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ABSTRACT Commpﬁudmapedaﬂycmd-
fers, reduces the risk of developing cancer. Although the
mechanisms of this protection are unciesr, {eeding of vegeta-

phase I detoxication enzymes, such ss quinone reductase
(NAD(PYH:(quinone-acceptor) oxidoreductase, EC 1.6.99.2)
and glutathione S-transferases (EC 2.5.1.18) in rodent tissues
affords protection against carcinogens and other toxic electro-
philes. To determine whether enzyme induction is respounsible
for the protective properties of vegeiabies in humans requires
isolation of enzyme inducers from these sources. By monitoring
quinone reductase induction in cuitured murine hepatoma ceils
as the biclogical aszay, we have isolsted and identifled (=)-1-
isothiocyanato-(4R)-(methyisuifinyl)butane (CHy—SO—
(CHy)¢—NCS, suiforsphane] a3 a major and very potest phase
11 enzyme inducer in SAGA broccoli (8russics oleraces italica).
Sulloraphane is a monofunctions! inducer, like other saticar-
cinogenic isothiocyanstes, and indoces phase [I enxymes selec-
tively without the induction of aryl bydrocarbos receptor-
dependent cytochromes P-4S0 (phase | enzymes). To clucidate
the structural features responsible for the high inducer potency
of sulforaphane, we synthesized racemic suiforaphane and
anslogues differing in the oxidatiom state of sulfur and the
number of methylene groups: CHy=S$0.—(CH,),~—NCS,
wherem = 0, 1, or 2and & = ), 4, or §, and mensured their
inducer potencies in murine hepstoms celis. Suiforaphase bs
the mont polent inducer, and (he presence of oxyges on suifer
enhances potency. Suiforsphane snd its suifide and suifoms
analogues induced both quinome reduwctase aad giutathione
transferase activities in seversl mouse tisswes. The induction of
detoxication enzymes by sulforsphsne may be a significant
component of Lhe anticarcinogenic action of bruccoll.

Individuals who consume large amouats of green and yellow
vegetabies have a lower risk of developing cancer (1-3).
quin.dmhvﬂbmdmabmm
chemical carcinogenssis (4, 5). and it resuits in the induction
in many tissues of phase [1# enzymes—e.g.. quinons reduc-
tase (QR: NAD(PYH:(quinons-acceptor) oxidoreductase, EC
1.6.99.2} and glutaihions S-transferases (EC 2.5.1.18) (11-
17). Although much evidencs suggests that induction of thess
enzymes is a major mechanism responsible for this protection
(18=20), ihe precise rule of cnzyme induction in protection of
humans reguires clerification.- The preceding repurt (21)
shows that measurement of QR activity in Hepa lclc? murine
hepatoma cells provides a fapid. reliable, and convenient
index of phase Il enzyme inducer activity in vegetables.
Using this assay (21-24), we found that cruciferous vegete-
bies (broceoli. caaliflower. mustard, cress, brussels sprouts)
were a rich sourcs of inducer activity. We chose to investi-
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gate broceoli (Brassica vleracea itulica) specifically because
it is consumed in substantial quantities by Western socicties
and has been shuwn to contain abundunt phase Ll cnzyme
inducer activity (21). In this paper we describe the isolativn
and identification of a potent major phase 11 enzyme inducer
from broccoli.

MATERIALS AND METHODS

Source of Vegetables and Preparation of Extracts. SAGA
broceoli was grown by Andrew Ayer (Maine Packens. Cure
ibou. ME). SAGA is synonymuus with Mariner brucculi
(Petoseed. Arroyo Grande. CA) and was adapted for growing
in Maine by Smith. Ayer, Goughan. and Arrow. The broccoii
was harvested when ripe, [rozen immediately. shipped to our
laboratory in dry ice. and stored at —20°C until processed.

For preliminary survey of inducer activity in broccoii
samples, florets were homogenized with 2 vol of water at 4°C,
and the resuitant soups were lyophilized to give powders,
which were stored at -20°C. Portions (400 mg) of these
powders were extracted (or 6 hr with 14 ml of acetonitnle in
glass-stoppered vessels on a wrist-action shaker at 4°C. The
extracts were filtered thruugh a sintered gluss funnel and
evaporated to dryness in a rotating evapurator (<40°C). The
resiiues were dissoived or suspended in 100 ul of dimethy!
formamide and assayed for inducer activity.

Asxay of Indwcer Activity. {nduccr potency for QR was
measured in Hepa 1cle? murine hepatoma cells grown in
96-well microtiter piates (21. 24). The celis (10.000 per weil}
were grown for 24 hr and then exposed to inducer for 48 hr.
Usuaily 20 ul of the solutions to be assayed {in acetonitrile or
dimethyl formumide) was added to 10.0 ml of medium and
2-fold serial dilutivns were used for the micrutiter plates. The
(inal organic solvent concentration was always less than 0.2%
by volume. One unit of inducer activity is dJefined as the
amount that when added (o a singie microtiter well (cuntain-
ing 150 ul of medium) doubles the QR specific activity. The,
inducer potency of compounds of known structure has been
determined in the above system also. and it is expressed as

Abbrevidtions: QR. quinons reductase |[NAD(PIH:(quinons-
acceptor) oxidoreductase. £C 1.6.99.21: CD value. the concentration
of a compowm reguired (o Juuhle the guinune redixtase specific
activity in llerm 1cicT murine heratons coibs.
ro winam repeint roguests shoukd e addressed. o ]
tEnzymes of 2eoubiotic mctabulism belong (v 1wo families (8): ()
phass | enzymes (e.g.. Cytochromes P-430), which functionalize
compownds, ususily by oxidation or reduction: although their

pricnary rols ia to detoxify
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the concentration required (o double (CD value) the QR
activity.

The inductions of QR and glutathione transferase activities
in mouse urgans were studied according 1o a standand pro-
tocol (25).

Synthesis of Compounds. (R.5)-Sulforaphane (CAS 4478-
93.7) was prepared according to Schmid and Karrer (26)
except that gaseous thiomethanol was replaced by sodium
thiomethoxide. The suifide anulogues, CHy=S=~(CH,),~—
NCS. where n is 4 {erucin (CAS 4430-36-8)) or § {berteroin
(CAS 4430-42-6)] were prepared as described (27), and the
three-carbon analogue [iberverin (CAS 505-79-3)] was pre-
pared from phthalimidopropyl bromide (26). IR spectra of all
three suifide analogues showed strong absorptions near 2150
em™', characteristic of isothiocyanates. 'H NMR spectra of
these compounds show sharp singlets at 8 2.10 ppm (CHe=—S
group). The sulfoxide analogues where » is 3 [iberin (CAS
505-44-2)] or § (alyssin (CAS 646-23-1)} were prepared by the
same method as sulforaphane. IR spectra of these compounds
showed strong ions near 2100 cm™', assigned to the
—NCS group. 'H NMR spectra aiso showed sharp singlets
amMOZJppm.consiﬂeMwithlhcmoflhc
CHy—SOgroup. The sulfoneanaiogues, CHy—SOr—CHyv—
NCS. where a is 3 {cheirolin (CAS 505-34-0)}, 4 (erysolin (CAS
504-84-7)], or 5 (unreported) were prepared by known methods
(28). '"H NMR (& = 2.9 ppm, for CHy—SOr—) and IR spectra
of these compounds were consistent with the structures.
Every analogue except 1-isothiocyanato-S-methyisulfonyi-
pentane (CHy—SOr—(CHy)s—NCS] has been isolated from
plants (29). ]

RESULTS

Isolstion of Inducer Activity. We selected SAGA broceoli
for study because acetonmitrile extructs of Iyopi}iliz_ed ho-
mogenates of this variety were especially rich in inducer
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activity (62,500 units per g) in ¢ mparison with other vege-
tables (21). Fractionation of acetonitrile extracts of SAGA
broccoli by preparative reverse-phase HPLC (Fig. 1) with a
water/methanol solvent gradient resulted in recovery of
70-90% of the applied inducer activity in the chromuto-
graphic {ractions. Surprisingly, the majority (about 65-80%
in several chromatographies) of the recovered activity was
associated with a singie and relatively sharp peak ((ractions
18=23; cluted at 64=717% (voi/vol) methanol]l. This HPLC
procedure was therefore adopted as the first step of the
larger-scale isolation of inducer activity.

Lyophilized SAGA broccoli was extracted three times with
acetonitrile (35 mi/g) for 6 hr each at 4°C. The pooled extracts
were filtered and evaporated to dryness under reduced
pressure on a rotating evaporator (<40°C). About | g of
residue from 640 g of fresh broccoli (64 g of lyophilized
powder) contained 3.6 x 10* units of inducer activity. The
residue was mixed thoroughly with 120 mi of methanol/water
(25/7S. vol/vol) and the insoluble fraction was.discarded.
Although not ail of the residue obtained from the extraction
was soluble in aqueous methanol, the solvent partition pro-
cedure resulted in substantial purification without significant
loss of inducer activity. Portions of the extract were dried in
a vacuum centrifuge and dissolved in small volumes of
dimethyl formamide (0.75-1.0 mi per 50 mg of residue), and
50-mg portions were subjected to HPLC (nine runs) as
described in the legend of Fig. 1. Fractions 18-23 from ail
runs were pooled, evaporated (0 dryness, applied in aceto-
nitrile o five preparative silica TLC plates (100 x 200 x 0.25
mm). and developed with acetonitrile, which was run (o the
top of each piate (hree times. Four major fluorescence-
quenching components were resolved, and nearly all (99%) of
he inducer activity migrated at R, 0.4. The active bands were
eluted with acetonstrile, pooled, and fractionated by two runs
on a second prepanative reverse-phase HPLC in a water/
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acetonitrile gradient (Fig. 2). Ultravi let absorption and
inducer activity were eluted in a sharp coincident peak (at
66% acetonitrile) that contained ail of the activity applied to
the coiumn. Evaporation (<40°C) of the active fractions gave
8.9 mg of a slightly yellow liquid, which contained 558,000
inducer units (overall yield 15%) and migrated as a single
band on TLC.

[dentiflcation of Inducer. The identity of the inducer was
established by spectroscopic methods and confirmed by
chemical synthesis. It is (=)-l-isothiocyanato-(4R)-
(methylsuifinyl)butane. known as sulforuphane or sul-
phoraphane (CAS 4478-93-7):

1]
HeC

Sulforaphane has been synthesized (26) and isolated from

leaves of hoary cress (30) and from other plaats (31), and the
. absolute configuration has been assigned (32). The closely
related olefin sulforaphene {4-isothiocyanato«1R)-(methyl-
sulfinyl)=-1<E)-butene (CAS 2404-46-8)} has been isolated
from radish seeds and other plants (33, 34) and has aiso been
synthesized (35, 36).

The following evidence establishes that (R)-sulforaphane is
the inducer isolated from broccoli. UV spectrum (HyO): Aqus
238 nm, sy 910 M~'cm~'; addition of NaOH (0.1 M)
blue-shifted (Amas 226 nm) and intensified (2 15.300
M~ 'cm~!) this absorption band, consistent with the behavior
of isothiocyanates (37). IR (Fourier transform, neat): strong
absorptions at 2179 and 2108 cm™' and also at 1350 ém™!,
characteristic of isothiocyanates (Z7). 'H NMR (400 MHz,

20
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20:80% 10 71:29% (voi/vol) at & flow rate of 1.0 mi/min during 3
20-min period. The cluats from 17.0 to 19.0 mis was coliscted as &
pool and assayed for inducer sctivity: 9996 of the inducer activity was
recovered in this poul. The slstion position of (R.S )»-miforaphane i
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CHCly): $3.60 (1. 2H. J = 6.1 Hz, —CH—NCS). 2.80-2.66
(m, 2H, —=CH~—50—), 2.60 (3. JH. CHy—SO~—), and 1.99-
l'x“ ppm (m, 4H. —CH,CHp—). C NMR (400 MHz,
C'HCly): § 53.5, 44.6, 18.7, 29.0, and 20.1 ppm. Mass
spectrometry (fast atom bombardment; thioglycerol matrix)
8ave prominent peaks at 178 (M + H)* and 355 (M, + H)*.
Electron impact mass spectrometry gave a small motecular
ion (M*) at 177, and chemical ionization mass spectrometry
gave 2 small molecular ion (M + H)* at 178 and prominent
fragment ionx with masses of 160. 114, and 72, consistent with
the f{ollowing fragmentation:

| : : :
H—?-.s"'f Gi;—di;—@,-;-di;—bd =C=s:
o —n—

il4
160

Precise masses of molecular and fragment ions obtained by
electron impact mass spectrometry were 177.0286 (calcuiated
for CaH;NOS;, 177.0283). 160.0257 (calculated for
CaH10NSy, 160.0259), and 71.9909 (caiculated for C;H;NS,,
71.9908). [n addition, for the mass 160 fragment. the peaks at -
161 (M + 1) and 162 (M + 2) were 8.43% (caicuiated, 8.44%)
and 9.45% (caiculated, 10.2%), respectively, of the parent
ion. Similarly. for the mass 72 fragment, the peaks at 73 (M
+ 1) and 74 (M + 2) were 3.42% (calculated, 3.32%) and
5.23% (caiculated, 4.44%), respectively, of the parent ion.
Hence the isotope compositions corrected for the natural
isotops abundance (of C, BN, 1S, and %S) were consistent
with the reiative intensities of the M + 1 and M + 2 ions of
both (i The optical rotation of the isolated matenal
was (alff —63.6° (¢ = 0.5, CH,Cly). thus establishing that the
product is largely, if not exclusively, the (—=)<(R) enantiomer
(literature [alp ~79°, -73.2°, —66" refs. 26, 30, and 18.
respectively). The spectroscopic properties of synthetic
(R.S)-suiferaphane were identical to thase of the isolated

product.

Reiatioa of Strocture (o Indwcer Activity Among Sul-
forsphame Anslogess. To define the structural features of
sulforaphane (chirality, state of oxidation of sulfur of the
thiomethyi group, number of methylene bridging groups)
important for inducer activity, we synthesized (R.S)-
sulforaphane and the following analogues and measured their
inducer potencies: CHy—5—(CHj),—N==CanS (n = 3. 4, or
$): CHy=SO—{(CH;),—N==CmS (# = } or $): and
CHy—SOr—(CH;),~—NusCa=S (8 = 3,4, 0r5).

IMdthM-hmmmchlgﬂnyot
the sulfoxide does not affect inducer potency, since isolated
(R»sulforaphane and synthetic (R.S)-sulforaphane gave
closely similar CD values of 0.4=0.8 uM. Suiforaphane is
therefore the most potent monofunctional (see below) in-
ducer that has been identified (19, 20). Both (R)- and (R.5)-

i ic: the concentra-

Sulforaphane and the corresponding
mmumuommuw
ium(uﬁnbmmwhhdumnﬂabhl).
Oxidation of the side-chain sulfide to suifoxide or suifone
enhanced inducer potency, and compounds with 4 or §
methylens groups in the bridge linking CH;5— and
~~NemCsn§ were more potent than those with 3 methylene
groups (Table 1). ‘

Mutants of Hepa lclc7 celis defective in the Ah (aryl
hydrocarbon) receptor or expression of cytochrome
NM!&WM!M (which
WMIIWM)MMW
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Tabde 1. Potency of induction of QR in Hepn Iclc? cells by sulforaphune und unaslogues

R CD vulue, uM
Compound ne) ned AmSs
CHr=5=(CH;),~NwsCm=S J.§ (Ibervenn) 2.3 (Erucin) 1.7 (Beneroin)
CHe=S5=(CHs),~Ne=Cua§ 2.4 (Iderin) 0.4=0.8 (Suiforaphane) 0.93 (Alyssin)
1
!
CH=N=CH:),=Nu=Cu} 0.82 (Erysolin) 0.98

1.} (Cheirvliny

Triviul numes are given in parentheses. See Kjer (29),

ducers (which elevute both phase [ and 11 enzymes) (39, 40).
When suiforaphane was tested with the BP'cl mutant (41)
(defective in trunsport of the ligunded Ah receptor to the
nucteus). and the ¢! mutant (42) (which syathesizes inactive
cytochrome P-450{A1). induction of QR wus normal (data not
shown). Suiforaphane is. therefore, like benzyi isothiocya-
nate, a monofunctional inducer (40) and is unlikely to elevate
activities of cytochromes P-450 that could activate carcino-
gens.

Induction of QR and Glutsthions Traasferase Activities in
Mice. When synthetic (R.S )-suifdraphane, erysolin. and eru-
cin were administered to female CD-1 mice by gavage (25),
induction of QR and glutathione transferase activities was
observed in the cytosols of several organs (Table 2). Sul-
furnphune and erucin (in dnily doses of 15 umol lor 5 days)
raised both enzyme activities 1.6~ to 1.1-fold in liver, lore-
stomach, glandular stomach, and mucosa of proximal small
intestine. and to a lesser degree in lung. The suifone (erysolin)
wits mure toxic, but even S-umol duily doses (or S days
clevated the specific activities of these cnzymes in some
tissues examined. We therefore conciude that sulforaphane
and its analogues not only induce QR in Hepa lclc7 murine
hepatoma cells but aiso induce both QR and glutathione
transferase activities in a number of murine organs.

DISCUSSION

Two considerations prompt the belief that suiforaphane is a
major and probably the principal inducer of phase Il enzymes
present in extracts of SAGA btweoll First, high yields of

inducer activity were obtained at each step of the isolation,
and even in the first HPLC (Fig. 1) more than 60% of the
inducer activity wus contuined in a single chromatographic
peak. the biological activity of which could not be subirac-
tionuted. Secund., when a towlly independent method of
isolation of inducer activity by high-vacuum sublimation of
lyophilized broccoli (5 um Hg pressure, 60-165°C, condenser
at = 15°C) was used, neariy all the isolated inducer activity
was found in the methanoi-solubie portion of the sublimate.
Moreover, on HPLC (Fig. 2) this sublimed material gave rise
to only a singie isothiocyanate-containing fraction, which on
TLC comigrated with authentic sulforaphane and after fur-
ther purification by TLC provided a high yield of sul-
foraphane characterized unequivocaily by NMR.

The finding that the majority of the inducer activity of
SAGA broccoli-probably resides in a single chemical entity,
an isothiocyanste, is of considerable interest. [sothiocy-
anates (mustard oils) and their glucosinolate precursors are
widely distributed in higher plants und are especially preva-
ient among cruciferous vegetables (29). Suiforaphune has
been identified in species of 8rassica, Eruca. and lberis (29,
.

Isothiocyanates have been shown to block chemical car-
cinogenesis. [n rats, l-aaphthyl isothiocyanate suppressed
hepatoma formation by 3-methyicholanthrene, 2-acetylami-
nofluorene, diethyinitrosamine, m-toluenediamine, and azo
dyes (43-46). in mice, benzyl isothiocysnate biocked the
neoplastic effects of diethyinitrosamine or benzo{alpyrene
on lung and forestomach (47, 48), and a variety of phenylaikyl
isothiocyanates reduced the pulmonary -carcinogenicity of

Table 2. Induction of QR and glutsthions S-transferass (GST) in mouse tissues by sulforsphane and anslogues

Ratio of specific activities (treated/control)

Dose, umol Proximal
per mouse Glandular ) small R
inducer per day Enzyme Liver Forestomach stomach intesting Lung
CHy=S==(CHyle—NCS 13 QR 2.19 = 0.08 1.64 = 0.18° 1.2 2011 3.10 = 0.20 1.66 = 0.1)
Et,:da . GST 1.86 = 0.08 251 z0.11 2.07 £ 0.08 3.00 = 0.21 1.41 = 0.11*
CHy=eS—{(CHy)=—NCS 18 QR 245 £ 0.07 1.70 = 0.18° 238 = 0.06 2.4 =019 1.37 = 0.14°
" : GST |86 =z008 1.98 = 0.08 2972008 2132020 L17=z00'
. Sulforsphane t
'
CH CHile—=NCS s QR 1.62 = 0.09 1.0 z 0217 1.57 = 0.08' 1.2 =02 1.00=0.11
o ’ : osT  1oszoll’  l4sszols’  1sezol’ osTzox’ L09= 0.1’
Frysulin )
. were miministered (0 -week Mmlmtluﬁﬁwmnmhwwuymmo.l
Yot o rprit tigsues 24 he after the last trentment and assayed (or

cumpoumis
MdWBLW(W.MNJ)fchMCyM?mMMM Y
vities (shutathions S " 3 with 1-chioro-2.4-dinitrobenz
mmmm-qumnsan:asr.xonoza.momxngxs’szpsr.x:g

enzyme
of organs of

specific activities (amokmin~'mg"' = SEM)

from 1.0 with # < 0.01, except for o, P

- 3 i d o 266, 5
-n.cwmou.muu.osr.muLs-nmmmzn GST.1UN2 =2 "“Q.'<o.ns.-a¢r.r>

= 34. Data are presented as meaa = SEM. All mtics were igmi
0.as. i
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the t bacco-derived carcinogenic nitrosamine 4-(methyini-
trosamin )»1-(3-pyndyl)-1-butanone (49, 50). The anticarci-
n genic effects [ previously studied isothiocyanates may be
related t their capacity t induce phase [l enzymes. which
are involved in the metabolism ( carcinogens (51-57).

It will be important to establish whether the alterations of
drug metabolism observed in humans and rodents after the
ingestion of cruciferous vegetables (58, 59) can be ascribed to
their content of sulforaphane. The finding that this isothio-
cyanate is a major monolunctional inducer of phase []
enzymes in broccoli 2iso provides the possibility of clanifying
the relationship between enzyme induction and chemopro-
tection.

We thank Andrew Ayer for supplying generous quantities of
SAGA broccoli. These sindies were supported by grants (rom the
National Cancer Institute (POl CA 44530) and from the American
Iastitute for Cuncer Research. All animal experiments were in
compliance with Nations! Institutes of Heaith guidelines (60) and
were spproved by the Committee on Animal Care of Johns Hopkins
University,
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Cancer preventive properties of varieties

of Brassica oleracea: a review'3
Christopher WW Beecher

ABSTRACT  Cabbage, broceoli, Brussels sprouts, and other
members of the genus Srassica have been widely regarded as
potentially cancer preventative, This view is often based on boch
experimental testing of crude extracts and epidemiological data.
The experimental evidence that provides support for this possi-
bility is reviewed for the commonly consumed varicties of
Brassica oleracea. In 8 majority of cases the biological activities
seen in testing crude extracts may be directly relsted to specific
chemicals that have been reported to be isolsted from one of these
closely related species, thus the chemical evidence fusther sup-
pons the dama from testing extracts and epidemiology. AmJ
Clin Nutr 1994:5%(suppi):1166S-70S.

KEY WORDS  Brassica, Brassicacese, mutagen, antimuia-
gen. cancer, prevention, vegetables, chemoprevention

Introduction

Although most botanists would hardly agree that *°A rose may
be a rose by any other name™* there would be substantial agree-
ment that a cabbage and a cauliflower may be quite the same.
These vegetables. and other closely relared members of the
Brassicacese family, have received widespread notice recently as
public figures have disavowed their coasumption and scientists

have upheld them as exemplary of medicinaly significant foods. -

Thus, in this article we review ail of the experimental evidence
that suggests that there may be 8 cancer preventive beneflt from
consumption of members of thess closely related and commonly
consumed vegetables (1, 2). Furthermore, in view of the exten-
sive data (3. 4) that-exist for thess vegetabies, we will restrict
ourselves to thoss vegetabies commonly classified as subvarietes
of the species Srassica oleraces (Table 1).

From the outset it must be reatized thaz the published experi-
mental data coms from two different types of experimental pro-
tocols. [n the firs type, evidence is published that concems tests
conducted on the whols food (or from cruds exuacts). [h the
second type. tests are conducted on specific chemical compounds
that have been isolsted from thess foods, Specifically, we will
cross-correlats thess two bodies of daza so that, whenever pos-
sible, the specific compounds that may bs responsible for an ob-
servation seen in testing a crude extract are identified. [t is worth
nodng that this information is oftea not svailable in the original
articie and lends credencs to the initicl observation.

It is our intention to provide support for observations mads on

active chemnical species for 8 givea observation may nox yet be
166s

* is promoted. The promotional act may similarly ke muitiple
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identified. Although various aspects of the chemistry (S), phay. ¥
macology (6, 7). biology (8-10). and general concepts of cancey *
chemoprevention (11-13) have been reviewed separately, we °
will provide an overview approach that demonsirates the overtyy :
between these various aress. Furthermore, it is important 1o ree.
oniannydiniuluidsmmnuyundamy.(u)'
which, in preliminary repores, lend credence 10 the cancer pre.
ventative approaches (15, 16).

Relevant biological activities

The etiology of cancer follows no single track but rather is the .
result of an accumulation of diverse events that lead to 2 commes
endpoint, namely the uncontrolled growth of a normally quies “§
cent cell. Nevertheless, there are generally recognized o be meay -
common stages to the development of cancer. These stages (Fig
1) include an initial insult (or mutation) to the genetic material
often delivered by a mutagen or other chemical agent but tmay
also be inherited or possibly viral in origin. A cell tiat has re-
ceived such an insult is said to be initiated. An initiated cell will
still be quiescent and not manifest its altered phenotype ustl it

forms but it fundamenually involves achieving a physiclogical
sute thas signals the altered DNA 10 be read. Where the altered
message leads (0 an unquenchable cycle of cellular divisicn, e
cell is considered cancerous. This aberrant equilibrium. where
the cell cannot reset itseif, will become a tumor if it cannot regua
a "‘normal’’ or self-restrained equilibrium. :

Cancer chemotherapeutic agents are directed against cancerous
or fully promoted cells and seek to selectively kill the ceil based
on some aspect of its aberrant biochernical equilibrium. As such.
all current cancer trestment is based on compounds that are toxK-
An ideal cancer chemotherspeutic agent would be toxic caly ©
cancer cells but the reality is that such specificity has not yd
been acheived. Although this is clearly a suitable course whes
the fatality of the disease is considered. the approach 1w canct

'mumhmnmmmm
Sciences. Deparcnens of Medicinal Chemistry and Pharmacogaesy. Co
lege of Pharmacy, University of llinois &t Chicago.

1 Supporwd in part by grant CA48112-01A3 from the Nasional C20%
[nstitaze.

 Address repriss requess © CWW Bescher, Program for Collsbo™

“ tive Research in the Pharmacewtical Sciemces. Deparmens of Meticst
Coemisry st Pharmacogeosy, M/C 781, College of Pharma.y. U™
varsicy of [Mlimois & Chicago, Chicago. IL 60612

amm—




Y. v

i

J reg-
(14
* pre-

gi2ifie

is (e
1 will

dciple
el
leered
n, the
where

Bl 4

such.
roxiC.
aly ©
xyet
whes

il sEY ¥ e

]

Case 1:07-cv-07844-SAS - Document 42-42

8RASSICA CHEMOPREVENTION

TABLL |
mmmmﬂymnﬂmmdm;mam

Species Variery Common name
St
SaITicE COmpesing Freid mustard
praxzica junces Mustard greens
Jrassica nspus var rapabrassica Rutabags
grassica nigro Black mustard
frassna oleraces var acephala Collards
grassica oleroces var acephala Kale
grussica oleracea var borryns Brocenti
Srazsica oleracea var borryiis Caulifiower
Sraxrico oleracea var capitata Cabbage
Sruzsics oleracea var gemmifera Brussats sprouts
Srazzico olerccea var gorgyiodes Kohirsbi
Srassico pekinensis var copitara Cabbsge (Chinese)
praszico raps var rapifera Turnip
prazsiva rape var japonica Red turnip

chernoprevention must be based on a very different strategy. In
visw of the fact that such agents musz be used prophylactically,
oy must exhibit few, if any, side effects and must have virnaally
so toxicity. [n addition (o these sxingent requirements, it needs
© be recognized that any compound that is to bs coasidered as
scancer chemopreventive agent may also exhibit a suitabie spee-
wum of biological activity.

[a cancer chemoprevention the aim is to reduce the number of
tnitiazed cells, inhibit the promocion of initiated cells, or even
reverse the promotion itself. Furthermore, each of these broad
cxtegories has many strategies that may be useful to cancer pre-
vengon. First, there are strategies that aim to reduce the initistion
rxte. The agencs here are classified as andmutagens, desmutagens,
inhibitors of enzymes that activate procarcinogens, or agents that
simulate the metabolization of mutagens (o less harmful metab-
ofites. Also included here are antioxidants becsuse a2 portioa of
the genetic damage is likely the result of free radical damage
(17=21). Second, there ace strategies that aim to reverss or inhibit
the promotion stages. Biological activities that act at this stage
may act specificaily on the promoted ceil (o causs it to rediffer-
entiate and hence regain conwol of its own division or they may
act at any of the points in one of the secondary messenger (or
the reisted oncogene) systems that are frequently implicated as
destabilizing agents. In the same light, the biological conse-
quences of low-level inflammation or constant low-level estro-
gegic stimulation are similarty considered destabilizing (22, 23)
tnd hence targess for chemopreventive approaches.

As we consider such an etiology, we can associste specific
bicazsays that have been described in the literature in celstion o

"one or more of thess points. Thus. as a basis for this article, we

bave undertaken 0 review the reports of relevant biclogical ac-
tvities for Srassica oleracea varieties. They will be orgapized
a8 discussed above. With respect to initistion stages, the majority
of published literature inf this ares ingy be divided crudely into
two broad groupings. namely reports of an anti- (or des-) muta-
genic activity and reports of stimulation of a detoxification mech-
mism. With respect (o antipromotion activity, there is a single
feport that suggests that this mechanism may play s role in
8:ussica’s cancer preventive potential. However, there are many
reperts that may not be classified as either of these stages but
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assumed in the development of cancer.

rather are of such a general oamre that no specific mechanism of
protection may be ascribed 1o them.

Antimutagenic activities

The ability of a crude extract of a Srassica variety 10 reduce
the effect of a mutagen (¢ither 23 & desmutagenic ageat or as an
antimutagenic agent) has been reported no less than eight times.
Ia all of the cases in which a mechanism can be discerned it
appears that, although the term antimutagen is used routinely,
these are most likely all cases of desmutagenicity. These reports
are summarized in Table 2.

The maijor bulk of the reports concemn ability of a protein.
termed the desmutagenic factor, 1o inhibit various mutageas in
Ames-type assays. This factor, first described by Kada er al (24),
was later characterized (25) and patented (26) by Mornita et al as
a heat-labile protein with a molecular weight of =53 kDa. which
contained a prosthetic group with a heme-like chromophore. This
protein was shown active against Uryptophan pyrolysates (24),
ethidium Gromide (25). 2-aminoanthracene (25), auooxidized
linolenic acid (27), and pyrolysates for other amino acids (23).

TABLE 2
Summary of antimutagenic results
- —— -
Plam
extracted Mutagen Pereent reduction
*
Caulifiower Niuase + methylures b
Caulifiower  Niume + aminopyrine 57
Cabbage Nitrae + sorbic acid. Moderae (not caiculabie)
Caulifiower Nitrats + sorbic acid Moderate (not calculabie)
Cabbage Tryptophan pyrolysae 97
Broecoti Tryptophan pyrolysae-{ 9
Broccoli Tryprophas pyrolysate-2 81
Broceoti Ethidiun bromide 9
Broceolh 2-Amincanthracens )
Sroccoll AF-2 0
Broccoli Ozidized linolenic acid 82
Cabbege Oxidizad linolenic acid® 76
Red cabbege  Ozidized lisolenic acid 8
Caulifiower”  Oxidized linolenic acid 76
Cabbage Teypiophan pyrolysase-1 3
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In their 1980 paper, Yamaguchi et al (27) demonstrated a sinking
correiation between the desmutagenic acuvity of the extracts angd
their peroxidase activity and fusther demonstrated that the per-
oxidase activity required a cofactor. This activity was later con.
firmed in the purified procein by Morita et al (25), who did not
nore the need for the cofactor. The signal characteristic 19 the
desmutagenic factor has always been the fact that it is both heat
labile and is inactivated by digestion with a proteinase. With this
in mind. some workers (29) have pointed out that after heas treat-
ment some crude extracts of Srassica extracts still exhibit resid-
uai activity, suggesting the presence of other antimutagenic com-
ponents. Munzer (30) demonstrates that some antimutagenic ac-
tivity acts by stimulating native detoxification systems in
Saimonella ryphimurium and thus some of these other agents are
also desmutagenic.
The identity of the other antimutagenic agents has been the
focus of other researchers. Two groups (31, 32) have reported
that extracts of caulifiower and cabbage. respectively, interfere
with the production of mutagens by nitrosation. There is consid-
crable agreement that the active agents include escorbic acid,
cysteine, or other compounds acting as reducing agents. This is
actually demonstrated by Osawa et al (32), who show that the
ascorbic acid is responsible for the chernical reduction of the 1.2-
dinitro-2-methyl pyrrole. the mutagenic niosation product of
sorbic acid, to the nonmutagenic compound |-0itro-2-methyl-4=
amino pyrrole. Barzle et al (31) show that ascorbic acid and some
phenolic compounds can duplicate the activity seen in the crude
extract. On the other hand, Lawson et al (33) have identified four
specific compounds isoisted from savoy chieftain cabbage that
demonstrated antimutagenic activity against specific mutagens,
N-methyl-V-nitrosourea (NMU) and 2-amincanthracene (2-AA).
These compounds, §-sitosierol, pheophytin-a. nonacosane, and
nonacosanone. are notabie because they are likely o be present
. in a majonity-of plancs. These authors aiso demonsrate that com-
mercial chiorophyll. the biological precursor to pheophytin-a. is
strongly antimutagenic. These compounds were shown (0 present
different activity profiles against the NMU and 2-AA: therefore,
the auchors argue that these compounds were achieving their an-
timutagenicity through more than one biclogica! mechanism.

Stimulation of detoxification mechanisms

As noted briefly above, Munzer (30) noted that the antirmuta-
genic activity of many vegetables. including cabbage, Brussels
sprouts. and kohlrabi, was in stimulating the S-9 mix normally
used to metabolize and sometimes activate mutagens. This ob-
servation serves (1o bridge the antimutagenic potential discussed
above and the large body of data that makes it clear that in ani-
mals thers is & strong stimulation of many of the native detoxi-
fication systems by exwacts of various Srassica species. Al-
though this attribute has been fairly widely discussed recemtly.
because of the articlex. published by Talalsy's group (34, 39). it
is important tn note that this area has a long and honorabie back-
ground. Furthermore, although the Talalsy articles do demoa-
strate a selectivity in the induction of phase-2 enzymes that
has not previously reported, the ability of members of the
Brassicacease family to stimulate a broad spectrum of enzyms
systems has been widely reported.

- The earliest work on the induction of these enzyme systemns
was actuaily an attempt by Wanenberg (36) to expiain variations
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in baseline aryl hydrocarbon hydroxylase concentrations " g
ferent rat colonies. The variation ulumately was asenbed o "
presence of alfalfa as an occasional component in rat chow T::
observation was followed by an examination of the abili}y
many foodstonimlaemiseuym Wattenberg and hig «
demonstrated that many members of the Brassicacese {N
mmmninmm(mmmmh?‘
compounds were readily identified as indole-3-carbinol, 3 3
diindolymethane, and indole-3-acetonitile, which Stimulateg 0.
fold. 20-foid, and 6-fold increases, respectively, in enzyme =
tivities in the livers of rats that consumed augmented basa) choy
In subsequent papers they demonstrated that the ability of intey.
tinal enzymes to detoxify many xenobiotic compounds. inchad:
the indoles noted above (38), correlated to Brussels sprouss o
cabbage consumption in rats (39) and in humans (40). The ey
Zyme sysiems involved included many mixed-function oxidagey.
such as phenacetin O-dealykylase, 7-ethoxycoumarin O-dealky.;
lase, hexobarbital hydroxylase. and benzo(sjpyrene hydroxylase,
Adimcmlaioumlucmblishedbammem.‘
of these mvimmmmonofm«wb,
McDaneil et ai (41, 42). These later studies aiso demonstrazed
that the various active compounds had differing abilities to sti.
ulate enzymes in different organs of the body. They note for
instance that the ascorbic acid conjugats of indole-3-carbinal iy
the most active compound in stimularing the mixed-funcriog
oxidase populations of the gur whereas indole-3-carbinol, of te
compounds tested, was the strongent inducer of the liver e
mTMaad(‘J)dummdmdymabﬂkyd-
indole-3-carbinol to inhibit tongue carcinogenesis induced wity
4-aitroquinoline- | -oxide. .

Meanwhile. working in a parallel vein. Saibe and Bjeldanes’
(44) nox only confinned the carlier results of the Warenbery
group but aiso demonsirated that the enzyme glutathione-5-Taas-
ferase was also swongly induced by Brusseis sprouts. This e
Zyme, unlike those discussed eartier, is not a P-450 type enzyme
but represents rather a phase-2 detoxification system that acts
conjugate and clear toxicants from the system. The significance -
of this difference cannox be understated. For most of the P450
type enzymes. their ability © detoxify many mutagens must &b
ways be balanced by their ability (0 activate other mutagens (45)
For gluuthione-S-transferase. there are no such drawbacks, :
rather, as this group has shown (46), an increase in this enzyms
slone directly resulted in an 87% reduction in the binding of
aftatoxin (o hepatic DNA in vivo. A wide specuum of compounds J
(47. 48) including the giucosinoiates, such as sinigrin and pro- __;:
goitrin, and their derivazes. such as allyl isothiocyanate. goiond. 3
indote-3-carbinol, and indole-acetonitrile, induce glutsthiooe
transferase. In other systems it is induced even more surongly b7
xanthorozin and some flavanoids (49).

Other relevant reports

There re some reports in which no mechanism can be cssily
ascribed 0 the results or that do no fit into cither of the 2™
mmrmmmmwlynﬂ‘
icant with respect 1o the ability of brassicaceous planis 1© %

ducted by Bresaick et al (30) in which rais were fed 2
mamumwm-mrm:oyu:‘
tstically significam reduction in the rate of chemically ind
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umors in the rats with cabbage in their diet This effect
wxs 001 SeET in rats on a high-fat diet. [t is of interest to note
“mapaimuldaip allowed for the consumption of cab-
woﬂyaﬂa‘hinﬁn’nﬁm event, administration of MNU. thus
wgdngtpouddudmmodonefrem. This possibility is also
'cuwdbyam!mwmimad(ﬂ).whomme
ihibition of Epstein-Basy virus induction s an indication of an-
gpromodon acuviry. In their assay an extract of cauliflower is
very swongly active in inhibidng the normal promotion event. In
peither of these publications is it possible to ascribe 2 specific
compound 10 the activity observed.
Finally, note that proteass inhibitors have been associated with
exrcipogenesis inhibidoa (52 53). so the relevance of 3 swong
in inhibitor from the seed of kale (Brazsica oleracea var
mllla)myhmbm(ﬂympmdm:min
mmof&cphm(m:ﬁl&inoﬁe@eﬂe)aiunﬁliq
10 overcome problems of absorption and ransport are totally un-
mown.

Summary

It may at first scem surprising that so many biological activities
Bave been demonswated for plants as commonly consumed as
these. Yet reflection on the complex chemicai nature of most
plnuwuaamumaemyumbiobﬁdpmwinau
of them than we would expect from something that is generally
considered 1o be biologicaily neutral. Furthermore. although
some of thesa reports have been in humans, the majority are in
vizo results whose besring on their effect on humans is very
much an open question. The work of McDanell et al (41, 42)
clearly demonstrates the importance of transport and the variable
ability of different metabolites of even the same compound to
affect different organs. A report by Birt et al (55) ampiifies this
by demonstrating that aithough the effect of cabbage is beneficial
in some cases it may act (o increase (umorigenicity in other model
systems (or cancer types).

We have presented a case that strongly implies that the cancer
feventive potential of many members of the Brassicacese family

is srong, yet it must always be stressed that t0 understand the

relevance of these reports on the human condition. many further
studies need to be done 10 specifically address questions of the
suability, bioavailability, transport, and meubolism. The additive
or even synergistic effects of these compounds are unknown. The
additional effects of normal food preparation procedures present
another factor that is yet largely unexplored with respect to the
Qncer preventive properties. In brief. there is much exciting po-
tential in the cancer preventive properties and yet there is, as of
this writing, no absohuts staternent that can be made concerning
the ability of these foods to directly alter the courss of carcino-
genesis. - a
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Application No. Applicant(s)
09/825,989 FAHEY ET AL.

Office Action Summary Examiner At Unit
Cybille Delacroix-Muirheid 1614

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period. will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
- Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
1)X] Responsive to communication(s) filed on 05 April 2001 .
2a)[] This action is FINAL. 2b)X] This action is non-final.

3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.
Disposition of Claims

4)X] Claim(s) 48-67 is/are pending in the application.

4a) Of the above claim(s) is/are withdrawn from consideration.
5 Claim(s) 48-52 and 54-57 is/are allowed.
6)J Claim(s) 58-63 is/are rejected.
7)X Claim(s) 53 and 64-67 is/are objected to.

8)[] Claim(s)
Application Papers

are subject to restriction and/or election requirement.

9)[] The specification is objected to by the Examiner.
10)] The drawing(s) filed on
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

11)[] The proposed drawing correction filed on

is/are: a)[] accepted or b)[] objected to by the Examiner.

is: a)[_] approved b)[] disapproved by the Examiner.

If approved, corrected drawings are required in reply to this Office action.
12)D The oath or declaration is objected to by the Examiner.
Priority under 35 U.S.C. §§ 119 and 120
13)J Acknowledgment is made of a claim for foreign priority under 35U.8.C. § 119(a)-(d) or ().
a)JAll b)] Some * ¢)] None of:
1.[]J Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.

3.[J Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

14)[_] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. § 119(e) (to a provisional application).

a) [] The translation of the foreign language provisional application has been received.
15)(X] Acknowledgment is made of a claim for domestic priority under 35 U.S.C. §§ 120 and/or 121.
Attachment(s) C

1) & Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413) Paper No(s). _____
2) D Notice of Draftsperson’s Patent Drawing Review (PTO-948) 5) I:] Notice of Informal Patent Application (PTO-152)
3) E Information Disclosure Statement(s) (PTO-1449) Paper No(s) 3 . 6) D Other:

U.S. Patent and Trademark Office

PTO-326 (Rev. 04-01) Office Action Summary Part of Paper No. 4
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Application/Control Number: 09/825,989 Page 2

Art Unit: 1614

DETAILED ACTION
The following is responsive to the preliminary amendment received April 5, 2001.

Claims 1-47 are cancelled without prejudice or disclaimer. New claims 48-67 are added.

Claims 48-67 are presented for prosecution on the merits.

Information Disclosure Statement
Applicant’s Information Disclosure Statement received April 5, 2001 has been considered in
~ part, i.e. US patents. The remaining articles A3-A76 were not in parent application 09/425,890.

The Examiner respectfully requests that Applicant submit these references so that they may be

considered and made of record.

Claim Objections
1. Claim 53 is objected to because of the following informalities: in claim 53, lines 1-3,
selected from the group consisting of...or is improper Markush terminology. The “or” at line 3,

before “plant parts” should be deleted and replaced with --and--. Please see MPEP 2173.05(h).

Appropriate correction is required.

Claim Rejections - 35 USC§ 112

5-E14
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Application/Control Number: 09/825,989 Page 3

Art Unit: 1614

2. Claims 59, 61, 62 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention.

3. Claims 59, 61, 62 recite the limitation "said solvent" in line 1. There is insufficient
antecedent basis for this limitation in thg claim. It is respectfully requested that Applicant amend

claims 59, 61, 62 to add the term --non-toxic-- before “solvent.”

Allowable Subject Matter
Claims 48-57 are free from.the prior art because the prior art does not disclose or fairly
suggest Applicant’s claimed method.
Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless -

(b) the invention was patented or described in a printed publication in this or a foreign country or in public
use or on sale in this country, more than one year prior to the date of application for patent in the United
States.

5. Claims 58, 59, 62, 63 are rejected under 35 U.S.C. 102(b) as being anticipated by Jones
et al., 4,158,656.
Jones et al. disclose a method for extracting glucosinolates, the method comprising contacting

seed material (rapeseed) with an aqueous-lower alkanol (water-alcohol, i.e. ethanol)solvent

5-E15
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solution at a temperature below 60° C and under conditions so as to prevent enzymatic
degradation of the glucosinolates. Jones et al. additionally disclose that the temperature is kept
below 60° C in order to prevent activation of the myrosinase. Please see claim 1; col. 1, lines 3-
6; col. 4, lines 44-63.

6. Claims 58, 59, 63 are rejected under 35 U.S.C. 102(b) as being anticipated by Anjou et
al., 4,083,836.

Anjou et al. teach a method for extracting or leaching glucosinolates from seed material, the
method comprising obtaining a meat fraction of the seed material and subjecting the meat
fraction to a wet state at 80-100°C and leaching the glucosinolates by water, wherein the
temperature of the leaching is 60-80°C. Please see the abstract; col. S, lines 21-57.

Please note that Applicant’s claims recite “comprising” language. The transitional term

3 &6

“comprising”, which is synonymous with “including,” “containing,” or “characterized by,” is

inclusive or open-ended and does not exclude additional, unrecited elements or method steps.
See, e.g., Genentech, Inc. v. Chiron Corp., 112 F.3d 495, 501, 42 USPQ2d 1608, 1613 (Fed. Cir.
1997) (“Comprising” is a term of art used in claim language which meané that the named |
elements are essential, but other elements may be added and still form a construct within the
‘scopev of the claim.); Moleculon Research Corp. v. CBS, Inc., 793 F.2d 1261, 229 USPQ 805
(Fed. Cir. 1986); In re Baxter, 656 F.2d 679, 686, 210 USPQ 795, 803 (CCPA 1981); Ex parte
Davis, 80USPQ 448, 450 (Bd. App. 1948) (“comprising” leaves “the claim open for the

inclusion of unspecified ingredients even in major amounts™).
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Application/Control Number: 09/825,989 Page 5
Art Unit: 1614
7. Claims 61 and 64-67 are objected to as being dependent upon a rejected base claim, but

would be allowable if rewritten in independent form including all of the limitations of the base

claim and any intervening claims.

Claim Rejections - 35 USC §103
8. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth
in section 102 of this title, if the differences between the subject matter sought to be patented and the prior
art are such that the subject matter as a whole would have been obvious at the time the invention was made
to a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be
negatived by the manner in which the invention was made.

9, The factual inquiries set forth in Graham v. John Deere Co., 383V U.S. 1, 148 USPQ 459
(1966), that are applied for establishing a background for determining obviousness under 35

U.S.C. 103(a) are summarized as follows:

1. Determining the scope and contents of the prior art.

2. Ascertaining the differences between the prior art and the claims at issue.

3. Resolving the level of ordinary skill in the pertinent art.

4. Considering objective evidence present in the application indicating obviousness
or nonobviousness.

This application currently names joint inventors. In considering patentability of the
claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various

claims was commonly owned at the time any inventions covered therein were made absent any
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evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out
the inventor and invention dates of each claim that was not commonly owned at the time a later
inventipn was made in order for the examiner to consider the applicability of 35 U.S.C. 103©
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a).

10.  Claim 60 is rejected under 35 U.S.C. 103(a) as being unpatentable over Aﬁjou et al.,
supra.

Anjou et al. as applied above.

Anjou et al. does not disclose that the temperature of the leach water is 100°C; however, since
Anjou et al. establish that the glucosinolate leaching process is temperature dependent, it would
have been obvious to one of ordinary skill in the art at the time the invention was made to further
modify the leaching method of Anjou et al. such that the temperature is effective to result in
optimum extraction of glucosinolates from the seed material. Such a modification would have
been motivated by the reasoned expectation of successfully extracting glucosinolates from the

seed material.

Conclusion
Claims 58, 59, 60, 61, 62, 63 are rejected.
Claims 53, 64-67 are objected to.

Claims 48-57 are free from the prior art.

5-E18
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Cybille Delacroix-Muirheid whose telephone number is (703)
306-3227. The examiner can normally be reached on Tue-Fri from 8:30 to 6:00. The e;(aminer
can also be reached on alternate Mondays.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

| supervisor, Marianne Seidel, can be reached on (703) 308-4725. The fax phone number for this
Group is (703) 308-4242. |
Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Group receptionist whose telephone number is (703) 308-1235.

CDM W

\ .
May 16, 2002 WW" e NV —"

i De\acro'\x-Muirheid
Pg;/:r;\tleExaminer Group 1600
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James C. Schmidt, Horticulture Facts, “Growing Sprouts Indoors”, (Rev. 4/81).
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The Sprout House cookbook, Steve Meyerowitz (The Sprout House, Inc. Great Barrington, MA 1983),
AB0 pages 20-21, 85, 120-123.
A1 The Good New Sprouts Recipe Book, International Sprout Growers Association, pp. 1-8, August 1992.
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Polasa et al., “Cancer preventive properties of varieties of Brassica oleracea: A review Source”,
AT American Journal of Clinical Nutrition 59 (5 Suppl), 1994.
AT Patent Abstract of Japan Sect. No. 305, Vol. 9, No. 2371, p.2, September 1985.
Barrett et al., “Protective Effect of Cruciferous Seed Meals Against Mouse Colon Cancer”, Cereal
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Applicant:  Jed FAHEY et al. v prd

= 3

\

Title: CANCER CHEMOPROTECTIVE FOOD PRODUCTS

QORI

Appl. No.: 09/825,989

Filing Date: 04/05/2001

Examiner: Cybille Delacroix-Muirhei
Art Unit: 1614

INFORMATION DISCLOSURE STATEMENT
UNDER 37 CFR 81.56

Commissioner for Patents
Washington, D.C. 20231

Sir:

Submitted herewith on Form PTO/SB/0O8 is a listing of documents known to
Applicants in order to comply with Applicants’ duty of disclosure pursuant to 37 CFR
§1.56. A copy of each listed document is being submitted to comply with the
provisions of 37 CFR §1.97 and §1.98.

The submission of any document herewith, which is not a statutory bar, is not
intended as an admission that such document constitutes prior art against the claims of
the present application or that such document is considered material to patentability as
defined in 37 CFR §81.56(b). Applicants do not waive any rights to take any action
which would be appropriate to antedate or otherwise remove as a competent reference
any document which is determined to be a prima facie art reference against the claims

of the present application.
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TIMING OF THE DISCLOSURE

The listed documents are being submitted in compliance with 37 CFR §1.97(c),
before the mailing date of either a final action under 37 CFR §1.113, a notice of
allowance under 37 CFR §1.113, or an action that otherwise closes prosecution in the

application.

RELEVANCE OF EACH DOCUMENT
All of the documents are in English.

Applicants respectfully request that any listed document be considered by the
Examiner and be made of record in the present application and that an initialed copy of

Form PTO/SB/O8 be returned in accordance with MPEP §609.
STATEMENT

The undersigned hereby states in accordance with 37 CFR §1.97(e)(1) that each
item of information contained in this information disclosure statement was first cited in
any communication from a foreign patent office in a counterpart foreign application not

more than three (3) months prior to filing of this Statement.

The Commissioner is hereby authorized to charge any additional fees which may
be required regarding this application under 37 CFR 88 1.16-1.17, or credit any
overpayment, to Deposit Account No. 19-0741. Should no proper payment be enclosed
herewith, as by a check being in the wrong amount, unsigned, post-dated, otherwise
improper or informal or even entirely missing, the Commissioner is authorized to charge

the unpaid amount to Deposit Account No. 18-0741.
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Respectfully submitted,

By

Date AW a\c)n‘ 20487

FOLEY & LARDNER
Customer Number: 22428

KRR

22428

PATENT TRADEMARK OFFICE

Telephone: (202) 672-5483
Facsimile: (202) 672-5399
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The Sproutletter, Number 25, Nov. — Dec. 1984.
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Roy Bruder, Ph.D., Discovering Natural Foods, (including pgs.203-209), Woodbridge Press, 1982.
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Jethro Kloss, The Back to Eden Cookbook, pgs. 61-61, Woodbridge Press, 1974.
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% Jrg Steve Meyerowitz, Sproutmann Kitchen Garden Cookbook, The Sprouthouse, Inc., pgs. 178-179, 290, 1994.
8
Steve Meyerowitz, Sprout It, One week from Seed to Salad, The Sprouthouse, Inc., (including pgs. 84-85,
A9
120-123), June 1994.
Steve Meyerowitz, The Complete Guide to Sprouting, Sprouts The Miracle Food, Sproutman Publications,
A10
(including pgs. 121-2), May 1998.
Esther Munroe, Sprouts to Grow and Eat, (including pgs. 2-15), Dec. 1974.
A1
Jean Hewitt, The New York Times “New Natural Foods Cookbook:, Avon Books, pgs. 200-203, 1982.
A12
Martha H. Oliver, Add a Few Sprouts To Eat Better for Less Money, Pivot Original Health Books, (including
A13
pgs. 52-563, 118-119), 1975.
James C. Schmidt, Horticulture Facts, “Growing Sprouts Indoors”, (Rev. 4/81).
A14
Angnes Toms, The Joy of Eating Natural Foods, The Complete Organic Cookbook, pgs. 318-319, Nov. 1971.
A15
Karen Cross Whyte, The Complete Sprouting Cookbook, Troubador Press, (including pags. 57-59), 1973.
A16
Ann Wigmore, The Sprouting Book, Avery Publications, (including pgs. 29-37), 1986.
A17
Debra Schwarze, Growing Sprouts, Neb Guide, Jan. 1989.
A18
John Tobe, Sprouts Elixir of Life”, 1970.
A19
Alicia Bay Laurel, “Living on the Earth” a Vintage Book.
A20
David Ehrlich with George Wolf, Foreward by Peter Albright, M.D., “The Bowell Book”, Schocken Books, 1981.
A21
“The Good News Sprouts Recipe Book” ISGA, Aug. 1992.
A22
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Sulforaphane has been isolated and identified as a major and very potent phase I enzyme inducer in broccoli (Brassica oleracea
italica). Sulforaphane is a monofunctional induccr, inducing pbase II enzymes sclectively without the induction of aryl hydrocarbon
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most potent are 6-isothiocyanato-2-bexanone and exo-2-acethyl-6-isothiocyanatonorbomane.
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CHEMOPROTECTIVE isormo'c:YANATEs

This invention was made with support from the National Instifutes of
Health, Grant No. CA4&:1530. The US government therefore retains certain rights )
in the invention. A

This invention relates to compounds which stimulate mammalian enzymes

which are involved in detoxication of carcinogens. More specifically, it relates to."

compounds which induce the activity of quinone reductase!, glutathione
transferases and other phase II enzymes, without inducing the activity of

cytochromes 15-450.

- BACKGR F INVENTI

Extrinsic factors, including personal life-styles, play 2 major role in the

development of most human malignancies (Wynder, et al., J. Nasl. Cancer Ins:.

~ 58:825-832 (1977); Higginson, et al., J. Na:l. Cancer Inst. 63:1291-1298 (1979);

Doll, et al., J. Nazl. Cancer Inst. 63:1191-1308 (1981)). Cigarette smoking and

! Abbreviation: QR, quinone reductase [NAD(P)H: (quinohe«accéptor) oxidoreductase,
EC 1.6.99.2].
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consumpﬁon éf a]éohol, dmsum to synthetic and natura_llf occurring wcinogens;
radiatioh,»dru‘gs, infectious égenrs, and mprodu;:dfe and behavioral practices are
now widely recognized as irni:onant cpntribmors :io the etiology of cancer. But
perhaps most su'rprising is .t_he 'infgrence.mat normal human ﬂiets play causative
roles in more than oﬁe—third (and pdssibly even two—thirds) of human néoplasia
(Wynder, et al., J. Natl. Cdncer. Inst. 58:825-832 1977; Higginson, et al., J.
Narl. Cancer Inst. 63:1291-1298 (1979); Doll, et al., J. Natl. Cancer Inst.
63:1191-1308 (1981)). Our food contains not only numerous mutagens and
cafciriogens but‘also a variety of chemicals ihat block cafcinogenesis in animal
. models (Ames, Scfence 221: 1256—1264 (1983); Ames, etal. Proc. Natl. Acadf Sci.
USA 87:T777-7781 (1990); Ames, et al., Proc. Natl. Acad. Sci. USA 87:7782-
7186 (1990); Carr, B.L., Cancer 55:218-224 (1985); Fiala, et al.; Annu. Rev.
‘Nutr. 5:295-321 .(_1985); Wattenberg, @er Res. Suppl. 43:24485-24533 (1983);
| Wattcn_be;g, Cancer Res. 45:1-8 (1985); Wattenberg,‘ et al., Diet, Nusrition and
- Cancer- 1'93—203 (1986)). Furthe_rmore, carcinogens can even protect aéainst their
" own toxic-and neoplastic eft;eCts or those of other caréinqgcns - i.e.-, wéinogens
may act: as anticarcinogens (Richardson, ef al., ’Cancer Res. 11:274 (1951);
Huggins, et al., J. Exp. Med. 119:923-942 (1964); Huggins, et al., J. Exp. Med. |
| 119:943-954 (1964)). |
' Clearly, .dietasry“modiﬁcations modulate mcer risk in-various ways: for
,instance; through changes in caloric imakc,'el?.&yﬁ,:%tering}’mé thsufnp'tiﬁr‘r:of

nuttitive and nonnutritive major components, and by providing exposure to

BNSDOCID: «<WO __9419848A1 | > o . . 5'E39



Case T:07-cv-07844-SAS _ Document 42-42 , Filed 05/08/2008 Page 40 0f 50

7+ WO 94519948 f I PCT/US94/02453

numerous minor ché@icds that»may‘ be geriotoxic or px;otér;:tive (Ames, Science
22r: 1256-1264 (1983). Am&c, et al., Proc. Narl Acad Sci. USA 87 7777-7781
(1990), Ames, et al., Proc. Nail. Acad Sci. USA 87:7782-7786 (1990); Carr
 Cancer 55: 218—224 (1985); Wattcnberg, Cancer Res. Suppl. 43:24485-245%s
. (1983); Wattcnberg,_ L.W., Cancer Res. 45:1-8 (1985); Wattenberg, et al., Diet.
Nurririon and Cancer:193-203 (1986); i‘annenbaum, et al., Adv. Cancer Res.
1:451-501 (1953); National Research Council, Diet, Nurririon and Cancer, (1982);
National Re#earch Coﬁﬁcil, Dier and Health: Implications for Reducing Chronic
" Disease Risk, '(1989); Creasey, Diet and Cancer, (1985); Knudsen, Genetic
Toxzcology of the Dier, (1986)). Rational recommendauons for modifying human
diets to reduce the risk of cancer require xdenuﬁcanon of dietary carcinogens and
‘chemoprotectors; even though interactions among such factors in modulating
cancer development are complex (Patterson, et al. Am. J. Mﬁc Health 78:282-
1286 (1988)). Whereas extensive efforts have been made to identify dietary
carcinogens and »mutagensl(Ames, Science 221:1256-1264 (1983); Ames, et al.
Proc. Nail. Acad. Sci. USA 87:7777-7781 (1990); Ames, et al., Proc. Nail. Acad.
Sci. USA 87:7782-7786 (1990)), chemoprotecuve components have received far
less anennon. -
Numerous epidemiological studies suggest that high consumption of yellow
and green vegetables, especially those of the fahﬁiy Cruciferae (mustards) and the
genus Brassica (cauliflower, cress, brussels sprouts, cabbage, broccoli), reduces

the risk of developing cancer f various organs (Graham, et al., J. Narl. Cancer

.  5-E40
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9:2142 (1987); La Vecchia, etal,, J. Nasl. Cancer Inst. 79:663-669 (1987 Le
' Marchand, etal., J. Nedl Cancer Inst. 81:1158-1164 (1989); You, etal., J. Nadl
Cancer Inst :81:_162-1.64 (1989)). l.Moreover, adminisuatiorvx‘ pf vege_ta.bles or of
some ‘of their .chemical. ébmponenfs to i‘odéﬁts va‘lso} pi'dtects ag;ainst' chemical
carcinogenesis (Wattenberg, Cancer Res. Suppl. 43:2_4485-24535 (1983);
Wattenberg, .Cz_zncer "Re.‘s. 45:1-8 (1985); 'Wattenberg, et al., Diet, &wﬁn’qn andA
Cancer 193-203 (19865; Boyd, et al., Food Chem. Toxicol. 20.47-52 (1982)). .
| Well-documented evidence established that feedixigz of certain vegetables
(e.g., brussels sprouts and c#bbage) induces both phase I and phase II enzymes’
in animal tissues (Cc;nncy,_et al., Fed. vProc. Fed. Am. Soc. Exp. Biol. 36:1647-
1652 (1977); Sparnins, et al., J. Natl. Cancer Inst. 66:769-T71 (1581); Spamins,
et al., J. Natl. Cancer Inst. 68:493-496 (1982); Aspry,“et al., Food Chem

Toxicol. 21:133-142 (1983); Bradfield, et al., Food Chem. Toxicol. 23:899-504

*Enzymes of xenobiotic metabolism belong to two famnilies (i) phase I enzymes
~ (cytochromes P-450), which functionalize compounds, usually by oxidation or reduction;
although their primary role is to detoxify xenobiotics, several cytochromes P-450 can
activate procarcinogens to highly reactive ultimate carcinogens (Miller, et al., Bioactivarion
of Foreign Compounds, 3.28 (1985)); and (ii) phase II enzymes, which conjugate
functionalized products with endogenous ligands (e.g., glutathione, flucuronic acid, sulfate)
and serve primarily a detoxification role (Jakoby, et al., J. Biol. Chem. 265:20715-20718
(1990)). Quinone reductase (QR) is considered a phase I enzyme because it has protective
functions (Prochaska, et al., Oxidarive Stress:  Oxidants and Antioxidan:s, 195-211 (1991))
is induced coordinately with other phase II enzymes, and is regulated by enhancer elements
similar to those that control glutathione transferase (Favreau, et al., J. Biol Chem.
266:4556-4561 (1991)). '

\ BNSDOCID <WO  §410548A1 | > . | |
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(1985); Salbe, et al., Food Gzem Toxicol. 24:851-856 (1985); Whitty, et al.,
Food Chem. f‘oﬁcol. 25 :581'587. '(1.987)»; Ansher, et al., Heparology 3:932-935
(1983); AnSher, et al, Food Ozem Toxicol. 24:405-415 (1986)) ;nd stimulates the - |
metabolism of drugs in ‘humans '(Coméy, et al., Fed. Proc. Fe_d; Am. Soc. Exp.
Biol, 36:1647-1652 (1977); Panituck, et al., Clin. Pharmacol. Ther. 25:86-95
(1979); Pantuck, et al., Clin. Pharmacol. Ther. 35:161-169 (1984))._' The
elevations of enzymes that metabolize xenobiotics may be highly relevant to the
protective effects of vegetables, since relatively modest dietary changes not only-
affected the metabolism of drugs (Ansher, etal., Food Chem Toxicol. 24:405-415
(1986)) but also modified the ability of carcinogens to cause tumors in rodents
(Tanncnbaum', et al., Adv. Cancer Res. 1:451-501 (1953); ﬁationa.l Research
Council, Diet, Nwrition and Cancer (1982); National Research Councii, Diet and
Health: Implican;om' for Reducing Chronic Disease Risk (1989); Crea-s;:y, Diet and
Cancer (1985); Knudsen, Generic foxicology of the Dies (19v86); Longnecker, et
al;_, Cz_mcer 47: 1562-1572 (1981); Fullerton, et al., Proc. Am. Assoc. Cancer Res.
29147 (1988); Li, et al., Cancer Res. 50:3991-3996 (1990)). There is now very
good evidence that when phase II enzymes aré induced, animals and cells are
protected against the toxic and neoplasﬁc effects of carcinogens. In fact,
anticarcinogens have been identified based on their ability to induce phase II
- | cnzymés. (Reviewed in Talalay (1992) "Chemical protection againk; cancer by

induction of elecurophile detoxication (phase IT) enzymes”™ in Cellular and
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Therc is a need in the art for t.he 1dent1ﬁcat10n of specxﬁc compounds wl'uch
are able to exert an antl-carcmogemc effect on mammals. Once 1dent1ﬁed Lhcse
.chemoprotecuve compounds can be used as prophylacnc medicaments or as food
additives. |
SUMMARY OF THE INVENTION

It is an object of the present invention to provide a pharmaceutical
composition for cancer prevention. |

/ It is ﬁnomer object of the invention to provide compoxinds which have
cancer chemoprotection activity. | - -

Itis yet another object of fhe invention to provide a method for protecting
against cancer development. o -

| It is still another object of the invention to provide a food 'productr_Whi)ch

is supplemented with a'éh:moprotectivé compound.” | |
~ These and other obj'ects of the invention are prdirided by one or more of
the embodxmem.s described below. In one embodiment a pﬁannaccutical_
composmon for cancer prevennon is provxded The' composmon oompnses an
active ingredient which is sulforaphane ((-)1-isothiocyanato- -(4R)-
(methylsulfm);l)butane) (CAS 4478;93—7) or an analogue thgreof, sa1d analogue
having a first moiety which is an isothiocyanate and 2 second moiety which is' a

polar functional group, wherein said analogue has a chain of one or more carbon

BNSDOCID: «<WO__ 8418848A1 | >
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atoms linking said first and said second moieties, and wherein said analogue

contains no pyridyl moieties.

' In another embodlmcnt of the invention compounds are provided wh1ch

~ have cancer chemoprotecuon acuvxty The compounds mclude 1-1sothxocyanato—

s- methylsulfonylpemane (CH,-S0,-(CH,);-NCS) (GHP 1003), 6-isothiocyanato-2-

hexanone (CH, CO(CH,)‘NCS) (GHP 1105), exo-2- acetyl 6-
1soth10cyanatonorbornane (GHP 1066), exo-2- 1sothxocyanato -6-
methylsulfonylnorbornane (GHP 1068), 6-isothiocyanato—2-hexanol (GHP 1106),

1-isothiocyanato-4- d1methylphosphonyl -butane (GHP 1078), exo-2- (1 -'/

" hydroxyethyl)-5- isothiocyanatonorbornane (GEP 1075), e.xo-2-acety1-5—

isothiocyanatonorbornane (GHP 1067) , and cis- or trans-3-
(methylsulfonyl)cyclohexylmethylisot}ﬁocyanate (GHP 1080 and 1079).

In yet another ombodxment of the invention a method for protoctmg against
cancer induction or progression is provxded The method comprises the step of:
adxmmstenng to a mammal a chemoprotective composmon consisting essentially
of sulforaphane ((-)l-mouuocyanato-(‘tR) (memylsulﬁnyl)butane) or an analogue
thereof, said analogue having a ﬁrst moiety which is an isothiocyanate functionality
and a second moxety which is a polar functional group, wherein said analogue has
a chain of one or more carbon atoms linking said first and said second moieties,
and whcrem said ana.logue contains no pyridyl moieties, in an amount effective in

producing a cancer preventive effect.

5-E44
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wherein ;aid compound is sulforap‘ﬁanev | ((-)l-isothipcyanav.to-(4R)-
_ (memylsﬁlﬁnyl)buténe) or an analogue thereof, said analogue having a first moiety
ﬁ/ﬁich is an iwﬁﬁm@& functionality and a second moiets' whicﬁ is a polar
functional group, whexjein said analogue has é chain of oxie of more carbon atoms
linking ﬁaid first and said secbnd moieties. |
These and émer _objects of thg invention provide the public with positive
me.ans to lower the nsk of developing cancers. | |
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the structure of sulforaphane,
I-'igufe 2 shows the fragmentation pattern of sulforaphane.
Figure 3 shows the synthesis of (GHP 1003).
Figure 4 shows 'the synthesis of (GHP 1066 and 1067).
Figure 5 shows the synthesis of (GHP 1068).
Figure 6 shows tl.le #ymhesis of (GHP 1073).
Figure 7 shows the synthesis of (GHP 1075).
Figuré 8 shows the synthesis of (GHP 1078).
Figure 9 shows tﬁe synthesis of .(GHP 1079 and 1080).
Figure 10 shows the synthesis of (GHP 1105).

Figure 11 shbw's the synthesis of (GHP 1106).

BNSDOCID «WD  041084RA1 | >
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DETAILED D! N OF THE TION
. Chemoprotective activities have been detected in certain vegetables which
are able to induce the activity of enzymes that detoxxfy carcmogens (phase I
enzymes). One such activity has been detected in broccoh which mduces qumone
reductase activity and glutathione S-transferase acuvmes in murine hepatoma ce.ls
and in the organs of mice. This activity has been purified from ‘broceoli and

identified as sulforaphane. Analogues of sulforaphane have been synthesized to

de&mﬁne structure-function relationships. | |
It is the discovery of t.he present invention that sulforaphane and its
isothiocyanate analogues ﬁave chemoprotective»aetivity in excess of previously
- Adiscovered compounds. The analogues contain a moiety which is a polar
functional group. This may be, for example, a sulfoxide, a ketone, a sulfone, a
" sulfide, a thioester, a thioether, a- mtnle, a nitro, a carboxylic ester, a carboxylic
acid, a halogcn, a phosphme onde, or a hydroxyl group. The 1sot.hxocyanate
moiety and the polar functional group are linked by a chain of one or more carbon
atoms. Preferably there are at least three carbon atoms in the chain. Typically
there are three to five carbon abms in the chain. The analogues do not contain
pyridyl moieties. |

The chemoprotective compounds ‘of the present invention can be
admixﬁstered to mammals as a prophylactic agaihs’t chemically induced cancers.
The compounds can be formulated in suitable excipients for oral administration,

for topical administration, or for parenteral administration. Such excipients are

5-E46
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| mammals. Typlea]ly they are sterile, and contam no toxic, ca.rcmogemc, or
mutagenic compounds which would cause an adverse reaction when adrmmstered
Adrmmstranon of the compounds can be performed before during, or after
exposure to the offendmg carcmogens or proca:cmogens Suitable doses to be
admlrustered are those whxch are sufﬁc1ent to induce a demonstrable increase of
phase II enzymes This will typically not exceed 500 pmoles per kg per day, but
may be much lower.

Sulfomphane and solforaphene are lcno_\#h to be produced by plants, such
as hoary cress, radish and other plants (Mislow, et al. (1'965.) J. Am. Chem. Soc.
87:665- 666; Schmid et al. (1948) Helve: Chim. Acta 31:1017-1028; Hansen et
al. (1974) Acta Chem. Scand. Ser. B 28: 418—424) For the purposes of Lhe present -
invention, they can be 1solated from plants or symhesxzed Bertoin, alyssm,
erucm, erysohn iberverin, 1berm, and cheirolin can also be isolated from plants
‘these compounds appear to be less active as inducers than sulforaphane and
sulforaphene, at least in cell culture.

Other synthetic analogues of sullforaphane will preferably not be
heteroaromaticl and more preferably will not be aromatic. Such analogues include

- olefins, aliohatics, and non-aromsﬁc nng compounds. Some examples of these are

| ~ shown below in Table 3. The CD value provides a measure of the potency of the- |

' oompounds as inducers of phase I enzymes, spec1ﬁca]1y qumone reductase. The

BNSDOCID <WO 941994841 | > 5-E47 -
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.preferred compounds of the mvennon have CD values less than 1, although some

estabhshed chemoprotectors have higher CD values

.Other analogucs of sulforaphane can be used w'h,kh are ﬁot speciﬁcally‘
sho%. The relative ability of the conipoﬁnd »to induce the chemoprotective
enzymes m be assessed _‘as taught below, either by tcsting‘ induction in cell lines,
or in whole animals. The compoﬁnds can also be tested for the ability to suﬁpr;ass
hepatoma }formation in rats by 3-methylcholanthrene, i-acetylaminoﬂuorene,
diethylnitrosa:ﬂine. m-toluehediaminé, and azo dyeS. They cnn also be tested for
the ability to blocrk the neoplastic effects of diéthylnitrosamine or benzo[a]pyrene~
on lung and forestomach of mice or of dimethylbenz{a]anthracene (DMBA) on .
mammary tumor formaﬁon in} rats. |

Also provided by the present invention are food products which have been

supplemented with a chemoprotective compound of the present invention. The

supplement may be isolated from plants or synthesizéd. '

EXAI\{P
Example 1

This example describes the rapid cell culture assaj which was used in the

purification of a chemoprotective compound from broccoli.

Assay of Inducer Potency. Inducer activity was measured in Hepa lclc?

‘ murine hepatoma cells grown in 96-well microtiter plates (Prochaska and

. Santamaria, Anal. Biochem. 169:328-336 (1988); Prochaska et al., Proc. Natl.

Acad. Sciences USA 89:2394-2398 (1992)). QR activity (based on the formati n

5-E48
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‘microtiter plate scanner in cell lysates prepared in one plate, amcfl the cell ensity

- was determmed in the second plate by sta1mng w1th crystal violet. Quanntative '

mformation on specxﬁc actmty of QR the mducer potency, and the cytotoxrcxtyv

" of the extract or compound tested is obtained by computer ana1y51s of the'

absorbances. One unit of inducer activity is defined as the amount that when
added to a single microtiter well doubled the QR specific activity. The CD value
is the concentration of a compourid required to double the quinone reductase |
specific actiirity in Hepa 1c1c7 murine hepatoma cells. | |

Sources of Vegetable and Preparation of Extracts. Vegetables were
homogenized with 2 vol of cold water in a Waring Blendor at 4°C. The restiltant

soups were lyophilized to give dry powders, which were stored at -20°C. Portions

© - (400 mg) of these powders were extracted for 6-24 hr with acetonitrile by shalcing“ :

in glass vessels at 4°C. The extracts were ﬁltered and evaporated to dryness The :

BNSDOCID: <WO__8419548A1.1 >

residues were dissolved or suspended in acetonitrile or dtmethyl formarmde
The specific activities of QR were raised nearly 6-fold at the highest extract
concentrations tested, at which less than 20% Cytexieity was observed. The
inductions obtained with ‘broccoli and with other vegetable extracts were |
proportional to the quantity of eim-act added ever a reasonably wide range. The
toxicities of t.hese extracts were modest and were unrelated to their inducer

potencies.
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Extracts of a series of organically gmwn vegetables cultivated under a

variety of conditions showed large differences in inducer potencies Although

many vegetable extracts mdueed QR cenam families were cons1stently more

potent inducers. For example, where extracts of sew.eral Crucxferae had potent
mducer aeu\nty, extracts of Solanaceae (peppers, potatoes, tomatoes) had low
mdueer activity. Of the 24 vegetables exaxmned only 6 showed detectable toxlcuy,
the others were nontoxic at the highest ooncentmnons tested. - -
Cytotoxicity measuremems are unportam bewuse phase II enzyme mducers
may be toxic and/or carcinogenic. Moreo_ver, by use of ~mutant Hepa cells
defective in aryl hydrocarbon receptor or cytochrome P-450 functi_on (Zhang, et
al., Proc. Natl. Acad. Sci. USA 89:2399-2403 (1992); Prochaska_,' et al., Cancer
Res. 48:4776-4782 (1988); De Long, etal., Carcinogenesis 8:1549-1553 (1987)),

our assay system can distinguish monoﬁmcnonal inducers (which elevate phase I

enzymes selecuvely), from bifuncrional inducers (wmch elevate both phase 1 and

‘I enzymes) (Prochaska, et al., Cancer Res. 48:4T776-4782 (1988)) Such

mformatlon is crucial for identification of chemoprotectxve enzyme inducers for
potential use in humans. Ideally, such inducers should be monofuncuonal ‘because
elevated actiyities of phase I enzymes may lead to earc_inogen activation. The
assay of phase I enzymes makes possible further detailed analysis of the effects
of treatment of vegetables (e.g., breeding, mutagenesis, gfowth, storage, and

cooking conditions) that might enhance or depress such induction.
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