ucosinolates and _

| sot hi ocyanat esyo obigégeei nase enzynme, or a vegetabl e, suepbrasediagdsanus
speci es, containing the enzyne is nm xed with the cruciferous
sprouts, the extract, or both the sprouts 9nd the extract. 10

b o f i SR i sos sl Wit
gernmi nating cruci ﬁrﬁfg"‘%ée d “°“'%ﬂ§3? R ‘égsit“%?gﬁ,%d’(?"&ﬁwga gram
fresh wei ght of and gphtsegenhisnhydroxybutenyl polecnsisolakes, néntoran after

3 15 days of gegybieflimjpeigede,.t hat produce the sprouts and whi ch
contain non-toxic |levels of indole glucosinolates and their
br eakdown products and goi t rogeni c hydr oxybut enyl

gl ucosi nol atbes, and Par festhery spbodivent ofpritde tpresant?- ipyentieme to
forma food prodgebvifes GONMREtKSDNY ¥ PhitAAttIndl giRESdinolatelheaggeds may

be Brassica,olgracea, including the_varigties acenphal a,

al bogl abra, bot F‘??? logydnates %Eﬁ‘ﬁi f@iﬁ?ggoﬁéﬁﬁ‘bﬁje ?ﬁc’% cPmpriges
medul | osa, pal hphogenizinmtbeaplagtiisive in ansekesss of aamdxtutensi a.
f25 q dYet anopiger e?bﬁétﬁ?ﬁllt ?fsﬁf@c:ﬁiéé?nt '5‘:‘!@@6:!199?113, prowf,gies a
ood produ rich.in osinqgl.a errmnating cru er ous
seeds havi ﬁl? at F%ﬁgfg’?g‘%’,w:fde eiﬁﬂﬁ?gg?z%sodr aarﬁqfare PREREHTS oFPPhase 2
enzyne-i nduci ng Prevepts amrioginaienagersitiYed after 3 days of growth from
seeds

Another embodiment of the present invention provides
cruciferous sprouts harvested prior to the 2~leaf stage,
wherein the ratio of monofunctional to bifunctional

15 inducers is at least 20 to 1.

Another object of the present invention is to provide
a food product supplemented with a purified or partially
purified glucosinoclate.

Other objects, features and advantages of the present
20 invention will become apparent from the following
detailed description. It should be understood, however,
that the detailed description and the specific examples,
while indicating preferred embodiments of the invention,
are given by way of illustration only, since various
25 changes and modifications within the spirit and scope of
the invention will become apparent to those skilled in

the art from this detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the total inducing potential of

30 organic solvent extracts of broccoli and daikon cultivars
as a function of age.



30 t hat produce the sprouts and which contain non-toxic | evel s of

i ndol e gl ucosinol ates and their breakdown _pbroducts and goitrogenic
hydr oxybutenyl—grucosinol at es, and either harvesting sprouts at the
2-leaf stage to form a food product conprising a plurality of sprouts.
The 35 * nutritional product contains non-toxic |levels of indole:

gl ucosinolates __and their breakdown products and goi | -
hydroxybutenylvﬂ?ﬁ@ﬁ@?nolates. WO 97/ 09889 PCH883RAdace
PCT/ US96/ 14866 11 9 A further

enbodi nent of the present invention _provides a nethod of preparing a
f ood product conpri sifigure 2 srowscthaghishcEeFPHLIAS MR) SPeGERR0CFanat es
wth a sol veidolated CylGtbeinviatescdadptapnedt Sfren arlict oragqueans 5
parts, wherein se t_pr gﬂge t-he l;a . pl ant parts
pr oduci ng sprout§3%%3%gg 3? ?ea tO%gofggéoﬁgébcii%i?§§Bgﬁsgran1fresh wei ght
of Phase 2 enzyne-i nduci ng potential when neasured after 3 days of
growt h and wherei n the seedspERATERD DESGRERTEOMr pl ant parts have 10
non-toxi c |l evels of indole glucosinolates and their br eakdown
products and goitrogenic hydroxybutenyl gl ucosi nol at es, and
recovering 5 theks &Safiadtigns gl ucosinolates and isothiocyanates.
The non-toxic e raet descsbprion et Fellawsy.a Nymbex mfs&eymsyne, or

15  a vegetable,, sUqlLas Bapliaiyei3PeCifite £OTIGH iy WdfihitionsCRFEME S
m xed with the cruciferous sgrouts, S rts or

extract, or any RRYAL &R ac‘1ﬁﬁ?@ﬁgggaérStandﬂ%gag%sﬁpgLﬁagﬁdgggﬂbodinent
of the present invention 20 provi des a nmethod of reducing the |evel of
carcinogens in A bifunctional inducer is a molecule which increases
10 activities of both Phase 1 enzymes such as cytochromes P-
450 and Phase 2 enzymes and requires the participation of
Aryl hydrocarbon (Ah) receptor and its cognate Xencbiotic
Response Element (XRE). Examples include flat planar
aromatics such as polycyclic hydrocarbons, azo dyes or

15 2,3,7,8~-tetrachloro-dibenzo~-p-dioxin (TCDD).

A chemoprotector or chemoprotectant is a synthetic
or naturally occurring chemical agent that reduces
susceptibility in a mammal to the toxic and neoplastic
effects of carcinogens.

20 A food product is any ingestible preparation
containing the sprouts of the instant invention, or
extracts or preparations made from these sprouts, which
are capable of delivering Phase 2 inducers to the mammal
ingesting the food product. The food product can be

25 freshly prepared such as salads, drinks or sandwiches
containing sprouts of the instant invention. Alterna-
tively, the food product containing sprouts of <the
instant invention can be dried, <cocked, boiled,
lyophilized or baked. Breads, teas, soups, cereals,

30 pills and tablets, are among the vast number of different
food products contemplated. '

Inducer activity or Phase 2 ensyme-inducing activity
is a measure of the ability of a compound(s) to induce



manmal s, conprising admini stering cruciferous sprouts, with the
exception of cabbage, cress, nustard and radi sh sprouts.

Yet anot her enbodi nent of the present invention 25 provi des a met hod of
reduci ng the |l evel of carcinogens in mammal s, conpri si ng

adm ni stering cruciferous sprouts havi ng at | east 200,000 units per
gram fresh wei gho 9rbosse Phase 2 enzyme-inducing potential pBfssRasy’ €d
after 3 days of growh from seeds tggt produce the sprouts and 30
non-toxic |evels of indole glucosinolates€and their br eakdown

products and OGHage0eH g r I I [ ol
Anot her enbodi nent of the n?gﬁs{gntgé,i*?giéﬁﬁ/onrgr otvhieges it gﬁ‘?rraéﬁ%gg'of
preparing a food P #jivr}t odifti FRpSITed By, peaRg ot s &88s murdneng at

| east 200, 000 unikepagemagcahl biocasshyecsh QReaghivity Rmsdt2oenZgnduderduci ng

potential when activity is WerfAeL39889ei R inducin tivi i
PCT/ US96/ 148 Y ein as Q cing SCRASY ier 3

days of gro ﬁ f FERAs 36457 Fiat i GWrdae hepatqua, calls) incubated, wighi
| evel s of indol e eytrectenef sprouts, seesisdoyaithergplant padts xmikrented .
gl ucosi nol ates, iwith #Yrosinas€di Digadded @EeePlicy i® measured“iﬂ”%ﬂbher
enbodi ment of tltéﬁc_,presgnt énavt%rx]';ta! on rqQvi gg_s_ a thod o .
extracting gl ucodits’al8s*an P i S5¢h% o‘ﬁﬁiﬁhtlé's rUﬁ}gF’&%ﬁrqq%?Ee whi ch
conpri ses Pdase8ni AyRicaldypl Guitoot Hepaidcilg7are b ass ritmbducetiur e
10 into each well. Hepatoma cells are grown for 24 hours
and a plant extract containing microgram quantities of
fresh plant tissue is serially diluted across the
microtiter plates into fresh culture medium containing
0.15 ml aMEM culture medium amended with 10% Fetal Calf
15 Serum (FCS) and streptomycin and penicillin. The cells
are further incubated for 48 hours. QR activity (based
on the formation of the blue-brown reduced tetrazolium
dye) is measured with an optical microtiter plate scanner
in cell lysates prepared in one plate, and related to its
20 protein concentration. Quantitative information on
specific activity of QR is obtained by computer analysis
of the absorbances. One unit of inducer activity is the
amount that when added to a single microtiter well
doubles the QR activity. (See Prochaska and Santamaria,
25 Anal. Biochem. 169: 328-336 (1988) and Prochaska et al.,
Proc. Natl. Acad. Sci. USA 89: 2394-2398 (1992)).

Inducer potential or Phase 2 enzyme-induecing
potential is a measure of the combined amounts of inducer
activity in plant tissue provided by isothiocyanates,

30 plus glucosinolates that can be converted by myrosinase
to isothiocyanates. Glucosinolates are not themselves
inducers of mammalian ©Phase 2 ° enzymes, whereas
isothiocyanates are inducers. Inducer potential
therefore is defineci herein as QR activity in murine

as 1clc7 hepatoma cells incubated with myrosinase~treated
extracts of the sprouts, seeds or other plant parts. In
the present invention therefore inducer potential is
measured by means of the murine hepatoma cell bioassay of



of di et hyl sul f oxi de, acetonitrile, and 10

di met hyl f or mam de (DMF/ ACN DMSO) at a tenperature that __prevents

my rosTTase activiTy. —ANot her _enbodl nent of the present

i nvention provides cruci ferous sprouts harvested prior to the 2-1| eaf
stage, - wherein the ratio of nmonofunctional to bifunctional 15
‘inducers is at least 20 to 1. Anot her obj ect of %h sent -
invention is tWOST8WYe a food product suppl enmented wi ﬁ;’!ﬁ% i ed
or partially purified glucosinol at e13 O her objects,
features and advantages of the present 20 invention wll _becone

apparent from G@ReackdVitwi g vitroJ@saifescriked | 3Po¥sr. | tIRGHRRY] be
under st ood, howeyskential is!idtdlsuira fieHephctclies aurpte drepatdnameldsecific
exanpl es, whil e jndicati.ng | me e 4 I on,
are given by waydot¥l Ifr'hg%ér:S{ellgnmggﬁ.?{bl,ﬂé%c@%ﬁ'ou@%ehi%'hajhﬂeﬁ?yand
modi fi cations wi¥epa AAC7serYis agAdintrasuced into eachweld o HeRATARA |
beconme appagent &@11doaeeSkigddwir E6r 24 hbuesardnd ramplant dextardotd

B gure 1 shows tREPSRANING RICEOTIN, guanErfos pebrebn Harkielbdle 1o
extracts of broceeriakidddvked acxross, ke mi°r°t1§§rap1“'ﬂ%ﬁ iBkofregh.
culture medium containing 0.15 ml oMEM culture medium
amended with 10% Fetal Calf Serum (FCS) and streptomycin
10 and penicillin. Myrosinase (6 units/ml plant extract) is
added to the plant extract. Myrosinase is purified by
modification of the technique of Palmieri et al., Anal.
Biochem. 35: 320-324 (1982) from 7 day old Daikon sprouts
grown on agar support containing no added nutrients.
15 Following 234-fold purification, the myrosinase had a
specific activity of 64 units/mg protein {unit = amount
of enzyme required to hydrolyze 1 umol sinigrin/min].
Plant extract is diluted 200~fold into the initial wells
of the microtiter plate followed by 7 serial dilutionms.
20 The cells are further incubated for 48 hours. QR
activity (based on the formation of the blue~-brown
reduced tetrazolium dye) is measured with an optical
microtiter plate scanner in cell lysates prepared in one
plate, and related to its protein concentration.
25 Quantitative information on specific activity of QR is
obtained by computer analysis of absorbances. One unit
of inducer potential is the amount that when added to a
single microtiter well doubles the QR activity. (See
Prochaska and Santamaria, Anal. Biochem. 169: 328-=336
30 (1988) and Prochaska et al., Proc. Natl. Acad. Sci. USA
89: 2394-2398 (1992)).

A monofunctional inducer increases the activity of

Phase 2 enzymes selectively without significantly

altering Phase 1 enzyme activities. Monofunctional

35 inducers do not depend on a functional Ah receptor but

enhance transcription of Phase 2 enzymes by means of an
Antioxidant Responsive Element (ARE).
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11 : Figure 2 shows the high resolution NVR spectra of

i sol at ed gl ycosi nol ates obtai ned from hot aqueous extracts of 3-day
ol d Saga broccoli sprouts. DETAI LED DESCRI PTI ON
5 |. -Definitions In the description that foll ows, a nunber of
terms ar ewgssnbessat ensi vel y. The follow ng definitions m9ysssiqses
provided to facilitate understandi ng of tﬁﬁ i nventi on.

bi functional inducer is a nolecule which creases 10 activities of both

Phase 1 enzymes SUChAaér&Yit%Q”Eﬁrgut is a $2ngnsr %&?ﬁl CPEYEEEg and

requires the parttmgatlon of hydr ocar bon ( reCeptor and its
cognat e Xenobi ot f ?%"slﬁ'onssé;aEFenﬁﬁt %%}"P“‘eq&a &SWing| (8eed | ot
pl anar ar ongerminaticin.as pCtycifdrnanshy deedsr bares, placedyesnoran 5

2,3, 7, 8-tetrachl ghesrbhrineo- Pndhﬁiéﬂ (t-ﬁGPD)germlnate and 4r&WEMODRmpd ect or
or chem)pro ectapnt . ils_a nat ur al | occurrl n chem cal

agent t hat educ%’éuc"fer"é"éscgﬁff’ﬂﬁl t?/fl nt!?f medfifi* e, Ap¥erd
neopl astic harvestedf fRklowibgenseed 2@ermnatwn f‘du:buqtr odum i s

any ingestible ifcRRHrf ithe 2- 1eafmga ni Qﬁetéﬁxéﬁéi‘éhﬁ 8brbties | JF ta\%_ ]
i nvention, or ext racts. or t hese sprouts iC
are capabl e of deﬂ"?ti'/aelﬁ'lt n% VeREAgn {l?ﬁ ats(}m%@ Hﬁﬁnﬁf‘ @ |‘?\'§¥%ti ng
the food productfresiTireighsdofr Boage Q:mzmezsrlducimmoyeptéphrw Fuch as
sal ads, drinoks odaypan@deitb@sng lncuﬁé)ﬂi&l nhﬂ&eﬁpr&bkhit%né hgni N £l

i nvention. Alter tive roduct cont ai ni ng sprouts of
t he i nst an (l:jhfveern ‘ﬁsoﬁee‘lé%nge%"e na ?l 35 gf:%o‘ked boi | ed,
| yophi lized or baked. Breads, teas, soups, cereals, 30 piIIs and

tabl ets, are anorg. thescerdptiennber of different

A major mechanism of protection provided by fruits
and vegetables in reducing the cancer incidence in humans
15 depends on minor chemical components which, when
delivered to mammalian cells, elevate levels of Phase 2
enzymes that detoxify carcinogens. It has now been
discovered that the anticarcinogenic activity of certain
edible plants can be increased. Plants such as Brassica
20 oleracea variety italica (broccoli) are normally not
harvested until they form heads. By growing these plants
only to the seedling or sprout stage, that is between the
onset of germination and the 2-leaf stage, the levels of
inducers of enzymes that detoxify carcinogens and protect
25 against cancer can be increased at least five-fold over
those found in commercial stage vegetables of the same
cultivars. Often increases of between 10 and 1000-fold

have been observed.

Harvesting plants at an early seedling or sprout

30 stage, or otherwise arresting their growth, leads to the
greatest inducer potential and yields a food product of

a type to which consumers are already accustomed. The
Phase 2 enzyme-inducing potential of such sprouts may be

as much as several hundred times higher than that

35 observed in adult, market stage vegetables obtained from
the same seeds. Thus it is possible that humans can
consume the same gquantities of inducer potential by



f ood products contenpl at ed. | nducer activity or Phase 2

enzyne-inducing activity Is a neasure of the ability of a conmpound(s)
toTnauce VWO 97/ 09889

PCT/ US96/ 14866 12 Phase 2 enzyne
activity. In the present invention, I nducer activity is neasured by
means of the nurine hepat ona cell|l bioassay of QR activity in viiro.

| nducer WOITIMEY, i s defined herein as QR inducing acti \r#QJSFﬂl“é‘r
Hepa 1clc7 cells (murine hepatoma cells) iscubated with extracts of
sprouts, seeds or other plant parts untreated W th r osi nase.

| nducer activityeptingparetagiveiyHapall quantities pfj FPrABESt oFRtREY | s
grown in 96-wel | tRaK I rdeciquantitidd e markypeeadey Veyed@blespa 1clc7 cells
are introduced 10 into each well. Hepatonma cells are grown for 24 hours
and a plant extract containing mcrogramquantities of fresh plant
tissue is serially dituhag fgwoskeemefound ERREMOEE, 9ff Fhe IREVMCEY esh

cul ture medi um cpeténtidlg of crubifér PramvEMisubtiereo ndkiirmcaneantdosv th 10%

Fetal Calf 15 [ ds pto in a ‘E"?”' j 11 ells
are further%i ncugg?ée%é‘g’r %%ourg‘g@ gpéﬁ,_\n“ t;gl]( sé"'gg ngegtr};?ﬁlég' '
formation of thegbrersinIAteseduceFIUSOFARBERERF areqy EPNYRXEA S %d with
an optical mcroiséetigheinateeartierthe enkymechyrbgpinése phéphrds ia one

plate; and rel at g b0 dckifflse . Pifirial 1y CRAGRNARE 82 gluctddfbladdd Ve
f t activity of t i
analysis | of RN QI e e s ) Agmhaedy,

anount t hattowhenwathierbss of sommremencadizaeionehyrosinasio siomes inko QR

activity. (See Prorbaskd, ARl faRaiiates?nicdliakre BhORNRvetda €25 336
(1988) and Prochggld ol rates.

In order to screen large numbers of edible plants and
to evaluate the effects of environmental perturbation on
15 Phase 2 enzyme-inducer potential in those vegetables, it
was necessary to improve upon the previously described
techniques for homogenization and extraction of those
vegetables. Techniques initially described for the
extraction of Phase 2 inducers from vegetables involved
20 homogenization of the vegetables in cold water,
lyophilization, extraction of the resultant powder with
acetonitrile, filtration and evaporative concentration,
Prochaska et al., Proc. Natl. Acad. Sci. USA 89: 2394-
2398 (1992). '

25 Following identification of sulforaphane as the
principal Phase 2 inducer from broccoli, comparative
extractions were performed into hot 80% methanol,
yielding similar inducer activity as the aforementioned
acetonitrile extracts. When myrosinase was added to

30 these hot methanol extracts in which glucosinolates are
freely soluble, there was a dramatic enhancement of the
Phase 2 inducer activity of these extracts (data

summarized in Table 1). The deliberate conversion of
these glucosinolates to isothiocyanates using exogenous
38 myrosinase thus gave a better index of the inducers for

Phase 2 enzymes of the vegetables tested. It was thus



Proc. Natl. Acad. Sci. USA 89: 2394-2398 (1992)). | nducer

potential or Phase 2 enzyne-induci ng potential is a nmeasure of the
conbi ned ampunts of inducer activity in plant tissue provided by

I sot hi ocyanates, 30 pl us gl ucosi nol ates that can be converted by

nyr osi nase to isothiocyanates. d ucosinolates are not thensel ves

i nducers of Iveowdogsdn Phase 2 enzynes, whereas | S OpEIvGSKALRBE €S
are inducers. | nducer potenti al therefore is defined herein as

QR activity in muri.ne 35 lclc7 hepatonﬁscells i ncubated with

myrosinase-treat 8flear thatXthaGiaSditity8s HHeOHbEentfflIPnabe U NRkuELAS
parts. In the present invention'therefore I nduce potentlaP
PR ke

|
neasured by meand® Shit YRE HEPalbhPraRentpiBaY djlants as the
97/ 09889 glucosinolate precursors of isoPRIo&:iBEEtes366
13 R activity in vitro as described above. | nducer

potential is neasured in Hepa |lclc7 murine hepato cells rown in
6o wel | i crot ter piBEdESPRpdEERTES of glop0s biolakas,ant e rapPAltH o
i ntroduced iSnt o ¥hth weidh, Huent ovemn@lingcef| sruciferpusvplahtr tifgudour s

and a plant extrgticosinolatalsabbbNofvEFAl ¢80 J48Eh1dyenatles!, 888 f&r 22}]

tissue is serially diluted across the crotiter platesinto

cul ture nedium cgﬁ?a+$¥wpﬁ‘.efg ﬂ? %EWEBV?&"@‘%& Rp procegureseB¥yith 10%
Fetal Calf SerumsiS)latierst pEptesdnsnt 18ixturesl pedi cof| ithe Myatert nase (6
units/m plant exéteidy i of rresAddedydtarie9sBhedht ©Hdmilenablisosiyase is

B eom 359 5poP Bl e Bty bike Gl iR RE T GucoRinalatn,
agar support con®®dni A§ORBLeeMARYeUt rduaTtdfig¢ation FofFemi nthe34sene d
purification, thRowyEasdetratead sample. In addition to being the
rate-limiting step in an extraction protocol, evaporative
concentration allows volatile inducers to escape
15 detection. The improved procedure is both simple and
efficient, requiring only that the plant sample be
completely homogenized in solvent. Using this technique,
the present inventors have thus been able to demonstrate
dramatic increases in the recovery of inducer activity
20 and inducer potential from cruciferous vegetables over
previously described techniques.

If fresh-picked vegetables are promptly and gently
harvested, directly into organic solvents comprising a
mixture of DMF/ACN/DMSO and a temperature that prevents

25 nyrosinase activity, both glucosinolates and
igsothioccyanates are efficiently extracted into the
organic solvent mixture. Preferably, the DMF, ACN and
DMSO are mixed in equal volumes. However, the volumes of
the three solvents in the mixture can be varied to

30 optimize extraction of specific glucosinolates and
iscthiocyanates from any plant tissue. The temperature
of the extraction mixture is preferably less than 0°C,
and most preferably less than -50°C. The temperature of
the extraction solvent must be kept above freezing. At

s the same time the enzyme myrosinase, which invariably
accompanies these constituents in the plants and rapidly
converts glucosinclates into isothiocyanates, is



specific activity of 64 units/ng protein [unit = anount of enzynme
required to hydrolyze 1 [err]nol sinigrin/nmn]. Pl ant_extract is

di |l uted 200;7old rnto the initral wells of the mcrotiter plate

foll owed by 7 seri al dilutions. 20 The cells are further incubated for
48 hours. activity (based on the formation of the bl ue-brown
reduced tet razol I's nmeasured with an opti cal fate
scanner in cel ™ +§7233%s prepared in one pl ate, and rel ﬁ;’gﬁw
protein concentration. Quantitativeinformati on on specific acti VI ty
of Ris obt ai ned by conput er anal ysis of absorbances. One unit

of inducer potentindctivethe afught exsraghen hYRERRYLY a containsi hjoh
mcrotiter well dudHtatikBOQOR1a6bs Midlates 4P Regligibl¥ quAAtkeianar

Sant amari a, Anal. B'tﬁ?zdé%%\n%teé 8981"%3811’:’))23"&@"&93% ﬁgaggo%@tgt al .

Proc. Natl. Acad.*
monof uncti onal i rARi&@S bREVeeR ciififiprenttPlAnY sPecles.  phase 2 enzymes
selectively without significantly altering Phase 1 enzyne activities.

Monof uncti ongl 35 dﬂiﬁﬁ%‘iﬁél ed10ty z%epg%qi_ thgm;g?géé onﬁdu@;igt | oxt or but

enhance tranScription of Phase 2 enzymes by neans i dant
Responsi ve El enerRammadipn Phase 2 enzymegp ¥heyeaso {sothiocyanates are
PCT/ US96/ 14866 monofunctional inducers in the ldurine hepatora crauuf er ous

sprout is a pl antbfgasgggdljdfngqﬁ hg&ﬂ&,_,ﬁ, Tﬁg a%dgag%y Pg&%ﬂﬁ&i

devel opment fol | oW ™ Seetls 2®

placed in an iStWI FW“FH’WW%Wey°§§H%F§tEﬁﬁtﬁm ba’ The 5
cruci f erous10spr audamsuretl by hddihg Hhuarilf ied myerdsinasearabtained frow eheed
following seed Qgidni Rt befer tpﬂ aM980uPBk, to thkNabysy Ndydtim.2- | eaf

stage. The cruciferous sprouts o

Glucosinolates are converted at least partially to
isothiocyanates in humans. If, however, it is desirable
to accelerate this conversion, broccoli or other

15 vegetable sprouts, high in glucosinolates, can be mixed
with myrosinase. The mixture can be in water, or some
other non-toxic solvent that does not inactivate

myrosinase. The myrosinase can be from a partially
purified or purified preparation. Alternatively, the
20 myrosinase can be present in plant tissue, such as a

small guantity of crucifer sprouts rich in myrosinase,
including Raphanus sativus or daikon. Such a preparation
can be used to produce a "soup"” for ingestion that is
high in isothiocyanates and 1low in glucosinolates.
25 Inducer potential can be measured using a multiwell plate
screen with murine hepatoma cells for in vitro
measurenment of QR specific activity as described above.

The ratio of monofunctional to bifunctional inducer

activity of plant tissue is measured by bioassaying plant

30 extracts, as described above, not only in wild-type Hepa

1eclc7 cells, but also, in mutants designated cl1 and BP'cl

that have either defective Ah receptors or defective

cytochrome P,-450 genes, respectively. Prochaska and
Talalay, Cancer Research 48: 4776-4782 (1988).



i nstant invention have at |east 200,000 units per gram fresh wei ght
of Phase 2 enzyne-inducing potential at 3- 10 days follow ng incubation
under condiions in which . cruci ferous seeds germ nate and grow.

1. Description A maj or nechani sm of protection provided by
fruits - and vegetabl es in reducing the cancer incidence in humans 15
depends on niwop70ssseni cal conponents which, when fetusngsiet 0

manmal i an cells, elevate |evels of Phase 8 enzynmes that detoxify
car ci nogens. It has now been di scovered that the anticarcinogenic

activity of certain a harvedtéd 8pPbatiscHAing tdhedshiehent i’:l‘?fénﬁ%h as
orna

Brassi ca 20 ol etacea variety itali.ca .(broccoli re n not
harvested unti | t%%i/ % r%cﬁgg%ggteé{/ ’d}"ﬁﬁgﬁﬁe Heé’é‘)"bl productg, guch e
seedl i ng or sprowd® SkxRfh a3lads| ssandwiches er drinksensadtefngbivelyt i on

and the 2-leaf stige gidiehl dteltheOtharvesteldNdpeie ©in ChE YaPSedttd wiet oxify
agal nst cancer reased at | east

carci nogens and ect . can be

five-fold ovgr idite t h%%gl.vfeound'mfaﬁ’ cohPeFy 1§Pager¥\c?§geteéﬁm? ®of Bhe sane
cul tivars. Oten 59 igesasion. Rh ve&tage afdgrowkh fRiligr to théad-ddaten
observed. stage  Haypesd1 g Rtk Rltard 12284Ys S GarRinstigput 30

stage, or otherw tin | r owh,_leads to the r eat est

i nducer potenti alostgn%é_‘{/cfszl dsa%é*kg{oda%_eos%c 2%bf gfjs" g%l ?‘f/?)%mq]t}%??ch’y
consunmers are al rERAYVIRICHSPTRRY. TRk its subskrate apd/onwatatadunse.
E_otﬁntialh oiors]ucfrﬁquztiubs by 9%y, baklﬂﬁg.rm%o&inﬁt?Velrﬁphh!ﬂQ%fé tainng_ 4
i gher than that G) r i r S veget abl es ai ne
from t he sanblra#i sleggsfyég a\fn%&g ?’t’gﬁ“?"é’o‘s‘gug%ﬁé’!*rfa? ﬁ%ﬁr’% ‘i:@a“sed %"
consunme the sane FFETC (I¥tHF | nTRRS® BBY cAlFA| bgy useful for either

preserving myrosinase activity in the sprout (e.gq.,
lyophilizing) or for inactivating myrosinase activity in

15 the sprout (e.g., boiling), as is desired in a particular
application.

The harvested sprout can also be allowed to mature
further, under different growing conditions, prior to
incorporation into a food product. For exanmple, the

20 sprout can be harvested at a very young age of
development, such as 1 to 2 days after seed imbibition.
The sprout can then be allowed to mature under different
growing conditions, such as increased or decreased light
intensity, temperature or humidity; exposure to

25 ultraviolet light or other stresses; or addition of
exogenous nutrients or plant growth regulators
(hormones). The sprout is then immediately incorporated
into a food product, such as for fresh consumption in
salads. Alternatively, the growth of the sprout is

30 arrested and/or further treated by means of
lyophilization, drying, extracting with water or other
solvents, freezing, baking, cooking, or boiling, among
others.

A sprout is suitable for human consumption if it does

35 not have non-edible substrate such as soil attached or
clinging to it. Typically the sprouts are grown on a
non-nutritive solid support, such as agar, paper towel,
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15 X eating rel atlvely smal |l quantities of sprouts, rather t han

| arge—quanti ties of Tarker-srage veget aol es. 't has now been
found that nost of the inducer potential of crucifer plants is due to
their content of 5 | sot hi ocyanates and their bi ogeni c precursors,
gl ucosi nol at es. d ucosinolates are converted to I sot hi ocyanat es
by the enzynme WP934988%se which is a t hi ogl ucosi dase. NoFr&fYS)6/14866
nyrosi nase and gl ucosi nol at es are seggarated in the cell and if the
cell is damaged, 10 wth loss of conpartnentalization, nyrosinase cones

i nto cont adelatittimay ipaperi nBeEmicu it c Pexdite et oniitie Hater

i ISot hi Ocygnat es.anad 1131:1: supp%ﬂe@f?e'l‘hﬁé) f&&r Qe@pbaﬂﬂeiﬁuﬁdﬂer&dﬁn da bl e
plants an t o, .ev ate t he C 0 enV| n Llughation on 15
?ﬂiiult'er ‘bot erhtl g{ cf %‘?P ort giygé tn%k: ngeh t% tﬂ

Phase 2 enzyne-i T végeta was necessary
to i mprove upon Washes &p yeppye mmd@@ée 5011{ ec@ﬁ1|aq§8§'°?5r1$1(9ﬁﬁ3@n| zati on

and extractson ofpthgseparticYROa abdesia Sugvitjuesuchni tasal Igoidgscri bed
for the ext act J cﬁl‘r} 1‘7 éPg%;gT% {)tdeuce&gﬁﬁdm%%(%?eggblr%%uﬁggal \Qlend 20

honpgeni zati on yophiTi zati on,
extraction of t mchm taaﬁprgbwimhtlﬁ for human.(CORBUPPELONS i | tration and

evaporative concentration, Prochaska et al., Proc. Natl. Acad. Sci.
USA 89: 2394- ) 20 Eeh | g on of
sul for aphane as the ggig&éslgigﬁcble grg%ﬁ in cantfﬁucer rom rgéc%% mtel

conpar ati ve f°"e>&*ﬂe&ﬂh"6n§“ﬂeﬁ‘érbéﬁ’3ﬂmc?m 1%t sueb,
yi el di ng suwol | arare@lastiachbxes yoanjdﬂsewaﬁ.ohemtamnadwetted punatmu trile

extracts. \Wen ﬁ}g Oﬁbf@&? m§h§dggﬂt£9“€%| ﬂﬁﬁere was tiatle acts in

whi ch gl ucosi nol ates are

dra
enhancenent of tWile propigdiag, ?nd‘lﬁf’éﬁa“&EF? t)P’EﬂteFﬁégﬁ e??%ﬁ's (dat a
summari zed in Tabimerbus ndéendals | ber atbeceawlgivationf of sprouts are

known, as exemplified by U.S. Patent Nos. 3,733,745,

15 3,643,376, 3,945,148, 4,130,964, 4,292,760 or 4,086,725.
Food products containing the sprouts of the instant
invention can be stored and shipped in diverse types of
containers such as Jjars, bags and boxes, among many
others.

20 Sprouts suitable as sources of cancer
chemoprotectants are generally cruciferous sprouts, with
the exception of cabbage (Brassica oleracea capitata),
cress (Lepidium sativum), mustard (Sinapis alba and S.
niger) and radish (Raphanus sativus) sprouts. The

25 selected sprouts are typically from the family
Cruciferae, of the tribe Brassiceae, and of the subtribe
Brassicinae. Preferably the sprouts are Brassica
oleracea selected from the group of varieties consisting
of acephala (kale, collards, wild cabbage, curly kale),

30 medullosa (marrowstem kale), ramosa (thousand head kale),
alboglabra (Chinese kale), botrytis (cauliflower,
sprouting broccoli), costata (Portuguese kale), gemmifera
(Brussels sprouts), gongylodes (kohlrabi), italica
(broccoli), palmifolia (Jersey Kkale), sabauda (savoy

35 cabbage), sabellica (collards), and selensia (borecole),
among others.



t hese gl ucosinol ates to isothiocyanates using exogenous 35 nyr osi nase

t hus gave a better index of the inducers for Phase 2 enzynes of the
veget ables tested. It was thus WO 97/ 09889

PCT/ US96/ 14866 16 clear that the
maj ority of the potential Phase 2 inducers in crucifers was usually
present in whoweotrhsssd s as t he gl ucosi nol at e pr ecur sor pCOAIS96/14866

i sot hi ocyanat es. ~ The preponde%damce of gl ucosinol ates and the
rapidity 5 with which, upon wounding of cruciferous plant tissue,

gl uc|05| nol at efs are Cﬁi&“@i&ﬁ‘iﬂ? aSefl swae@iesmlltadai»e to be hbéa in f
evel opnent o ove tion proce u n o
solvent m xturegﬂé\%g‘p{ﬁ”ﬁ%e Wﬁ%‘é’ﬁ are Qﬁ%?‘i 3#] ‘gc/iccf&l'freeﬁegg ?‘5 %i/{ol vent
honogenat es, a 1@ityprBackhars \RervesyelDepdy ﬁlﬂlepeﬁnpsscbot Mapinemsi nol at e
and :sothl ?cyaggéﬁaav&wmefa cai-eeﬁ Y4 Olankheasea@ia, cn%&%&ﬁﬁi t ed
sanpl e addj,tion .t.o _be the (et egl a raction
pr ot ocol , e\gapor Flor, é:5(1)%(:e"f’i”t"r‘a? il ovﬁﬂbol a | e | n Bsf%% escape
15 detection. Arrme |Eiﬁ'p'Pl§9eoF’fﬂ€6éeQEir €53 1 eomt, hC NG é‘%ﬁh' Greg | CI ent,
requiring only thate ! hegpeambesgnpl etdian spaGUisksl v @ geparexe

sol vent. Usi ng t%zsoétei%md e w Wmté[:h %&gﬁfiﬁt‘! 'Wf{ét ogéuhav$e$ been

abl e to denonstr I NCr e he“recovery o cer
activity 20  ankepyeghaan, pot’lemtmn-f r ardneti f dinaretegdRoppnesen)ar
previ ousl y 1descrpiadhdif,C W ttkivt, Premium crop|f RApEAE- PEpKDEy VREAB)DI es are

promptly and genflyn;sng, 831488 Ek119REES), KahlkQi O Sithin, S SpEEiter,

conprising a

Sultan, Taike, and Trixie. However, many other broccoli
cultivars are suitable.

Particularly useful cauliflower cultivars are
15 Alverda, Amazing, Andes, Burgundy Queen, Candid Charm,
Cashmere, Christmas White, Dominant, Elby, Extra Early
Snowball, Fremont, Incline, Milkyway Minuteman, Rushmore,
5-207, Serrano, Sierra Nevada, Siria, Snow Crown, Snow
Flake, Snow Grace, Snowbred, Solide, Taipan, Violet
20 Queen, White Baron, White Bishop, White Contessa, White
Corona, White Dove, White Flash, White Fox, White Knight,
White Light, White Queen, White Rock, White sails, White
Summer, White Top, Yukon. However, many other
cauliflower cultivars are suitable.

25 Suitable sprouts will have at least 200,000 units per
gram of fresh weight of Phase 2 enzyme-inducing potential
following 3-days incubation of seeds under conditions in
which the seeds germinate and grow. Preferably the
sprouts will have at least 250,000 units of inducer

30 potential per gram of fresh weight, or even 300,000
units, 350,000 units, 400,000 units, or 450,000 units.
Some samples have been found to contain greater than
500,000 units per gram of fresh weight at 3-days of
growth from seeds.

35 The level of inducing activity and inducing potential
has been found to vary among crucifers and even among



m xture of DMF/ ACN DVMSO and a tenperature that prevents 25 nyr osi nase

act i vj ty, bot h gl ucosi nol at es and | sot hi ocyanates are_

ef fTcremtty extracted 1nto the organi ¢ solvent m xture. Preferably,
the DMF, ACN and DMSO are m xed in equal volunmes. However, the vol unes
of ~the three solvents in the m xture can be varied to 30 optim ze
extraction of specific glucosinolates and | sot hi ocyanat es from any
pl ant tissue. g’{"@?Pﬁerat ure of the extraction nixture H<EP¥4E% y

| ess than Jerr]C and nost preferabky | ess than -50[err]C. The

t enper ature of the extraction solvent nust be kept above freezing. At

35 the same timulthearsizyne nfeski n@TeferaPlYy | nFRRi aTRFOUtS  R¥®npani es
these constitueng@bsfahtfaNlyantreedrsk r tpdalley glucosmmletes apd utheimol at es

into isothiocy | 9% t&%@gl -
PCT/ US96/ 14866 %Qé&ﬁéwn Eroducts which h\QQ I‘ enzyne 1nduc:|. such

extracts typi capppentimt aim nammghian cellf,,@ng FH?SBT“@Q}B@!S Fﬁﬁ?a‘?%s and
negligible giant ikbkes Dévels of gbRthbgeyinatitrilesTandiglydaminalayemsi nase
activity VELERS gg! g&rg&e,{gﬁre%}tl ph&ﬂ&oé?ﬁ&iaﬁés, which upon

d ucosinol ates are ves “inddcers ﬁ maﬁ' I an_Phase 2
enzynes, \AhereashVQEPhY%%ﬁ/anaY& dyr e oxazoligonethiPPeRal ers3F% the
mur i ne hepat oma qeh.trogemch.l oasstayreoBriBsatsi spryuts afick rapéseed poeenti al

as di stinct frgmp AbkYEbH1e Yridodhogitéact s can be 10
measur ed by addi ng purified nyrosinase, tained fromthe sanme, or
ot her plant sources, to the assay system A ucosinol ates are

converted ato | east pabhi-abkfyc solvent extracts according to the invention

are useful as healthful infusions or soups. Non-toxic or
easily removable solvents useful for extraction according

to the present invention include water, liquid carbon

dioxide or ethanol, among others. The sprouts can be

15 extracted with cold, warm, or preferably hot or boiling

water which denature or inactivate myrosinase. The

residue of the sprouts, post-extraction, may or may not

be removed from the extract. The extraction procedure

may be used to inactivate myrosinase present in the

20 sprouts. This may contribute to the stability of the

inducer potential. The extract can be ingested directly,

or can be further treated. It can, for example, be

evaporated to yield a dried extracted product. It can be

cooled, frozen, or freeze-dried. It can be mixed with a

25 crucifer vegetable which contains an active myrosinase

enzyme. This will accomplish a rapid conversion of the

glucosinolates to isothiocyanates, prior to ingestion.

Suitable vegetables that contain active myrosinase are of

the genus Raphanus, especially daikon, a type of radish.

30 Seeds, as well as sprouts have been found to be
extremely rich in inducer potential. Thus it is within
the scope of the invention to use crucifer seeds in food
products. Suitable crucifer seeds may be ground into a
flour or meal for use as a food or drink supplement. The

35 flour or meal is incorporated into breads, other baked
goods, or health drinks or shakes. Alternatively, the
seeds may be extracted with a non-toxic solvent such as



| sot hi ocyanates in humans. |f, however, it is desirable to accelerate
this conversion, broccoli or other 15 veget abl e sprouts, high in

gl ucosi nol ates, can be m xed Wi th nyrosinase. The m xture can be in
wat er, or sone ot her non-toxic solvent that does not inactivate

nyrosi nase. The mnyrosi nase can be froma partially purified or
purified preparwbiopiosse Al ternatively, the 20 myr osi nase capchesdssiassent
in plant tissue, such as a snmal | égtlty of crucifer sprouts rich in
nyr osi nase, i ncl udi ng Raphanus sati Vs or daikon Such a preparation

can be used to pr i i‘l%éﬂf%rwﬁ 1@&8&' e'thgfx o preparfé Hbu

i sot hi ocyanat es an ucosi nNo g uce ;é;entla &an be
neasur ed usi ng 61?ﬂﬂﬁ|9ﬁePF ﬁ?aﬁ%?" 2 ahd PEEﬁF°Wﬂ'thT i lins
cells for in \Bdrxncorporaueasmn9ueatfodeﬁto@ec&ththnﬂt\gngndxng.

described above. gpe seeds canTI%s udkho iaf manpoéyﬁféfa&alfaoasblsfdéncta onal
I nducer aCtI%@@% GGP aQt tissue,is &f red Qﬁg%%oass%yln l'ant 30
extracts, as®des@3 ralf5¢Ro1a% BREIAS 2 S cells,

but al so, in nutatherdssi gnated cl and BPcl that have eit her
defective Ah receptors or defective cytochrone P[err]-450 genes,
respectively. Prochaska and Talalgy Cancer Research 48:. 4776-4782
(1988) . KR9%Preguges of the i stant invention may include

PCT/ US96/ 14866 sprouts, seeds or extracts of sproutsSor seeds taken) fixamvest ed
sprout accordi ng g t e PrEs@Nt dipQFeheN crucif&AN Héndrif0r PG,

e o oYL e B Sl op o A URED, S H e SRR s
arrested by 5 Qh!hagenﬁnlvellhudaﬁt1HQqunﬂﬂéﬁPr6nPrOdﬂQﬁ cnsnaqﬂhiy by
distinct Phase 2 enzyme-inducers. Different Phase 2
enzyme-inducers detoxify chemically distinct carcinogens
at different rates. Accordingly, food products composed
15 of genetically distinct crucifer sprouts or seeds, or
extracts or pfeparations made from these sprouts or
seeds, will detoxify a broader range of carcinogens.

Glucosinoclates and/or isothiocyanates can be purified

from seed or plant extracts by methods well known in the

20 art. See Fenwick et al., CRC Crit. Rez. Food Sci. Nutr.

18: 123-201 (1983) and zhang et al., Pro. Natl Acad. Sci.

USA 89: 2399-2403 (1992). Purified or partially purified

glucosinolate(s) or isothiocyanate(s) can be added to

food products as a supplement. The dose of glucosinolate

25 and/or isothiocyanate added to the food product

preferably is in the range of 1 umol to 1,000 umols.

However, the dose of glucosinolate and/or isothiocyanate
supplementing the food product can be higher.

The selection of plants having high Phase 2 enzyme-

30 inducer potential in sprouts, seeds or other plant parts
can be incorporated into Cruciferae breeding programs.

In addition, these same breeding programs can include the
identification and selection of cultivars that produce
specific Phase 2 enzyme-inducers, or a particular

35 spectrum of Phase 2 enzyme-inducers. Strategies for the
erossing, selection and breeding of new cultivars of



refrigeration, at a stage of growmh prior to the 2-1eaf st age,

typically between 1 and 14 days after germ nation of seeds. G ow h
ar rest—canatso_be acconpl i shed Dy renoving a sprout fromits
substrate and/or water source. 10 Freezing, drying, baking, cooking,

| yophi |l #zing and boiling are anong the many treatnents that can be
used to arrest growt h. These may al so be usef ul for ei t her
preserving nyr ¥Q KA activity in the sprout (e.g., y GHUSPE14866) o
for inactivating nyrosinase activity in 183 the sprout (e g , boiling), as

is desired in a particular application. The harvisted
sprout can al so rugifenee axe waldrknown to the idilledaeFisan iy SR8 g owi ng
conditions, priorgileQd.  BraBeoEOICRLPEN amt oWald ocallpesducBiologyor &

exanpl e, the 20 a ahafyvegt ed a ge of
devel opnent, suchBrae%g&B?b ch nI‘SLQ‘%]‘dt e?ges{eé%i | (ea%) JapRn) scidntisid r out

can then be al | ofFieSipgt ﬁ?%ss'un&-ﬂkyﬂl PPer éAt (1980) 'gro%ﬁ‘?ﬁf“é’oﬁ’gf’f‘?gn
such as i ncreasedre séeeemas or| figite 2 indudert ackivity oretipechenical or

humi di ty; eXpO%."He?xtﬂ:g 8P speli F{&VirisR! 2 |é19£§mé1rm9§xeefs f&ﬁﬁfe& atOr

addi ti on of g nutrients or ant aé_g_.ro | at ors
(hornones). The $pesd 1Fspltar?é"n EYRERRMENER) § S carryir % food
product, such as traitf bésintarstnpreondemtified asell thie. chavdateristicel vy,
the growth of thﬁr&%ﬁn@?hétﬁ 135.0 combineds With oendé Ok mpoFtHrit) Ygronbheat ed

by means zation, dryin ractl n ter el

ot her 1Qo| V(ﬁma“FPEgiﬂfbﬁ “E&R‘Fnﬁre%%’d% BF‘qBS? g‘i’%

ot hers. the Arspopuplarg sureedbhe. f or hurran consunption i f it does
35 not have non-edi bl e substrate such as soil attached or clinging
toit. Typically the sprouts are grown on non-nutritive solid

support, such as agar, paper towel, Example 1
COMPARISON OF CRUCIFEROUS SPROUT INDUCING POTENTIAL

Sprouts were prepared by first surface sterilizing
15 seeds of different species from the cruciferae family
with a 1 min treatment in 70% ethanol, followed by 15 min
in 1.3% sodium hypochlorite containing approximately
0.001% Alconox detergent. Seeds were grown in sterile
plastic containers at a density of approximately 8
20 seeds/cm’ for from 1 to 9 days on a 0.7% agar support
that did not contain added nutrients. The environment
was carefully controlled with broad spectrum fluorescent
lighting, humidity and temperature control. The seeds
and sprouts were incubated under a daily cycle of 16

25 hours light at 25°C and 8 hours dark at 20°C.

Sprouts were harvested following 3-days of incubation
and immediately plunged into 10 volumes of a mixture of
equal volumes of DMF/ACN/DMSO at -50°C. This solvent
mixture has a freezing point of approximately -33°C, but

30 when admixed with 10% water, as found in plant material,
the freezing point is depressed to below -64°C. The
actual freezing point depression is even greater with
plant material.

Homogenization was accomplished either by manually
35 grinding the samples in a glass-on-glass homogenizer in
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19 . blotting paper, Vermculite, Perlite, etc., with water and
light supplied. Thus, if a sprout is not grown in soil, but on a solid
support, it does not need to be washed to renove non-edible soil. If a
sprout s grown 5 in a particulate solid support, such as soil,
Verm culite, owwd’einesgec, washing may be required to achi pMGudbeiisd Ut
suitabl e for human consunpti on. Sprouts can be grown I n

contai ners which are suitable for sh?ﬁping and marketing. Typically

such containers e pAlferdBE & HANIaMbuledct Hhi Hbeainkaidedt WEkAaCI P

at the bottom e containers a I ght to penetrate
provi di ng a mechiReBaBrydpa bl addiag Morpesolvent af RonRgenizdngdsheor the
cultivation of spample it a0 volune i, sébventeupling i Britykhh®d pdigytesh NoOS.

3,733, 745, 15 ﬁoﬁééeﬁi‘éeff%@ulfg’ig;‘, OhQQf';mﬁ%?u%%n 708wt 4 Oy 725,

Food products coptal ning the spraqu the Insta I nventiof can be
stored and shi pp@ﬂmf’ﬂeﬁg%rﬁ’@stﬁ&" ofentrifuged; JFo e rengye, camaining pags
and boxes, anongpsehjculatestangr store@(at -20°C Sptiltasssaymd.t abl e as
sour ces of cancer chenoprotectants are generally cruciferous

sprouts, with t he .excepti on of cabbage (Brassjca .ol eracea capitata),
cress (Lepidium sati gﬂﬂ‘}‘?eﬁu&’&FHt%ﬁ n&bi g"]aﬂ(”&\ ﬁﬁ{'jr%‘?ts PreparRd )as,ng
radi sh ( Raphanudeseriked)abaysr,owas. detdimir@@ bysshechicrotsitexuplatar e

typically from piBgssdpMdthod as abkEFib&d 3% Bk bBeif{tihPlsR3tisHae. and
of the smmIdbe Br assi ci nae. Preferably the sprouts are

Brassi ca ofBPY%R2a selected fromthe group of varieties consisting
of acephala (kale, collards, wild cabbage, curly kale), 30 medul | osa

f( rr:arrowsg e[n k?! e), raafalae?lii haianeabeagh dadre) sprouts alixé&&ls@éa? ?ﬁ@hi nese
(Por t Uguese. Kal cf=4Eam Yeratavs arter jRBUPRELRY s 85585 snasts Frbven
(kohlrabi), ital Fepditions have Phase 2 enzyme-inducer potential greater
than 200,000 units/g fresh weight. On the other hand,
15 cabbage, radish, mustard and cress have Phase 2 enzyme-
inducer potential of 1less than 200,000 units/g fresh
weight when assayed at the same time point.

Example 2
VARIATION IN INDUCER POTENTIAL AMONG DIFFERENT BROCCOLIX
20 CULTIVARS

There is variation in inducer potential among
different broccoli cultivars. In addition, most of the
inducer potential in crucifers is present as precursor
glucosinolates. The inducer activity and inducer

25 potential of market stage broccoli heads was determined
following DMF/ACN/DMSO extractions and assay of QR
activity as described above.

Bioassay of homogenates of such market stage broccoli

heads, with and without the addition of purified plant
30 myrosinase, showed that the amount of QR activity found -
in the absence of myrosinase was less than 5% of that
observed with added myrosinase. These observations
confirmed previous suggestions (see Matile et al.,



(broccoli), palnifolia (Jersey kale), sabauda (savoy 35 cabbage),

sabel l.ica (collards), and sel ensia (borecole), anong ot hers.

WO 97109889 PCT7T US967 14866

20 Particularly useful broccoli cultivars to be used in t he
cl ai nred ‘net hod are Saga, DeCi cco, Everest, Enmerald Cty, Packman,
Corvet, Dandy Early, Enperor, Mariner, G een Conet, Green Valiant, -

Arcadi a, Cal abr'WQ8788¥,vel, 5 Chancellor, G tation, CruiserPCHHS14866 p| ¢
Sprouting Red

Duke, G eenbelt,

Arrow, Eureka, Excelsiaos Galleon, Gnga, Goliath, Geen
Italian Sprouting, Late Purple Sprouting, Late

W nt er Sprouti ng 3bhochenrst aPhységbnd, Pflanzehepl2Zhalfr;l2Vhr(aPB4h) Nehatner,

M naret (Romanescgpiniied PRARENBonEALf IAAmoskEr Sdlewdle( £uth iidiyaRBtesP | NG
Rosal i nd,” Sal ade (Fall Raab), Samurai, Shogun, Sprinter,

ko, and Trixie. However, many other broccoli cultlvars are

Raab) ,
Sul tan, Tai
sui t abl e.

Particularly usefM3BLEchuliflower cultivars are 15

Alverda, ATezing, Andes, pBRSHIMY HHEEtnaddbH qn@neamcumgashnere
Christnas Wite,

Incline, MI EywayD(Ig/ImmrJ]?gt ?lglp%g(ﬁﬁo%&age Br‘y%’%?P \?NOPZ
TOW 3 aCe, . SNOVE

Siria, Snow Cro

Violet 20

Corona, Wite Do
Wi te Queen, |

Yukon.

Quee

15

20

25

enmont
Sler ra Nevada,

[ Snow
| BYRTE Bar on,
culbivar F! ash,

many ot her

f DeCicco
I Calabrese cCorvet | 1,250 41,666
Everest * 8,333
Dandy Early * 20,000
Emperor * 13,333
Saga 5,000 13,333
Emerald City * 12,500

® Below limits of detection (833 units/qg).

As can be observed in Table 1, most of the plant
inducer potential is derived from glucosinolates
following hydrolysis by myrosinase to form
isothiocyanates. Hence, hydrolysis is reguired for
biological activity.

Example 3
INDUCER POTENTIAL IS HIGHEST IN SEEDS AND DECREASES AS
SPROUTS MATURE

Phase 2 enzyme-inducer potential is highest in seeds
and decrease gradually during early growth of seedlings.
Plants were prepared by first surface sterilizing seeds
of Brassica oleracea variety italica cultivars Saga and
DeCicco with a 1 min treatment in 70% ethanol, followed



25 " Suitable sprouts will have at |east 200,000 units per gram

of fresh weight of Phase 2 enzyne-inducing potenti al foll ow ng 3-days
i ncubation of seeds under conditions in whi ch the seeds germ nate and
gr ow. Preferably the sprouts will have at |east 250,000 units of

i nducer +30 potential per gramof fresh weight, or even 300,000

units, 350, 000 waobtewgset00, 000 units, or 450,000 units. Eg(%e‘s
have been found to contain greater than 500, 000 unlts per gram

fresh wei ght at 3-days of growth fr & seeds.. The | evel of

i nduci ng acti vi t;byfatnqsl nQygi nlg.l PQt gat i g% O@&@ﬁ%ggtgou@gntﬁn\inry anong

cruci fers and even anp g
PCT/ U896/ 14866 approxi ately 0.001% Alconox detezgent See§§| vg%mm '\/bst

preferably, thdn syrenitle alestic sohshanérsl | wtfrae densidgl cof

gl ucosi nol at es al%%p&%?ch.ﬁately sbééé‘&gpw ‘%qhb‘:t’% M‘C% ?&éﬁ%ﬁs’?f’%ﬂ free

enzyne- |nducg Eo tenfial .In_nammlian cell
of 5 toxic | ev®PY oFORERIN 030AFE MYETisntsand JIhRoeNMéramment wassuch as
hydr oxybut enyl glcaresuddyatcestrohled with broadhysipedtiainS £lydristent

oxazol i donet hi ang.ght‘i‘QQChhumﬁf'Q:gs and g;gh% gF{H.g Mad e B,Ig‘ssel S .sprouts

and rapeseed are rch in e un | Gcosi nol at
Non- t oxi c soIvenP“@xFF§€P§sa885FdﬂﬁﬁuPBt?%e“Pﬁ%%nP|Sﬁlly cygle Qgeiﬁl as
heal t hf ul i nfusi &eursr 1ightpsat [H6NRCt erdc8 drours darksaty20®govabl e sol vents
useful for extraction according
10 Each day plants were rapidly and gently collected
from the surface of the agar from replicate containers.
The plants were harvested gently to minimize
glucosinolate hydrolysis by endogenous myrosinase
released upon plant wounding. Samples containing
15 approximately 40 sprouts were homogenized in 10 volumes
of DMF/ACN/DMSO solvent at -50°C which dissolves nearly
all the non-lignocellulosic plant material.

Harvested plants were homogenized and QR activity
with and without myrosinase, was determined as described
20 above. As can be seen in Figure 1, Phase 2 enzyme-
inducer potential per gram of plant is highest in seeds,
but decreases gradually following germination. No
detectable (less than 1000 units/g) QR inducer activity

was present in the absence of added myrosinase.

25 Example 4
SPROUTS HAVE HIGHER INDUCER POTENTIAL
THAN MARKET STAGE PLANTS

The cruciferous sprouts of the instant invention have

higher Phase 2 enzyme-inducer potential than market stage

30 plants. More specifically, sprouts have at least a 5-
fold greater Phase 2 enzyme-inducing potential <than
mature vegetables. For example, total inducing potential

of 7-day-old broccoli  sprouts, extracted with
DMF/ACN/DMSC and treated with myrosinase, as described



to the present invention include water, |iquid carbon ~ di oxi de or
et hanol, anong others. The sprouts can be 15 extracted wiwth cold, warm

or preferably not or boiling wat er whi ch denature or inactivate

nyr osi nase. The resi due of the sprouts, post-extraction, may or nay
not * be renoved fromthe extract. The extraction procedure may be
used to inactivate nyrosinase present in the 20 sprouts. This may -
contribute to WQe70988bi ity of the i n2fucer potential. PREIUSMBESt can
be ingested directly, or can be further treated. It can, for
exampl e, be WA aVREP t 3381 0% And; Pad0R% PRALEIT pEERER t Yeightan be

cool ed, frozen, orcétipeereat did @@, 0b0b aad be, cdxaihitdfy £r2sh weightfLor
veget abl e whi ch COR @ ALl de oerBPééé@.tsﬁecultiva S48 and Bedidkd)
acconplish a rapid conversiqn ucosli nol at es

i sot hi ocyanat es, pFeEReFIVetdestion. SU|tabIe vegetables that contain
active nyrosi nase are of t he genus Raphanus, especially daikon, a

type of radi SE 30  sprout %&%ctgsow¢eza%osa @%hﬁ@\&&&%@@ beugsk o be

extrenely ric

in |nduc otenti al . us Lt is w co e of
The Cnvent on to uSBIEHERzASRaKE oRRe (el Bisassayed, agd braccak i FRERS
cruci fer seeds nayrémaimoxhe i most a Phase 2| eanzyme-ipducénrrich: piants ood

or drink suppl em%‘neesqm 35Tot£h.°‘i'hd%ﬁ:1ﬁ§alpo't§ﬁ{: gpre@r%&adniet Qoh{reaés
ot her baked ggo S, rinkS or _s

or teérnatively e
seeds may be ext r a8¥EXAGHS 1P %eFofFeggoPU%n?pﬁ?ﬁﬁl?ﬁ?ge brsccall A“QN)
97/ 09889 10 daikon is shown in Table 2. PCT/ US96/ 14866
22 wat er, liquid carbon dioxide or ethanol to prepare soups,
teas or other drinks and infusions. The Sq%gfbfaﬂ al so be i ncorporated

into a food product w thout grinding.
Companson of Inducer Potential in

Sprouts and Muture Vegetables

Activity (unitsig fresh weight) -Fold
Vegetablc Mature ~ Sproutss | Difference
15 Cultivar* Vegetable
DAIKON
Miura 625 26,316 2
r'l'enshun 3.333 33,333 10
Hakkai 1.471 16.667 i1
20 Obkura 2,857 50,000 18
$BROCCOLI
Saga 25.000 476,000 19
Fe(!iwo 25,000 625.000 25
Everest 8.333 1,087,000 130
25 Emeruld City 12.500 £33.000 67
Packman 20,000 556,000 28

*The commerciat portion of each plant was sampled (e.g. the taproot of Rephanus sativus vatiety
radicola [radish]). and heads ot Brassicsa oleracea variety iralica |broceoli]). Myrosinase was
added to ali extracts tested.

30 »+Broccoli sprouts were .| -day old and daikon seedlings were 4-5-days old.



The seeds can be used in many different foods such as 5 sal ads,

granol as, breads and ot her baked goods, anong ot hers.

Food products of the instant invention rmay include sprouts, seeds or
extracts of sprouts or seeds taken from one or nore different
crucifer genera, species, 10 varieties, subvarieties or cultivars. It
has been found wosrmesgshat genetically distinct crucifers prodpefusdeamsgal | Y
di stinct Phase 2 enzyne-inducers. D'fferﬁpt Phase 2 enzyme-i nducers

detoxify chem cally distinct carcinogens at different rates.

Accordingly, food proggfdses BPAsRA b%ccoei g&1elv4HAl g ?%t b&ﬁ#ﬁi&&‘fer

Sprouts or seeds extracts or repar at1 ons, na ese sprouts

or seeds, mf$$ ~TRAD AP d“ﬁP&&HeP°F E&?%ﬁ‘?ﬂ%ﬁﬁ Ho§€ﬁ§h weight)
d ucosi nol at es anthan maturki vegetaktles . c Ahebingueer aggivity inf bpocessid or

pl ant extracts byya@tdifs ﬁyaghtgpomggﬁé}.kmgnzgn daf¥dn. See Fenwick et al.,
CRC Crit. Rez. Food Sci. Nutr 123- 201 (1983) and Zhang et a

Pro. Natl Acad. Sci . USA 89: 2399-2403 (1992). Purified or partlally
purified 5 gl ucosi nol ate(s) or | sot [Rxampdeabe(s) can be added to

food products as a supiseak poibﬂrﬂm%pofsnabééﬂflwz%méndlor

| sot hi ocyanate added to the food product preferably 1s in the
range of 1 [err]nmol to 1,000 [err]nols. However, the dose of
gl ucosi nol at e and/ or Irdudg@Epteatéal of as%&gﬂ&ﬁnﬂﬂiwmgethXtt:mtqnudduct

can be higher.  3-day ola BBEcéelECiprsutd df aphé Baytiearhi sy hask 2
enzyne- 30 I n nﬁq'}e nt i alplar}ltssprvg)etg ?%fgfeé” bg}t hte{ s%l ant are'i S
n

can be |ncorporat ‘uci f'érae bree i on
t hese sane BP eed.%’@erpirldgzr% segfsi p€| Goassira oleraqeeemarie'e:atimm
sel ection of cult{dfoccdligt quladwae saga bypecif i mikPhebeathedtz Vife-1g3ducers,

or 2 Parti cul o Sounanceehivugh BIae o n®i8Y Iosk RS nypSthRbaeS 0"

t he cr055|qg ectlon an eedin new cu
ontalnlng approximately 0. 001% Alconox detergent. Seeds

were grown in sterile plastic containers at a density of

18 approximately 8 seeds/cm’ for 72 hours on a 0.7% agar
support that did not contain added nutrients. The
environment was carefully controlled with broad spectrum
fluorescent lighting, humidity and temperature control
(16 hours light, 25°C / 8 hours dark, 20°C).

20 Plants were rapidly and gently collected from the
surface of the agar to minimize glucosinolate hydrolysis
by endogenous myrosinase released upon plant wounding.
Sprouts (approximately 25 mg fresh wt/sprout) were gently
harvested and immediately and rapidly plunged into

25 approximately 3 volumes of boiling water in order to
inactivate endogenous myrosinase as well as to extract
glucosinolates and isothiocyanates from the plant tissue.
Water was returned to a boil and maintained at a rolling
boil for 3 min. The sprouts were then either strained

30 from the boiled infusion [tea, soup] or homogenized in
it, and the residue then removed by filtration or
centrifugation.

Data in Table 3 represent both homogenates and
infusions. Preparations were stored at -20°C until
35 assayed. Inducer potential of plant extracts, prepared
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23 . Cruciferae are well known to the skilled artisan in this
field—Bragsica crops and WTla AITTES. Blology & Breedr ng; S.
Tsunoda et al. (eds), Japan Scientific Soci eti es Press, Tokyo pp. 354
(1980). ‘Progeny plants 5 are screened for Phase 2 inducer activity or

t he chem cal I dentity of specific Phase 2 enzyne-inducers produced at
specific plant WY hental stages. Plants carrying the PCT/HS%6/14366
interest are identified and the characterizotic i ntensified or conbi ned

with other inportant_agronomic 10 characteristics usi ng br eedi ng
t echni ques wel | Rfov@#eFsribed ahevey t waf eharmineddiafy. described in

Exanple 1 De€INPARD RN ddt ioRUBLEWHROUS SPROUT | NDUCI NG POTENTI AL
Sprouts were prepared by first surface sterilizing 15 seeds of different
species fromthe cruciferae famly with almntreatnment in 70%

et hanol, followed by 15 min in 1. 3BBIFium hypochl orite containi ng
approxinately 0. 00 I¥aAkes nPut sl iaigeoE . Hofknatenmamerge£§w1l n sterile
pl astic contginers at a densb§y39g;a ts seeds/cnjerr] for

from1l to 9 days u a_0. 7% agar < J
nutrients. The ejsy gg.nk vvas car ef

ontain added

“{«Ht%éé“%éfgf%

spectrum f| uor esfe T i ghting, hum di | . The
seeds and pprouts were incubated unr dl(y cycl e of 16 25}
hours |ight at 2} err SPprout s

were harvested fpl how ng 3- days of i ncubat on3-,0 000 and i mredi at el y§pl unged
into 10 vol unes | VELACN DVEORat - 50
C. This sol vent 455,000

10 4 333,000 ﬁ
5 435,000

6 333,000
7 625,000 I

8 250,000
15 9 313,000
10 357,000
11 | 370,000
12 370, 000
13 217,000
20 14 222,000 I
15 1,000,000
16 714,000
7 17 435,000
18 1,250,000
25 ﬂ 19 263,000

“AVERAGE 464,000 * 61,600 S.E.M.




m xture has a freezing point of approximately -33[err]C, but 30 when

adm xed with 10% water, as found in plant material, the freezing
point is depressed to below -64[err]C. The actual freezing point
depression is even greater with pl ant materi al .

Honogeni zati on was acconplished either by manually 35 grinding the i
sanples in a gl sx>oPs® ass honogeni zer in VO 97/ &nS50614866
PCT/ US96/ 14866 10 24 t he presence of a

smal | amobunt of the total solvent used, then gradual |y adding nore

EO! vEnt OL PO{mgen'Z'QGml_%h'@ariabiﬁ%?Fiﬁ h?elgmﬁﬁhﬂn’éffﬁﬁaéé_”ﬂegﬁz#h?é-ng aTh
ri nkman Pol ytron eni.zer 0 m, n . hal f - maxi ower e
5 horpgenate wat"FHESF @%P?fﬁge"ﬁ éﬁtgﬁﬁsg'r%%i%dms gyggﬁﬁilﬂ at es
and stored at -20€nzyreétingucayedpotential, howeveducevelmt cAnsistently ant
extracts preparedggsServed. descri bed above, was determ ned by the mcrotiter

pl at e bi oassay nethod as described in the Definitions section 10
above. Broccoli and caulifl ower sprouts harvested and
assayed at 33days after incubation of Fxempignfer growth condi tions

have Phase 2 enzyne-i nducemoroiantk arafcoare EXTRACTS erEaBEH, 000 units/ g
have Phase 2 enzyme -1 nducelTEa BAFREY WRaszRASEL. 500 000 ni s/ g
fresh wei ght when assayed at the sanme tinme point.
OR activity in a hot water broccoli extract increased
in the presence of a vegetable source of myrosinase. An
10 agueous extraction of 3-day old sprouts of broccoli
cultivar Saga grown on water agar, in which myrosinase
was inactivated by boiling for 3 min, was divided inteo 6
different 150 ml aliquots. Nine-day old daikon sprouts,
a rich source of the enzyme myrosinase, were added to
15 this cooled infusion in amounts equivalent to 0, 5, 9,
17, 29 and 40% (w/w) of the broccoli. QR activity, as
determined in the Definition section, of the control
extracts containing 0% daikon was 26,300 units/gram fresh
weight while QR activity of the extracts ¢that had
20 received daikon as a source of myrosinase ranged from
500,000 to 833,000 units/gram fresh weight of broccoli.
Accordingly, myrosinase present in the daikon sprouts,
increased the QR activity in the broccoli extract greater
than 19-fold.

25 : Exanple 7
GLUCORAPHANIN AND GLUCOERUCIN ARE THE PREDOMINANT
GLUCOSINOLATES IN HOT WATER EXTRACTS OF BROCCOLIT
(CULTIVAR SAGA) SPROUTS

Paired Ion Chromatography (PIC). Centrifuged hot

30 water extracts of 3-day-old broccoli (cultivar Saga)
sprouts were subjected to analytical and preparative PIC

on a reverse phase Cl8 Partisil ODS-2 HPLC column in
ACN/H,0 (1/1, by vol.) with tetraoctylammonium (TOA)
bromide as the counter-ion. Only three well-separated

35 peaks were detected: peak A eluted at 5.5 min, B at 11.5



Exanpl e 2 VARI ATI ON | N | NDUCER POTENTI AL AMONG DI FFERENT BROCCOLI 20
CULTI VARS There is variation in inducer potential anong

di f f eremt—bropccor——cultivars., Tn additron, nost of the i nducer
potential in crucifers is present as precursor gl ucosi nol at es. The

I nducer * activity and inducer 25 potential of market stage broccoli
heads was determ ned foll ow ng DVF/ ACN DMSO extractions and assay of
R activitVOH0988crj bed above. Bi oassay of 6?55@“3%@% of
such mar ket stage broccoli heads, w thiand wi thout the addition of
purified plant 30 nyrosi nase, showed that the amount of QR activity found

in the absence of Bipro3ndZatydd niyatt Bamokag gratieafA:B:C] A SRved-Ri th

added nyrosi nase.
(see Matile et al
PCT/ US96/ 14366

Ef fect of Myrosin

Broccol i

Pl ant He
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35

: 1TBese1l pPS@iondtbpsd by UV aBEbrpEESn HE\2IBUnm Y 0gREL i ONS
they disappeared \:{\9 9t7t{e09§x§19tia215 ex!:rar.:tsBi were mfiﬁﬁtsi ol

Pfl anzen 179: 5-1treatgd)yithhighly purjfieq me@sirafes Feakaid &,
free isothi og/anakescontained nc significant inducer TARMtEvity, and

%&@8904,@8&%@1 o'xbu‘cgé.svaiyt g né/rosinase hydro?{st§< §L5§L&g e

that only Peaks A and C produced significant guantities
of isothiocyanates, accounting for all the inducer
activity. See Zhang et al., Anal. Biochem. 205: 100-107
{1992). Peak B was not further characterized. Peaks A
and C were eluted from HPLC as TOA salts but reguired
conversion to ammonium salts for successful mass
spectroscopy, NMR and biocassay. The pure peak materials
were dried in a vacuum centrifuge, redissolved in agqueous
20 mM NH,Cl, and extracted with chloroform to remove
excess TOA bromide. The ammonium salts of glucosinolates
remained in the agueous phase, which was then evaporated.

Identification of Glucosinolates. The ammonium salts
of Peaks A and C were characterized by mass spectrometric
and NMR techniques: (a) negative ion Fast Atonm
Bombardment (FAB) on a thioglyerol matrix; this gave
values of 436 (Peak A) and 420 (Peak C) amu for the
negative molecular ions, and (b) high resolution NMR, as
shown in Figure 2, provided uneguivocal identification of
the structure. Peak A is glucoraphanin (4~
methylsulfinylbutyl glucosinolate], and Peak C is the
closely related glucoerucin {4-methythiobutyl
glucosinolate]. These identifications and purity are
also consistent with the inducer potencies; Peaks A and
C, after myrosinase hydrolysis had potencies of 36,100
and 4,360 units/umol, respectively, compared with
reported CD values of 0.2 uM (33,333 units/umol) for
sulforaphane and 2.3 uM (2,900 units/umol) for erucin.
CD values are the concentrations of a compound requirad
to double the QR specific activity in Hepa 1lclc7 murine
hepatoma cells. Since there are no other glucosinolate
peaks, and the inducer activity of peak A and C account
for the total inducer activity of the extracts, it is

no



Broccoli - Units per gram (wet weight) cul tivar

veget abl e - nyr osi nase +nyr osi nase

DeGi cco 5, 882 37, 037 Cal abrese Corvet 1,250
41,666 10 ° Ever est * 8, 333 Dandy
Early * 20, 000 Enper or *

Saga wo 9008830 13, 333 Emeral d G p¥rusosnasss
12, 500 15 * Below | imts of detection3g833 units/g). As can

be observed in Table 1, nost of the plant i nducer potential is
derived from gl ' fa ] ; r ' . b

nmyr osi nase to t%%%?z%gggafﬁgﬁlgottﬁ?%c@'}a%ﬁ\%s@ln%gc%% ﬁ%’é&?%%y)s‘ﬁh ®i s
required for 20@are B?(ﬁ’(@lééFaaEtQ%"cVFies of other inducers, i.e., no
Exampl e 3 IiNROTEROP Chizlilf by a 1 Kery 1GdEGEok Mndat s ANFURHBEASkhe AS
SPROUTS MATURE z - | c | IS, highest in
seeds 25 and d'ggrlgggg ﬁ?%ﬁ%aggr ﬁ%réear y%%%ﬁgééﬁ%(ﬁﬁaﬁgs.
Plants were prepared by first surface sterilizing seeds of Brassica
ol eracea vargety italica cultivars Sagaxamplie 8 DeCicco with a 1 mn

treatnment in 70% ekhpsiRrsonC birO4BlroUs AND ORGANIC SOLVENT TECHNIQUES
FOR EXTRACTION OF INDUCER POTENTIAL

Plants were prepared by first surface sterilizing

seeds of Brassica oleracea variety italica (broccoli)

10 cultivar Saga, with 70% ethanol followed by 1.3% sodiunm

hypochlorite and 0.001% alconox. The seeds were grown in

sterile plastic containers at a density of approximately

8 seeds/cm’ for 72 hours on a 0.7% agar support that did

not contain added nutrients. The environment was

15 carefully controlled with broad spectrum fluorescent

lighting, humidity, and temperature control (16 hours
light, 25°C/8 hours dark, 20°C).

The planté were rapidly and gently collected from the

surface of the agar to minimize glucosinolate hydrolysis.

20 by endogenous myrosinase released upon plant wounding.
A portion of the plants was homogenized with 10 volumes

of the DMF/ACN/DMSO solvent at -50°C, as described in
Example 1, which dissolves nearly all the non-
lignocellulosic plant material. Alternatively, the bulk

25 of the harvested plants was plunged into 5 volumes of
boiling water for 3 min to inactivate endogenous
myrosinase and to extract  glucosinolates and
isothiocyanates. The cooled mixture was homogenized,
centrifuged, and the supernant fluid was stored at -20°C.

30 Inducer potential of plant extracts, prepared by the
two methods described above, was determined by the
microtiter plate biocassay as described above. Typical
inducer potentials in an average of 5 preparations were
702,000 (DMF/ACN/DMSO extracts) and 505,000 (agqueous

35 extracts) units/g fresh weight of sprouts.
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26 _ by 15 mn in 1.3% sodium hypochlorit

e containing

approximatel y 0. 00I% Arconox detergent. Seeds were g
plastic containers at a density of appr ox
on a 0.7% agar support that did 5 not contain

The environnment was carefully controlled with
fl uor escent WO 97P#At i ng, humidity and tenperature
and sprouts were incubated under a daily gycle of 16

r own in sterile
imately 8 seeds/cnferr]
added nutrients.

broad spectrum -

cont r ol PCTASII4866
hours |ight at

25[err] C and 8 hours dark at 20[err]C 10 Each day plants were
rapidly and gently c@ldeszttiephotometrdm t hegquantitetdfon he afar fehen

replicate contai Rgtiocondensakti®n Pbabhgct Weres hae/estr@detionant|ge to

m ni m ze gl.ucosi.nol ate hydro i b ndogeno asi.na
rel eased upon P& 1°%?f?ﬁﬁ?‘f’g.¥”'£h %}ﬁ%ﬁ@#"%‘gﬁ&hﬁ%ggﬁg{n &BP@gi mat el y
40 sprouts were hsnmdgseridedl in Aangoktnpls. , Anal. FidoiEmAGINVE00s30Vent at

-50[err] C whg ch diy988) ves nealdaéinolated! lwddee papidigncssiverteai cepl ant

mat eri al .

. .Ha t ed _plant £ h ' d tpyit
W th and wi thout MATERAPRRAIRISE SRS RP Sad e ST RPRLERngl) WBolf BY' 1Y
can be seen in Ficfurthel toppdsbob watarmextractable paesrifdt dekisgrlped gram

of plant is highegliasjseedsisted of bgluceeimiciatas. gradhakeéy rekaltew ng
germ nati on.
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plant extracts are extremely low; (b) myrosinase rapidly
converts abundant glucosinolates to isothiocyanates; (c¢)
hot water extraction releases over 70% of the inducer
activity extractable with a triple scolvent mixture
permitting recovery of most of the biological activity in
a preparation that is safe for human consumption; and (d)
over 95% of the inducing potential in the intact plant is
present as glucosinolates and therefore no other inducers
are present in bioloqically significant quantities.

Example 9
DEVELOPMENTAL REGULATION OF GLUCOSINOLATE PRODUCTION

Preliminary experiments in which field grown brocceli
{cultivar DeCicco) was harvested at sequential time
points from the same field indicated that on a fresh
weight basis, inducer potential declined from the early
vegetative stage through commercial harvest, but appeared
to increase at late harvest (onset of flowering). These
data suggested that inducer potential might be highest in
seeds. Subsequent studies have shown that when seeds of
8 broccoli cultivars were surface sterilized and grown
under gnotobiotic conditions, Phase 2 enzyme-inducer
potential was highest in seeds and declined progressively
(on a fresh weight basis) over time throughout the first
14 days of seedling growth.

Expressed on a per plant basis, however, activity
remained constant over this period, suggesting that at



25 ’ Exanpl e 4 SPROUTS HAVE HI GHER

| NDUCER POTENTI AL THAN MARKET STAGE PLANTS

The cruciferous sprouts of the instant invention have hi gher Phase 2
enzyme-i nducer potential than market stage 30 pl ants. More
specifieally, sprouts have at |east a 5- fold greater Phase 2
enzyne- i nduci ngvdpoigads al t han mat ure vegetabl es. For exefpidn tal
i nduci ng potenti al of 7-day-ol d broccol i sprouts, extract ed
Wt h DVF/ ACN DVBO and treated wi th mfrosi nase, as descri bed

WD 97/ 09889

PCT/ USO6/ 14866 1S ®aLly, srade of %%’,"d%é“aeﬁ& B3 Gt "G PLP P E R wei ght
conpared to 25, 0@FUSREiPOLBRRE -uHUEUeLT r BRen kbeghiugasiinolate pridfdlésgr own
heads of broccol iofculdrkerr stSgga bepdcbeC Re@ds and 3 AP \EPrbuts 5

Spr out extracts(cgﬁtigﬁg;ﬁﬁgggggigF&g cgﬁg?géa’ 9£e}4f¥ﬁ%ﬂ§1%ﬁ§?6 I,f erae

t
have now been bi gassaye | I spro ; gt Phase
2 enzyme-i ndicer SHEERTBNGHLIN the apparantoglucoginglate,garpesipianmmetal of
organi ¢ sol vent these pkamtsacts of market stage and sprout stage broccol
and 10 dai kon is shown in Table 2.
TABLE 2 Conparison of Inducer Potential in
Sprouts and Mature V@Egpas§e§ere prepared by first surface sterilizing

seeds of Brassica oleracea variety italica (broccoli)
cultivar Emperor with a 1 minute treatment in 70%

10 ethanol, followed by 15 min in 1.3% sodium hypochlorite
with approximately 0.001% Alconox detergent. Seeds were
grown in sterile plastic containers at a density of
approximately 8 seeds/cm’ for 72 hours on a 0.7% agar
support that did not contain added nutrients. The

15 environment was carefully controlled; broad spectrunm
fluorescent lighting, humidity and temperature control
(16 hours light, 25°C / 8 hours dark, 20°C).

Plants were rapidly and gently collected from the
surface of the agar to minimize glucosinolate hydrolysis
20 by endogenous myrosinase released upon plant wounding.
Sprouts [approximately 25 wmg fresh wt/sprout}, were
gently harvested and immediately and rapidly plunged into
approximately 3 volumes of boiling water in order to
inactivate endogenous myrosinase as well as to extract
25 glucosinolates and isothiocyanates from the plant tissue.
Water was returned to a boil and maintained at a rolling
beil for 3 min. The sprouts were then strained from the
boiled infusion (tea, soup] and the infusion was stored

at -20°C until assayed.

30 Market stage heads were obtained by germinating seeds
of the same seedlot in a greenhouse in potting secil,
transplanting to an organically managed field in Garrett
County, MD and harvested at market stage. Heads were
immediately frozen upon harvest, transported to the

35 laboratory on ice and extracts were prepared in an
identical fashion to those described above for sprouts



Activity (units/g fresh weight) -Fold Veget abl e

Mat ur e Sprout ** D fference 15 Cultlvar*

Vegetabl € \ DA KON M ur a 625

26, 316 42 Tenshun 3.333 33,333
10 ' Hakkai 1. 471 16. 667 11 20
Chkur a 2. 857 50. 000 18 BROCCOLI
Saga WO 31098890 476. 000 19 PCT/USI6AER66 ¢ o
25. 000 625. 000 25 35 Ever est 8. 333

1, 087. 000 130 25 Enerald City 12. 500 833. 000
67 Packemgept that apppopimately 3 gram ¥jgrgfotissue samplesg

*The comerci al paidd Usedl foLadkedtilonvas sanpled (e.g. the taproot of
Raphanus sativus variety radi cola [radish]). and heads of

Brassicsa oleracen variety italica (broccoli]). Mrosinase was
added to all extract stndusteyd. potedial oferplamtoceiinacss orrepated RS- day

old and dai kon seafsddri®eaVabévé; Srdtetekflined by the microtiter plate
5 bicassay method as described in Example 1. Paired ion
chromatography revealed two major peaks, probably
glucobrassicin and neo-glucobrassicin, in -extracts of
market stage heads with similar retention times to
glucobrassicin (indole~3-ylmethyl glucosinolate) and neo~
10 glucobrassicin (1-methoxyindole-3-ylmethyl
glucosinolate). This observation is consistent with
published reports on the glucosinolate composition of
mature broccoli plants. However, paired ion
chromatography under the same conditions of identically
15 prepared extracts of 3-day-old sprouts showed absence of
glucobrassicin or neo-glucobrassicin. additionally, 3-
day-old sprouts of different broccoli cultivars produce
Aifferent mixtures of glucosinolates. Accordingly,
glucosinolate production is developmentally regulated.

20 Example 10
EVALUATION OF ANTICARCINOGENIC ACTIVITIES
OF BROCCOLI SPROUT PREPARATIONS IN THE HUGGINS
DMBA (9,10 DIMETHYL~1,2-BENZANTHRACENE)
MAMMARY TUMOR MODEL

25 Sprouts were prepared by first surface sterilizing
seeds of Brassica oleracea variety italica (broccoli)
cultivar Saga with a 1 min treatment in 70% ethanol,
followed by 15 min in 1.3% sodium hypochlorite with
approximately 0.001% Alconox detergent. Seeds were grown

30 in sterile plastic containers at a density of
approximately 8 seeds/cm’ for 72 hours on a 0,.7% agar
support that did not contain added nutrients. The
environment was carefully controlled with broad spectrum
fluorescent lighting, humidity and temperature control

35 (16 hours light, 25°C / 8 hours dark, 20°C).
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15
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ing water, cooled to 25°C and were amended with a

quantity of 7 day old daikon sprouts equivalent to
approximately 0.5% of the original fresh weight of
broccoli sprouts. This mixture was homogenized using a
Brinkman Polytron Homogenizer and inéubated at 37°C for
2 hours following which it was filtered through a

sintered glass filter, lyophilized as above and stored as -

a dried powder at -20°C [designated Prep B].

QR inducer activity and inducer potential of plant
extracts, prepared as described above, was determined by
the microtiter plate biocassay method as described above.
The induction of QR activity in preparation A is largely
due to glucosinolates; predominantly glucoraphanin,
which is the glucosinolate of sulforaphane, but this
preparation also contains some glucoerucin, which is the
sulfide analog of glucoraphanin. The induction QR
activity of preparation B is almost exclusively due to
isothiocyanates arising from treatment of glucosinolates
with myrosinase.

Female Sprague-Dawley rats received at 35 days of age
were randomized; 4 animals per plastic cage. All animals
received 10 mg DMBA, by gavage in 1 ml sesame oil, at age
50 days. Sprout preparations (A or B) or vehicle control
were given by gavage at 3, 2 & 1 day prior to DMBA, on



centrifugation. Data in Table 3 represent both honbgenates and

i nfusi ons. Preparations were stored at -20[err]C until 35 assayed. __

| nducer potentiral of plant extracts, prepared WO 97/ 09889
PCT/ US96/ 14866 29 as descri bed
above, was determ ned as described in Definitions section above.
TABLE 3 | nducer Potentials of Hot Water EXtraCﬁénUgmﬂ -
of 3-Day Saga “P8U¥88 Sprouts EXTRACT NO. A%</ g
fresh wei ght 1 37 500, 000 2
370, 000 3 ' 455,000 10 4

333, 000 the day of DMBA (2 hr prior to thg3bMBpy@iose) and orp the

333, 000 day following DMBA dosing. The 6%hicl@0used was 50%

Emulphor 620P / 50% water. Animals were maintained on a
semi-purified AIN-76A diet ad libitum from the time of
5 receipt until termination of the experiment (167 days of

age) .



8 250, 000 9

313, 000 10 357, 000 11

370, 000 . 12 370, 000 13
217,000 20 14 222, 000 15

1, 000, 000 16 714, 000 17

435, 000 wb37/09889 1,250, 000 25 pcpd )
263", 000 VO 97/ 09889 38 596/14866
PCT/ US96/ 14866 30 Sone
variability in the anmount of Phase 2 enzyne- I nducer potential was
detected. High levels of Phase 2 enzyne-i nducer potential, however,
were consistently obser ved. 5 Exanpl e 6
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HOT WATER BROCCOLI EXTRACTS TREATED W TH DAI KON
MYROSI NASE QR activity in a hot water broccoli extract )

i ncreased I the presence o1 a vegetable source of mnyrosinase. An 10
aqueous extraction of 3-day ol d sprouts of broccoli cultivar Saga
grown on water agar, in which nyrosinase was inactivated by boiling
for 3 mn, was divided into 6 different 150 ml aliquots. N ne-day old
dai kon sprout SWO970988% rich source of the enzyme nyrosinase, PREVEAREG (o
15 this cooled infusion in amounts equidslent to 0, 5, 9, 17, 29
and 40% (w w) of the broccoli. QR activity, as determned in the
Definition section, of the control extracts containing 0% dai kon was
26, 300 units/gram f r'Bag developgenghef wpalRARI® FIMOTFt Vaﬁfd?fﬂav%(ﬁ“&'ct s that
had 20 recei vesis dankhn aas f wesksebgl the osdmigsistratdgon faforsprout 500, 000
to 833, 000 unitslgramy esgzﬁgog?aaeéa b AGF Yiither PrefEFPEnd Yor B

rryr05| nase present_i1n t

routs, |nreas%gthe$%ct|V|ty|n
the broccoli extpaft sfapdfdFantly tﬁr?é’ﬁrwt?’ﬁ?ﬁs 5%‘ e ea
Example 7 8§ ccﬂﬂm%ﬁﬂmédmwbzﬁmw EwAREs THRmeREDRE W)

GLUCOS! NOLATES | CT X 1 Svi
(CULTI VAR SAGA) thi FgniTIcaft R il S ST RTAAn e Kod

Centrifuged hot BEePParphionsedt?Eds of 3-day-old broccoli (cultivar Saga)
sprouts were subjected to analytical and preparative PIC on a reverse
phase C18 Partisil ODS-2 HPLC col um gfampre 1sACN Herr] O (1/1, by vol.)
vmthtetraoctylammnlum br om ly three
wel | - separ at ed 35 MET, ésm FEEARERYE O%é:g‘i}chgg{‘m;t‘r% , B at

11.5

10 Two male, non-smoking volunteers ages 35 and 40
years, each in good health, were put on a low vegetable
diet in which no green or yellow vegetables, or
condiments, mustard, horseradish, tomatoes or papayas
were consumed. After 24 hours on such a diet, all urine

15 was collected in 8 hr aliquots. After 24 hours of
baseline data, subjects ingested 100 ml of broccoli
sprout soup (prepared as below)}, containing 520 umol of
glucosinolates.

The sprouts were prepared by first surface

20 sterilizing seeds of Brassica oleracea variety italica
{(broccoli} cultivar Saga with a 1 min treatment in 70%
ethanol, followed by 15 min in 1.3% sodium hypochlorite

with ca. 0.001% Alconox detergent. Seeds were grown in
sterile plastic containers at a density of approximately

25 8 seeds/cm’ for 72 hours on a 0.7% agar support that did
not contain added nutrients. The environment was
carefully controlled with broad spectrum fluorescent
lighting, humidity and temperature control (16 hours
light, 25°C / 8 hours dark, 20°C). The plants were

30 rapidly and gently collected from the surface of the agar
to minimize glucosinolate hydrolysis by endogenous
myrosinase released upon plant wounding. A large
quantity of sprouts was harvested by immediately and
rapidly plunged into approximately 3 volumes of boiling

as water in order to inactivate endogenous myrosinase as
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31 mn, and Cat 13 mn at a nolar ratio [AB:C] of ca. 2.5

1.6 : 10(m)n|tored by UV absorption at 235 nm), and t hey

di sappeared if the initial extracts were first treated with highly
purified nyrosinase. Peaks A, B, and 5 C contained no signifi cant
i nducer acti visoyroesand cycl ocondensati on assay of wrm&
hydr ol ysat es shovved that only Peaks A and C produced signi |ca"8?6
guantities ' i sot hi ocyanates, acco¥ting for all the inducer

activity. See , 5. 1 107 1992) .
Peak B was not fzﬁé?ﬁerggc%gr ggﬁggkgegh%g{ﬂ( ﬁ%es a%% a’fﬁ?%l\ﬁgyél('%ﬁﬁ ed from
HPLC as TOA sal t S¥PRtthe@dppEdtissue. cHALRY sjam resunned it dolilsandr
successful mass mamtamtartoscerb)ul%ﬁﬂﬂ a5 sfh. TFR106Wend Ctfe

15 20 m NH[ermﬂ | <8 (oSO U HhrdeiGed GLE0y 35 Laughucous

TOA bromi de? UnP3%eE s £8F i uBERi N§iABes® BrinkpanmPatytyent he
agueous phase, \iomdgemizerhemdevieorpiatthrations were fk@28hi hicCatyigen of
3 ucosi nol ates. Jhe pggani um salts of Peaks A and C were
characterized by mass spectronetric 20 and NMR techniques: (a)
negative ion Fast Atom Bonbardnent (FAB) on a thioglyerol matrix;
this gave val ubrsduderd 3fotdiala 1A)omnpll AR) éXerdcts), apegdried Nés
negative nol ecul b ') s wn in

g ddsdbeag aBdvéf )wen?ﬁf Ie?gltqll\g% ? tyg@ml@%otite{:rﬁjé

Fi gure 2, oV unequi vocal

Peak A ?‘é g%&ﬂsfﬁ%aﬁ?ﬁ Q ag.descrihag abpYe: f TRGHERE ﬁ“@F‘é’réB&l#ﬁ)l ate],
and Peak C is tirearly cabbel gue =l atgbhcosigiodatesiici predominantly

[ 4- et hyt hi obut YQlucora;ﬁh'aH(iﬁs' nobri& - J:g"esecﬂedentdlhbﬁﬂlzhag\été‘nd?}#” ty

are al so con t he i ndu gotenC|es
after nyrosi nase ‘S&/'gf‘g hBY* o3%h G LEEOBFuSHD iHich is the subgid
units/[err]nol, ansinaspfvplycoraphpaiadias ahso preseaportmm:aouvﬁtm of 0.2
[err]M (331833 L&utsiéefmw@a)naf:@g by stHd Orm@n%e 3 {;ﬂﬂé\%(Z 900
unlts/[err]nol)gj%%n%g ues .are g tralons
conpound require ' RS2 ?ﬂe"‘y@s §ngﬁ”|’% p&?f‘f‘ f‘?g vag HeheP%% 1c7
muri ne units/ml and contained 5.2 umol of isothiocyanates per
ml, as determined by the cyclocondensation reaction
_ described in Example 7. Thus, the subjects consumed a
20 total of 520 umol of glucosinolates.

Collection of 8 hour urine samples was continued for
an additional 30 |hours. Urinary excretion of
isothiocyanate conjugates (dithiocarbamates) was
monitored wusing the cyclocondensation reaction as

25 described in Example 7.



hepat oma cells. Since there are no other glucosinolate peaks, and the

i nducer activity of peak A and C account for the total inducer
acttvrty oftte—extracts, It 1S WO 97/ 09889

PCT/ US96/ 14866 32 therefore |ikely
that inmthis cultivar of broccoli, there are no significant quantities
of other inducers, i.e., no I ndol e or hydroxyal kenyl

Further, the WOYY®Bted conpounds are therefore substantlzﬁ@é%w 5
Exampl e 8 COVPARI SON OF AQUEQUS ANp1 ORGANI C SOLVENT TECHI QUES

FOR EXTRACTI ON OF | NDUCER POTENTI AL Pl ants were prepared by
first surface sterilizing seeds ofTARI#SSi ca ol eracea variety italica

gbrOCﬁ)I i _)tlo OIcgl tolofg/égm o¥ bty PoeABXMEST BY | TWe SUBJECTS% sodi um
ypochlorite an 1D, sterile

pl ars]t I ¢ containers at a‘g"?é"ﬁg'?% %ﬁ‘pm&&&% (FFEE slgﬁ eeﬁsa cnerr] for
72 hours on a 0.7% agar suppoFXTRARHEL]F&OM smh(ﬁmmal n added
nutrients. The environnent was 15 carefull y controlled with broad
spectrum f |l uores Tai

hour s |4 ght zs=f*i‘*25[ ik C/ 8 |

rapi dly and gent r

’ Oltf ety 20 2

woundi ng. A}

baseline
n 16 baseline 2.1 0.9
10 f 24 baseline 1.7 5.4
32 1st 8 hour 23.2 20.4
post-dose
40 2nd 8 hour 9.9 36.8 I
post-dose
48 3rd 8 hour 4.4 14.0 I
post-dose
56 4th 8 hour 4.2 4.1 I
post-dose
15 Total post-dose minus 39.8 63.2
average baseline:
Total as Percent of dose: 6.7%__ 12.2%

The two subjects studied metabolically converted a

significant fraction of the ingested glucosinolates to

20 the isothiocyanates which were converted to cognate
dithiocarbamates and measured in the urine.

Example 12
EFFECTS OF PHYSICAL INTERVENTIONS ON SPROUT GROWTH
ON PRODUCTION OF INDUCERS OF QUINONE REDUCTASE

25 Sprouts were prepared by first surface sterilizing
seeds of Raphanus sativum (daikon) by a 1 minute
treatment with 70% ethanol, followed by a 15 min
treatment with 1.3% sodium hypochlorite with
approximately 0.001% Alconox detergent. Seeds were grown



of the DVF/ ACN DVSO solvent at -50[err]C, as described in Exanpl e 1,
whi ch di ssolves nearly all the non- | i gnocel lulosic plant material.

Al ternatively, the bulk 25 of the harvested plants was plunged into 5

vol unes of boiling water for 3 min to inactivate endogenous

nyr osi nase and to extract gl ucosi nol at es and

i sot hi ocyanat e?m @b@ 9COOl ed m xture was honogeni zed, C Ytrishiimes  and
t he supernant fluid was stored at -20[err]C. 30 | nducer potenti al
of plant extracts, prepared by the t # net hods described above, was

detormned by they ocdlSEOLLigLeRLat BoRLORRSAY 2 I°5C BRGLEPOVEE

Typi cal I ndlcCer oten 'n~an averag prepara
702, 000 ( DIVF/ ACNFBHB@‘E%‘F%’M s§ aﬁsdsognoo@r( aquedls 99 2 QtThcP9PTunits/ g
fresh wei ght of gpppote. that did not cOREATA0WRIRd nutrients. The

PCT/ US96/ 14866 , 34 with b
Spect r ophot onet r cvj'ror(ﬁmemf RS PR contrﬂ1§ a4 wi o] BCOnGensa T on

product  of5 tRavuoresgent ohlghtdf'g- humid bty BE?aﬁ%‘P%%'%“FR control

1, 2- benzenedi t hi ghe nearsarighed26tt/8 hourasdaelscradied. i n Zhang et al .,

Anal . Bi ochem 205: 100-107 5 (1992). G ucosinolates were rapidly
converted to | sot hi ocyanates after addition of myrosinase. About 6%
of the total hot wat ¥reaked 2REMItE merer iixrapdpted| wikh germicigal Uy

consi sted of gl ug@ghtoted €5.5 hr bheagys esuiﬁ& 6. Tredeed spronits vepe (a)

| sothi ooyanate | gyelsndfi (4 Haidel0r obL Y VAbACaNELALX! PRERLY | O

(b) nyrosinase rapi g/ erts a ucosi no at es
i sot hi ocyart® es; WEES arvesq?@t °Wa‘?%¥ ﬂ’r 5@9%6}1" r@deggﬁg %\%11?6%-!3’ t he
i nducer acthei tplamekr gxabltheM surfade | ¢f ethel agatr toxmindmize

glucosinolate hydrolysis by endogenous myrosinase
released upon plant wounding. Sprouts were harvested by
immediate and rapid plunging into approximately 10

15 volumes of DMF/ACN/DMSO (1:1:1) at approximately =~50°C in
order to inactivate endogenous myrosinase as well as to
extract glucosinolates and isothiocyanates. Sprouts were
immediately homogenized with a ground glass mortar and
pestle and stored at -20°C.

20 Inducer potential of plant extracts, prepared as
described above, was determined by the microtiter plate
bicassay method as described above. Inducer potential of
the UV-treated sprouts was over three times that of
untreated controls. Treatment of sprouts with

25 ultraviolet light therefore increased the Phase 2 enzyme~-
inducer potential of the plant tissue.

Although the foregoing refers to particular preferred
embodiments, it will be understood that the present
invention is not so limited. It will occur to those of

30 ordinary skill in the art that various modifications may
be made to the disclosed embodiments and that such
modifications are intended to be within the scope of the
present invention, which is defined by the following
claims. All publications and patent applications

35 mentioned in this specification are indicative of the



permtting recovery of nost of the biological activity in 15 a
preparation that is safe for human consunption; and (d) over 95% of

t he 1nducing. potentral 1Tnh the rTntact plant Is present as

gl ucosi nol ates and therefore no other inducers are present in

bi ol ogically significant quantities. Exanpl
e 9 20 DEVELOPMENTAL REGULATI ON OF GLUCOSI NOLATE PRODUCTI ON .
Prelimnary exp¥P?H#88% in which field grown broccoli (PER/US54 4866

DeCi cco) was harvested at sequential tinms points fromthe sane field
i ndi cated that on a fresh wei ght basi s, inducer potential declined
fromthe early 2bevel afeshillofsthoes tiny shgartokeeveich ther inventinn

appear ed t pertgimsse at | ate harvest (onset of flowering). These
data suggested that inducer potential mght be highest in seeds.
Subsequent studi es have shown that when seeds of | . 8 broccoli cultivars
were -surface sterili2éll RIRIIGASHANSRNA PIgEPt gRRR HIFARICAS BRRi ReXRINL  Phase
2 enzyne- i nducer incorporitiednby ate fiéreriiedROSthe Nsfife dktant §€Cif nedth
progressi velgy manﬁ:?&haal f[pﬁiﬁiwtgﬁ BaS| PartRhe' ‘aéggriléﬁi’ NQlrd Ne

first 14 days of, seedlF'irng growth. . E ssed on a per
pl ant basis, howBR®FLEigally tya'3‘g inddyidegliynstindicsted ¢ nke pde od,
suggesti ng t hat #hcorporated by réfereAc@O8RJits entirety.

PCT/ US96/ 14866 34




this early stage of growmh there was no net synthesis of

gl ucosi nol at es. However, when the gl ucosinol ate profil esalrll um(ll jﬂ"l
stage broccgli heads and 3 .day ol d sprouts (cultivan® y n

conpared, there was a profound 5 . difference in the apparent

gl ucosi nol ate conposi ti ons of t hese pl ants. Sprouts were
prepared by fi wgdogosgdoace sterilizing seeds of Brassica §Re
variety italica (broccoli) cul tivar ggperor with a 1 mnute trea?mant
in 70% 10 et hanol, followed by 15 mn in 1.3% sodi um f¥ :
W th approxi mat elmhat Qle1Aifed Ps:det ergent. Seeds were *H%:EHE)ET HgsnBEEN
sterile plastic containers at a density of approxi jately

seeds/cnjerr] for 72 hours on a 0.7% agar support that did not

contain added nutrierkss. Crypéferpus gpyPRtmneNithasthear exeeptiaonotol | ed;
broad spectrum Brassficaoodesadéal cgpitagh, hvepilium aatﬁv%mpers%ugfscont rol

16 h l'ight, h d 2 Q). . | ant
were rapi dly and “S28¢ Ir;:/};%)%‘fl%ct BYOBr {ma. ReBhdiad pativus apmonta; 1o
m ni m ze gl ucosi ﬁ'gFéfﬁé BY POt tbe 2pleadh&@/ous nyrosi nase rel eased

upon pl ant woundi ng. Sprouts approximately 25 ng fresh wt/sprout],

wer e gently haryvest a | j.at ' Lunged.into
approxi mately 3 vol ur?és o?qeb(%l Jf%%ergbﬁﬁggd%e?g%%%gp“ %ﬁ&é’?i %ate
endogenous nyr os"REEE1Rs SRiH| SREORES ca¥? a2t Brassia (eisKaceRased eghed

i sot hi ocyanat es ffrom t#he pgreoup t pfsvarieties \\tbasiskting ebsr neephala, boi

and mai nt ai ned atgzp, ' L | ' ,P’ﬁ ro hen
strained fromt hel ogﬁhbf?’ljﬂeegoiééﬁg'oné %te%gpsg%ep arﬁgt'hgqs’%élﬁg%’ was

bo

stored at - FGPEEFRC uMEAM1LQEa o FAlRAEOILa, " rR@oRRs siAbeudReads were
obt ai ned by ger nisadeildjcacerd selenspé.t he sanme seedl ot in a greenhouse in
potting soil, transplanting to an organically nmanaged field in
Garrett County, MD gnd harvested at narket stage. Heads  wer e

i mredi ately frozen updn hgﬁ?/egf‘,“:’tqs"fﬁélﬁoﬁ%ﬂ“?% FRPEER NI tPa6LRM 02y on ice
and extracts wewWbepeépasadd isprouts are jaddinassdical adigireneao vakbety

descri bed above figalspaouts

4. The cruciferous sprouts according to claim 1,

wherein said sprouts are a Brassica oleracea variety
botrytis.

5. The cruciferous sprouts according to claim -
4, wherein said sprouts are a Brassica oleracea variety
botrytis subvariety cauliflora.

6. The cruciferous sprouts according to claim 1,
wherein said sprouts are substantially free of Phase 1
enzyme~-inducing potential.

7. A non-toxic solvent extract of the cruciferous
sprouts according to claim 1.

8. The non~-toxic solvent extract according to claim
7, wherein said solvent is water.

9. The non-toxic solvent extract according to clainm
8, further comprising a cruciferous vegetable comprising
an active myrosinase enzyme.
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35 except that approximately ﬂwwmmj &ﬂl}"lii%ue sanpl es wer e
used for extraction. 1n el $8f " p e '
prepared_as descri bed above, was determ ned by the

bi oassay nethod as described in Exanple 1. Paired ion

reveal ed two rr‘a‘} or peaks, probably gl ucobrassicin and

neo- gl ucobr assPQH/ extracts of mar ket stage heads wiRCTEof1486¢

retention times to gl ucobrassi ci n (i4®lol e- 3-yl net hyl gl ucosi nol at e)
and neo- 10 gl ucobrassicin (1- met hoxyi ndol e- 3-yl neth

i I
glucosinolate). TS oF8&rRRRTG¥iFsE bR eERTask Fﬁ“rd%l“qpﬁﬁl‘fl:?ﬁéd
reports on the ducdsradntsaidonprusiteoounf vegetabimt uise of rhec aydrius pl ant s.

However, pairetgapHapis. chromat ogr aphy under the sane conditions of
identically 15 prepared extracts of 3-day-old sprouts showed absence of
gl ucobrassicin or neo-glucobrassicin. Additionally, 3- day-ol d sprouts

of different broccol¥l.culatiwethordr efucincreasidof f ehenchapsprotective

g' UCF_Si nol ?t |e|S- anouéftc@fgimls)é,zg enzyBEeHCORi BOmahRaP! oém;sfg?;mgls the
evel opnent a y requlatea., . . . . . a
EVALUATI ON OF Aﬁﬁ%&R&% NASENESheEiRg T2ps effective %)‘—“é'ﬁ&cd? %PRour
PREPARATI ONS | N cyEiifé@6uElSsprouts accordin@VBA qIRim0 1D METHYL- 1,

2- BENZANTHRACENE) MAMMARY TUMOR MODEL

12. Cruciferous sprouts harvested prior to the 2~
leaf stage, wherein said sprouts have at least 200,000
units per gram fresh weight of Phase 2 enzyme-inducing
potential when measured after 3-days of growth from seeds
that produce said sprouts and non-toxic levels of indole
glucosinolates and their breakdown ©products and
goitrogenic hydroxybutenyl glucosinolates.

13. The cruciferous sprouts according to claim 12,
wherein said sprouts are a Brassica oleracea selected
from the group of varieties consisting of acephala,
alboglabra, botrytis, costata, gemmifera, gongylodes,
italica, medullosa, palmifolia, ramosa, sabauda,
sabellica, and selensia.

14. The cruciferous sprouts according toc claim 13,
wherein said sprouts are a Brassica oleracea variety
italica.

15. The cruciferous sprouts according to claim 13,
wherein said sprouts Aare a Brassica oleracea variety
botrytis.

16. The cruciferous sprouts according to claim 15,
wherein said sprouts are a Brassica oleracea variety
botrytis subvariety cauliflora.

17. A non-toxic solvent extract of the cruciferous
sprouts according to claim 12.
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25 Sprouts were prepared by first  surf ﬁ sterilizing seeds of

Brassi ca ol eracea variety italica Hmwcﬂ ml ul ul tyh ith al
mn treatnment in 70% et hanol , u m n {i THIS. SHEES MASBEEN
hypochlorite with approxi mat el y 0 001% Al conox deter genEpLA‘@@Bds wef e

grown 30 in sterile plastic containers at a denstty—of

approxi mately Swoaedeggegnierr] for 72 hours on a 0.7% agar #ﬁ#ﬁw&aﬁhat
did not contain added nutrients. The envi ronment was care
controlled with broad spectrum f1 uor e&&ent l'ighting, humdity and

tenperature control 3%s. Ghé dmsxhewlweﬂé[é{t&]a&/a&a%%é “PEKain

20[err] Q). 7
PCT/ USO6/ 14866 17, whe¥\911? é %Ssolvent is water36 The pl ants

were rapidly and gently collected fromthe surface of the agar to
m ni m Ize gl ucos :j nol at ashydrhé HWonStoxic sohhﬂﬂ@&%eﬁ%dab&ﬁiiﬁe%iﬁcﬁ%fa%d
upon ant woundi t routs arve

p p '1@ furt dﬁ’p"’&%‘gﬁ‘q’gﬂ? étrh&%&r-%% #&gg \?8?“8 §1'EH

i medi ately 5 and nto app
boi ling water in &F‘déF BellPHﬁﬁl\!‘a 8 eRdiRfenous myr osi nase, as wel |
as extracting glucosinol ates and I sot hi ocyanat es from the plant

tissue. Wat er vvas n i_nt ai a rolling
boi | for 10 3 mn. 20 spPhE eGP eB1bBhe BREREE ReREHERS Hg FLafn

i nfusion [tea, so&ﬁ]' é’H&rPh’é FHd SrRFifAEORy oYRUYtabdg Amdof the gemu=d as a
dry powder at -20Rephkfiugdesi gnated Prep A]. . O her sprouts, simlarly
prepared were extracted wth boi ling water, cooled to 25"C and were

anended with a 15 rulant t¥ 7 ol d_dai kon sprouts equivalent to
appr oxi mat el y 0. 5% of ﬁ'i“?%ﬁ 9% éé’r?ﬂﬁé'l"@ﬂt apfood produgle cmigh sif out s.
This mixture was Hdwegehnokatessicapprising geBminktimy Eougifaroddosegns) zer

and incubated at @itRrrikel Qxception of Brassica oleracea capitata,
Lepidium sativum, Sinapis alba, Sinapis niger, and
Raphanus sativus seeds, and harvesting sprouts prior to
the 2~-leaf stage to form a food product comprising a
pPlurality of sprouts.

22. The method according to claim 21, wherein said
sprouts contain non-toxic levels of indole glucosinolates
and their breakdown products and goitrogenic
hydroxybutenyl glucosinolates.

23. The method according to claim 21, wherein said
seeds are a Brassica oleracea selected from the group of
varieties consisting of acephala, alboglabra, botrytis,
costata, gemnifera, gongylodes, italica, medullosa,
palmifolia, ramosa, sabauda, sabellica, and selensia.

24. The method according to claim 23, wherein said
seeds are Brassica oleracea variety italica.

25. The method according to claim 23, wherein said
seeds are Brassica oleracea variety botrytis.

26. The method according to claim 25, wherein said
seeds are Brassica oleracea variety botrytis subvariety
cauliflora.
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2 hours following which it was filtered ] i ntered gl ass
filter, lyophilized as above and store_d“ I IBH rﬂllm at__ .
* nau '

-20[ errfC{designated Prep B). ] cer actiyi
potential of plant extracts, prepared as described af
det er m ried by the mcrotiter plate bioassay nethod a

above. 25 The induction of QR activity in preparation Ais largel -
due to glucosi WP%9889  predoni nantly gl ucoraphanin, M‘%’f’i‘%e
gl ucosi nol ate of sul foraphane, but this 47 preparation al so contains
sonme gl ucoerucin, which is the sul fi de anal og of gl ucoraphanin.

The induction QR 3027.acki \ficbd pfoduatparizhi én @Lucesinedatespadaibye| y due

to | sothio & a3kBPa {APRd Laalimepi. of gl ucosinolates
W th nyrosi nase.EXérﬂ-&ée 2 Fema{ eQPSpr ggue- Dawl ey rats received at 35 days

of age wer e random zed; 4 animals per plastic cage. All aninmals 35
recei-ved 10 ng DVBA, 28y gawagbod mflpnépaigune fsidd predugfe comprisingjays.

Sprout preparati @Rerdd By Blgi¥cokehb Fite£ ONirNd! isothiotganages entrdym gavage
at 3, 2 & 1 day EI‘IO[’ tong\/I'gA on

PCT/ US96/ 14866 cruciferous sptouts according to ¥§%33698§§?ﬁ%nag;t%#iﬁJwBA (2
hr prior to the ShBlemtose)remottinn tthe extrgayed ol SRRANE DEBRRJRAMY. The

vehicl e used wasggdynt, anaMbbebdri®d0Phé HXrabtbar gluusimodlatescand
mai nt ai ned on a sem ;{{‘g#_rified AI'N-76A diet ad libitumfromthe tine of
5 recei pt unt FPOERIFFYRIRER of the experinment (167 days of age) .

29. A method of preparing a food product according
to claim 28, further comprising the step of drying said
extracted glucosinolates and isothiocyanates.

30. A method of preparing a food product according
to claim 28, wherein active myrosinase enzyme is mixed
with said cruciferous sprouts, or said extracted
glucosinolates and isothiocyanates, or both said
cruciferous sprouts or said extract.

31. A method of preparing a food product rich in
glucosinélates, somprising germinating cruciferous seeds
that produce sprouts having at least 200,000 units per
gram fresh weight of Phase 2 enzyme-inducing potential
when measured after 3-days of growth and which contain
non-toxic levels of indole glucosinolates and their
breakdown products and goitrogenic hydroxybutenyl
glucosinolates, and harvesting sprouts prior to the
2-leaf stage to form a food product comprising a
plurality of sprouts.

32. The method according to claim 30, wherein said
seeds are a Brassica oleracea selected from the group of
varieties consisting of acephala, alboglabra, botrytis,
costata, gemmifera, gongylodes, italica, medullosa,
palmifolia, ramosa, sabauda, sabellica, and selensia.

33. The method according to claim 31, wherein said

seeds are Brassica oleracea variety italica. :
| This Sheet Has Been Replaced
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THIS SH@R
devel opnment of pal pable tunors was delayed for muc éﬁ%@ﬁéNry
ﬁed—m+ﬁgﬁ |

the adm ni stration of sprout extracts. Rats trea

Preparation A avobmesgey had significantly fewer tunors than tpeyushshei€cd S
control, and the multiplicity of tunors (tunDrs per rat)

34. Theé method according to claim 31, wherein said
seeds are Brassica oleracea variety botrytis.

35. The method according to claim 33, wherein saiad
seeds are Brassica oleracea variety botrytis subvariety
cauliflora.

36. A food product rich in glucosinolates, made by
the process according to claim 30.

37. A method of preparing a food product, comprising
introducing cruciferous seeds, wherein said seeds produce
sprouts having at least 200,000 units per gram fresh
weight of Phase 2 enzyme-inducing potential when measured
after 3-days of growth and non-toxic levels of indole
glucosinolates and their Dbreakdown ©products and
goitrogenic hydroxybutenyl glucosinolates, intoc another
edible ingredient.

38. A method of preparing a food product, comprising
extracting glucosinolates and isothiocyanates with a non~
toxic solvent and isothiocyanantes from cruciferous
seeds, sprouts, plants or plant parts wherein seeds that
produce said sprouts, plant, or plant parts, have at
least 200,000 units rer gram fresh weight of Phase 2
enzyme~-inducing potential when measured after 3-days of
growth and wherein said seeds, sprouts, plants or plant
parts have non-toxic levels of indole glucosinoclates and
their breakdown products and goitrogenic hydroxybutenyl
glucosinolates, and recovering the extracted
glucosinolates and isothiocyanates.

39. A method of preparing a food product according
to claim 37, wherein active myrosinase enzyme is mixed
with said cruciferous seeds, sprouts or plants; or said
extracted glucosinolates and isothiocyanates; or both
said cruciferous seeds, sprouts or plants and said
extract.
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was signif |n@sr§hgey he a rations A or B.
Exanpl e 11 HLSWR& et AND M@;ﬂhﬂ“ﬁmj@ (NS SEBET VA 10
Two male—~ r1 untEETs yearaEpﬁﬁggﬁ_?ﬁﬁgdod

egetable di et in whi cimo—greer—o+—ysel

heal t h, were
veget abl’es, or

[err] mol of

by first surface 2@0. sfemethel mf seddcing theskivsl difccareincgensty
italica (briRC GOl ammadl,! | S éaﬂagwfaahm;gcﬂﬁgt RAtABRAmmal 7£M

ow

condlnents, nmust ard, horseradi sh, tomatoes or papayas
were consuned. After 24 hours on such a diet, all urine 15 was col | ect-ed
in 8 hr aliquoWO97/098§% er 24 hours of basel i ne data, sulfENSI6A48Eest ed
100 m of broccoli sprout soup (prepaged as bel ow), containing 520 .
gl ucosi nol at es. The sprouts were prepared

et hanol, foll owed S.mn_in 3 sod ochl orit

0. 001% Al conox d§F§¥§éﬁ?e S0y us sPr?é%ﬁ'le"&Fﬁgt;k

contai ners at a ®XESpPtjonf @@mw@ﬁaﬁﬂﬂﬂslyoésracﬁﬁse@ﬂ§¢@WFerrPBPédimQ hour s

on a 0.7% agar ss@aedvum| h8indbik aiba Al sﬁﬁ?ﬂal Rigegfednd NRephaids -
e

The environnment
fl uorescent
light, 25C/ 8

gl ucosi nol ate hydl

pl ant  woundi ng.
| mredi ately and

«a23ke, Aot ity and

d with broad spectrum
um dity and tenperature control (16 hours

hours dark, 20[err]C). The plants were 30 rapi dly and
gently coll ected fromtheasnetlose oFf reBfcifdthe 1e¢el mEnbEEéenogens

el Sk, “UREING pant UGS 2o 'L EAIE
ef fect iy AROYIE AECTERTALF LR ERF‘P&%W'@"’OFE risses

boiling 35 wat @00i, 000r deits pemarany ftesk weightowt Phasei Raenz e~

inducing potential when measured after 3-days of growth
from seeds that produce said sprouts and non-toxic levels
of indole glucosinclates and their breakdown products and
goitrogenic hydroxybutenyl glucosinolates.

42. A method of extracting glucosinolates and

isothiocyanates from plant tissue comprising the steps of-

homogenizing said plant tissue in an excess of a mixture
of dimethyl sulfoxide, acetonitrile and dimethylfermamide
at a temperature sufficient to inactivate myrosinase
enzyme activity.

43. A food product comprising cruciferous sprouts,
with the exception of Brassica oleracea capitata,
Lepidium sativum, Sinapis alba, Sinapis niger, and
Raphanus sativus sprouts, harvested prior to the 2-leaf
stage, cruciferous seeds; extracts of said sprouts or
seeds; or any combination of said sprouts, seeds or
extracts.

44. A method of increasing the chemoprotective
amount of Phase 2 enzymes in a mammal, comprising the
step of administering an effective guantity of the food
product accerding to claim 42.

45. A food product comprising cruciferous sprouts
harvested prior to the 2~-leaf stage, wherein said sprouts
have at least 200,000 units per gram fresh weight of



WO 97/ 09839

' (14
40 well as to extract glucosinolates anﬂ!lliﬂ‘lhjmwjﬁﬁa from
the plant tissue. Water was returned to a boil " ¢ LN «l ned at a
rolling boil for 3 mn. Follow ng the boiling step, sprouts were
honogeni‘zed directly in their 5 I nfusion water for 1 mn using a
Bri nkman Pol yt ix@597/00889 Honogeni zer and the preparations wer 18@5 ’
racts,

-79[err]C until use. Ing cer potential of plant ex
prepared as descri bed above, was defermned by the mcrotiter plate

1PI 3i oastsay rr:etphadgasléiﬂsjfiét L-Qﬁdué‘%‘i&’@otehﬂﬂﬂf&ihéi@?n@ﬂ&ﬁﬂ% la¥ter 3-%& Ihy
a ue to gl in ; redonin ucor aphanin, ic

S t he gl ucosﬁfiﬁgl 3?egr° 0 £rom §ﬁjg¢%%%l?§f’dbfﬁg E%ﬁ% %ﬂ?&%ﬁrﬁfﬁln whi ch
is the sulfide non-5a¥igglevels ussr andelen skuraginelptesenand \\thair
converted 15Ph t reakaoini O_ﬁramw &a tbelitmx%m hﬁroz@%'t&h?ﬂ/ . 4
myr osi nase, as - uc tentia . uni an
cont ai ned 5.2 [egrlﬁ ﬁlg)gz%‘gfaltl’seo%t'hi ggg%ﬁ%?r:"s% s’persex@é_' rﬁgct Qggf?jetoefr r‘r?ﬂ%‘g by the
cycl ocondensat i ofPFeuts| 8n seedsjjcar r appdcopbimatiione of spids sprautaubj ect s
consumed a 20 sek@k 6f &ftdets.] nol of gl ucosinol ates.

Col l ection of 8 hour urine sanples was continued for an additional

30 hours. Urinary excretion of i sot hi ocyanat e conj ugat es
(di t hi ocarbanates) “4flas » methggi (¥f cdNGEPATLRT e tOPc| RVIRPESSEEE by
reaction as 25 adeanti bedPhas&x2nphfymes in a mammal, comprising the

step of administering an effective quantity of the food
product according to claim 44.

47. Cruciferous sprouts harvested prior to the 2-
leaf stage, wherein the ratio of monofunctional to
bifunctional inducers is at least 20 to 1.

48. A food product supplemented with a purified or
partially purified glucosinolate.
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41 TABLE 5 EXCRETI ON OF

Dl THFOCARBAVATES BY WO SUBJECTS “TNCESTT NG 520 M CROMCLCES OF
GLUCGOSI NOLATES EXTRACTED FROM SAGA BROCCCLI 5

TI MVE CONDI TI ON SUBJECT 1 SUBJECT 2 Col I ection Tine
[err]nol Dithiocarbamate (hours)- per 8 hour urine
col l ection WO 97/09889 8 basel i ne 1.4 PCT/US96/14866

16 basel i ne 2.1 0.9 10 24 basel i ne
1.7 5.4 32 1st 8 hqps 23. 2 20. 4
post - dose 40 2nd 8 hour 9.9 36.8

post - dose 48 3rd 8 hour 4.4 14.0

post - dose 56 4t h 8 hour 4.2 4.1
post-dose 15 Total post-dose m nus 39.8 63. 2

aver age basel i ne: Total as Percent of dose; 6. 7%

12. 2% The two subjects studied nmetabolically converted a

significant fraction of the ingested glucosinolates to
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20 t he i sothi ocyanates which were converted to cognate
di t hi ocarbamat es and neasured in the urine.
Exafpte—12— ENTI ONS ON SPROUT GROWH

ON PRODUCTI ON OF | NDUCERS OF QUI NONE REDUCTASE 25 Sprouts were
prepared by first surface sterilizing - seeds of Raphanus sativum
(dai kon) by a 1 mnute treatnent with 70% et hanol , followed98¥ a 15
mn t r eaWERIW09889\\i t h 1.3% sodium hypochlorite $96/14366
approxi mately 0.001% Al conox detergent. Seeds were grown WO
97/ 09889 2(42PCT/ US96/ 14866
42 in sterile plastic containers at a density of approxi mately 8
seeds/cn? for 7 days on a 0.7% agar support that did not contain added
nutrients. The envi ronment was carefully controlled with broad
spectrum 5 fluorescent lighting, humdity and tenperature contro
(16 hours light 25C/ 8 hours dark, 20C). Treated sprouts were
irradiated with germcidal W light for 0.5 hr on days 5 and 6.
Treated sprouts were only half the height of the untreated copntrols.
Plants 10 were haryested on day /7 by rapidly and gently collectir]g
the plants fromthe gurface of the agar to m nim ze gl ucosi noljat e
hydrol ysis by endog§enous nyrosi nase rel eased upon pl antl woyndi ng.
Sprouts were harvest &d by £ = E
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I medi ate and rapid plunging into approxi mately 10 15
DVF/ ,ACN/ DMBO (1:1:1) at approxinmately -50[err]Cin ' II%H@E"EL’WHIHM e
endogenous nyrosinase as well as to - extract gl ucosi® s %

i sot hi ocyanates. Sprouts were i medi giel y honogeni zed with a ground

gl ass nortar and . pestle and stored at -20[err]C. 20 " I nducer
potenti al Qg afd E€XdimédSrsPrepared as descri bed above, - was

determ ned by the mcrotiter plate bi oassay net hod as descri bed above.
| nducer potential of the UV-treated sprouts was over three tines that

of untreaterd. cantmdthod ofTrppépaningofa Fpiodut produtk,25comprising

ul traviolet, lJ] e Ny S the P n - . ' [

pot ent-+-at— (%J %%%%% {:Ig{éghggggsg '%%ed@’_ %ﬁﬁdﬁ%ﬁ ? %?apotrlé’éloionégr?ﬁrge‘l‘igsf%c?o
particul ar frextageaFapitatagnbegiidinmssativan) ISinapiti@ldaodinapistmigra, .
present and | RYSRAALE 58tPPhsS8ekblid ! Qtq th“éétﬂﬁaﬂgpﬁéhﬁémﬁétﬁgeﬁOEhe

ordinary skill in the art that various nodifications ‘nay e made to
the di scl oSRFHLOEi FBARANARAORhAP Siprand inchydingcibieorks keaf ishadfedt?o

be within tfamscoPecsl beduct cdMpSiadiing weplupalivhi of ispranidedidy ihe

fol |l ow ng claips. Al publications and patent applications 35
nent i oned igr?‘“tqﬁ%l%%g%i:?ﬁtat ion are indicative of the VO

97/ 09889 _ o PCT/ US96/ 14866

ggr Cains, Vel . sKide Ofetfi98°abBoEEENG kot @141LCN ! RAMLAVAN LR sprouts

contain at least 200,000 units per gram fresh weight of Phase 2
enzyme-inducing potential when measured after 3-days of growth
and which contain non-toxic levels of indole glucosinolatés and
their breakdown products and goitrogenic hydroxybutenyl
glucosinolates and are harvested 1 to 14 days post-germination.

3. A method of prepafing a food product, comprising
extracting glucosinolates and isothiocyanates from cruciferous
sprouts, with the exception of Brassica oleracea capitata,
Lepidium sativum, Sinapis alba, Sinapis nigra, and Raphanus
sativus sprouts, harvested between the onset of germination up
to and including the 2-leaf stage, or from cruciferous seeds, or
a combination thereof, with a non-toxic solvent, removing the
extracted sprouts and seeds from said solvent, and recovering the
extracted glucosinolates and isothiocyanates.

4, The method according to claim 3, further comprising the
step of drying said extracted glucosinolates and isothiocyanates.

5. The method according to claim 3, wherein active
myrosinase enzyme is mixed with said cruciferous sprouts, or said
extracted glucosinolates and isothiocyanates, or both said
cruciferous sprouts and said extract.‘

6. An extract prepared according to the method of any one
of claims 3, 4 or S.
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Al'l publications and patent 'appl‘i cations are herein I nco rat
reference to the sane extent as if each 5 I ndi vi dual pubumﬂm”ﬁi"ﬁm””“l
] H *

patent application were specifically and i ndi vi du
i ndi cat ed to be i ncorporated by rgference i'n its entirety.
44 \Wat |Is Cainmed Is: | 1. A method of preparing a food product,

conprising germnating cruciferous seeds, with the exception of Brassica

ol eracea capitat Le pi b Si napi s, ni

Raphanus satlvus?seedgkghgg]e%ar velsé{Blrr?gHs%?fr O‘?J b&EPReFE ?%tgﬂ'gef’f Tﬁ'aSSlca
ger m nat i or\O-L@réée«arﬁﬁEPh‘éatﬁh dep niiehi uam lsearflvsmragé;naplfsoahba,f%udapmducgra,
conpri si ng @nd! RE? lahﬁs()fsﬁrv?ig Sspt&ics N Ahpoesikaal atl?étweeT the? ggg
met hod accor di ng o.claiml, wherein_the sprouts contain at |east 000———
units per IR ?%Eh"ﬁeP@hF"oPnﬁh&%lEdéHZyﬁ"@ﬁ rad&Fy At i al when -
measured after 3-days of growh and which contain non-toxic |evels of

I ndol e gl ucosi no} at es.,and _t products a 0|tr eni.c

hydr oxybut enyl %ucos?ﬁacéfléglgﬁﬁo&?esﬁﬁPVg’?t 8&°? fid‘nf4r£t?a55'gl » wherein
post - ger mi rﬁaiabnsprouts have Atndtdamt FoQraphrumits pewdgmanmd fxtesh welght
e R e o L
sativum Si®&pPFourha, flﬁ“haﬁﬁgdﬁl Fhat prefyephsadd ﬁ#%"ss sBﬂéut@n'tOXlC
harvested bpiveea dheinives qvﬁucgﬁgm@péw@ Aty tth e nfgémvm gm&:&@aénd

stage, or fromcruciferous seeds, or ionbl nat#on t her

SRekisudohtebaryasted 1 to

non-t oxi c s%?ﬁ‘é’ﬁ?ge?éﬁﬁﬁ’ °’E¥|§uE§’E‘¥éc‘§ YCSp+ 88
sol vent, aniirézpseposy-gaemination.
9. The cruciferous sprouts according to claim 7, wherein

the ratio of monofunctional to bifunctional Phase 2 enzyme
inducers is at least 20 to 1.

10. A food product comprising the cruciferous sprouts
according to any one of claims 7, 8 or 9, optionally including
cruciferous seeds; extracts of said sprouts or seeds; or any
combination of said sprouts, seeds or extracts.

11. . The food product according to claim 10, wherein said
sprouts have at least 200,000 units per gram.fresh weight of
Phase 2 enzyme-inducing potential when measured after 3-days of
growth from seeds that produce said sprouts.

12. A food product supplemented with a purified or
partially purified glucosinolate.

13. Cruciferous sprouts according to any one of claims 7,
8 or 9, for use in a method of reducing the level of carcinogens
in a mammal, wherein said sprouts are administered to a mammal
in an effective quantity.
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extracted glucosinol ates and isothiocyanates. ' 4.

according to claim3, further conprising the step of dry| ngmﬂmmnr“mulllauj'“‘
gl ucosi nol ates and i sot hi ocyanat es. 5. The nethod aecofdithgmtos *
claim 3, wherein active nyrosinase enzwe is mxéd with said cruciferous
sprouts, or said extracted glucosinolates and isothiocyanates, or both said
cruciferous sproths o s¥tyaskt Ageprding to glaim &a,xtf@zctutﬁmeparedmethod

according t&? tf@dnﬁ@iﬁ@dtHE 28Y%edN@Olcatl@iNRyehs 41 a Smammal, wherein said
45 Cruci f eroalﬂ routs wi th the "exception of BraSsi ca of’eracea

capitata, Leéiﬁ’iﬁ“iﬁn 313 %Fﬂﬁﬁiistﬁl BamaBWﬁépiLE' AngeA fesitd VRagNaREI Y -

sativus sprouts, harvested between the onset “of germ nation up to and

| udi t he 2- f t di t
o Y ere gfsga.' iﬁfgg% 3 REINGE HOTTE D 4P (TR 10 Forlky, SRR RESHin.
wei ght of PRhamethodn riedtigdingg phe erdteivall when qmnagnbmétén & daymmal,
growt h fromﬁféﬂ&tgﬁaapr@w sahfdctP it 34 1£eefaaX'tfa'QV?n $m3h mogﬁ

gl ucosinol ates and therr omm products and gol trogeni ¢ hydroxybu eny
gluc05|ndeﬁﬁ§9Q§kY%n%Phﬁ?¥€¥ted 1 to 14 days post-gerninati on.

The cruciferous sprouts according to claim7, wherein the ratio of

nonof unctional to bifunctional Phase 2 enzyne inducers is at least 20 to 1.
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