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Food and anticarcinogens

Zhang Y, Talalay P, Cho C-G, Posner G H. (Department
of Pharmacology and Molecular Sciences, School of
Medicine and Department of Chemistry, School of Arts
and Sciences, The Johns Hopkins University, Baltimore,
USA.) A major inducer of anticarcinogenic protective
enzymes from broccoli: Isolation and elucidation of struc-
ture. Proc Natl Acad Sci USA 1992;89:2399-403.

SUMMARY
The authors investigated the belief that consumption of certain
vegetables, especially those belonging to the family Cruciferae
(e.g. cauliflower, broccoli and green cabbage), reduces the risk
of cancer. They designed experiments assuming that compounds
capable of inducing enzymes which detoxify carcinogenic sub-
stances act as chemoprotectants against cancer. Arat hepatoma
cell line was treated with extracts from a number of plants. The
induction of a detoxifying enzyme, quinone reductase (OR) in
these cells was monitored by the reduction of a substrate to a
coloured compound. Extracts of broccoli were prepared in
acetonitrile and purified further in order to isolate the active
compound. This was identified to be sulphoraphane [CHr
SO-(CH2kNCS], an isothiocyanate, belonging thus to a class of
compounds previously shown to be chemoprotective in animal
experiments. By describing a new approach to the identification
of anticarcinogens, this paper opens up ways of defining protec-
tive diets and obtaining chemoprotectants from natural sources.

COMMENT
One possible explanation for the role that certain vegetables
play in chemoprotection against cancer is the induction of
enzymes which detoxify carcinogenic substances. Carcinogens
are generally lipophilic compounds which are rendered
harmless by making them water soluble and easily excret-
able. These modifications also destroy reactive groups on the
carcinogens responsible for macromolecular binding. The
enzymes primarily responsible for such changes are known
as phase II detoxification enzymes and include QR, glutathione
S-transferase and UDP-glucuronosyl transferase.

The detoxification is a two-step process-the phase I
enzymes (such as cytochrome P-450 and aryl hydrocarbon
reductase) introduce an active group on the compound which
is then modified or conjugated to another group by the phase
II enzymes. This entire process is aimed at converting a
lipophilic to a hydrophilic compound which can then be
excreted.

The development of a cell culture! system which measured
the activity of QR, was critical to the identification of inducers
of this enzyme. Mouse hepatoma cells were seeded in 96 well
plates, exposed to varying concentrations of the plant
extracts and the QR activity measured by the reduction of a
tetrazolium dye to a blue brown colour.

The results of the screening of the extracts of various
vegetable families and species were interesting. These
vegetables were grown in 'organic' conditions, free of
pesticides and other preservatives which "may be inducers
of these enzymes. Extracts of several members of the family
Cruciferae such as broccoli, cauliflower and green cabbage
had potent inducer activity. Others with OR inducer activity
were green beans, green onions and ginger. Carrots, radishes
and spinach also had low activity. Plants of the family
Solanaceae (potatoes and green peppers) and Rosaceae
(apples) had no activity. Variants within a species or even
subspecies had different activities, e.g. one variety of broccoli
had eight times the activity of another.

The preliminary screening was done on extracts of the
vegetables in acetonitrile. These were further purified by
high pressure liquid chromatography and thin layer chromato-
graphy, and the protective enzyme inducing compound
identified as sulphoraphane. The structure of the compound
was determined and its analogues synthesized to determine
the key substance involved in its activity. The presence of
oxygen on sulphur in sulphoraphane enhances its potency.
Sulphoraphane is an isothiocyanate and these compounds
are present in many higher plants. Other isothiocyanate
derivatives such as l-naphthyl isothiocyanate and benzyl
isothiocyanate have been previously shown to block chemical
carcinogenesis in rodents. While in vivo protection experi-
ments have yet to be done with sulphoraphane, this paper
reports the induction of phase II enzymes in the liver, lung,
fore stomach, glandular stomach and proximal small intestine

. of mice administered this compound by gavage.
It has also been demonstrated (in cultured cells) that

sulphoraphane is a preferential inducer of phase II and not
of phase I enzymes.

Broccoli, although common in western diets, is 'exotic'
to Indians. But many other plants such as cauliflower and
green cabbage which may have similar effects are not. The
inference that normal human diets play causative roles in
about one- to two-thirds of human malignancies is perhaps
surprising.? Food is a very complex 'mixture and contains
substances which might protect against carcinogenesis. The
identification of dietary carcinogens and chemoprotectors
will help in the formulation of diets which might reduce the
risk of developing cancer. While tests for carcinogenicity are
well defined and a number of putative natural and synthetic
carcinogens have been identified, the same cannot be said of
anticarcinogens. Hence the importance of this paper.
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