

















isothiocyanates and indoles. In all
these studies, the contribution of isoth-
iocyanates was difficult to assess
quantitatively because of the presence
of other active compounds in the veg-
etables (Loub et al., 1975; McDanell et
al, 1989). Nevertheless, there is little
doubt that the observed effects are
due in part to isothiocyanates, as
shown in studies with isothiocyanate
as the only agent (see below).

Some reports have emphasized
both the complexity of the phase |
response to Brassica vegeiables in rat
models and the fact that it depends
strongly on differences in the chemical
composition of vegetables. Vang ef al.
(1991) studied the effects of broccoli
on CYP1A1 and CYPIB mRNA and
proteins in rats fed freeze-dried
vegetables for 7 days. In the colon,
both CYP1A1 mRNA and protein were
induced by the broccoli diet. CYPIAZ2
protein was present in the colon, but it
was not altered by the diet, and the
mRNA was not detectable. Paradoxi-
cally, CYPIIB mRNA was reduced, but
the protein was increased. In the liver,
CYPIB and CYPIHE1 proteins were
increased by the broccoii diet, but
CYPIB mRNA was not affected. In a
later study in which different varieties
of broccoli were fed to rats, it was
also shown that modulation of
cytochrome P450 and other phase |
enzymes is critically dependent on the
concenirations  of  glucosinolates
and other biologically active phyto-
chemicals in plant tissue (Vang ef al,
2001). Various strategies have been
used to overcome the problems due
to the complexity of Brassica vegeta-
bles. Sorensen et al. (2001) fed rats a
Brussels sprout extract containing
a complex, incompletely characterized
mixture of glucosinolates and their
breakdown producis for 4 days.
No significant modulation of phase |
enzymes but significant up-regulation
of phase Il enzymes was observed.

Bradfield and Bjeldanes (1984) fed
rats a diet containing 25% (w/w)
Brussels sprouts for 10 days and com-
pared the effects on intestinal and
hepatic GST activity with those of a
diet containing indole-3-carbinol at
50-500 mgkg. The Brussels sprouts
diet increased GST activity by 1.9-fold
in the gut and by 1.6-fold in the lver,
but neither activity was significantly
affected by purified indole-3-carbinol,
even at the highest dose. The diet
containing sprouts significantly
increased the activities of Ah hydroxy-
lase (by 3.6-fold) and ethoxycoumarin
O-deethylase (by 3.2-fold). The same
group (Bradfield et a/, 1985) included
hepatic GST in a study of the effects of
12 vegetables on phase 1 and phase ||
activity in mice. Diets containing 20%
freeze-dried, powdered  Brussels
sprouts or cauliflower significantly
increased the activities of GST (by 2.0-
and 1.2-fold, respectively) and epoxide
hydratase (both by 1.6-fold): the activ-
ity of ethoxycoumarin O-deethylase
was increased significantly (by 2.2-
fold) by caulifower but that of Ah
hydroxylase was not affected. The
effects on enzyme activities were not
confined to Brassica vegeiables,
although the high doses used make
these results difficult to interpret.

Bogaards et al (1990) studied the
effects of dietary supplements of
Brussels sprouts (2.5-30%), the sini-
grin breakdown product allyl-ITC (0.03
and 0.1%) and goitrin (0.02%) on the
GST subunit pattern in the liver and
small intestinal mucosa of male rats. A
statistically significant linear relation-
ship was found between the amount of
Brussels sprouts in the diet and induc-
tion of GST, with similar increases in
the total amounts of GST subunits.
When the average concentrations of
sinigrin and progoitrin in the sprouts
were 1835 pmolkg and 415 pmolkg,
respectively, the subunit induction pat-
terns in the liver and the small intesti-
nal mucosa were similar to those

observed after feeding allyl-ITC, which
caused stronger enhancement of sub-
unit 2. When the average sinigrin con-
centration in the sprouts was as iow as
that of progoitrin (about 540 pmoi/kg),
however, a goitrin-like induction pat-
tern was observed. The authors con-
cluded that at least two compounds
(probably aliyl-ITC and goitrin) are
responsible for the induction of GSTs
in rat liver and small intestine by
Brussels sprouts.

Thus, much of the induction of
phase | and phase |l enzymes by
vegetables may be due to indoles. The
vegetables studied, Brussels sprouts,
cabbage, broccoli and cauliflower,
have high concentrations of indole glu-
cosinolates  (glucobrassicin)  and
relatively little isothiocyanate glucosi-
nolates (van Etten & Tookey, 1979;
Fenwick & Heaney, 1983). Isothio-
cyanate-rich vegetables with a small
amount of indoles might reduce phase
| enzyme activity, as was observed in
siudies with pure isothiocyanate
compounds (see below). The prepara-
tion of the vegetable diets for this type
of experiment is an important consid-
eration, as it might considerably alter
the bioavailability of the hydrolysed
products. The free isothiocyanates in
freeze-dried broccoli samples are less
bioavailable, as estimated from the
mercapturic metabolite excreted in
urine, and less effective in inducing
guinone reductase activity in colon than
freeze-dried broccoli samples contain-
ing intact glucosinolates (Keck ef al,
2003). Equally important is the method
of storage, which could have significant
effects on the stability of compounds
such as isothiocyanates.

A question of practical importance
is whether cooked vegetables affect
phase I and Il enzymes. Cooked vege-
tables are devoid of myrosinase, the
enzyme responsible for hydrolysing
glucosinolates to release bioactive
aglucones. In a study in which Wistar
rats were fed a diet supplemented with
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boxy-3-benzythiozolidine-2-thione.  In
confrast, dogs excreted the glycine
cohjugate, hippuric acid, possibly
because they readily hydroxylate ihe
benzylic moiety of benzyl-ITC, which is
subsequently oxidized io benzoic acid
and conjugaied.

Phenethyl isothiocyanate

The metabolism and tissue disposition
of phenethyt-ITC was first investigated
in A/J mice, a model of lung carcino-
genesis (Shimkin & Stoner, 1975)
widely used used to study the efficacy
and mechanisms of action of chemo-
preventive agents (Eklind ef al., 1990;
Chung, 2001). When ["C]phenethyl-
ITC, synthesized from 2-phenyl[i-
4Clethylamine  hydrochloride, was
administered by gavage (Eklind et al,
1990), 55.2% of the dose was excreted
in urine within 72 h, and 23.3%
appeared in faeces. Two major urinary
metabolites were isclated in urine and
identified by H- and
13C-nuclear magnetic resenance spec-
trometry and by HPLC co-chromatog-
raphy with ultraviolet standards, as the
cyclic mercaptopyruvic acid conjugate
4-hydroxy-4-carboxy-3-phenethylthia-
zolidine-2-thione {25% of the dose)
and the mercapturic acid of phenethyl-
ITC, N-acetyl-S-{N-phenethylthiocar-
bamoyl)-L-cysteine (phenethyl-ITC—N-
acetylcysteine) (10% of dose) (see
Figure 14). Radioactivity in major
organs was determined up to 72 h
after dosing: the maximum 14C activity
in liver and lung ccourred within 2-8 h
and 4-8 h, respectively. When glu-
conasturtiin, the glucoesinclate precur-
sor of phenethyl-ITC, was mixed into
AIN-76 diet with myrosinase and fed to
A/J mice, the same two metabolites were
identified in urine, with only 22% recovery
(Chung et al, 1992). These results indi-
cate that glucenasturtiin is hydrelysed to
phenethyl-ITC endogenously, presum-
ably mediated by micro-flora in the gut, as
described above.

The pharmacokinetics and metabo-

lism of ['*C]phenethyl-ITC were investi-
gated in Fischer rats. After receiving 10
pumol in corn oil by gavage, three rats
were killed at various times over 48 h,
and “C was evaluaied in whole blood
and in 13 major organs at each time,
while *#C in expired COg, urine and
faeces was assayed at 8, 24 and 48 h.
The *C in whole blood peaked at 2.9
h, with two compartments (o and B}
with half-times of 2.4 and 21.7 h. The
maximum activity of *C appeared in
the liver at 2.5 h, the lungs at 4.5 h
and brain at 6.5 h. The time course of
absorption and elimination in selected

tissues is presented in Figure 15. By 48
h, 88.7% of the “C was detected in
urine, 9.9% in faeces and 0.1% trapped
as CO2. More than 90% of the urinary
“C was identified by HPLC as
phenethyl-ITC—N-acetylcysteine on the
basis of co-chromatography with
authentic standards, but less than 1%
occurred as phenethyl-ITC in the urine.
Measurement of radioactivity in homo-
genates of liver and lung by HPLC
showed the presence of an additional
major unidentified metabolite (other
than phenethyl-ITC-GSH an phenethyl-
ITC—Cys). A considerable amount of the
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Figure 14 Detection of urinary metabolites of phenethyl-isothiocyanate

{ITC} in A4 mice by high-

performance liquid chromatography with radioflow and confirmation of the identities of metabolites
by nuclear magnetic resonance and mass speciroscopy

1. 4-Hydroxy~4-carboxy-3-phenethylthiazolidine-2-thione, a cyclic mercaptopyruvic acid conjugate
2. N-Acetyl-S-(N-phenethylthiocarbamoyl)-L-cysteine (phenethyl-ITC-N-acetylcysteine, a mercap-

turic acid) (Eklind et af., 1890)


























