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20
Q%ﬁ:ﬂ-gsﬁngd&ngggug 6 RCH BASKET, 2 - 3 TARLESPOONS SEED
gggurﬁ#ﬁ%&ﬁ%ﬁ&l&??: These varicties ave hot and/or spicy. Use the smallest § inck bas-
Eﬁeaﬁﬁigfgwiﬁﬂn:g ket for them unless you huve 3 spicy appetiie. Use 2.5 tablespoons
uﬂuﬂgnauﬁqrn_qsﬁgigoﬂca%?ﬂ of seed. Garlic, Onion, Radish, Cabbage, Turuip, Kale, Broocoki, Mus-
Eﬁ&ninair&igwgi%-nﬂnlggﬂ ggﬂgﬂ@.ﬁu&%&:l«%!ﬂi:ﬁé
giﬁ?&%ii%ﬁnﬁfﬁiﬁr;ﬁn Mustard §s hot Cabbage, turnlp, kale, broccoli and canols are alf -
iﬁgoaqsﬂisﬂﬁ_ot%s&r&ni?sﬁgo cabbage family. Chia is 3 gelainous seed (see p. 1572
phyR developmens simply speaking, you are ot getting what you
ﬁgﬁﬁgg—ﬁgﬂaﬁgngﬂg 6 INCH BASKEY, 5 TABLESFOONS SEED
?gng?ig_u&efzrggﬂ‘? F13). Ala¥a, Clover and Penugteck. Clover is a spicy causin of alfalis
gﬁ:ﬁi-gﬂaﬁ%ﬁoﬁiﬂﬁ.ﬁci_ !srg!_ﬂé.wnzﬁanrrneaﬂgkﬁiagna
never €2t them any other way. Eating uamamte sprows shonchangss the resplratory systenm. Use it mixed with alfilfa for best wste. 5
Ec.ﬁiﬁnﬁa.ﬂeu%.ggg Tosp can yield one pound of salad groens
' Scods To Sprount 9 INCH BASKET, € - 7 TABLESPOONS SEED
What Buckeheat, Black Skin Sunflowes, Chins Red Pes. These three
Yous speouter 1s ideal for growing indoar vegeuhle seeds that “un“w* ahnnﬁ”n the Fiau.«_uo_ﬁn n“”___”-- ”-ﬁ QM wﬁé
) -rich, green leaves, These : . Mung beans may 8 y even thoug i
develop chlocophll-rich, tnclude ace not a salad gieen. Choove only chole buckwheat sod sunfiower
NE6 Garlic China Red Pea fn-she-shell.
Clover Oniéon Tumip
eenugreek Mustard Cabbage Doubile Decker Technique
Radish Buckwheat Brooooli
€ale Sunflower Chia Stack Your Sprousers Since space is often a piobler, herc's a
technique Lo cunserve it Two sprouting baskets on wop of each uther
Whick Seeds - Which Size - How Much ke ap fess apace than wo side by side. Ducing the first phase of
germination (days 1-4), any wo f the sprouters could be stacled
& 23 Thp 8 S1Y 9° 67 Thp with the smalfer basker undemeath the bigger cne. tnsers the double
Radish Al Buckwheat decker into the greentwuse. .
Garlic Clover Suallower
Onlon Fenugrock China Red Pez 's 2 great space saver, but that’s not ll. Soods sond their coots
Cabbage éga.aﬁgﬁnuon.qmﬁggﬂﬁng.
Kale anﬂaanu-o&.aaﬁnﬂuuiﬁlné&gs
Turnip stretch, Ondinarlly, they are msteed underneath the basket by the
Chia floor of the greenhouse teat Elevsting the basket gives whe roois
Mustard Sﬁﬁsinﬁrirﬂggﬁﬁg.iginﬁ
stalks. .
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rnn-nwr
onefla foenion graecum

‘._u_anx s gcwally 2 member of the Jegume (eguminosae)
I is a cousin of dover and Juceme (alfalfa). The Pharsohs of -

G&:F.ﬁfgggg_n&nﬁzﬁ&eg
“Snﬂﬁgsgvs_!h%mﬂdﬂﬁg

er and kidney troubles. It s widely culiivaied in Arsh coun. -
here it was traditionally used o stimulase appetite. ks chernl. -

nposition resembles that of cod-Yiver oil snd is considered 3
herd' 1o garlic, enhancing that herb's disiofecrant properties

is  wic because it it so rich in many minerals including

id sulfur and vitamin E. 1t "Reeds' the blood and is reeom-
§ for ailments thar are asscoiated with weakness such a8 ane-
t Infections. Both the seed and the whole plam are used,

1greck is 2 demuloeat meandng it is soothing to the mucous
anes and reduces inflammations. A 1ea made from: the seed is

a gargle and for sore \hroats. I also acts as an expectorant,

3 the mucosa of the chesi and respiraory systenn. Byzagtium

s used it 10 Increase wheir milk supply. Poullices msde from
k and leaves have been used on wounds, boils, sores and
. The seed contains beneficial volatle oils and steroidal
ns which may be used to regulete blood cholesierol.
¢k sprouts have both the properties of the seed as well as
it This sprout should be used io stimlare and w forufy.

Nutrition In Fenugreek Seed
(in Milligrams per 100 groms) 130)

in 230 Zinc 250
fes 323.0 Niacin 1.64
un 176.0 iron 3353
fa 64 Asginine 247
Biwn 191.0 Leucine - .76
horus 296.0 Lysine 1.68
um 7720.0 Aspartic agid 2n
" 67¢ Glulamic acid 399

?9&%~!&<2§5&§§§9ng~
kafe, wumip, rutabags, radish, musiard, rape, cauliflower, collard

d grvguuéggzﬂz.oqﬁg&naingnpﬁ
. wcannonwc.:n%a::nw.nugunuwanw;u?n!i-wa&

source of minerals especially potassium 253mg per 100 prama, sulfur
.3§§n§a§unﬂgm§u>§.§=r&w§§
binding faculty tha makes it effective for inflammaticss snd hot
swelhngs. Hisworically, cabbage was used to combal scurvy at sea

| evea by the famous Capuain Cook. Sailors would make sauerkeaut

fiom it which coated their intestinal tracy with fendly bacterla and
promowed regulanity. The fennentation from the krsut semedied the
complaints of Hatulence that are common with the <cabbage family. It
is also fmproved by boiling sod draining. Buropean lieratre often
meatlons cabbage juice as she best medicine for hangovers, Philip
Maore In the Hope of Health in 1564 wrote, “the juice of cabbage
purpes the head, being put into the nosadles, Being taken after much
drinking, it withstandeth drunkesiness.”

The cabbage fanily and other cruciferous vegetables are now
1aken serjously a1 the Navional Caacer Insttute, Worldwide
cpldemiological studies consistently pomt 10 lower than average can-
cer rates for those groups regularly eating dark green leafy vegeta-
bles. The crucifers contain compounds called glucosinolates which
block the development of cancer. Tumip greens otaln between 39
and 166 milligrams per hundred grams of glucosinolates. When
cooked, the concentration drops to & range of 21.04 {45].

Cabbage has the greatest potential In colon and stomach cancer.
Several major epidemiological studies demonstrate that eaters of
leafy greea crucifesrs have the lowest rate of colon cancer. Other
population surveys add cancers of the prosiase, rectum, csophagus,
lung and bladder 10 the list In May 1978, Lee Wattenberg, M.D,, a
professor of pathology at she University of Minnesota Medical school,
repored i the joumal Cuncer Research, thay be had isolsed chemi-
<als called indoles from cruciferous vegetables which were potent
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120 NUTRITION

» Comamaon black pepper contains neasly 10% (by welgin) piperine, -
-erine is related to safvole which causcs cancer in mice. Should |

therefore deduce that black pepper, 2 condiment on nearly every

ing table In America, causes cancer in humans? Aflatoxin is one |
the most potent carcinogens known and just hearing its came is
tming to the public. It tan be 2 comaminant o moidy bread,

rese, corn, peanuts and fralt, but it is extremely rare.
rasamines and nitroso compounds are suspecied causes of stom-
end digestive tract cancers. Beew, celery, Jettuce, spinach, radish
| thubarb al} conwaln 200 milligrams or more of nitrates (per 100
¢ rtion). Should we incriminate these common vegetables,
sw.aed for thousands of years across muhi-national and culiueal
ders because chemica! components isolated within them have
aonstrated mwagenic effects on ras?

Anti-Oxidants & Anti-Carcinogens

Al eight. Nawre is not benign. Natural wxins do exist. Bul natural
ds and particularly sprouts, also contain nqumerous beneficial
ymes, anti-oxidants and anti<arcinogens such &3 vitamin E, bela-
uene, selenium, supec-oxsde dismutase and ascorbic acid {vitamin

hat acv a5 che body's defense mechanism against wxins whether

ral or man-made.

jeta-Carotene is found In mawre alfalfa sprows and in all plants
~~~uain chlorophyll. It is 2 very efficient free radicsd 1rap 17

demonstrated anti-carcinogenic activity in rars and mice [13)
nium significantly inhibits skin, liver, colon, and msmmary
ors in experimental animals by a varisty of carcinogens (15).
athiones, rich in foods containing the sulfur smino ackds, are
i anti-oxidants and and-mutagens and may even be effective
5t posent afiatoxins [28). Vitamin C (ascorbic 2cid) was shown
nii-carcinogenic in rodents treated with ukravioler radiation and
te. Mushrooms like shitake contain the aciive polysaccharide
pound fentinan. Lentinsn stimulates intecferon production.
feron is a powerful anti-wrmor agem {27).

NUTRITION m

Qﬂﬂﬁm?eﬁ.&ﬂ%ﬂ%lﬂhﬂw
guilty party because chromusome breaks created presence
of L-Canavanine suifate were provemsed by the anti-oxidant
superootde dismmmase {16 © O™

?ﬂl&.vacsaqg_ﬁgﬁww%nﬁgng

: rowth. Tumors release enzymes called proteases which break down
C .wﬁﬁ_n_% tissue around the tumor and lactease poicatial tumor

growih. [nhibiting enzymes in Jive foods called protesse inhibitoss,
block the aciions of these proteases and the spread of the wmors,
Sprouted seeds and beans, particularly soybeans and lHea beans, are
our finest distary sources of these protective enzymes (23}

dictary
Flexseeds and thelr young sprouts are one of our best ;

sources of the essential omega-3 faury acids such as alpha-linolenic
arid. Freshly sprouted 12 day flaxseeds provide an excellent source
of this extremely unstable ail. Susdies show that the omega fany

| § acids have an Inhibiting effect on tumor growth f24) Specifically, they

decrease the symthesis of prostaglaudins thus decreasing the migra-
1oty ability of tumor cells and metasusis [25)

Sprouts aiso show promise 10 help in the fight sgainst breasy can-
cer. Soybean sprouts ste nawre’s flacw source of plant isoflsvones
which are coaverted In our siomachs (o isoflavone equol. High
estrogen levels stimulate breast lumor growth, but fescarch shows
isoflavone equol 16 have exoelicnt anti-estrogenic qualivies similar w
that of cruciferous vegetables 28]

In 1992, reseaschers at Johns Hopldns Unlversity zon...nm school
isolated sulphoraphane, a compound found in broceoli ».5& other
brassica family vegetables. Sulphoraphane stimulates & cell's produc-
don of certzin provective enzymes that resist umor grovatt (9] men_
ies of cancer pattenns in she US. and abroad reveal Ecswugn.mu_
linkage beiween the consumption of raw vegetables and relauve
E:ismqsuﬁanw&gﬁa.zaﬂaﬁa@dgusg:ﬁ
&wﬂgSB-nguﬂsgggggﬁ
highly effective enzymes that gusrd against malignant growth. They

2-F4 -
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2 mTRmON

appest to work by bonding with the wixins and preventing thelr |

chemicals from reaching the cell’s wuinerable genetic reaterial. Then,
they flush them fram the body. The most effective enzyme stimu-
Jated by the sulphoraphane in cabbage family foods Is calied
, by the way, is related to mustard
are cabbage, broceoll, kale,

oll. Foods that 8.22.5 sul
cavhflowes, turnip, Chinese cabbage, coliard greens, brussel sprouts
and even nona-Cruciferous vegetables like carrois, geeen onions,

. chives and the sprows of brocooll, kale, turnip, gaslic, onjon and

Chinese cabbage.

Chlorophyll, one of the most basic nutritional elemerus in plants,
is 2 well known blood purifier and, Ie fa, is similar in chemical
sructure 10 human hemoglobin, Numerous snimal studies demon-
straie that chlorophyll can be converted Into hemoglobin. Alfalfa
gﬁﬂngnomg~g&nnn<8=-&c-a:rw§%.
phyll. (Algae from lakes is highes)

Alfalfa sprouts have also demonstrated a remarkable cholesterol
reducing capacity. Swdics in both humans and 2 wide selection of
animals including dogs, rabbits, chickens, pigeons and pigs have
shown a regression of atheroscierosis [0} and 2 considerable drop in
the levels of serum cholesterol. Ssponins In sifalfa sppear w be
responsible for Jowering cholesterol and balancing the bile [41] They
create @ sudsing action that prevents cholesierot and bile saits from
being absorbed. Although there has been concern in the past about
thie toxicity of saponias, research showed positive resulis in the fack
of toxicity of alfalfz saponins in monkeys and rats $42]

Enzymes ue protein-like chemical agems that facifiee all life-
building processes such s digesvion, absorption and metabolism.
The enzyme and anti-oxidant super-oxide dismutase, abundant in
sprouts especially green sprouts like alfalfa, obstructs the free
radica)-canavanine-alfaMa pathology. In a 1980 report published in
Human Genetics, chromosome bresks caused by free radicals weve
prevented by the anti-oxidant super-oxide dismuase [16] In 2 1953
swdy ar the Indiana University School of Medicine, 78 femate mice

NUTRITION %

ceceived 2 lethal dose of 580 rads of x-radiation designed o caust
exreme free-radical actvity. Hall of the 23 placebo-fed mice die
!!Kwo&ﬁ‘#ﬁganﬁmmiﬁsﬂuqﬁ-%i&_
gg&géz_ﬁg!ﬁigﬂﬂgﬁg
are high ia the pre-cursor enzyme that stimulates the body's manu
faciure of super-oxide dismutase {35}

wheat sprouts have also demonsirated aml-mutagenic activity Ir
mice and rats in three separsie swdies. Members of the flavonoic
family, shahoside and swertisine, both glyoosides of spigenin sppea:
responsible for the wheat sprouls’ strong anti-mutagenic behavio:
{38) The sProulsS were NOC rown o the grass OF Erecn MAge.

%gcﬂen&aqav_anog.ugﬂ&vg: manufac
g.%acuﬂn-wo:n;snﬂﬂ&nﬁ_uxgzﬁﬁn&u:
the genctic keys to protein and tissue growth found In the
cywoplasm, nucleus and chcomosomes of cells. They cesit cell muta
don and pcomote healiby cell growth. These results Indicate ha
sprouts have a profound effect on our ability o fend off frec-radica
induced diseases such as cancer and inmuge system disorders.

Now for the Real Carcinogens

Rather than isolating and stiacking natural toxins in plants whict
sce balanced by & multhude of enzymes and putrients, perhaps wA
should wm our efforis o eliminating known carcinegens ia ou
environment. Free oxygen radicals are caused by aumerows dieszr
and Nifestyle factors including medical drugs, sir and water pollution
pesticides, alcoho), cigarettes, fried foods, smoked and barbecue:
foods, niirates, even guod old wast and coffee.

Charred meats and cancid fats should not be pant of anyone’
&ﬂﬁngﬁieﬁggngnﬁﬁ-g&%g&a
aging agents [22] So does the carmelization of sugars and amin
acids visible on the browned ends and crust of commoa toaste
bresd. In fact, the amoum of bumt and browned muteria} In th
r:agﬁagnwgg!gusﬁs.sgguug
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THE GOOD NEWS SPROUTS RECIPE BOOK
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Preface

The Good News

"The vitamin-boosting power of the Sprouting process is so
impressive that it's truly a wonder sprouting is not used
much more widely to make grains, beans and other seeds
into convenience foods of outstanding nutritional value...
(and taste)."

Nancy Albright
NATURALLY GREAT
FOODS COOKBOOK
Rodale Press

While the Good News is definitely GOOD, it’s not NEW. Sprouting goes back
5,000 years to ancient China where physicians prescribed sprouts as a treatment for
a variety of ills. Brought to North America by Asian immigrants, sprouts remained
primarily in the Asian diet until the 1960’s. The dawning of the ‘‘New Age’™’
fostered interest in more natural, fresh and nutritious foods and led the rediscovery
of SPROUT POWER. :

Today, the Good News is that sprouts are becoming recognized as one of nature's
most nutritious, freshest and most economical produce items. The commercial
sprout industry produces in excess of 182 million pounds of over 20 varieties of
fresh sprouts annually, More Good News is that sprouts are found in over 90% of
the retail food stores and supermarkets across North America. Fresh sprouts
provide protein, vitamins A, B, and C, and niacin with no fat and few calories for
only pennies per serving.

Finally, the really Good News is that the International Sprout Growers Association
(ISGA) has published THE GOOD NEWS SPROUTS RECIPE BOOK. This
collection of over 70 nutritious, delicious and fun recipes contributed by members of
ISGA, is written to provide consumers with ideas for using sprouts in a variety of
breakfast, lunch, dinner, and snack dishes. Thsempafmmseveralspmm

. varieties and are very easy to prepare.

ISGA hopes you enjoy the dishes in THE GOOD NEWS SPROUTS RECIPE
BOOK and invites you to explore other exciting and delicious ways you can use

fresh, tasty, nutritious sprouts in your daily meals.

2-F8
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Introduction

Sprout History

Medicinally and nutritionally, sprouts have a long history. It has been written that the
Ancient Chinese physicians recognized and prescribed sprouts for curing many
disorders over 5,000 years ago. Sprouts have continued to be a main staple in the diets
of Americans of Oriental descent. Although accounts of sprouting appear in the Bible
in the Book of Daniel, it took centuries for the West to fully realize its nutrition merits.

In the 1700°s, sailors were riddled by scurvy (lack of Vitamin C) and suffered heavy
casualties during their two to three year voyages. From 1772-1775, Captain James Cook
had his sailors eat limes, lemons and varieties of sprouts--all abundant holders of
Vitamin C. These plus other fresh fruits and vegetables and a continuous program of
growing and eating sprouts were credited with the breakthrough, thus solving the
mariners’ greatest casualty problem.

. During World War L, sprouted lentils were made a part of the diet of British and Indian

troops, stationed in Mesopotamia, to cure scurvy. -

During World War [ and II, the United States prepared for massive protein (meat)
shortages (which never occurred) by educating the public regarding alternative protein
supplements—~SPROUTS! Alfalfa seeds are 35% protein! The U.S. Department of
Agriculture and Agricuiture Extension Service held seminars, sponsored radio broad-
casts and published literature on sprouts. Major magazines such as ‘‘Better Homes and
Gardens'*, *‘Popular Mechanics’’, “*Readers Digest’’, and ‘‘Life’’ ran articles and
recipes on the preparation and use of sprouts in the family diet.

onal Advantages of u

It is really only in the past thirty years that ‘‘westerners’’ have become interested in
sprouts and sprouting.  During World War II considerable interest in sprouts was
sparked in the United States by an article written by Dr. Clive M. McKay, Professor of
Nutrition at Cornell University. Dr. McKay led off with this dramatic announcement:
‘“Wanted! A vegetable that will grow in any climate, will rival meat in nutritive value,
will mature in 3 to 5 days, may be planted any day of the year, will require neither soil
nor sunshine, will rival tomatoes in Vitamin C, mllbefreeofwasnempmparauonand
can be cooked with little fuel and as quickly as a ...chop.”’

2-F9
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Dr. McKay was talking about soybean sprouts. He and a team of nutritionists had
spent years researching the amazing properties of sprouted soybeans. They and
other researchers at the universities of Pennsylvania and Minnesota, Yale and
McGill have found that sprouts retain the B-complex vitamins present in the
original seed, and show a big jump in Vitamin A and an almost unbelievable
amount of Vitamin C over that present in unsprouted seeds. While some nutrition-
ists point out that this high vitamin content is gained at the expense of some protein
loss, the figures are impressive: an average 300 percent increase in Vitamin A and
a 500 to 600 percent increase in Vitamin C. As a result, one-half cup of almost any
sprouted seed provides as much Vitamin C as six glasses of orange juice. In
addition, in the sprouting process starches are converted to simple sugars, thus
making sprouts easily digested.

President, Ms. Sprout, says:

| couldn't believe it: | had been a home
sprouter before going into business supply-
ing sprouts to supermarkets; the sprouts
loved growing in our big batches, 80 pounds

per tray.

We got better quality, better tasting, longer
lasting sprouts. Part of it is that we leamed
some tricks, but mostly, | think, they really
like being crowded together.

And sprouts generally stay fresh in the store
because they are stiil growing, ‘though
refrigeration slows them down...bnrr. But as
you know, sometimes they are limp and
tired and watery and old, and then we don't
want you to buy them and be disappointed.
We want you to tell the store personnel that
you want fresh, alive sprouts!

2-F10
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Product Information

Sprouting increases the nutrition value of seeds. Research nutri-
tionists at such respectable schools as Yale, Cornell, McGill and the
University of Pennsylvania have found that sprouts retain the B-
complex vitamins that are in the originial seeds, and in the process
of sprouting, show a big increase in Vitamin A and an enormous
increase in Vitamin C; the Vitamin C content of sprouted mung

/ . __ beans is several hundred times more than unsprouted beans.

Sprouting also converts starches into simple sugars, making sprouts
easy to digest.

BEANSPROUTS

The term “BEANSPROUTS” is usually associ-
ated with the delicate shoots of mung beans. They
have small light yellow leaves, a silvery white
shdot, and a root that may be slightly darkened. -

Beansprouts have a subtle, nutty flavor. They
possess a high water content which makes them
refreshingly juicy. Grown locally year round,
beansprouts are a good source of protein and
Vitamin C. A 12 ounce bag of beansprouts served
as a side dish or salad is enough for 4 to 6 people.

When purchasing beansprouts, look for firm,
white shoots.

Store in the vegetable crisper of your refrigerator. It is best to use beansprouts
as soan as possible. Their life can be extended by rinsing daily in cold water and
draining before returning to the refrigerator. Beansprouts can be frozen if they
are to be used in cooking.

dzuki Bea rou;
The Adzuki bean comes from Japan, Korea and China. These little red beans

produce sprouts that are delicious by themselves or in a mix with peppery lentil
sprouts and pea sprouts.

Other Bdnsg;guts

Kidney, Pinto, and Navy beans are often sprouted to add variety to sprout mixes
and recipes.

2-F11




s PRODUCT INFORMATION
GREEN-LEAF SPROUTS It's a
Seed

The term **GREEN-LEAF SPROUTS" is

often used to describe germinated vegetable
and grain seeds. These sprouts are usually ,
characterized by two tiny green leaves at the "f
tip of a slender 1/2" to 3" shoot. Varietiesof ~ Alive! 4
green leaf sprouts include:

A!lefg_ Sprouts

Alfalfa Sprouts are probabiy the mast widely

available kind of sprout. Grown to an Just 4 days from
approximate height of 3 inches, Alfalfa seed to Super Sprout.
Sprouts have two tender leaves on top of a

pearly white shoot. 4 Q

Alfalfa Sprouts are a nutritious alternative to

lettuce in sandwiches and addition to any |
salad. These sprouts have a subtle flavor of MAG'C.
fresh peas. ‘ .

When purchasing Alfalfa Sprouts, look for fresh, crisp shoots of good color with
perky green leaves. The greenness may vary in intensity. Pale green or slightly
yellow tops are as tasty and tender as the darker leaves which have been exposed to
more light, and contain more chlorophyil.

The bottom of the bag or cup should show white or pale tan roots. Brown tinge
indicates the product is old and drying out. Mushy, darkened or bright yellow
shoots should be discarded but won’t affect the quality of the entire package.

When storing Alfalfa Sprouts, avoid temperature extremes (above 70 degrees and
below 34 degrees). Alfalfa Sprouts do not freeze well. Sprouts can be revived by
rinsing in cold water and shaking off the excess before returning to storage.

Quion Sprouty

A convenicnt way to get a pleasing taste of
onion without the fuss is to use Onion
Sprouts. Delicate little onion sprouts
provide great companion tastes to hamburg-
ers, tacos, and salads and are especially good
with avocado.,

2-F12
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PRODUCT INFORMATION 7

Radish Sorouts

If you are a real radish fan, try a package of zippy Radish Sprouts. Quite *‘hot’’,
this sprout offers the taste of radishes without the work.

S:!gvgr Sprouts

This sprout is similar to Alfalfa but cach sprout s a sturdy baby clover plant. Try
clover for a tasty change and use as you would Alfalfa Sprouts.

DRilt Sprouts
Dill sprouts are grown with Alfalfa Sprouts to provide a delicate but interesting

flavor to your salads or sandwiches. This product is especially good with tuna or
egg salad :

Garlic Sprouts
Garlic was once thought to possess magical powers against evil and was widely used

in charms and spells. This popular herb is often grown with Alfalfa Sprouts for a
pleasing blend of flavors and crunch. Wonderful in turkey and meat sandwiches.

Sunflower Sprouts

Produced from Sunflower seeds, these sprouts have a mild, sweet flavor and
crunchy consistency. :

Pea Sprouts

Risingmyrcomemupaspmutsmmtheﬂavortommbletheﬁuhpeataste
much more than peas that are soaked and boiled. Wrinkled and smooth varieties of
pea sprouts are equally nutritious and should be used when the sprout is about 1/2
inch long.

Pumpkin Sprouts

Pumpkin sceds are high in phosphorus, iron and protein. Hulled seeds are used to
produce a wonderful tasting sprout that can be eaten raw or lightly toasted. Use
them in salads, soups, bread and candy. :

eat

The most delicious of the grain sprouts, wheat sprouts should be used when they are

. about 1/2 inch long. Wheat sprouts cook quickly and can be used in recipes calling

for whole grains.

2-F13 _ T
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Lentil Sprouts

Named *‘Lens’ because their shape resembles the lens of a telescope, sprouted
lentils have a peppery flavor. Used when 172 inch long, Lentil Sprouts are often
used in soups, stews and casseroles.
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Design and Synthesis of Bifunctional Isothiocyanate Analogs of Sulforaphane:!
Correlation between Structure and Potency as Inducers of Anticarcinogenic

Detoxication Enzymes!
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Thirty-five bifunctional isothiocyanates were synthesized as structural analogs of sulforaphane
{(9)-1-isothiocyanato-4(R)-(methylsulfinyl)butane] that was recently isolated from hroccoli as the
principal and very potent mducer of detoxication (phase 2) enzymes in mouse tissues and murine
hepatoma cells (Hepa 1clc7) in culture (Zhang, Y.; Talalay, P.; Cho, C.-G.; Posner, G. H. Proc.
Natl. Acad. Sci. U.S.A. 1992, 89, 2399-2403). Determmatxon of the pouncy of each analog in
mducmg NAD(P)H:quinone reductasa, aphase 2 detoxication enzyme, has allowed generalizations
concerning the relation of structure and activity. The most potent analogs were bifunctional
derivatives in which the isothiocyanate group was separated from a methylsulfonyl or an acetyl
group by three or four carbon atoms, and in some of which these groups were conformationally
restricted. Among these analogs, the bicyclic ketoisothiocyanate (Z)-exo-2-acetyl-6-isothiocy-
anatonorbornane (30) was a very potent inducer (comparable to sulforaphane) of quinone reductase
in hepatoma cells, and it also induced both quinone reductase and glutathione transferases in
several mouse organs in vivo. This and related bicyclic ketoisothiocyanates represent potent -
phase 2 enzyme inducers that are relatively easily synthesized and that may be more stable
metabolically than the natural sulfoxide sulforaphane.

The fate of chemical carcinogens in vivo is determined
at least in part by the balance between phase 1 enzymes
" (cytochromes P-450) that activate many carcinogens to
highly reactive electrophilic metabolites capable of dam-
aging DNA and phase 2 enzymes (e.g. glutathione trans-
ferases, NAD(P)H:quinone oxidoreductase [QR], UDP-
glucuronosyltransferases) that convert these reactive
electrophiles to less toxic and more easily excretable
products.l-* A wide variety of protectors against chemical
carcinogenesis are also inducers of phase 2 enzymes in
many animal cells and tissues, and there is convincing
_evidence that monofunctional induction of phase 2 en-
zymes is a major mechanism responsible for such pro-
tection. It is therefore of interest that vegetables, and
especially crucifers, are rich in inducer activity and contain
a variety of inducer molecules. By the use of a simple
screening procedure involving measurement of quinone
reductase activities of murine hepatoma cells grown in
microtiter plates,*® we have recently isolated and identified
sulforaphane [(-)-1-isothiocyanato-4(R)-(methylsulfinyl)-
butane) as the principal and very potent phase 2 enzyme
inducer from SAGA broceoli.® A number of natural and
synthetic isothiocyanates have been shown to block the
neoplastic activity of a variety of carcinogens in rodents,
to induce phase 2 enzymes in vivo and in cells in culture,
and to inhibit metabolic activation of certain carcinogens.”
In an effort to understand the unusually high potency of

'MblfumdonlliwthiocymnmmthmbjectcnpmdlngUS

'Abhuvhﬂoulndrlvul : QR, quinons reductase [NAD(P)H:
(q ) ozidoreductase, EC 1.6.89.2); GST glutathions S-
transferase, Ll!cCDvdm the concentration of an inducer req!
mdmbhﬂinpodﬂe -d:{ ¢ reductase in Hepa 1¢1¢7 murine
hqntoma NB, 1-chloro-

«4-dinitrobenzene; DCNB, 1,2-dichloro-

4-nif
] Dopctmmt of Chemisf . .
| Department of Pharmacology and Molecular Sciences,
© Abstract published in Advance ACS Abstracts, December 1, 1993.

2-F15

sulforaphane as an enzyme inducer, we designed, syn-
thesized, and evaluated the activities in vitro of a number
of isothiocyanates, each carrying one additional polar
group. We also determined the inducer potency in mouse
tissues of (&)-exo-2-acetyl-6-isothiocyanatonorbornane
(30), one of the most potent synthetic analogs of sul-
foraphane developed in this study.

Results

Acyclic Analogs of Sulforaphane in Which the
Methylsulfinyl Group Has Been Replaced by Other
Polar Groups. We have recently shown that sul-
foraphane, isolated from broccoli, is an extremely potent
inducer of QR, equivalent in potency tosynthetic racemic
sulforaphane.® The concentration of sulforaphane re-
quired to double the QR activity (CD value) was 0.2 uM.
A limited structure-activity study of the analogs CHsS-
(0)m(CH),N=C=8, where m = 0, 1,0r 2and n = 8, 4, or
5, led to the following conclusions: (a) sulforaphane is the
most potent inducer; (b) the sulfoxides and sulfones do
not differ much in potency, but they are more potent than
thesulfides; and (c) compounds with four or five methylene
groups bridging the methylsulfur and isothiocyanate
functions are more potent than those containing only
three methylene groups.® :

The polar sulfoxide group of au].foraphane (CD = 0.2
M) is clearly very important for inducer activity, since
n-hexylisothiocyanatein which the sulfoxide fanctionality
is replaced by a methylene group is much less potent (CD
=15uM;Table1). Measurements of the inducer potencies
(Table 1) of analogs of the type Z(CHy)NusCunS, syn-

thesized for these studies, support the following

conclusions: (a) of the eight synthetic analogs, only two
are very potent; (b) of these two, the methyl ketone 4 and
the dimethylphosphine oxide 8 are almost equal in potency
tosulforaphane; and (¢) whereas the methyl ketone analog
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Table 2. Potency of Norbornyl Isothiocyanates in Inducing QR
in Murine Hepatoma Cells

Four-Carbon Link between Functionalities

e e

Z
compd endoZ CD M) compd exo2 CD (uM)
21 MeSO, 0.7
23 MeCO 04
24 N==C 0.6
25 O;N 11
26 MeQOC 0.7
27 MeCH(OH) 0.5
28 OH 19

Three-Carbon Link between Functionalities

A b

compd endoZ CD@EM) compd exoZ CD uM)
20 MeSOq L0 29 MeS0; 0.2
22 MeCO - 08 30 MeCO 0.3

31 MeQOC 1.6

Induction of Quinone Reductase and Glutathione
Transferase in Mouse Tissues by Keto Isothiocyanate
30, When synthetic ()-exo-2-acetyl-6-isothiocyanatonor-
bornane (30) was administered to female CD-1 mice by
gavage in doses of 7.5, 15, or 30 umol daily for 5 days, the
QR and GST (measured with both 1-chloro-2,4-dini-
trobenzene and 1,2-dichloro-4-nitrobenzene), specific ac-
tivities of the cytosols of liver, forestomach, glandular
stomach, and proximal small intestine were increased in
a dose-dependent manner (Figure 1). The increases in
specific activities at the highest doses were generally about
2-4-fold, except for the inductions of GST in the small
intestine (measured with DCNB) which were considerably
higher (14-16-fold), We conclude that the keto isothio-
cyanate 30 induces QR not only in murine hepatoma cells,
butalso, like sulforaphane,8induces QR and GST activities
in a number of murine organs. Insofar as quantitative
comparisons can be made, keto isothiocyanate 30 and
sulforaphane do not differ much in mducer potencles or
organ-response patterns.

Aromatic Analogs. A. Aryl Isothiocyanntes. As
expected based on previous negative enzyme induction

2-F16

Filed 05/09/2008 Page 16 of 26

Posner et al.

GUINONE REDUCTASE
LY

4 T

QST-CONB

.
-

RATIO OF SPECIFIC ACTIVITIES (TREATED/CONTROL)

L T 1T T 1171

UVER as L] L)

Figure 1. Effect of oral administration of exo-2-acetyl-6-
isothiocyanatonorbornane (30) on the specific activities of
cytosolic glutathione transferases measured with CONB (GST-
CDNB) and DCNB (GST-DCNB) and quinone reductase of liver,
glandular stomach (GS), forestomach (F8), and proximal small
inte stine (SI) of mice. The compound was administered to
6-week-old female CD-1 mice in 0.1 mL of Emulphor EL620P
(GAF, Linden, NJ) daily for 5 days in the following quantities:
7.5 umol (golid bar), 15 umol (hashed bar), or 30 umol (open bar).
Four or five animals were studied in each of the treated groups
and 10 in the control group. The results are expressed as the
ratios (£ SEM) of the specific activities of organ cytosols from
treated to controls receiving the vehicle only. Cytosols were
prepnrodfromthetmsuesﬂhaﬂerthehntremmntmdmayed
for enzyme activities. The enzyme specific activities (nmol
min-*mg- & SEM) of the cytosols of control mice wers as follows.
Liver: GST-CDNB, 1080 £ 51.9; GST-DCNB, 10.9 & 0.78; QR,
57.3  4.1. Glandular stomach: GST-CDNB, 908 % 27.5; GST-
DCNB, 4.5 1 0.18; QR, 2630 % 190, Forestomach: GST-CDNB,
1780 + 57.2; GST-DCNB, 7.6 % 0.60; QR, 1040 & 62.9. Small
intestine: GST-CDNB, 685 * 57.9; GST-DCNB, 0.89 % 0.28;
QR, 488 + 459, The relauve standard errors of t.he induction
ratios [(SEM/mean) X 100] are as follows: no designation, +
0-10%; a, & 10-20%; b, & 20~-30%. The unknown reasons, the
foreatomachs of mice receiving 30 umol of 30 were significantly
heavier (89.4 & 3.9 mg, wet weight) than the controls (42.4 £ 2.5
mg) or the forestomachs of mice receiving either 7.5 or 15 umol
of 30 (mean of 46.9 mg). For cytosols of the forestomach
homogenates of animals receiving 30 umol of 30 also contained
more protein than the other groups. The specific activities of
QR and GST in the cytosols of forestomachs of mice receiving
the 30-umol dose were considerably lower than those treated
with the lower does of 30 and approached control values. The
rfmltu obtained with the 30-umol dose are omimd from the
igure.

results with phenyl isothiocyanate,® none of the ortho-
substituted phenyl isothiocyanates we have prepared
(including 0-OMe, -Cl, -CH;CH:SMe) has any significant
inducer potency under standard assay conditions.

B. Benzylic Isothiocyanates. Prompted by a report
by Kjaer on o-methoxybenzyl isothiocyanate,? we prepared
aseries of benzylicisothiocyanatessubstituted inthe ortho
position by the following substituents (CD values [uM] in
parentheses): CH;SCHj (4.3), OMe (2.4), NMe; (12.5),
SMe (6.8), F (13.1), C1 (14.1), Br (12.5), Me (3.7), Et (12.5),

o gk s
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Table 1. Effect of Replacing the Methylsulfinyl Group of
Sulforaphane on Inducer Potency for QR in Murine Hepatoma

Cella
LA W=c=8
Z CD Z CD
Et 15.0 Me0OC 2.8
CH,3S(0) (sulforaphane) 02  MeSCO 2.8
Nu=C . 2.0 MeCO 0.2
- HOOC 2.2 n-BuCO 2.0
MeP(=~0) 0.4
CH3S(0)CH==CH(CH3);NCS8 0.4
(sulforaphene)
Scheme 1
0 o)
¢NH Bocz0 NCOOt-Bu C(,M:
CHy;CN MeMg! NBo¢
DMAP 1 , H
HCI/E10AC
0 0
éﬁf CSCly ('L/M:
NCS NH,
4 3
Scheme 2
ﬁ 1) Mo (l?
@onPH 2L e P S~y
) B .
(30%)
1) | KNPhth
2) | HaNNH;

(o]
Mezg' SN NaCaS _'_QSCI:_ MeoP V\AN'Hz

8 7
(68%) (60%)

4 is a potent inducer, the corresponding n-butyl ketone is
not a good inducer. At present, we do not understand the
reason(s) for the differences in potencies among these
analogs. The methods of preparation of the most potent
analogs are outlined in Schemes 1 and 2.

Nonaromatic Cyclic Analogs with Restricted Con-
formations. A. Monocyclic Analogs. Cyclohexyl
isothiocyanate is a relatively weak inducer (CD = 56 uM).
Using general literature procedures, we prepared three
methylsulfony! isothiocyanates (13, 18, 19) in which the
two polar functionalities are separated by four carbon
atoms and in which a cyclohexane ring restricts the
conformational mobility of the two functional groups
(Schemes 3 and 4). Sulfones were targeted because they
are more stable than sulfoxides toward several of the
reaction conditions used in Schemes 3 and 4 and also
because the sulfone erysolin, CH3SO2(CH2)/NCS, is only
about 2-fold less potent than the sulfoxide sulforaphane.®
The CD values of these conformationally restricted
synthetic sulfonyl isothiocyanates 13, 18, and 19 ranged
from 0.4 to 0.5 M, indicating considerable potency and
emphasizing the importance of the presence of the polar
sulfonyl group, although not its spatial relation to the
isothiocyanate function.

B. Bicyclic Analogs. Commercial exo-norbornyl
isothiocyanate (CD = 32 M) is a somewhat more potent
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Scheme 3
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12
(55%)
CDa0.4 pM &%)
Scheme 4
Q, =
o Me$ (!
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16 ]
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cscl /O‘VI
"8, NH, 3 NCS
v 18,cls (34%) CD=D4 UM
(60%) 19, trans (34%) CDw0.5 pM

inducer than cyclohexyl isothiocyanate (CD = 56 xM).
The dramatic increase in inducer potency observed by the
addition of a methylsulfonyl group to the six-membered
monocyclic system was also observed in the bicyclic
norbornane analogs. Starting with commercially available
5-acetyl-2-norbornene or easily made 5-(methylsulfonyl)-
2-norbornene, we added the elements of H-SCN across
the strained carbon—carbon double bond of these nor-
bornenes® to produce directly as the major products the
mixture of positional and orientational isomers shown in
Scheme 5. Chromatographic separations provided the
pure bifunctional products listed in Table 2. Assignment
of position and orientation of the two fun¢tional groups
in each product was based on *H and 13C NMR spectros-
copy (see the Experimental Section); single-crystal X-ray
crystallography confirmed the structure of bifunctional
norbornane 23.

Several aspects of the data in Table 2 are noteworthy:
(1) 9 of the 12 bifunctional compounds in this table have
CD values of less than 1.0, indicative of high enzyme
induction potency; (2) where direct comparison is possible,
the compounds with the exo-oriented Z-substituents are
more potent than those with endo-oriented Z-substituents
(i.e. 29 > 20, 30.> 22); and (3) as was found in the acyclic
series (cf. methyl ketone 4), the methyl ketone (i.e. acetyl)
functionality in bicyclic analogs 22, 28, and 30 contributes
significantly to making these bifunctional compounds very
potent inducers.

2-F17
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OEt (2.5). None of these analogs was a particularly active
inducer or even better than benzyl isothiocyanate itself
(CD = 2-3 uM).

Conclusion. In conclusion, several easily prepared,
conformationally restricted, non-sulfoxide, nonaromatic,
bifunctional analogs of sulforaphane have been identified
and have been shown in vitro to possess high phase 2
enzyme inducer potency. One of the most promising lead
compounds, bicyclic keto isothiocyanate 30, was shown
also in vivo to induce QR and GST activities in a number
of murine organs. Such keto isothiocyanates, probably
morestable toward biological oxidation and reduction than
sulfoxide-isothiocyanates like sulforaphane, may be useful
for protection against cancer.

Experimentni Section

General Methods. Thiophosgene was purchased from Car-
bolabs Inc. (Bethany, CT), and all other reagents were purchased
from Aldrich Chemical Co. (Milwaukee, WI) and, unleas otherwise
specified, were used as received without further purification.
Benzyl isothiocyanate, obtained from the Aldrich Chemical Co.,
was distilled under reduced pressure prior to use. Other
isothiocyanates which were not synthesized for this project were
obtained from Trans World Chemicals (Rockville, MD). 'Hand
15C NMR spectra were determined on a Bruker AMX 300 MHz
or a Varian XL-400 MHz spectrometer. High-resolution mass
spectra were obtained at 70 ¢V on a VG-70S mass spectrometer.
FT-IR spectra were recorded on a Perkin-Elmer Model 1600
FT-IR spectrophotometer. Elementel analyses were performed
by Atlantic Microlab, Norcross, GA. Medium-pressure column
chromatography was petformed with silica gel (EM SCIENCE,
230-400 mesh). High-pressure liquid chromatography was
performed with RAININ HPXL chromatography using a semi-
prep silica column,

Boc-Protected Lactam 1. Toaflask charged with 0.56 g (5.7
mmol) of §-valerolactam, 60 mg (0.5 mmol) of 4-(dimethylamino)-
pyridine (DMAP), and 30 mL of acetonitrile was added 1.22 g
(5.7 mol) of di-tert-butyl dicarbonate (Boc,O) at room temper-
ature (RT). After 4 h at RT, the reaction mixture was
concentrated and partitioned between ether and 1 M KHSO,.
The separated orgasic layer was washed with saturated NaHCOs
and brine, dried over MgSO,, and concentrated to give 0.90 g of
product as a bright yellowish green liquid (used for the next
reaction without purification).

4-Boc-aminobutyl Methyl Ketone (2). Toprotected lactam
1 in 10 mL of THF was added 2 mL of MeMgI (3 M in ether, 6
mmol) slowly at-78 °C. After 3 hat-78 °C, the reaction mixture
was quenched with aqueous NH,(C, and the resulting solution
was extracted with ether (2 X 20 mL). The combined ether
solution was washed with brine, dried over MgS0,, and con-
centrated in vacuo to give crude methyl ketone 2 as a brown oil
(used for the next reaction without further purification).

4-Aminobutyl Methyl Ketone (3). To methyl ketone 2
dissolved in 8 mL of FtOAc was added 1 mL of 37% of HCl at
RT. After 30 min, the reaction mixture was diluted with § mL
of H;0 and washed with ether. The aqueous solution was then
strongly basified with solid NaOH and extracted with CHCls (2
X 20 mL). The organic solution was dried over K;CO; and
concentrated to give a smelly light brown oil (used for the next
reaction without purification). '

2-Oxohexyl Isothiocyanate (4). To amino methyl ketone 3
in 2 mL of Hy0 and 2 mL of CHCl; were added 0.16 mL of CSCl;
(1.58 mmol) and 2 mL of 5% NaOH at RT. After 30 min the
reaction mixture was diluted with 10 mL of CHCl,, and the
decanted organic layer was dried over MgSO,, concentrated, and
chromatographed (8/2 Hex/EtOAc) to give 42 mg of isothiocy-
anate 4 as a brown oil in an overall yield of 6% from lactam 1:
iH NMR (400 MHz, CDCly) & 3.54-3.49 (m, 2H), 2.63-2.46 (m,
2H), 2.16 (s, 3H), 1.72-1.68 (m, 4H); FT-IR (CHCl,) 3019, 2191,
2112, 1715, 1224 cm; BC NMR (400 MHz, CD Cl,) § 207.8, 44.8,
42:7463‘%59, 29.3, 20.6; HRMS caled for C;H,;NOS 157.0561, found
167, .
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(4-Bromobutyl)dimethylphosphine Oxide (6). To a 25-..
mL flame-dried round-bottomed flask charged with 15.2 mL (45.6
mmol) of MeMgCl (3.0 M in THF) was added 1.5 mL (11.41
mmol) of diethyl phosphite (§) while the internal temperature
was maintained around 25 °C with occasional cooling with an
ice-water bath. After 1 h, the mixturs was cannulated into a
separate flask charged with 2.65 mL (22.82 mmol) of 14-
dibromobutane and 15 mL of THF at 0 °C under an Ar
atmosphere. Upon addition, the reaction mixture was heated
under reflux for 5 h, cooled, and dumped into 30 mL of cold
dilute HCL. The resulting aqueous solution was extracted with
CHCly (3 X 50 mL), and the combined organicsolution was washed

" with saturated K,COs, dried over KsCOs, and concentrated in

vacuo to give 2.48 g of crude product as a tan oil. Purification
by flash ¢column chromatography (silica gel, 8/2 EtOAc/MeOH
— 6/4 EtOAc/hexane) afforded 0.72 g of phosphine oxide 6 as
a colorless oil (used for the next reaction without purification).

(4-Aminobutyl)dimethylphosphine Oxide (7). In a 100-
mL round-bottomed flask were placed 0.733 g (3.44 mmol) of
phosphine oxide 6, 0.766 g of potassium phthalimide, and 20 mL
of DMF. The mixture was heated under reflux for 4 h, cooled,
and dumped into 60 mL of CHCls. The organic solution was’
washed with H;0, dried over NaHCOj, and concentrated in vacuo
to afford 0.92 g of product phthalimide as a white solid. To a
separate flask charged with 0.10 g of product phthalimide was
added 4 mL of methanolic hydrazine (0.2 M in MeOH) at RT.
After 14 h at RT, the reaction mixture was concentrated, and the
residue was treated with 5 mL of 1 N HC], washed with CHCl,,
and strongly basified with solid NaOH. The basified solution
was then extracted with CHCl; (2 X 20 mL), and the combined
organicsolution was dried over K4CO; and concentrated in vacuo
to give 33 mg of amine phosphine oxide 7 as a white solid (used
for the next reaction without further purification).

(4-Isothiocyanatobutyl)dimethylphosphine Oxide (8). To
a flask charged with 33 mg (0.22 mmol) of amine 7 and 1 mL of
CHCl, were added at RT 0.02 mL (0.27 mmol) of CSCl; and 0.3
mL of 1 N NaOH. After 356 min at RT, the reaction mixture was
partitioned between 10 mL of CHCl; and 10 mL of H;Q. The
separated organic layer was dried over MgSO,, concentrated in
vacuo, and chromatographed (8/2 EtOAc/MeOH) to afford 29
mg of isothiocyanate 8 as a reddish yellow oil in 68% yield: 'H
NMR (400 MHz, CDCl3) 6 3.54 (t, J = 6.0 Hz, 2H), 1.82-1.70 (m,
6H), 1.48 (s, 3H), 1.44 (s, 3H); FT-IR (CHCly) 2041, 2191, 2087,
1302, 1178 em™; ¥C NMR (400 MHz, CDCly) & 44.5, 30.6 (d, J
= 90,2 Hz, 1C), 30.7 (d, J = 34.7 Hz, 1C), 19.3, 16.2 (d, J = 68
Hz, 2C); P NMR (CDCly) § 46.1; HRMS caled for C;HNOPS
191.0534, found 195.0536. ) : o

4-(Methylsulfonyl)cyclohexene (11). Inasealed tube were
placed 0.50 g (5.5 mmol) of methyl vinyl sulfone (9), 0.67 g (5.5
mmol) of 1,4-but-2-enediyl sulfone (10) and 2 mL of absolue
EtOH. After 2 days at 138 °C, the reaction mixture was cooled
and poured into aqueous Na;C0Qy. After 10 min with vigorous
stirring, the aqueous solution was extracted with ether (2 X 10
mL), dried over MgS0,, concentrated in vacuo, and chrom
graphed (1/1 hexane/ether) to give 0.20 g (2.2 mmol, 40%
recovery) of methyl vinyl sulfone (9) and 0.40 g of sulfone 11 as
a brown oil in 50% yield. .

Todo Isothiocyanate 12, To a flask charged with 842 mg
(0.68 mmol) of Hg(SCN); was added a premixed solution of I
in 8 mL of benzene. After 30 min at RT, to this mixture was
added 202 mg (1.26 mmol) of cyclohexzene 11 dissolved in 1 mL
of benzene, and the flask containing the reaction mixture was
wrapped with aluminum foil and stirred for 7.5 days at RT under
an argon atmosphere. The reaction mixture was then filtered
off, and the solid material was washed with ether. The ether -
solution was washed with aqueous KI, aquecus Nag8,0,, and -
brine successively, dried over Mg80,, and concentrated in vacuo.
Flash column chromatography (1/1 ether/hexane) afforded 20
mg of iodide 12 (5% yield) as a brown oil along with three other
isomers (11% yield).

Sulfonyl Isothiocyanate 18. To a flask charged with 21 mg
(0.07 mmol) of iodide 12 and 1 mL of benzene was added 0.05
mL (0.2 mmol, 3 equiv) of Bu;SnHat RT. After10h,thereaction
mixture was treated with 2 mL of wet ether and 35 mg (0.2 mmol)
of DBU (1,8-diazabicyclo(5.4.0Jundec-T-ene). The resulting
mixture was filtered off, concentrated in vacuo and chromato-
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graphed (100% ether — 1/1 ether/EtOAc) to afford 7.3 mg of
isothiocyanate 13 as white solid (mp 123 °C) in 56% yield: 'H
NMR (400 MHz, CDCly) 5 4.11-4.08 (m, 1H), 2.85 (s, 3H), 2.87-
2,80 (m, 1H, overlapped), 2.23-2.18 (m, 4H), 1.93 (dd, J = 14.8,
4.4 He, 1H), 1.87 (dd, J = 13.2, 3.2 Hz, 1H), 1.67 (tt, J =132,
3.6 Hz, 2H); FT-IR (CHCl,) 3025, 2943, 2261 , 2085, 1302 emY;
13¢ NMR (CDCly) 8 133.5, 61.2, 52.3, 36.8, 30.5, 20.6; HRMS
caled for CsH;sNO,S; 219.0388, found 219.0391.

3-Cyanocyclohexyl Methyl Sulfide (15). Into a 100-mL
round-bottomed flask were placed 0.438 g (3.0 mmol) of 14,
1.418 g (4.8 mmol) of 2,4,6-triisopropylbenzenesulfonyl hy-
drazide,! and 8 mL of MeOH at RT. After 1 h, 0.739 g (11.3
mmol) of KCN was added at RT, and the resulting mixture was
heated under gentle reflux for 3 h. The reaction mixture was
cooled, diluted with 20 mL of H,0, and extracted with CH,Cl,
(2 X 20 mL). The organic solution was washed with aqueous
NaHCO,, dried over MgSO,, concentrated in vacuo, and purified
by flash column chromatography (8/2 hexane/EtOAc) to afford
0.360 g of sulfide 15 as a yellow oil in 76% yield.

3-Cyanocyclohexyl Methyl Sulfone (16). Toaflaskcharged
with 0.36 g (2.32 mmol) of sulfide 15 and 10 mL of aqueous MeOH
9/1 v/v MeOH/H;0) was added 2.75 g (4.64 mmol) of Oxone
(Aldrich, 2KHSOsKHSO K300 at RT. After 24h, thereaction
mixture was filtered through a sintered-glass funnel, and the
filtered solid material was washed with 50 mL of CHCl,. The
combined organic solution was washed with H;O, dried over
MgSO0,, and concentrated in vacuo to afford 0.246 g of sulfone
16 (57% yield) as a colorless oil. This material was used in the
next reaction without purification.

3-(Aminomethyl)cyclohexyl Methyl Sulfone (17). To a
suspension of 0.098 g (2.59 mmol) of LIAIH, in 10 mL of anhydrous
ether was cannulated 0,246 g (1.31 mmol) of nitrile 16 dissolved
in8mL of THF at RT. Upon addition, the reaction mixture was
heated under reflux. After 2.5h,the reaction mixture wascooled,
quenched with 0.5 mL of H;0 and 0.5 mL of 5% NaOH, and
filtered through a sintered-glass funnel. The solid material
filtered was thoroughly washed with ether. The combined organic
solution was dried over K;CO; and concentrated in vacuo toafford
0.150 g of amine 17 (60% yield) as a colorless oil. This material
was used in the next reaction without purification.

¢ls-(3-(Methylsulfonyl)cyclohexyl)methyl Isothiocyan-
ate 18 and trans-(3-(Methylsulfonyl)cyclohexyl)methyl
Isothiocyanate 19. To a flask charged with 0.15 g (0.78 mmol)
of amine 17 and 3 mL of CHCl, were added 0.07 mL (0.92 mmol)
of CSClyand 1.5 mL of 5% NaOH at RT. After 1 h, the reaction
mixture was diluted with 10 mL of CH;Cly, washed with H;0 and
brine, dried over MgSO,, concentrated in vacuo, and chromato-
graphed (1/1 hexane/EtOAc) to give 0.123 g of products (67%
yield) as a mixture of isothiocyanates 18 and 19 (1:1 ratio). HPLC
(40/60 EtOAc/hexane) separation afforded analytically pure 18
and 19 (both as a colorless oil). 18: 'H NMR (400 MHz, CDCls)
$3.47 (d, J = 6.0 Hz, 2H), 2.92-2.82 (m, 1H), 2.84 (s, 3H), 2.28-
2.20 (m, 2H), 2.04 (tt, J = 6.8, 3.0 Hz, 1H), 1.87-1.75 (m, 2H),
1.53~1.27 (m, 3H), 1.06 (tq, J = 12.2, 3.6 Hz, 1H); FT-IR (CHCl,)
3025, 2031, 2861, 2191, 2097, 1449, 1308 cm™!; *C NMR (CDCly)

- § 56.5, 46.5, 32.6, 32.5, 23.9, 23.8, 20.0, 19.1; HRMS caled for
CyHisNO,S, 233.0544, found 233.0548, 19: *H NMR (400 MHz,
CDCly) §3.60 (d, J = 6.8 Hz, 2H), 3.09-3.03 (m, 1H), 2.88 (s, 3H),

2.46-2.37 (m, 1H), 2.14-2.07 (m, 1H), 1.98-1.84 (m, 4H), 1.74~

\1.66 (m, 1H), 1.58-1.41 (m, 2H); FT-IR (CHCl,) 3013, 2943, 2872,

2191, 2097, 1449, 1308 cm-*; 3C NMR (CDCly) 4 52.6, 43.5, 33.6,

28.0,22.5,22.1,19.5, 14.9; HRMS caled for CoH1sNQ:S, 233.0544,

found 233.0545.

2.endo-Methylsulfonyl Isothiocyanate 20. In a 20-mL
hydrolysis tube were placed 349 mg (2.03 mmol) of 5-endo-

(methylsulfonyl)-2-horbornene,'? 394 mg (4.056 mmol) of KSCN,

319 mg (3.25 mmol) of Hz80,, and 0.1 mL of H2O at RT via

literature precedent.’® The tube wassealed and shaken vigorously

for 5 min to give a finely divided yellow suspension. After4days
at 50 °C, the reaction mixture was filtered through a sintered-
glase funnel, and the brown solid was washed with ether. The
combined organic solution was washed with Hz0, brine, dried
over Mg80,, and concentrated to give 270 mg of crude product
containing unreacted starting material as the major component.
Flash colun‘m chromatography (1/1 hexane/EtOAc) afforded 47
g of isothiocyanate 20 as a white solid. Recrystallization from
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a 2:1 mixture of hexane and ether gave 28 mg of isothiocyanate
20 (6% yield) as white needles (mp 110-111 °C). The endo
orientation of the methylsulfonyl group was assigned based on
ita 'H NMR chemical shift (3 2,84) being upfield from that of the
corresponding exo methylsulfonyl groups of 21 and 28 (5 2.86-
2.87).14 The 1,3-relationship of the two substituents was assigned
based on the difference in chemical shifts between the bridgehead
hydrogens (Aé = 0.2) vs that in the 1,4-positional isomer 21 (A$
=0,1):1* 1H NMR (400 MHz, CDCl,) 6 3.79 (dd, J = 7.6, 4.4 Hz,
1H), 3.30-3.25 (m, 1H), 2.90-2.84 (m, 1H), 2.84 (s, 3H), 2.68 (d,
J = 4.4 Hz, 1H), 2.02 (ddd, J = 13.1, 10.1, 4.2 Hz, 1H), 1.90-1.86
(m, 1H), 1.72-1.52 (m, 4H); FT-IR (CHCly) 3 025, 2120, 2097,
1320 cm™!, Anal. (CoH;sNO.S2) C, H, N, 8. o
2-exo-Methylsulfonyl Isothiocyanate 21 and 2-exo-Me-
thylsulfonyl Isothiocyanate 29. The same procedurs as
described for 20 was used except that the reaction mixture was
stirred for 6 days at 66 °C. After workup, isothiocyanates 21
(17% yield) and 29 (5% yield) were isolated by flash column
chromatography (100% ether — 100% EtOAc). Isothiocyanate
21 was recrystallized from CH;Cly/ether/hexane to afford ivy
leaf-shaped crystals (mp 142-148 °C) in 12% yield. Isothiocy-
anate 29 was recrystallized from ether to afford small needles
(mp 82-82.5 °C) in 4% yield. The assignment of positional
isomers was done as described for isothiocyanate 20. Isothio-
cyanate 21: 'H NMR (400 MHz, CDCly) § 3.66 (t, J = 6.8 Hz,
1H), 2.90 (bs, 1H), 2.86 (s, 3H), 2.80 (dd, J = 8.0, 5.2 Hz, 1H),
2.66 (bd, J = 5.2 Hz, 1H), 2.12 (td, J = 14.0, 5.2 He, 1H), 2.03
dt, J = 12,0, 2.2 Hz, 1H), 1.88-1.84 (m, 2H), 1.68-1.60 (m, 2H);
FT-IR (CHCl,) 3025, 2120, 2073, 1320cm-1, Anal. (CoH;3NO2S2)
C, H, N, 8. Isothiocyanate 29. 'H NMR (400 MHz, CDCly) §
3.65 (dd,J = 6.8, 2.8 Hz, 1H), 2.98 (bs, 1H), 2.87 (s, 3H), 2.76 (dd,
J = 6.8, 1.2 Hz, 1H), 2.58 (bs, 1H), 2.06-1.61 (m, 6H); FT-IR
(CHCl,) 3025, 2978, 2191, 2120, 2085, 1349, 1308, 1138 cm™; *C
NMR (400 MHz, CDCl,) § 132.2, 61.5, 58.0, 46.5, 39.6, 39.2, 36.3,
33.7, 31.2; HRMS caled for CoH,3NO,S, 231.0388, found 231.0390.
2-endo-Acety] Isothiocyanate 22, 2-exo-Acetyl Isothio-
cyanate 23, and 2-exo-Acetyl Isothiocyanate 30. To a 100-
mL three-neck round-bottomed flask equipped with a magnetic
stirring bar, dropping funnel, and reflux condenser were placed
2.0 g (14.7 mmol) of 5-acetyl-2-norbornene (mixture of endo and
ex0, Aldrich Chemical Co.), 2.88 g (2.4 mmol) of KSCN, and 10
mL of benzene. To this solution was added at RT a mixture of -
2.1 g (21.5 mmol) of concentrated sulfuric acid and 1.0 mL of
water slowly using a'dropping funnel. After 4 days at 50 °C, the
reaction mixture was filtered through a sintered-glass funnel,
The filtered white solid was washed with 50 mL of ether. The
combined organicsolution was then washed with water and brine
successively, dried over MgSOQ,, and concentrated in vacuo to
afford a tan oil. Subsequent purification via flash column
chromatography (2/8 ethet/hezane) afforded 1.73 g of product
(60% yield, colorless oil) as a mixture of four sterecisomers.
Purification by HPLC (97/8 hexane/EtOAc, 10 mL/min) gave
isothiocyanates 22 (10% yield), 28 (28% yield), and 30 (22%
yield). The assignment of positional and orientational isomers
was done as described for isothiocyanates 20, 21, and 29. The
structure of isothiocyanate 23 was confirmed by X-ray crystal-
lography. Isothiocyanate 22: 'H NMR (400 MHz, CDCly) 8 8.51
(dd, J = 7.6, 2.8 Hz, 1H), 2.85-2.79 (m, 1H), 2.68-2.54 (m, 1H),
2.43 (d, J = 4.8 Hz, 1H), 2.08 (s, 3 H), 1.74-1.70 (m, 1H), 1.68
(ddd,J = 13.6,7.6,2.4 Hz, 1H), 1.59-1.43 (m, 4H); FT-IR (CHCly)
3013, 2968, 2132, 2097, 1702, 1343 cm-t, Anal. (CioH3NOS) C,
H, N, S. Isothiocyanate 23: 'H NMR (400 MHz, CDCly) 5 3.60
(dd, J = 7.2, 2.8 Hz, 1H), 2.57 (d, J = 4.4 Hz, 1H), 251 (d,J =
4.8 Hz, 1H), 2.34 (dd, J = 8.8, J = 5.2 Hz, 1H), 2.15 (s, 3H), 1.98
(dt, J = 13.2, 4.8 Hz, 1H), 1.88 (ddd, J = 13.2, 7.6, 2.4 Hz, 1H),
1.75 (dt, J = 13.6, 4.4 Hz, 1H), 1.52 (ddt, J = 10.8, 4.0, 1.6 Hz,
1H), 1.33 (ddt, J = 10.8, 4.0, 1.6 Hz, 1H), 1.22 (ddd, J/ = 13.2, 8.8,
2.0 Hz, 1H); FT-IR (CHCly) 2978, 2 179, 2146, 2085, 1708, 1449,
1343 cm-t. Anal. (CioHpNOS) C, H, N, 8. Isothiocyanate 30:
'H NMR (400 MHz, CDCl,) § 3.64 (dd, J = 7.6, 2.8 Hz, 1H), 2.71
(bs, 1H), 2.43 (dd, J = 4.5, 3.6 Hz, 1H), 2.31 (dd, J = 8.4, 6.0 Hz,
1H), 2.17 (s, 3H), 1.83-1.67 (m, 2H), 1.58-1.54 (m, 2H), 1.38-1.30
(m, 2H); 13C NMR (CDCly) 5 207.4, 130.1, 58.3, 50.7, 46.5, 39.9,
35.4,33.6, 31.5, 28.7; FT-IR (CHC,) 2955, 2132, 2085, 1708, 1343
cm-l; HRMS caled for CiHisNOS 195.0719, found 185.0718.
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2.ex0-Cyanonorbornyl Isothiocyanate24. Toa sealed tube
charged with 145 mg (1.2 mmol) of 5-exo-cyano-2-norbornene,
238 mg (2.4 mmol) of KSCN, and 3 mL of benzene were added
177 mg (2.4 mmol) of H;S0, and 0.08 mL of H,0. After 48 hat
63 °C, the reaction mixture was diluted with ether, filtered,
concentratad, and chromatographed (3/7 ether/hexane) to give
77 mg (63%) of starting material and 33 mg of product as a
mixture of two isomers, Subsequent HPLC separation (9/1
hexane/EtOAc) afforded 30 mg of isothiocyanate 24 as a white
solid (mp 49.5~-50.56 °C from hexane) in 14% yield: 'H NMR
(400 MHz, CDCly) 5 3.59 (t, J = 5.6 Hz, 1H), 2.73 (bs, 1H), 2.64
(d,J = 4.4 Hz, 1H), 2.32 (ddd, J = 9.2, 4.8, 1.6 Hz, 1H), 1.90 (dt,
J = 13.8 Hz, 4.8, 1H), 1.85-1.73 (m, 5H); FT-IR (CHCly) 3021,
2079, 2954, 2240, 2201, 2146, 2100, 1452, 1349 cm-!; *C NMR
(400 MHz, CDCly) 8 131.0,122.2, 57.3, 43.4, 40.8, 39.0, 34.4, 31.8,
29.9; HRMS caled for CoH,oN.S 178.0563, found 178.0561.

2.ex0-Nitronorbornyl Isothiocyanate 25. To a flask charged
with 183 mg (1.3 mmol) of 5-exo-nitro-2-norbornene,!® 256 mg
(2.6 mmol) of KSCN, and 6 mL of benzene were added 190 mg
(2.6 mmol) of Hy80, and 0.1 mL of HyO. After 75 h at 40 °C,
the reaction mixture was diluted with ether, filtered off,
concentrated, and chromatographed (9/1 hexane/ether) to afford
107 mg of starting material (59%) and 36 mg of isothiocyanate
25 as a yellow solid (14%). Subsequent recrystallization from
ether/hexane gave 26 mg of isothiocyanate 25 as colorless needles
(mp 67-68 °C) in 10% yield: 'H NMR (400 MHz, CDCly) § 4.32
(q, J = 8.0 Hz, 1H), 3.62 (t, J = 5.2 Hz, 1H), 3.00 (bs, 1H), 2.67
(d, J = 4.8 Hz, 1H), 2.39 (dt, J = 14.4, 4.0 Hz, 1H), 1.88-1.71 (m,

" 5H); FT-IR (CHCly) 3013, 2132, 2085, 15649, 1367, 1220 cm-i.

Anll' (CIHIDNlOﬁ)I cl H! Nr s-

2-ex0-(Methoxycarhonyl)norbornyl Isothiocyanate 26
and 2-exo-(Methoxycarbonyl)norbornyl Isothiocyanate 31.
To a'flask charged with 40 mg (0.26 mmol) of 5-exo-(methoxy-
carbonyl)-2-norbornene,"” 51 mg (0.53 mmol) of KSCN, and 0.5
mL of benzene were added 38 mg (0.53 mmol) of H2S0, and 0,02
mLof H;O. After46hat 63 °C, the reaction mixture was directly
chromatographed (7/3 hexane/ether) to give 20 mg (0.09 mmol)
of product as a mixture of two isomers based on 'H NMR analysis
(26:31 85:15). Purification by HPLC (95/5 hexane/EtOAc)
afforded pure isothiocyanates 26 as a white solid (ca. 31% yield,
mp 39.5-40.5°C) and 31 asa liquid (ca. 6% yield). Isothiocyanate
26: 'H NMR (400 MHz, CDCly) 4 3.67 (s, 3H), 3.59 (dd, J = 7.8,
3.2 Hz, 1H), 2,63 (d, J = 3.5 Hz, 1H), 2.55 (d, J = 4.3 Hz, 1H),
2.25 (dd, J = 8.5, 4.3 Hz, 1H), 1.97 (dt,J = 13.7, 4.7 Hz, 1H), 1.85
(ddd, J = 13.4, 7.8, 1.9 Hz, 1H), 1.74 (dt, J = 13.5, 3.8 Hz, 1H),
1.62-1.63 (m, 2H), 1.42-1.36 (m, 1H); FT-IR (CHCl,) 2076, 2053,
2140, 2088, 1729, 1437, 1346 cm™'; *C NMR (400 MHz, CDCly)
8175.2, 58.0, 51 .9, 45.0, 43.8, 40.2, 40.1, 33.6, 29.8; HRMS calcd
for C;oH1aNQ,S 211.0667, found 2110669, 31: 'H NMR (400
MHz, CDCly) & 3.68 (s, 3H), 3.62 (dd, J = 7.6, 3.6 Hz, 1H), 2.76
(bs, 1H), 2.44 (bs, 1H), 2.22 (dd, J = 8.4, 5.6 Hz, 1H), 1.88-1.40
(m, 6H); FT-IR (CHCly) 3027, 3009, 2974, 2054, 2197, 2132, 1732,
1437, 1346 cm!; 3C NMR MHz, CDCly) 4 174.7, 58.2, 62.1,
47.8, 42.8, 39.8, 36.4, 34.0, 33.0; HRMS calcd for C,oH;sNO,S
211.0867 found 211.0667.

exo-2-(1-Hydroxyethyl)norbornyl Isothiocyanate 27, To
37.3mg (0.2 mmol) of acetyl isothiocyanate 23 in 1.5 mL of MeOH
was added 8.7 mg (0.2 mmol) of NaBH, slowly at 0 °C, After 15
min at 0 °C, the reaction mixture was treated with a few drops
of water, diluted with ether, dried over MgSO,, concentrated in
vacuo, and purified by prep TLC (8/2 ether/hexane) to give 21.0
mg of hydroxy isothiocyanate 27 as a mixture of diastereomers
(white solid; mp 84-69 °C recrystallized from hexane) in 56%
yield: *H NMR (400 MHz, CDCly) 4 1.19 (d, J = 6.0 Hz, CHj),
1.10 (d, J = 6.4 Hz, CHy); FT-IR (CHCly) 3623, 3460, 2068, 2872,
2097, 1343 cm-1, Anal. (CyH,yNOS), C, H, N, S.

2-endo-Hydroxynorbornyl Isothiocyanate 28. To a flask
charged with 0.515 g (4.54 mmol) of 5-hydroxy-2-norbornene
(mixture of endo and exo, Aldrich Chemical Co.) 0.530 g (5.45
mmol) of KSCN, and 8 mL of benzene was added a premixed
solution of H;S80, (0.400 ) in 0.2 mL of H,0 at RT. After 3 days
at 56 °C, the reaction mixture was filtered and chromatographed
(40/60 ether/hexane) to give 0.075 g of product as a white solid
in 10% yield. A portion of the material was recrystallized from
hexane/sther for analysis (white flakes; mp 64-66 °C): tH NMR
(400 MHz, CDCly) § 4.24-4.18 (m, 1H), 3.67-3.85 (m, 1H), 2.52
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(ddd, J = 13.2, 7.6, 2.0 Hz, 1H), 241 (d, J = 5.2 Hz, 1H), 2.35
(td, J = 5.2, 1.6 Hz, 1H), 2.00 (ddd, J = 16.6, 10.4, 5.6 Hz, 1H),
1.69 (dq, J = 14.0, 3.2 Hz, 1H), 1.57-1.53 (m, 2H), 1.46~1.42 (m,
1H), 0.76 (dt, J = 14.0, 3.2 Hz, 1H); FT-IR (CHCly) 3613 , 3472,
2868, 2097, 1343 cm™!. Anal. (CsHnNOS) G, H, N, 8.

Bioassay Procedures. Measurementof Inducer Potency
in Hepta lclc7 Murine Hepatoma Cells. These determina-
tions were carried out on cells grown in 96-well microtiter plates
according to minor modifications! of the procedure of Prochask®
and Santamaria.* The cells (10 000 per well) were grown for 24
h in medium containing 10% heat- and charcoal-treated fetal
calf serum and then exposed to serial dilutions of the inducers
for 48 h before measurement of QR specificactivity. Compounds
were dissolved in acetonitrile and diluted so that the final
concentration of solvent was 0.1% by volume in all wells.

Induction of Quinone Reductase and Glutathione Trans-
ferase Activities in Mouse Tissues. Treatment of Animals.
Five-week-old female CD-1 mice (Charles River Laboratories,
Wilmington, MA) were acclimatized for 1 week on AIN 76A pelleta
diet. The animals were housed in plastic cages (four or five per
cage). Each mouse received 0.1 mL of Emulphor EL820P (GAF,
Linden, NJ) alone (10 mice) or 0.1 mL of Emulphor containing
7.5 ymol (4 mice), 16 umol (5 mice), or 30 smol (5 mice) of exo-
2-acetyl-6-isothiocyanatonorbornane, daily by gavage for 5 days.
Twenty-four hours after the last treatment, the animals were
killed by carbon dioxide inhalation, the organs were removed,
frozen in liquid nitrogen, and stored at -80 °C until analysis.

Preparation of Tissue Cytosols and Assay of Their
Enzymatic Activities. The cytosols were prepared as de-
scribed.181? Inthe present experiments the entire proximal amall
intestine (after removal of contents) was homogenized rather
than the mucosal scrapings. :

. Specific enzyme activities were measured at 25 °C. as de- '
scribed!® except that the assay systems were miniaturized (to

one-tenth volume) 8o that measurements could be made in 96-
well microtiter plates with the use of a microtiter plate reader
(UVmazx, Molecular Devices, Palo Alto, CA). The QR specific
activities were determined in a final volume of 0.3 mL by
measuring the NADPH-dependent rate of menadiol-mediated
reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) at 610 nm. The specific activities of GST were

measured with DCNB and CDNB in final volumes of 0.2 mL at -

340 nm. Suitable rates were obtained by use of appropriate
volumes and dilutions of cytosols and were derived from
ahsorbance changes during the initial 2 min, based on the average
of four wells. Rates were corrected for absorbance changes in
wells containing all components except. cytosol. Protein deter-
minations were made according to Bradford2' The ratios of the
mean enzyme specific activities (nanomoles of product formed
per minute per milligram of protein) of tissue cytosols from
animals treated with the inducer to those receiving vehicle only
were then calculated (% SEM). The standard errors of these
ratios were calculated.!® : '
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ABSTRACT Consumption of vegetables, especially cruci-
fers, reduces the risk of developing cancer. Although the
mechanisms of this protection are unclear, feeding of vegeta-
bles induces enzymes of xenobiotic metabolism and thereby
accelerates the metabolic disposal of xenobiotics: Induction of
phase 11 detoxication enzymes, such as quinone reductase
[NAD(P)H:(quinone-acceptor) oxidorcductase, 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 responsible
for the protective propertics of vegetables in humans requires
isolation of enzyme inducers from these sources, By monitoring
quinone reductase induction in cultured murine hepatoma cells
as the biological assay, we have isolated and identified (—=)-1-
isothiocyanato-(4R)-(methylsulfinyl)butane [CH,—S0—
(CHy)—NCS, sulforaphane| as a major and very potent phase
11 enzyme inducer in SAGA broccoli (Brassica oleracea italica).
Sulforaphane is a monofunctional inducer, like other anticar-
cinogenic isothiocyanates, and induces phase II enzymes sclec-
tively without the induction of aryl hydrocarbon receptor-
dependent cytochromes P-450 (phase 1 enzymes). To elucidate
the structural features responsible for the high inducer potency
of sulforaphane, we synthesized racemic sulforaphane and
analogues differing in the oxidation state of sulfur and the
number of methylene groups: CHy—$0,—(CH,),—NCS,
where m = 0, 1, or 2 and n = 3, 4, or 5, and measured their
inducer potencies in murine hepat cells. Sulforay is
the most potent inducer, and the presence of oxygen on sulfur
enhances potency. Sulforaphane and its sulfide and sulfone
analogues induced both quinone reductase and glutathione
transferase activities in several mouse tissues. The induction of
detoxication enzymes by sulforaphane may be a significant
component of the anticarcinogenic action of broceoli.

Individuals who consume large amounts of green and yellow
vegetables have a lower risk of developing cancer (1-3).
Feeding of such vegetables to rodents also protects against
chemical carcinogenesis (4, 5), and it results in the induction
in many tissues of phase 11§ enzymes—e.g.. quinone reduc-
tase [QR: NAD(P)H:(quinone-acceptor) oxidoreductase, EC
1.6.99.2] and glutathione S-transferases (EC 2.5.1.18) (11~
17). Although much evidence suggests that induction of these
enzymes is a major mechanism responsible for this protection
(1820}, the precise role of enzyme induction in protection of
humans requires clarification. The preceding report (21)
shows that measurement of QR activity in Hepa leic? murine
hepatoma cells provides a rapid, reliable, and convenient
index of phase Il enzyme inducer activity in vegetables.
Using this assay (21-24), we found that cruciferous vegeta-
bles (broccoli, cauliflower, mustard, cress, brussels sprouts)
were a rich source of inducer activity. We chose to investi-

“The publication costs of this article were defrayed in part by page charge
payment. This article must thercfore be hereby marked “advertivement™
in accordance with 18 U.8.C. 41734 solely to indicate this fact,
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gate broccoli (Brassica oleracea italica) specifically because
it is consumed in substantial quantitics by Western societies
and has been shown to contain abundant phase [l enzyme
inducer activity (21). In this papet we describe the isolation
and identification of a potent major phase Il enzyme inducer
from broccoli.

MATERIALS AND METHODS

Source of Vegetables and Preparation of Extracts. SAGA
broceoli was grown by Andrew Ayer (Maine Packers, Car-
ibou, ML). SAGA is synonymous with Mariner broceoli
(Petosced, Arroyo Grande, CA) and was adapted for growing
in Maine by $Smith, Ayer, Goughan. and Arrow. The broccoli
was harvested when ripe, frozen immediately, shipped to our
laboratory in dry ice. and stored at —20°C until processed.

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

Assay of Inducer Activity, Inducer potency for QR wits
measured in Hepa Iele? murine hepatoma cells grown in
96-well microtiter plates (21, 24). The cells (10,000 per well)
were grown for 24 hr and then exposed to inducer for 48 hr.
Usually 20 ul of the solutions to be assayed (in acetonitrile or
dimethy! formamide) was added to 10.0 mi of medium and
2-fold serial dilutions were used for the microtiter plates, The
final organic solvent concentration was always less than 0.2%
by volume. One unit of inducer activity is defined as the
amount that when added to a single microtiter well (contain-
ing 150 ! 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

Abbreviations: QR, quinone reductase [NAD(P)H:(quinone-
acceptor) oxidoreductase, EC 1.6.99.2]: CD value. the concentration
of a compound required to double the guinone reductase specific
activity in Hepss 1ele7 onrine hiepaton cells.

"Taswhom reprint requests shoubld be addressed.

SEnzymes of xenobiotic metabolism belong (o two families (6): (1)
phase 1 enzymes (e.g.. 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
(7): and (i) phase 11 enzymes. which conjugate functionalized
products with endogenous ligands (e.g.. glutathione, glucuronic
acid, sulfate) and play primarily a detoxication role (R). QR is
considered a phase |1 enzyme because it serves protective funclions
9). is induced coordinately with other phase || enzymes. and is
reguli hi 1 ts similar to those that regulate
glutathione translerases (10).
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the concentration required to double (CD value) the QR
activity.

The inductions of QR and glutathione transferase activities
in mouse organs were studied according to a standard pro-
tocol (25). .

Synthesis of Compounds, (R,S$)-Sulforaphane (CAS 4478-
93-7) was prepared according to Schmid and Karrer (26)
except that gaseous thiomethanol was replaced by sodium
thiomethoxide. The sulfide analogues, CHy—8—CH)),—
NCS, where n is 4 [erucin (CAS 4430-36-8)| or S [berteroin
(CAS 4430-42-6)] were prepared as described (27), and the
three-carbon analogue [iberverin (CAS 505-79-3)] was pre-
pared from phthalimidopropy| bromide (26). IR spectra of all
three sulfide analogues showed strong absorptions near 2150
cm~!, characteristic of isothiocyanates. 'H NMR spectra of
these compounds show sharp singlets at 52,10 ppm (CHy—S
group). The sulfoxide analogues where n is 3 [iberin (CAS
505-44-2)} or 5 [alyssin (CAS 646-23-1)] were prepared by the
same method as sulforaphane. IR spectra of these compounds
showed strong absorptions near 2100 cm™!, assigned to the
—NCS group. '"H NMR spectra aiso showed sharp singlets
around & 2.5 ppm, consistent with the presence of the
CH;—S0group. The sulfoneanalogues, CHy—S0>—(CH;),—
NCS, where n is 3 (cheirolin (CAS 505-34-0)}, 4 [erysolin (CAS
504-84-7)], or 5 (unreported) were prepared by known methods
(28). 'H NMR (8 = 2.9 ppm, for CHy—SOx—) and IR spectra
of these compounds were consistent with the structures.
Every analogue except l-isothiocyanato-5-methylsulfonyl-
pentane [CH;—S0y—(CH;)s—NCS] has been isolated from
plants (29).

RESULTS

Isolation of Inducer Activity, We sclected SAGA broccoli
for study because acetonitrile extracts of lyophilized ho-
mogenates of this variety were especially rich in inducer

Filed 05/09/2008 Page 23 of 26
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activity (62,500 units per g) in comparison 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. chromato-
graphic fractions. Surprisingly, the majority (about 65-80%
in several chromatographies) of the recovered activity was
associated with a single and relatively sharp peak [fractions
18-23; eluted at 64-71% (vol/vol} methanol]. 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 ml/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 1 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 ml of methanol/water
(25/75, vol/vol) and the insoluble fraction was.discarded.
Although not all 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 ml 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 all
runs were pooled, evaporated to dryness, applied in aceto-
nitrile to five preparative silica TLC plates (100 X 200 x 0,25
mm), and developed with acetonitrile, which was run to the
top of each plate three times. Four major fluorescence-
quenching components were resolved, and nearly all (99%) of
the inducer activity migrated at R, 0.4, The active bands were
eluted with acetonitrile, pooled, and fractionated by two runs
on a second preparative reverse-phase HPLC in a water/

—— 50'
16} 5
- °
| @
- w
S 40
3 ki 1
€ 1.2-9_
3 »
o 2 30f
m €
g 2
ﬁ O.B-E 20 ,|
s g
@ 6 !
0 a |
< 04f ;
W 5
w 10 \
B 1
z .

GRADIENT

FRACTION DRY WEIGHT (mg) (—--)

FRACTION NO.

Fic.1. Reverse-phase HPLC of acetonitrile extract of SAGA broccoli showing the distribution of absorbance at 280 nm, total inducer activity
(units per fraction), and dry weight of each fraction. Lyophilized SAGA broccoli floret powder (16 g) was extracted three times (for 6 hr each)
with $60-mi portions of acetonitrile on a shaker at 4°C. The extracts were filtered and evaporated to dryness on a rotating evaporator (<40°C).
The residue (202 mg) was suspended in 3.0 ml of methanol and filtered successively through 0.45- and 0.22-um porosity filters. The insoluble
material was discarded. The fHtrate was assayed for total inducer activity, and a 0,75-mi (50.5-mg) aliquot of the methanol extract was subjected
1o HPLC on a reverse-phase preparative column (Whatman; Partisil 10 ODS-2; 50 X 1.0 cm) equilibrated with methanol/water (30/70, vol/vol),
eluted at a rate of 3,0 ml/min, and 6,0-ml fractions were collected. Elution solvent: 30 ml of initial solvent, followed by 330 ml of a convex gradient
(Waters Gradient program ) to 100% methanol; and then by %0 ml of 100% methanol. The fractions were evaporated on a vacuum centrifuge
(Savant Speed-Vae Concentrator), and the residues were weighed, redissolved in 0.1 mi of dimethy! formantide, ind assayed for inducer netivity,
The activity applied (0.75 ml = 104,000 units) was recovered principally in fractions 18-23 (84,600 units, 81%), and minor amounts of activity
were found in fractions 4, 49, 57, and 65. The total recovery of inducer activity in all fractions was 90% of that applied to the column.
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acetonitrile gradient (Fig. 2). Ultraviolet absorption and
inducer activity were eluted in a sharp coincident peak (at
66% acetonitrile) that contained all of the activity applied to
the column. 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.

Identification of Inducer. The identity of the inducer was
established by spectroscopic methods and confirmed by
chemical synthesis. 1t is (—)-l-isothiocyanato-(4R)-
(methylsulfinylbutane, known as sulforaphane or sul-
phoraphane (CAS 4478-93-7);

1]
S e N=C=2 6
L
ol

Sulforaphane has been synthesized (26) and isolated from
leaves of hoary cress (30) and from other plants (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 also been
synthesized (35, 36).

The following evidence establishes that (R)-sulforaphane is
the inducer isolated from broccoli. UV spectrum (Hy0): Amax
238 nm, ey 910 M~lcm~'; addition of NaOH (0.1 M)
blue-shifted (Amax 226 nm) and intensified (e226 15,300
M-tcm™!) 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 emh,
characteristic of isothiocyanates (27). 'H NMR (400 MHz,
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Fig. 2. Second rcverse-phase preparative HPLC of enzyme
inducer activity from SAGA broccoli, The active inducer bands
obtained from two or three preparative silica TLC plates (see text)
were combined, eluted with acetonitrile, filtered twice through
0.22-um porosity filters, and evaporated to dryness on a vacuum
centrifuge. The residue was dissolved in 0.5 ml of acetonitrile and
applied to a reverse-phase preparative HPLC column (Whatman;
Partisit ODS-2; 50 x 1.0 cm). which was developed with a convex
gradient (Waters Gradient program 5) of acetonitrile/water from
20:80% 10 71:29% (vol/vol) at a flow rate of 3.0 mi/min during a
20-min period. The elvate from 17.0 to 19.0 min was collected as a
pool and assayed for inducer activity: 99% of the inducer activity was
recovered in this pool. The clution position of (R.8)-sulforaphang is
shown (-=+).

Proc. N Acad. Sci. USA 89 (1992) 2401

C*HCly): 63.60 (t, 2H, J = 6.1 Hz, ~CHr—NCS), 2.80-2.66
(m, 2H, —CH;—S0—), 2.60 (s, 3H, CHy—80—), and 1.99-
1.86 ppm (m, 4H, —CH,CH). *C NMR (400 MHz,
C2HCly): & 53.5, 44.6, 38.7, 29.0, and 20.1 ppm. Mass
spectrometry (fast atom bombardment; thioglycerol matrix)
gave prominent peaks at 178 (M + H)* and 355 (M2 + H)*.
Electron impact mass spectrometry.gave a small molecular
ion (M*) at 177, and chemical ionization mass spectrometry
gave a small molecularion (M + H)* at 178 and prominent
fragment ions with masses of 160, 114, and 72, consistent with
the following fragmentation: -

H '
] H S !
H—C—$ —§ CI'Iz—'CH;—U'Iz-a—CI-Iz-—N =C=3 §

e 72—

114
160

Precise masses of molecular-and fragment ions obtained by
electron impact mass spectrometry were 177.0286 (calculated
for C4H NOS,, 177.0283), 160.0257 (calculated for
CgHioNS3, 160.0255), and 71.9909 (calculated for C,HiNS,,
71.9908). In addition, for the mass 160 fragment, the peaks at
161 (M + 1) and 162 (M + 2) were 8.43% (calculated, 8.44%)
and 9.45% (calculated, 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% (calculated, 4.44%), respectively, of the parent ion.
Hence the isotope compositions corrected for the natural
isotope abundance (of BC, N, S, and ¥S) were consistent
with the relative intensities of the M + 1 and M + 2 ions of
both fragments. The optical rotation of the isolated material
was [l —63.6° (¢ = 0.5, CH,Cly), thus establishing that the
product is largely, if not exclusively, the (—)-(R) enantiomer
(literature [a]p —79°. —73.2°, —66° refs. 26, 30, and 38,
respectively). The spectroscopic properties of synthetic
(R,S)-sulforaphane were identical to those of the isolated
product.

Relation of Structure to Inducer Activity Among Sul-
foraphane Analogues. To define the structural features of
sulforaphane (chirality, state of oxidation of sulfur of the
thiomethyl group, number of methylene bridging groups)
important for inducer activity, we synthesized (R.5)-
sulforaphane and the following analogues and measured their
inducer potencies: CHy—S-—CH2),~=N==C==8 (n = 3.4, or
5): CHy—80—(CH,),—N=C==S§ (n = 3 or 5) and
CHy—805—(CH,),—N=C==8§ (n = 3, 4, or 5).

Induction of QR in Murine Hepatoma Cells. The chirality of
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 M. Suiforaphane is
therefore the most potent monofunctional (see below) in-
ducer that has been identified (19, 20), Both (R)- and (R,S)-
sulforaphane were relatively noncytotoxic: the concentra-
tions required to depress cell growth to one-half were 18 uM.

Sulforaphane and the corresponding sulfone (erysolin)
were equipotent as inducers of QR, whereas the correspond-
ing sulfide (erucin) was about one-third as active (Table 1).
Oxidation of the side-chain sulfide to sulfoxide or suifone
enhanced inducer potency, and compounds’ with 4 or 5
methylene groups in the bridge linking CH;S— and
—N=C=S$ were more potent than those with 3 methylene
groups (Table 1). "

Mutants of Hepa lcle7 cells defective in the Ah (aryl
hydrocarbon) receptor or expression of cytochrome
P-4501A1 can distinguish monofunctional inducers (which
induce phase I enzymes selectively) from bifunctional in-
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‘Table 1. Potency of induction of QR in Hepa lele? cells by sulforuphune and analogues
CD value, uM
Compound n=3 n=4 n=Ss

CHy—$—CHa),—N=C=8
CH,—!?—(_CH:),,—N=C=S

)
[¢]

2.4 (Iberin)

I
CHy—S-CHy)—N=C=8

1.5 (Iberverin)

1.3 (Cheirolin)

1.7 (Berteroin)
0.95 (Alyssin)

2.3 (Erucinm)
0.4-0.8 (Sulforaphane)

(.82 (Erysolin) 0,98

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

ducers (which elevate both phase I and 11 enzymes) (39, 40).
When sulforaphane was tested with the BPcl mutant (41)
(defective in transport of the liganded Ah receptor to the
nucleus), and the ¢l mutant (42) (which synthesizes inactive
cytochrome P-4501A1), induction of QR was normal (data not
shown). Suiforaphane is, therefore, like benzyl 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 Glutathione Transferase Activities in
Mice. When synthetic (R,S)-sulforaphane, 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-
foraphane and erugin (in daily doses of 15 umol for 5 days)
raised both enzyme activities 1.6- to 3.1-fold in liver, fore-
stomach, glandular stomach, and mucosa of proximal small
intestine, and 1o a lesser degree in lung. The sulfone (erysolin)
was more toxic, but even S-umol daily doses for § days
clevated the specific activities ol these ¢nzymes in some
tissues examined. We therefore conclude that sulforaphane
and its analogues not only induce QR in Hepa lc1c7 murine
hepatoma cells- but also induce both QR and glutathione
transferase activities in a number of murine organs.

DISCUSSION

Two considerations prompt the belief that sulforaphane is a
major and probably the principal inducer of phase 11 enzymes
present in extracts of SAGA broccoli. First, high yields of

Table 2. Induction of QR and glutathione $-transferase (GST) in mouse

inducer activity were obtained at each step of the isolation,
and even in the first HPLC (Fig. 1) miore than 60% of the
inducer uctivity was contained in a single chromatographic
peak, the biological activity of which could not be subfrac-
tionated. Second, when a totally 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, nearly all the isolated inducer activity
was found in the methanol-soluble portion of the sublimate.
Moreover, on HPLC (Fig. 2) this sublimed material gave rise
to only a single 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 unequivocally by NMR.

The finding that the majority of the inducer activity of
SAGA broccoli probably resides in a single chemical entity,
an isothiocyanate, is of considerable interest. Isothiocy-
anates (mustard oils) and their glucosinolate precursors are
widely distributed in higher plants and are especially preva-
lent among cruciferous vegetables (29). Sulloraphane has
been identified in species of Brassica, Eruca, and Iberis (29,
3.

Isothiocyanates have been shown to block chemical car-
cinogenesis, In rats, 1-naphthyl isothiocyanate suppressed
hepatoma formation by 3-methylcholanthrene, 2-acetylami-
nofluorene, diethylnitrosamine, m-toluenediamine, and azo
dyes (43-46). In mice, benzyl isothiocyanate blocked the
neoplastic effects of diethylnitrosamine or benzofa]pyrene
on lung and forestomach (47, 48), and a variety of phenylalkyt
isothiocyanates reduced the pulmonary ‘carcinogenicity of

tissues by sulforuphane and analogues

Ratio of specific activities (treated/control)

Dose., pwmol Proximal
per mouse Glandular small
Inducer per day Enzyme Liver Forestomach stomuch intestine Lung
CHy—8—(CHa)y—NCS 15 QR 219 = 0,06 1.64 = 0.18* 1.72 £ 0,11 310 £ 0.20 1.66 = 0,13
Erucin GST 1.86 = 0.08 2,51 £ 0.11 2.07 £ 0.08 3.00 £ 0.21 1.41 = 0.11*
CH;—S8—(CH1)y—NCS 15 QR 2.45 = 0,07 1.70 = 0.18* 2.35 £ 0.06 2,34 £0.19 1.37 % 0.14;l
. GST 1.86 = 0.08 1.98 = 0.08 2.97 = 0.08 213 0.2 1.17 = 0.09
Sulforaphane
( t .
CI‘I\—L——QCH3)4—NCS 5 QR 1.62 = 0.09 1.05 = 0.21% 1.57 = 0.08¢ 122 = 0.20‘; 1.00 = o.uz
GST tog =011t 145+015T 19420100  087x020"  1L09=013

Erysolin

The compounds were administered to 6-week-old temale CD-1 mice (4 or § mice per group) by gavage in indicuted single daily doses in0.1
ml of Emulphor EL 620P (GAF, Linden, NJ) for 5 days. Cylosols were prepared from the tissues 24 hr after the last treatment and assayed for
enzyme activitics (glutathione S-transferase was measured with 1-chloro-2 4-dinitrobenzene). The specific activities (nmol'min~'mg™' * SEM)

of organs of vehicle-treated control mice were as follows. Liver: QR, 47

= 0.70; GST, 1014 = 69. Forestomach: QR, 1038 * 155; GST, 1182

+ 74. Glundular stomach: QR, 3274 * §5: GST. 1092 £ R1. Small intestine: QR, 664 * 119: GST, 1372 = 266. Lung: QR, 54 = 5.8; GST, 439
* 34, Data are presented as mean = SEM. Al ratios were significantly ditferent from 1.0 with P < 0.01, except for », P < 0.05, and 1+, P >

2-F25

0.05.
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the tobacco-derived carcinogenic nitrosamine 4-(methylni-
trosamino)-l-(3—pyridyl)-l-butanone (49, 50). The anticarci-
nogenic effects of previously studied isothiocyanates may be
related to their capacity to induce phase II enzymes, which
are involved in the metabolism of 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 monofunctional inducer of phase Ii
enzymes in broccoli also provides the possibility of clarifying
the relationship between enzyme induction and chemopro-
tection.

We thank Andrew Ayer for supplying generous quantities of
SAGA broccoli. These studies were supported by grants from the
National Cancer Insmme (PO1 CA 44530) and from the American
lnstitute for Cancer K ch. All animal experi were in
compliance with National Institutes of Health guidelines (60) and
were approved by the Committee on Animal Care of Johns Hopkins
University.
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