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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 seeds/on® on a 0.7% agar support that did
not contain added gdutrients. The environmehc wag
carefully controlled with broad spectrum fluorescent
lighting, humidity and temperature control. The seeds
and sprouts were incubated under a daily cycle of 16
hours light at 25°C and 8 hours dark at 20°C.

Each day plants were rapidly and gently collected
from the surface of the agar from replicate containers.
The plants wers harvested gently to minimize
glucesinolate hydrolysis by eadogencus wmyrosinase
released wupon plant wounding. famples containing
approximately 40 sprouts were homogenized in 10 wolumes
of DMF/ACN/DMSQ solvent at -50°C which dissolves nearly
all the non-lignoceliulosic plant material,

Harvested plants were homogenized and QR activity
with and without myrosinase, was determined as described
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 {lesgs than 1000 unite/g) QR inducer activity
was present in the absence of added myrosinase.

Exanmple 4
SPROUTS HAVE HIGHER INDUCER POTENTTAL
| THAN MARRET STAGE PLANTS

. The cruciferous gprouts of the instant invention have
higher Phase 2 enzyme-inducer potential than market stage
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  sgprouts, extracted with
DMF/ACKN/DMSD and treated with myrosminase, as described

 EEEEE————
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above, were 238,000 and 91,000 unitsyg fresh weilght,
compared to 25,000 and 20,000 units/g fresh weight for
field-grown heads of broccoli cultivars Saga and DeCicco,

i‘espectively .

Sprout extracts of gver 40 different members of the

Cruciferae have now been bioassayed and broeccoli sprouts

remain the most Phase 2 enzyme-inducer-rich plants

tested, Total inducing potential of organic solvent
extracts of market stage and sprout stage broccoli and

daikon is shown in Table 2.

TABLE 2
Comparison of Inducer Potential in
Sprouts and Mature Vegetables

-Fold

Vegefable Mature Sprout** Difference
Cultivar® Vegetable

Miurs 625 26,316 42

Tenshun 3,333 33,333 i0

Hekkai 1,471 16,667 1

Saga 25,000 47&;50—;- 19
DeCicco 25,000 625,000 25
Everest 8,333 1,087,000 130
Emerald City 12,500 833,000 &7
Packman 20,000 556,000 28

*The corumercial portion of each plant was sampled (e.g. the taproot of Raphanus sativis variety
radicola [radish]), and heads of Brassicsa oferacea vasiety iralica [broceoli]). Myrosinase wag

added to all extracts tested.

“¥Broceoli sprouts were 1-day old and daikon seedlings were 4-3-days old,
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Sprouts of the brocesli cultivar Everest contained
130-fold more inducer potential (units/g fresh weight)
than mature vegetables. The inducer activity in broccoli
was significantly higher than in daiken.

Exampla 5
INDUCER POTENTIAL OF BROCCOLI SPROUT EXTRACTS

Inducer potential of a series of water extracts of
3-day old brocecoli sprouts of the cultivar Saga were
determined. Plants were prepared by first surface
sterilizing seeds of Bragsica oleracea variety italica
{broccoli) cultivar Saga by 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 § seeds/cw? for 72 hours on a 0.7% agar
support that did not contain added nutrients. The
environment was carefully controlled with bread apectrum
fluorescent lighting, bumidity and temperature control
(16 hours light, 28°C / 8 hours dark, 20°C).

Plants were rapidly and gently collected from the
gurface of the agar to minimize gluceosinolate hydrolysis
by endogencus myrosinase released upon plant wounding.
Sprouts (approximately 25 mg fresh wt/sprout) were gently
harvested and immediately and rapidly plunged into
approximately 3 wvolumes of boiling water in order to
inactivate endogenous myrosinase as well as to extract
glucosinolates and fsothiocyanates from the plant tissue.

Water was returned tc a boil and maintained at a rolling

hoil for 3 min. The sprouts were then either strained
from the boiled infusion [tea, soup] or homogenized in
it, and the residue then removed by £filtration ov
centrifugation.

Data in Table 3 represent both homogenates and
infusions. Dréparations were stored at -20°C until
assayed. Inducer potential of plant extracts, prepared

Page 3 of 26
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as described above, was determined ag desgcribed in

Definitions section above.
e S

’7;;590i>5 TABLE 3

Inducer Potentials of Hot Water Extracts

S ' of 3-Day Saga Broccoll Sprouts
1 500,000
2 ' 370,000
3 455,000
10 4 ‘ 333,000
-
E 5 435,000
:‘g 6 333,000
“§
£ 7 625,000
b=
W 8 250,000
b 15 9 313,000
fu
i 10 357,000
£
g 11 370,000
)
12 370,000
13 217,000
20 14 222,000
15 1,000,000
168 714,000
17 { 435,000
18 ’ 1,250,000
is 15 ‘ 263,000
SVERAGE 464,000 & 61,600 8.E.M.
—
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Some variablility in the amount of Phage 2 enzyme-
inducer potential was detected. High levels of Phase 2
enzyme-inducer potential, however, were consistently

chaerved.

5 Example €
HOT WATER BROCCOLI EXTRACTS TREATED
WITH DAIRON MYROSINASE

QR activity in & hot water brocceli extract increased

in the presence of a vegetable source of myrosinase, Aan

10 agueous extraction of  3-day old saprouts of broccoli
cultivar Saga grown on water agar, in which myrosinase

was inactivated by boiling for 3 min, was divided into &
different 150 ml aliguots. Nine-day old daikon sprouts,

a rich source of the enzyme myrcginase, were added to

15 this cooled infusion in amounts equivalent to 0, 5, 9,
17, 29 and 40% (w/w) of the braccoli. QR activity, as
determined in the Definition section, of the <¢ontrol
extracts containing 0% daikon was 26,300 units/qgram fresh
weight while QR activity of the extracts that had

20 received daikon ag a source of myrosinase ranged from
500,000 to 833,000 units/gram fresh weight of broccoli.
Accordingly, myrosinase present in the daikon sprouts,
increaged the QR activity in the broccoli extract greater

than 13-fold.

ChIEBT" ETB H680

L

25 ' Example 7
CLUCORAPHANIN AND GLUCCERUCIN ARE THE PREDOMINANT
GLUCOSINOLATES IN HOT WATER EXTRACTS OF BROCCOLI
{CULTIVAR SAGA} SPROUTS

Paired Ion Chromatography (PIC). Centrifuged hot

30  water extracts of 3-day-old broceoli (cultivar Saga)
sprouteg wereg subjected to analytical and preparative PIC

on a reverse phase C18 Partisil 0ODS-2 HPLC column in
BCN/H, QO {1/1, by wvel.) with tetracctylammonium (TOA)
bromide as the counter-ion. Only three well-separated

3s peaks were detected: peak A eluted at 5.5 min, B at 11.5

L

e T
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¢ min, and C at 13 min at a molar ratio [A:B:C] of ca. 2.5
: 1.6 : 1.0 (monitored by UV absorption at 235 nm). and
they digappeared if the initial extracts were first
treated with highly purified myresinase. Peaks A, B, and

5 € contained no significant dinducer - activity, and
eyclocondensation assay of myrosinasse hydrolysates showed
that only Peaks A and C produced significant quantities
of isethiocyanates, accounting £or all the inducer
activity. 8ee Zhang et al., Anal. Biochesm. 205: 100-107

10 {1982). Peak B was not further characterized. Peaks A
and ¢ were eluted from HPLC as TOA salts but required
convergion to ammonium salts for successful mass
gpectrogscopy, NMR and bicassay. The pure peak matsrials
were dried in a vacuum centrifuge, redissolved in agqueous

&

7] 15 20 mM NH,Cl, and extracted with chloroform to remove

:g exceay TOA bromide. The ammonium salts of glucosinclates
remained in the aqueous phase, which was then evaporated,

")

&

B , , i

b Identification of Glucoginolates. The ammonium salts

; of Peaks A and C were characterized by mass spectrometric

f 20 and NME technigues: {a) negative ion Fast Atom

iy Bombardment (FAR} on a thioglyerol wmatrix; this gave

ﬁ values of 436 (Peak A) and 420 {Peak C} amu for the

£

negative molecular ions, and (k) high resolution NMR, as
showri in Figure 2, provided uneguivocal identification of
25 the structure. Peak A is glucoraphanin [4-
methylsulfinylbutyl glugosinolate], and Peak C is the
closely related glucoerucin [4-methythiocbutyl
glucoginolatel, These identificationg and purity are
also consiste.nt with the inducer potencises; Peaks A and
30 C, after myrosinase hydrolysis had potencies of 38,100
and 4,360  units/pmol, vrespectively, compared with
reported CD wvalues of 0.2 M (33,333 units/pmol} for
sulforaphane and 2.3 M (2,900 units/upmcl) for erucin.
CD values are the concentrations of a compound required
35 to double the QR specific activity in Hepa 1lcle7 murine
hepatoma cells. Since there are no other glucesinolate
peaks, and the inducer activity of peak A and C account
for the total inducer activity of the extracts, it is

S

e ]
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therefore likely that in this cultivar of broccoli, there
are no gignificant quantities of other indﬁcers, i.e., no
indole or hydrexyalkenyl glucosinolates. Further, the
isolated compounds are therefore substantially pure.

Example 8§
CQMPARISON OF AQUEOUS AND ORGANIC SOLVENT TECHNIQUES
FOR EXTRACTION OF INDUCER POTENTIAL

Flants were prepared by first surface sterilizing
seeds of Brassica cleracea variety italica (brogcoli)
cultivar Saga; with 70% ethanol Ffollowed by 1.3% sodium
hypochlorite and 0.001% alconox. The seeds were grown in
sterjile plastic containerg 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 centrolled with broad spectrum fluorescent
lighting, humidity, and temperature control (16 hours
light, 25°C/8 hours dark, 20°C}.

The plants were rapidly and gently collected from the
surface of the agar to minimize glucdosinolate hydrolysis
by endogenous myrominase 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
of the harvested plants was plunged intoc § volumes of
boiling water for 3 wmin to inactivate endogenous

nyrosinase and £o extract glucesinolates and

isothiocyanates. The cooled mixrture was homogenized,
centrifuged, and the supernant fluid wasg stored at -20°C.,

Inducer potential of plant extracts, prepared by the
two methods described above, was determined by the
microtiter plate bicassay as described above. Typical
inducer potentiale in an average of 5 preparations were
702,000 (DMF/ACN/DMSO extracts) and 505,000 {aquecus
extracts) units/g fresh weight of gprouts.

Filed 05/09/2008 —Page 7-of 26
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Spectrophotametric quantitation of the
cyclocondenaation product of the redction of
isothiccyanates with 1,2-benzenedithiole was carried out
as described in Zhang et al., Anal. Biochem. 205: 100-107

5 {1992}, Glucozinolates were rapidly converted to
isothiocyanates after addition of myrosinase. About 6%
of the total hot water extractable material [dissolved
solids] consisted of glucosinclates. These regults
demonstrate that {(a) isothiocvanate levels in the crude

10 plant extracts are extremely low; (b) myrosinase rapidly
converts abundant glucosinolates to isothiccyanates; (c)
hot water extraction releases over 70% of the inducer
activity extractable with a triple solvent mixture
permitting recovery of most of the biological activity in

8

& 15 a preparation that is safe for human consumption; and (d)
g over 95% of the inducing potential in the intact plant is
\1 pregent as glucosinclates and therefore no other inducers
g are preasnt in biologically significant quantities,

W

5

fu ‘ Example 9

ﬁ;i 20 DEVELOPMENTAL REGULATION OF GLUCDSINOLATE PRODUCTION
&=

9

N

Preliminary experiments in which £ield grown broccoli
{cultivar DeCicco) was harvested at sequential time
points from the same field indicated that on a fresh
weight basis, inducer potential declined from the eaxrly
25 vegetative stage through commercial harvest, but appeared
to increase at late harvest {onset of flowexring). These
data guggested that inducer potential might be highest in
seeds. Subseguent studies have shown that when seeds of
8 broccoli cultivars were surface sterilized and grown
30 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 basia, however, activity
is remained constant over this period, suggesting that at

v

-

\\j

s
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thig early stage of growth there was no net synthesis of
glucosinolates. However, when the glucoainclate profiles
of market stage broceoll heads and 3 day old sprouts
{cultivar Emperor) were compared, there was a profound
difference in the apparent glucosinolate compositions of
these plants.

Bprouts were prepared by first surface sterilizing
sseds of Brassica oleracea variety italica (broccoli)
cultivar Emperor with a 1 minute Creatwent in 70%
ethanol, followed by 15 min in 1.3% sodium hypochlorite
with approximately 0.001% Alconox detergent. Seeds were

grown in sterile plastic dontainers at a density of

approximarely B8 sesds/on® for 72 hours on a 0.7% agar
support that did not contain added nutrients, The
environment wasg carsfully controlled; broad spectrum
fluorescent lighting, humidity and temperature control
(16 hours light, 25°C / 38 hours dark, 20°Q).

Plants were rapidly and gently wollected frowm the
surface of the agar to minimize glucosinclate hydrolysis
by endogencus myroginase released upon plant wounding.
Sprouts [approximately 25 mg fresh wt/sprout), were
gently harvested and immediately and rapidly plunged into
approximately 3 volumes of boiling water in order to
inactivate sndogencus myroeinase as well as to extract
glucoginolates and isothiccyanates from the plant tigsue.
Water was returned to a boil and maintained at a rolling
boil for 2 min. The gprouts were then strained from the
boiled infusion [tea, soup] and the infuwgion was stored
at -20°C until aseayed,

Market stage heads were cbtained by germinating seeds
of the same geedlot in a greenhouse in potting soil,
transplanting to an organically managed field in Garrett
County, MD and harvested at market stage. Heads were
immediately frozen upon harvest, transported to the
laboratory on ice and extracts were prepared in an

. identiral fashion to those described above for sprouts

CSC017599
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except that approximately 3 gram floret tigsue gamples
were used for extraction,

Inducexr potential of plant extracts, prepared as
degcribed above, was detsrmined by the microtiter plate
bicassay method as described in Example 1. Paired ion
chromatography revealed two wajer peaks, probably
glucobrassicin and neo-glucobrassicin, in extyacts of
market stage heads with similar retention times to
glucobrasgicin {indole-3-ylmethyl glucosinolate) and nee-
glucobrassicin {1-methoxyindole-3-ylmethyl

glucosginolate) . This obgervation ia consistent with
published reports on the glucosinolate composition of
mature broccolli plants. However, paired ion

chromatography under the same conditions of identically
prepared extracts of 3-day-cld aprouts showed absence of
glucobrassicin or neo-glucchrassicin. Additionally, 3-
day-old sprouts of different broccoli cultivars produce
different mixtures of glucosinclates. Accordingly,
glucosginelate production is developmentally regulated.

Example 10
EVALUATION OF ANTICARCINCGENIC ACTIVITIES
OF BROCCOLI SPROUT PREFARATIONS IN THE HUGGINS
DMBA (9,10 DINETHYL-1,2-BENZANTHRACENE)
MAMMARY TUMOR MODEL

Sprouts were prepared by first surface sterilizing
seeds of Brassica oleracea wvariety Jltalica (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
in sterile plastic containers at a density of
approximately 8 seeds/cm® for 72 hours onm 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, 2%5°% / B hours dark, 20°C).

Page. 10 of 26
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The plants were rapidly and gently collected from the
surface of the agar to minimize glucosinclate hydrolysis
by endogenvus myrcsinase rveleassd upon plant wounding.
A large quantity of sprouts was harvested by immediately
and rapidly plunging into approximately 3 wvolumes of
boiling water in order to inactivate endogendus
myrosinasze, as well as extracting glucosineclates and

.isothiocyanates £rom the plant tiesue. Hater was

returned to a beil and maintained at a rolling boil for
3 min. Sprouts were then gtrained from the boiled
infusion [tea, soupl and the infusion was lyophilized and
stored ag a dry powder at -20°C [designated Prep A].
Other sprouts, similarly prepared were extracted with
boiling 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
broceoli sprouts, This mixture was homogénized using a
Brinkman Polytron Homogenizer and incubated at 37°C for
2 hours following which it was £filtered through =&
sintered glass filter, lyorhilized ag above and stored as
a dried powder at -20°C {deaignated Prep Bl.

R inducer activity and inducer potential of plant
extracts, prepared as described above, was determined by
the microtiter plate biocassay metheod ag 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 analoyg of glucoraphanin, The induction QR
activity of preparation B is almost exclusively dus to
isothiocyanates arising from treatment of glucozinoclates
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 daya. Sprout preparations (A or B) or vehicle contrel
were given by gavage at 3, 2 & 1 day prior to DMBA, on

PR
37
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the day of DMBA (2 hr prior to the DMBA dose) and on the

day follewing DMBA dosing. The wehicle used was 50%

Emulphor 620P / 50% water, Animals were maintained on a

gemi-purified AIN-76A diet ad libitum from the time of
receipt until terminpation of the experiment (167 days of

5
age) .
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The development of palpable tumersg was delayed for
as much as 5 weeks by the administration of sprout
extracts. Rats treated with either Preparation A or B
had significantly fewer tumors than the untreated
control, and the multiplicity of tumeorxs (tumors per rat)
was significantly lower din the animals receiving
Preparations A or B.

Example 11
METABOLISM AND CLEARANCE OF GLUCOSINOLATES IN HUMANS

Two male; non-smoking voluntesrs ages 35 and 40
years, each in good health, were put on a low vegetable
diet in which no green or yellew vegetables, or
condiments, wustard, horseradish; tomatoes or papayas
were consumed. After Z4 hours on such a diet, all urine
was collected in 8 hr aliquots, After 24 hours of
basgeline data, subjects ingested 100 ml of broccoli
sprout soup (prepared as below), containing 52¢ umol of

glucoginolates.

The sprouts were prepared by first surface
sterilizing seeds of Brassica oleracea variety Iltalica
{(brocceli) cultivar Saga with a 1 min treatment in 70%
ethancl, 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
8 seeds/cw’ for 72 houra on a 0.7% agar support that did
not contain added nutrients. The environment was
carefully controlled with broad spectrum £lucregcent
lighting, humidity and temperature control (16 hours
light, 25°C / 8 hours dark, 20°C). . The plants wexe
rapidly and gently collected from the surface of the agar
te minimize glucosincolate hydrolysis by endogenous
myrosinase released upon plant wounding. A large
quantity of sprouts was haxvested by immediately and
rapidly plunged into approximately 3 volumes of boiling
water in order to inactivate endogencus myrcsinase as

Page 14 of 26
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well as to extravt glucosinolates and iscthioceyanates
from the plant tissus. Water wag returned to a boil and
maintained at a rclling boil for 3 min. Following the
boiling step, sprouts were homogenized directly in their
infusion water for 1 min using a Brinkman Polytron
Homogenizer and the preparatiens were frozen at =73

until use.

Inducer potential of plant extracts, prepared as
desgcribed above, was determined by the microtiter plate
bivassay methed as described above. Inducer potential is
nearly all due to glucosinolates; predominantly

glucoraphanin, which is the glucosinolate of

sulforaphane, but some gluccerucin which is thes sulfide
analog of glucoraphanin was alse present.
to  isothiccyanstes by the addition of purified
myroginase, Phase 2 enzyme-inducing petential was 100,000
unita/ml and contained 5.2 umel of isothiocyanates per
ag determined by the e¢yclocondensation reaction

ml,
Thus, the subjects consumed a

degcribed in Example 7,
total of 520 pmol of gluecosinclates.

Collection of 8 hour urine samples was continued for

an additional 30 hours. Urinary excreticn of

isothiocyanate conjugates {dithiocarbamates) was
monitored wusing the cyslogondensation reaction as

degeribed in Example 7.

When convertad
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TABLE 5
EXCRETION OF DITHIOCARBAMATES BY TWO SUBJECTS
INGESTING 520 MICRCMOLES OF GLUCOSINOLATES
EXTRACTED FROM SAGA BROCCOLI

Ceollection Time pmol Dithiocarbamate
{hoursg) per 8 hour urine
collection
8 baseline 1.4 2.7
16 bageline 2.1 0.9
24 kageline 1.7 5.4
32 1st 8 hour 23.2 20.4
post-doge .
40 2nd 8 hour 2.9 36.8
post-dose
48 3rd 8 hour 4.4 14.0
post-dose
56 4th 8 hour 4.2 4.1
post-dose
Total post-dose minus 39.8 3.2
average baseline:
Total ag Percent of dose: 65.7% 12.2%

The twe subjects studied metabolically converted a
gignificant fraction of the ingested gluccsinclates to
the igothiocyanates which were converted to cognate
dithiccarbamates and measured in the urine.

Example 12
BFFECTS OF PHYSICAL INTERVENTIONS ON SPROUT GROWIE
ON PRODUCTION OF INDUCERS OF QUINONE REDUCTASE

Sprouts were prepared by first surface sterilizing
{daikon) by a 1 minute

followed by a 15 min
hypochleorite  with
Seads were grown

seeds of Raphanus sativum

treatment with 70% ethanol,
treatment with 1,3%  sodium
approximately 0.001% Alconox detergent.

Page 16 of 26
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in sterile plastic containers at a dengity of
approximately & seedsfem® for 7 days on a 0.7% agaxr
support that did not contain added nutrients. The
environment was carefully controlled with broad spectrum
fluorescent lighting, humidity and temperature contraol
{16 hours light 25°C/8 hours dark, 20°C).

Treated sprouts were irradiated with germicidal UV
light for 0.5 hr on days 5 and 6. Treated sprouty were

enly half the height of the untreated controls., Plants

were harvested on day 7 by rapidly and gently collecting
the plants from the surface of the agar to minimize
glucosinolate hydrolysis by endogenous myroginase
released upon plant wounding. Sprouts were hatvested by
immediate and rapid plunging into approximately 10
volumes of DMF/ACN/DMSO {1:1:1} at approximately -56°C in
order to inactivate endogenous myrosinage as well as to
extract glucosinolates and iscthiocyanates. Sprouts were
immediately homogenized with a ground glass mortar and

pestle and stored at «20°C.

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
ultraviolet light therefore increased the Phase 2 snzyme-
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 ccour to those of
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
pregent invention, which is defined by the following
glaims. All publications and patent applications
mentioned in this specification are indicative of the

3
)

m
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level of skill of those in the art to which the invention
pertains.
All publications and patent applications are hereln

incorporated by reference to the same extent as if each
individual publication or patent application were

Page 18 of 26

gpecifically and individually indicated to be
incorporated by reference in its entirvety.
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What Iz Claimed Is:
1. Cruciferous sprouts, with the exception of

cabbage, cres mustard and radish sprouts, harvested
prior to the 2-{eaf stage.

%

2. The crugiferous sprouts according to ¢laim 1,
wherein said sproyts are a Brassica oleracea selected
Erom the group cf\ varieties consisting of acephala,
alboglabra, botrytiy, costata, gemmifera, gongylodes,
italica, medullosa,\ palmifolia, ramosa, sabauda,

gabellica, and selens

3. The cruciferouks sprouts according te claim 2,
wherein said sprouts a a Bragsica oleracea variety
italica.

4. The crucifercus sprouts aceording to claim 1,
wherein sald sprouts are a\ Brassica ocleracea variety

‘batrytis.
5. The cruciferous sprouts acc¢é21/’\10 claim 1,

wherein said sprouts are a BXassi a olgracea variety
kotrytis subvariesty cauliflora.

LEOEET ETR 6680

6. The crucifercus sprouts\according to claim 1,
wherein said sprouts are substantially £free of Phage 1
enzyme~-inducing potential.

7. A non-toxilc solvent extract) of the crucifercus

gproutg adcording té claim 1.

8, The non-toxic solvent extract dccording to claim

7. wherein said solvent is water.

9. The non-toxic solvent extract acdording te claim
8, further compriging a cruciferous vegetdble comprising

an active myrosinase enzyme,

L
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10. \The non-toxic solvent extract according to ¢laim
9, wherein said cruciferous wvegetable is of the genus

Raphanusg.

11, A \method of increasing the c¢hemoprotective
amount of Phase 2 enzymes in a mammal, comprising the
step of administering an effective gquantity o©f the
cruciferous spyouts according to claim 1.

aArous gprouts harvested priocr to the 2-
in said sprouts have at least 206,000

12. Crucif

leaf stage, wherd
units per gram frish weight of Phasée 2 enzywe-inducing

potential when measyred after 3-days of growth from geeds
that produce said sprouts and non-toxic levels of indole

g glucosinolates and\ their Dbreakdown products and
g goitrogenic hydroxybutenyl glucesinclates.
o
E 13. The cruciferols sprouts according to claim 12,
i wherein said gprouts afe a Brassj clieracea selected
g from the group of vaxiy cing of acephala,
5 alboglabra, botrytis, gongylodes,
i italica, medullosa, gabauda,
E sabellica, and selensia.
)

claim 13,

14. The cruciferous spre

wherein said gprouts are a \Brassica oleracea variety

italica.

18, The cruciferous sprouts according te. claim 13,

wherein said gprouts are a Brasgica oleracea variety

botrytis,

18. The cruciferous sproutslaccording to claim 15,
wherein said sprouts are a Brasgica oleracea variety

botrytis subvariety cauliflora.

17. A non-toxic solvent extradt of the cruciferous

aprouts according teo claim 12.

e ]
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18, The'non-toxic selvent extract according to claim
17, wherein sa{d sclvent is water.

19. The non-toxic sclvent extract according to claim
18, further compriding a crucifercus vegetable comprising
enzyme.

an active myrosinagh

20, The non-toxiy solvent extract according to claim
19, wherein sald cruciferous vegetable is of the genus
Raphanus.

21. A method of prepiring a food product rich in
glucesinolates, comprising ghrminating cruciferous seeds,
with the sxception of cabbage, cress, mustard and radish
eeeds, and harvesting sprouts\prior to the 2-leaf gtage
te form a food product comprisihig a plurality of aprouts.

22, The method accerding td <laim 21, wherein said
sprouts contain non-toxic levels i glucesinolates
and their breakdown produchs goitrogenic
hydroxybutenyl glucoginclates.

23. The method according to ¢l wherein szald
seady are a Brassica oleracea selectad from € e'éroup af
varieties consisting of acephala, alBoglabra, botrytisg,
cogtata, gemniféra, gongyvlodes, ithlica, medullosa,
palmifolia, ramosa, sabauda, gabellica, and selensia.

LEhEST ETRLE680

) 24, The method according to ¢laim R3, wherein said
| : Beeds are Brassica oleracea variety italica.

! 25. The method according to claim 23, whezein said
seeds are Brassica oleracea variety botrjtis.

26. The method according to claim 25} wherein said
geeds are Brassgica oleracea variety botrytis subvariety
cauliflora.

P A
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food product rich in glucosinolates made by

extracting gludosinolates and isothiocyanates from
crucifercus sprouts aceording te claim 1 with a non~toxic
solvent, removinyg the extracted sprouta from sgaid
golvent, and recovering the extracted glucosinolates and

igothiocyanates.

29. A method of\preparing a food product according

to claim 28, wherein \active myrosinagse enzyme is mixed
sprouts, or said extracted

othiocyanates, or both said

with gaild cruciferous
glucesinclates and

that produce sprouts having
gram fresh weight of Phase
whén measured after 3-days o
non-toxic levels of indole
breakdown products and gi
glucosinolates, and harvesting
2-leaf stage to form a food
plurality of sprouts.

hydroxybutenyl
ior to the
product comprising a

31, The method according to Qlaim 30, wherein said
seeds are a Brassica oleracea selected from the group of
varieties consisting of acephala, aYboglabra, botrytis,
costata, gemmifera, gongylodes, italica, medullosa,
palmifolis, ramosa, sabauda, sabellide, and selensia.

32. The mwethed according to claim 31, wherein said
seeds are Brassica oleracea variety itglica.

33. The method according to claim 31, wherein said
geeds are Brassica oleracea variety botrytis.

Page 22 of 26

CSC017612



Case 1:07-cv-07844-SAS Document 43-55 Filed 05/09/2008

T ET L6080

Eardy v 3

e

48

34. The method according te claim 33, wherein saigd

seeds are Biassica oleracea variety botrytis subvariety

cauliflora.

35. B food product rich in glucesinolates, made by
the procesg accdrding to claim 30.

36. A method\of preparing a food product, comprising
intreoducing crucifercus seeds, wherein gaid seeds produce
sprouts having at\least 200,000 units per gram fresh
weight of Phase 2 entyme-inducing potential when measured
after 3-days of growth and non-toxic levels of indole
gluceosinolates and} their breakdown products and
goitrogenic hydroxybubenyl glucosinolates, into another

edible ingredient.

37. A method of preparing a food product, comprising
extracting glucosinolatds and igothiocvanates with a non-

toxic solvent and isofhiocyanantes £from cruciferous
herein geeds that

t parte, have at
weight of Phase 2
red after i-days of
bey plants or plant
f indecle glucosinolates and

produce said sprouts,
least 200,000 units pexr
enzyme-inducing potential

parts have non-toxic levels
their breakdown preoducts and\goitrogenic hydroxybutenyl

glucosinclates, and recqvering the extracted

glucosinelates and isothiccyanates.

38. A method of preparing b food product according

to claim 37, wherein active myr¢sinase enzyme is mixed
with said crucifercus seede, sprduts or plants; or said
extracted glucosinolates and isoghiocyanates; or both
gaid cruciferous seeds, sprouts) or plants and said

extract.

39. A method of reducing the level of carcinogens

ir 2 mammal, comprising administerfing to a mammal an

Page 23 of 26
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effective \amount of cruciferous sprouts, with the
exception of cabbage, cress, mustard and radish sprouts.

40. A method of reducing the level of carcinogens
in a mammal, \comprising administering to a mammal an
affective amoun‘t of cruciferous sprouts having at least
200,000 units per gram fresh weight of Phage 2 enzyme-

inducing potentipl when measured after 3-days of growth

from seeds that prnoduce said sprouts and non-toxic levels
of indole glucosinglates and their breakdewn products and

goitrogenic hydroxybutenyl glucesinolates.

41l. A method pf extracting glucosinolates and
isothiocyanates from plant cissuve comprising the steps of
hompgenizing said plant tissue in an excess of a mixture
of dimethyl sulfoxide, acetonitrile and dimethylformamide
ab a temperature gufficient to inactivate myrosinase

enzyme activity.

ruciferous sprouts,
Jmistard and radish

42. A food product dompiri
with the exception of cabhbage,
sprouts, harvested prior tq the 2-leaf stage, cruciferous

seeds; extracts of said\sprouts or seeds; or any
combination of gaid sprouts\ seeds or extracts.

43. A method of incra\asing the chemoprotective
amount of Phase 2 enzymes im a mammal, compriging the
step of administering an effedtive quantity of the food
product accerding to claim 42, '

44. A food product compris"ng crucifercus sprouts
ye, wherein said gprouts

harvested prior to the 2-leaf sta
have at least 200,000 units per\ gram fresh weight of
Phase 2 enzyme~inducing potential When measured after 3-
days of growth from geeds that produce said sprouts and
non-toxic levels of indole glucosinplate and goitrogenic
hydroxybutenyl glucesinolates; crucifercus  seeds;
extracts of said sprouts or seeds; oy any combination of
said sprouts, seeds or extracts.
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45, A methoed of increasing the chemoprotective
amount ©f Phage\2 enzymes in a mammal, comprising the
step of administgring an effective quantity of the food
product according\to c¢laim 44.

46. Cruciferols psproits harvested prior to the 2-
leaf stage, wherein| thd ratic of monofunctional to

bifunctional inducels\i “least 20 to 1.

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

Page 25 of 26
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ABSTRACT OF THE DISCLOSURE

Vegetable sources of cancer chemoprotective agents
have been identified which are extraordinarily rich in
glucosinelates, metabolic precursors of igothiocvanates,
The vegetable sources are used to provide a dietary means
of reducing the level of carcinogens in mammals.
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