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Glucosinolates hydrolysis products are attracting increasing
attention since many studies have suggested that they may
be involved in the anticarcinogenic property of cruciferous
vegetables. In this study, we show that diindolylmethane
(DIM) and sulforaphane, produced during the hydrolysis of
glucobrassicin and glucoraphanin, respectively, exert a
dose-dependent cytotoxicity on human colon adenocarcino-
ma HT29 cells. Moreover, these products are able to inhibit
quiescent cells to re-enter the cell cycle. Interestingly, our
results clearly show that low doses of DIM and sulforaphane,
although very effective on undifferentiated intestinal HT29
cells, do not affect the viability of the differentiated CaCo2
cells. The reversibility of their effects has also been tested
and is discussed. [ ¢ 1998 Rapid Science Ltd.]
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Introduction

The case for implicating dict in the etiology of colorectal
cancer is growing stronger. A number of observational
epidemiologic studies indicate that the risk of develop-
ing this malignancy is influenced by dietary factors.
They are either initiatory or promotor (essentially found
in fat and meat), or protector (generally found in
vegetables, fruits and seeds)."? Glucosinolites are
sulfur-containing compounds found in high amounts
in cruciferous vegetables.™* Intact glucosinolates them-
selves exhibit low bioactivities, but some of their
hydrolytic breakdown products obtained under myr-
osinase  (thioglucoside  glucohydrolase EC 3.2.3.1)
action are attracting increasing attention as potent
chemical and dietary protectors against cancer.” In
numecrous laboratory animal feeding studies some of
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these compounds have been proven to be effective
chemopreventive agents in a variety of tumor models.®
The biological effects of glucosinolate breakdown
products have been also studied in vitro, and some of
them have been shown to inhibit the growth of some
mouse and human cancer cells. This is the case for
indole-3-carbinol (I13C), the major indole derivative
occurring after glucobrassicin hydrolysis, or its acid
condensated product 3,3-diindolylmethane (DIM) as
well as some isothiocyanates.” "2

Altogether these data suggest protective and/or
preventive properties of some glucosinolate break-
down products, especially in the gastrointestinal tract
where they are supposed to be present in high
amounts. It is thercfore of interest to study their
anticancer activity on intestinal-derived cell lines. In
this study, we have tested the effect of an isothiocya-
nate produced by the hydrolysis of glucoraphanin Gi.e.
sulforaphane), the effect of glucobrassicin and of its
four main hydrolysis products, 13C, indole-3-acetic acid
(1AA), indole-3-carboxylic acid (ICA) and DIM, on the
growth of two human colon cancer cell lines in
culture, HT29 and CaCo2 cells. These cells provide
interesting intestinal models as they differ by their
capacity to differentiate upon confluency. Indeed,
HT29 cells are well undifferentiated whatever the
stage of culture, whereas post-confluent CaCo2 cells
undergo intestinal differentiation.'?

Materials and methods
Drugs and chemicals

Dulbecco’s modified Eagle's medium (DMEM) and
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fetal calf serum (FCS) were obtained from Gibeo Life
Technologies  (France). All other chemicals were
purchased from Sigma (8t Louis, MO) or from Merck
(France) and were of analytical grade. Glucobrassicin
was synthesized according to the method of Viaud
and Rollin."* Sulforaphane was synthesized according
to the method described by Schmid and Karrer!®
after some improvements. The product was purified
just before use by HPLC (Hewlett Packard System
Series 1050) on a reverse-phase column  [Ultrabase
Cig (250 x 4.6 mm)| using clution starting with 100%
of solution A (20%, acctonitrile, 80% H,O v/v) for
10 min, followed by a 10 min lincar gradient to
recach 100% of solution B (90%, acctonitrile, 10%
H,O, v/v). Sulforaphance clution was detected  at
245 nm; the product was collected, dried under
nitrogen, and then resuspended in ethanol at a
concentration of 30 mM and stored at —20 €. DIM
was synthesized from 13C according to the techni-
que of Leete and Marion'® modified by Latxague et
al'” Morcover, at the end of the preparation, in
order to improve the purity of DIM, the final
solution was then recrystallized in methanol, filtered,
lyophilized and stored at —20 C. For the experi-
ments DIM was diluted in ethanol at the various
indicated concentrations.

Cell culture

HT29 and CaCo2 cell lines have been established in
permanent culture from a human colon carcinoma by
Dr Fogh (Sloan Kettering Institute for Cancer Re-
search, Rye, NY).'™ CaCo2 cells were obtained from
Unit¢ INSERM 317 (Toulouse, France) and HT29 cells
were purchased from the European Collection of Cell
Culture (Salisbury, UK). Routinely, stock cells were
cultured in DMEM containing 25 mM glucose, 43 mM
bicarbonate, 60 pM/ml  penicillin and 100 pg/ml
streptomycin at 37 C, under an air/CO, (9/1) atmo-
sphere. The HT29 cells medium was supplemented
with 5% heat-inactivated FCS. CaCo2 cell medium was
supplemented with 10% heat-inactivated FCS and 1%
non-essential amino acids. For both cell lines, the
medium was changed every 48 h. For the experi-
ments, HT29 cells were seeded at low density (5 x 107
cells/mb) in 35 or 120 mm diameter Petri dishes in
standard medium containing 5% FCS. One day after
sceding, HT29 cells were placed in serum-tree medium
for 20 h in order to arrest cell growth., The maximum
proliferative effect of FCS is obtained in HT29 cells in
the presence of 3% FCS, which induces a doubling of
the cell population within a 30 h period of culture
(data not shown). So the next day, to check the
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possible effect of glucosinolate-derived products on
exponentially growing HT29 cells, quiescent cells
were stimulated with sub-optimal doses of FCS (1%)
and treated simultancously with the indicated con-
centrations of the glucosinolate breakdown products
diluted in ethanol. An cquivalent amount (0.2%) of the
solvent (ethanol) was added to the control cells. In
assays requiring  confluent  conditions, CaCo2 cells
were plated at 1 x 107 cells/ml and allowed to grow to
confluency in 10% FCS-containing medium. Then, 3
weeks after they have reached confluency, CaCo2 cells
were fully differentiated'* and treated with 1% FCS in
the presence of the various compounds or 0.2%
c¢thanol alone (control).

Cell viability assay

Drug effects on cellular viability were evaluated using
an assay based on the cleavage of the yellow dye 3(4,5-
dimethyl- 2-thiazolyl)-2,5-diphenyl-2H- tetrazolium bro-
mide (MTT) to purple formazan crystals by deshydro-
genase activity in mitochondria, a conversion which
occurs only in living cells.'” After different periods of
treatment, cells were first rinsed with phenol red-free
RPMI medium, then they received MTT diluted in
RPMI over 4 h. The cells were then solubilized in SDS-
HCI, and the optical density of the cellular homogenate
wis measured at 570 and 690 nm.

Cell proliferation assay

Drug cffects on proliferation were  evaluated  after
measuring cell cycle distribution by flow cytometry.
Cell cycle distribution was determined based on DNA
content which was measured after labeling  with
propidium iodide according to the method of Vindelov
and Christensen,” slightly modified. Cell suspensions
from cither preconfluent or confluent cultures were
prepared by trypsinization and washed twice with
0.9% NaCl by centrifugation at 300 g. Cells (1 x 10°)
were resuspended in 220 gl solution A (3.4 mM
trisodium  citrate, 0.1% Nonidet  P-40, 552 mg/ml
spermine tetrahydrochloride and 0.5 mM Tris) con-
taining trypsin (30 mg/l) at plH 7.6 over 10 min at
room temperature. Then 180 ul of solution B contain-
ing a trypsin inhibitor was added. After a 10 min
incubation period at room temperature, cells were
labeled by addition of 180 pul of solution € containing
propidium iodide (416 mg/l), RNase A (100 mg/1) and
spermine tetrahydrochloride (1160 mg/l) at pH 7.6.
The suspension was incubated overnight at 4 C to
allow for maximum labeling of DNA. Cell cycle was
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analyzed on a Coulter Elite flow cytometer. Propidium
iodide fluorescence was measured through a 630 LP
filter. Debris and doublets were eliminated by gating
on peak versus integrated signals; 1.5 x 10" cells were
collected by each sample. DNA content analysis was
performed with Multicycle AV Software (Phoenix
Flow System, San Diego, CA).

Results

Effect of glucosinolates hydrolysis
products on HT29 cellular viability

Figure 1 shows the effect of 100 uM of either
glucobrassicin (GB), 13C, 1AA, ICA, DIM or sulfora-
phane on the viability of preconfluent HT29 culture
after a 24 or 48 h period of treatment. Results show
clearly that for such a high dose and whatever the
duration of the treatment, glucobrassicin, ICA or 1AA
did not affect HT29 cell viability in a significant
manner. In contrast, 100 uM of 13C decreased the
percentage of viable cells by nearly 70% after 48 h of
incubation, whereas it did not affect cellular viability
after a 24 h period of treatment. DIM and sulforaphane
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Figure 1. Effects of sulforaphane and of the main

hydrolysis products of glucobrassicin on HT 29 cells viability.
At time 0, quiescent cells were stimulated by 1% FCS and
treated simultaneously with 100 M GB, ICA, IAA, I3C, DIM,
sulforaphane (sulfo) or with 0.2% ethanol (control). After a 24
(0J) and 48 (M) h period of treatment, cellular viability was
determined using the MTT assay as described in Materials
and methods. Results are expressed as percent of control
and are the mean+SEM of four separate experiments
("p<0.01).

were the most potent products, decreasing the cell
viability by nearly 80% compared to untreated cells, as
soon as after 24 h of incubation.

Dose—response experiments and
reversibility of the effect of DIM and
sulforaphane

Dose-response experiments (Figure 2) demonstrate
that the cytotoxicity of I3C was not observed when it
was added to HT29 culture at concentrations below
100 uM (Figure 2a). In contrast, Figure 2(b and ¢)
clearly shows that, after 48 h of incubation, DIM and
sulforaphane reduced viable HT29 cells numbers in a
dose-dependent manner, with an ICs, value of
approximatively 10 and 15 uM, respectively.

As shown in Figure 3, we then tested the
reversibility of the cytotoxic effect of 10 M DIM
(Figure 3a) or 15 uM sulforaphane (Figure 3b). DIM
and sulforaphane were added to HT29 cell culture
medium over 6, 12, 18, 24 or 48 h. At the end of
ceach period of treatment, half of the HT29 cells were
used for viability assays, whereas remaining  cells
were  cultivated  for another 30 h in DIM- or
sulforaphane-deprived media. Cell viability was mea-
sured after the 30 h period of culture. Figure 3(a and
b) clearly show a time-dependent decrease of viable
HT29 cells in sulforaphane- and DIM-treated cultures,
which was evident after 18 and 24 h of exposure,
respectively. Moreover, our results demonstrated that
the cytotoxic effect of 10 uM DIM could be reversed
by removing it from the culture medium only if the
duration of the treatment was less than 12 h. On the
other hand, HT29 cells were allowed to grow in a
sulforaphane-free medium even after a 18 h period of
treatment with 15 uM of this isothiocyanate. How-
ever, incubation of HT29 cells with 15 uM sulfor-
aphane for 24 h led to an irreversible decrease of
viable cell numbers.

Effect of DIM and sulforaphane on HT29
cell cycle

The percentage of proliferating preconfluent cells was
then measured after early drug treatment (10 ¢M DIM
and 15 uM sulforaphane over 15 h) by flow cytometric
analysis of DNA content (Figure 4a) using similar
culture conditions as for cell viability experiments. At
the beginning of the experiment, preconfluent HT29
cultures contained a high percentage of resting cells in
Gy/G,, which was maintained c¢ven after a 15 h period
of culture in FCSfree medium, as seen in Figure 4(a).
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Figure 2. Effects of increasing doses of 13C (a), DIM (b) and sulforaphane (c) on HT29 cell viability. At the beginning of the
experiment quiescent cells were stimulated to grow in the presence of 1% FCS and treated with 0.2% ethanol alone (control)
or with increasing concentrations of DIM and sulforaphane diluted in ethanol. Cell viability was estimated as described in
Materials and methods after 48 h of treatment. Results are expressed as the mean percentage of control cells + SEM of three
separate experiments. When they do not appear, error bars are smaller than the symbol size.

Following replenishment  with 1% FCS-containing
medium, a sizable fraction of cells was synchroncously
stimulated to undergo proliferation. As shown in
Figure -i(a), the percentage of cells in Go/Gy, within
15 h following replenishment with scrum-containing
medium, decreased as the percentage of cells in 8
phase increased (from approximatively 25 to 60% of
the population). In contrast, our results clearly show
that addition of DIM or sulforaphane inhibited the

reinitiation of FCS-induced DNA synthesis. Figure -#(b)
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indicates that their effects were not the result of an
carly delay in cell cycle progression since the arrest in
Go/Gyp for DIM- or sulforaphane-treated cells was
maintained after 48 h of treatment. We have also
studied the reversibility of the DIM- and sulforaphane-
induced Go/Gy arrest (data not shown). The Gy/G,
growth arrest observed in DIM-treated HT29 cells was
not reversible whatever the time of incubation.
Morcover, the percentage of HT29 cells arrested in
G/Gy 30 hafter replenishment with DIM-free medium
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was increased when the period of treatment with this medium after a 15, 24 or 30 h period of treatment
compound exceeded 15 h (data not shown). How- with this isothiocyanate even led to reinitiation of the
ever, removal  of sulforaphane  from  the  culture cell eycle (data not shown), although its etfect on cell
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Figure 3. Kinetics and reversibility of the effects of DIM and sulforaphane on HT29 cell viability. At the beginning of the
experiment, HT29 cells were allowed to grow in 1% FCS-containing medium in the presence of 0.2% ethanol (I i) (A
and B), DIM 10 uM (A) of sulforaphane 15 uM (B) for 0 (control), 6, 12, 18, 24 or 48 h. At each time of incubation one
half of cultured cells was used to estimate cellular viability (%), the other half of cells was rinsed with a DIM or
sulforaphane-free medium and then cultured for another 30 h in a fresh medium containing 1% FCS alone (mm). Cell
viability was then determined as described in Materials and methods. Results are expressed as percent of control cells
(number of viable cells at time 0 of the experiment) and are the mean + SEM of three separate experiments. (a) A
significant difference compared to untreated cells at p<0.05. (b) A significant difference compared to DIM- or
sulforaphane-treated cells at p<0.05.
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Figure 4. Effects of DIM and sulforaphane on HT29 cell cycle distribution. At time zero of the experiment, quiescent HT29
cells were either maintained in serum-free medium (.~ i) or stimulated to grow in the presence of 1% FCS and simultaneously
treated with 0.2% ethanol (control) (ll) or 10 uM (1) or 15 M ([7) sulforaphane during 15 h (a) and 48 h (b). Cell cycle
distribution was then analyzed by flow cytometry after labeling with propidium iodide as described in Materials and methods.
Results in (a) are expressed as percent of total viable cells and are the mean + SEM of five separate experiments. *p<0.05;
**p<0.01 compared to control cells (ll). Results in (b) represent one typical experiment,
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death is not reversible after 24 h of treatment (Figure
3b).

Effect of DIM and sulforaphane on
differentiated CaCo2 cells

Finally, the effect of DIM and sulforaphane on
differentiated cells was checked using differentiated
CaCo2 cells (Figure 5). A first trial led to the
conclusion that, as was observed for undifferentiated
HT29 cells, DIM and sulforaphane were also effective
on undifferentiated CaCo2 cells (data not shown).
However, it is noteworthy that a 20 @M concentration
of DIM is needed to decrease undifferentiated CaCo2
cells viability by 50%, revealing that CaCo2 cells are
less sensitive than HT29 cells. Concerning experi-
ments on  differentiated  cells, CaCo2  cells were
allowed to reach confluence in a 10% FCS-containing
medium. Starting from confluence, the cells were
maintained in culture for 2-3 weeks to ensure a higher
degree of differentiation (13). The value of alkaline
phosphatase activity measured in these cells con-
firmed their differentiated state (data not shown).
Therefore, they were treated with 0.2%  ethanol
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Figure 5. Effect of DIM and sulforaphane on CaCo2
intestinal-like differential cells. Post-confluent and differen-
tiated CaCo2 cells were cultivated in 1% FCS-containing
medium in the presence of DIM () or sulforaphane ([]) at
the indicated concentrations during 48 h. Cellular viability
was then analyzed using the MTT assay as described in
Materials and methods. Results are expressed as percent of
control cells (i.e. 0.2% ethanol-treated cells) and are the
mean + SEM of three separate experiments (**p<0.01).
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(control), 10 uM DIM or 15 uM sulforaphane in 1%
FCS-containing medium, and the percent of viable cells
was estimated after 24 and 48 h of incubation.
Interestingly, our results (Figure 5) clearly show that
DIM did not affect CaCo2 cell viability in the range of
concentrations tested and even when added at up to
100 uM (not shown). The viability of differentiated
CaCo2 cells was not altered by sulforaphane until
30 uM; however, 50 ¢M sulforaphane decreased the
percentage of viable cells by approximatively 70%
compared to untreated cells.

Discussion

A number of previous experimental and epidemiolo-
gical studies have demonstrated a decreased risk of
colon cancer with a high consumption of vegetables.
The glucosinolates  hydrolysis products have been
attracting increasing  attention since a number of
experimental protocols suggested that some of them
could be involved in the anticarcinogenic properties of
cruciferous  vegetables. Especially 13C, the major
indole derivative occurring from glucobrassicin hydro-
lysis, has been shown to possess high bioactivities on
numerous animal cells and tissues /n vivo and in
vitro.'"*' However, in some in vivo studies the
anticancer activity of 13C was attributed to the main
product of its acid condensation, i.c. DIM.?%** More-
over, recently, Ge et al'' have shown that DIM
induced apoptosis in mouse mammary cancer cells
(MCF7 cells) in vitro. Isothiocyanates, the most
common degradation products of aryl and alkyl
glucosinolates, have also been tested as chemopreven-
tive agents in many works. More than 20 compounds
have been assessed and some of them have been
shown to inhibit chemical carcinogenesis in animal
models and cancer cell growth in vitro®** Sulfor-
aphane has previously been predicted to  exert
chemoprotective activity since it is a potent mono-
functional inducer of phase 1T enzymes in cultured
cells as well as in mouse tissues; morcover, it is a
potent inhibitor of CYP2EI and it has been shown to
block mammary tumor development in rats treated
with 9,10-dimethyl-1,2-benzanthracene.** %

Our results described for the first time the effect of
glucosinolate-derived  products on  intestinal-derived
cancer cells in culture. Our results showed  that
glucobrassicin by itself revealed no anticancerous
properties when tested on human colonic adenocarci-
noma HT29 cells. This result is in agreement with
other studies showing that various intact glucosino-
lates were without effect on different cancer cell
lines.'” Among its hydrolytic breakdown products, IAA
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and ICA did not exert any significant effect on HT29
cells viability. Surprisingly, I13C affected colon cancer
cell growth or viability only at 100 uM. In contrast,
low concentrations of DIM exerted a dose-dependent
cytotoxic effect on HT29 colon cancer cells, preceded
by DNA synthesis inhibition. This effect was not
reversible after a 15 h period of treatment. Our results
are consistent with the hypothesis of a potent
antitumoral role of DIM rather than of 13C. Moreover,
in our study it was observed for the first time that
sulforaphane exerted a strong cytotoxic effect on
colon cancer cells (HT29). This effect was significant
at 15 uM and irreversible when the treatment exceeds
24 h. However, this isothiocyanate inhibited DNA
synthesis in a reversible manner when added on
quiescent cells (data not shown), whatever the
duration of the treatment, suggesting that, compara-
tively with DIM, the cytotoxic effects of sulforaphane
involve different pathways.

Moreover, it is particularly interesting to note that
up to 30 uM DIM and sulforaphane did not exert any
cytotoxic effect on intestinal-differentiated CaCo2
cells, although both products were very effective at
these low concentrations on undifferentiated CaCo2
and HT29 cells. The selective toxicity of DIM and
sulforaphane observed against cancer cells might be
due to differences between normal and malignant cell
membrane composition.”” Isothiocyanates have been
reported to exert cytotoxic effects via damage to the
plasma membrane and to other intercellular mem-
brane systems in hepatocytes.® Selective toxicity of
other dietary factors against transformed cells has
already been reported.””

Although our results need to be confirmed in other
intestinal cancerous and normal cells, it is tempting to
propose that the presence of such selective com-
pounds in the diet may prevent the development of
tumors by interfering with the growth of prencoplastic
lesions while having little effect on normal cells. The
cumulative effects of these inhibitions may contribute
to the chemopreventive propertics of the parent
foodstuffs observed in epidemiological studies. More-
over, the chemical structure of DIM and sulforaphane
could help to provide a basis for the further design of
specific compounds pharmacologically active in can-
cer adjuvant chemotherapy.

References

1. Block G, Patterson, B, Subar, A. Fruit, vegetables and
cancer prevention: a review of the epidemiological
evidence. Nutr Cancer 1992; 18: 1-29.

2. Walker R. Modulation of toxicity by dictary and environ-

0.

9.

10.

11.

13.

14.

15.

16.

17.

mental factors. Environ Toxicol Pbarmacol 1996, 2.
181-8.

. Fenwick GR, Heaney RK. Glucosinolates and  their

breakdown products in cruciferous crops, foods and
feedingstuffs. Food Chem 1983; 11: 249-71.

. Hill CB, Williams PH, Carlson DG, Tookey HL. Variation in

glucosinolates in oriental brassica vegetables. J Am Soc
Hort Sci 1987, 112: 309-13.

. McDanell R, Mclean AEM, Hanley AB, Heaney RK,

Fenwick GR. Chemical and biological properties of indole
glucosinolates (glucobrassicins): a review. Food Chem
Toxicol 1988; 26: 59-70.

Hecht 8S. Chemoprevention by isothiocyanates. [/ Cell
Biochem 1995, 22: 195-209.

. Verhoeven DTH, Verhagen H, Goldbohm RA, van der

Brandt PA, van Poppel G. A Review of mechanisms
underlying anticarcinogenicity by brassica vegetables.
Chem-Biol Interact 1997; 103: 79-129.

. Talalay P, Zhang Y. Chemoprevention against cancer by

isothiocyanates and glucosinolates. Biochem Soc Trans
1996; 24: 806-10.

Hasegawa T, Nishino H, Iwashima A. Isothiocyanates
inhibits cell cycle progression of Hela cells at G /M phase.
Anti-cancer Drugs 1993; 4. 273-9.

Tiwari RK, Guo L, Bradlow L, Telang NT, Osbome MP.
Selective responsiveness of human breast cancer cells to
indole-3-carbinol, a chemopreventive agent. / Nat Cancer
Inst 1994; 86: 126-31.

Ge X, Yannai 8, Rennert G, Gruener N, Fares FA. 3,3-
Diindolylmethane induces apoptosis in human cancer
cclls. Biochem Biophys Res Commun 1996; 228: 153-8.

. Nastruzzi C, Cortesi R, Esposito E, ef al. In vitro cytotoxic

activity of some glucosinolate-derived products generated
by myrosinase hydrolysis. J Agric Food Chem 1996; 44:
1014-21.

Zweibaum A, Laburthe M, Grasset E, Louvard D. Use of
cultured cell lines in studies of intestinal cell differentia-
tion and function In: Fieldand M, Frizzel RA, eds.
Handbook of physiology: the gastrointestinal system.

Intestinal  absorption and  secretion. Bethesda, MD:
American Physiology Society 1991: 223-35.
Viaud MG, Rollin P. First synthesis of an  indole

glucosinolate. Tetrabedron Lett 1990; 31: 1417-8.
Schmid H, Karrer P. Synthese der racemischen und der
optiscch aktiven Formen des sulforaphans. Hele: Chim
Acta 1948; 31: 1497.

Leete E, Marion L. The hydrogenolysis of 3-hydroxy-
methylindole and other indole derivates with  lithium
aluminium hydride. Can J Chem 1953; 31: 775-84.
Latxague L, Gardrat C, Coustille JL, Viaud MC, Rollin P.
Identification of enzymatic degradation products from
synthesized glucobrassicin by gas chromatography-mass
spectrometry. J Chromatogr 1991; 586: 166-70.

. Fogh J, Fogh JN, Orfeo T. One hundred and twenty seven

cultured human tumor cell lines producing tumors in
nude mice. J Natl Cancer Inst 1977; §9: 221-6.

. Husoy T, Syverson T, Jenssen J. Comparison of four in

vitro cytotoxicity tests: the MTT assay, NR assay, uridine
incorporation and protein measurements.  Toxicol In
Vitro 1993; 7: 149-54.

. Vindelov LC, Christensen IJ. A review of techniques and

results obtained in one laboratory by an integrated system
of methods designed for routine clinical flow cytometric
DNA analysis. Cytometry 1990; 11: 753-70.

Anti-Cancer Drugs - Vol 9 - 1998 147



LG

I
I

Iw
S

20.

148

amet-Payrastre ¢t al.

. Grubbs C), Stecle VE, Casebolt T, ef af. Chemoprevention

of chemically-induced mammary - carcinogenesis by in-
dole-3-carbinol. “ticancer Res 1995 15 T09-10.
Dashwood RH, Fong AT, Arbogast DN, Bjeldanes LE,

Hendricks JD0 Bavley GS. Anticarcinogenic activity of

indole-3-carbinol acid products: ultrasensitive bioassay by
trout embryo microinjection. Cancer Res 1994, 54: 3017 -
9.

Bradficld CA. Bjeldanes LE. Structure activity relationships
of dictary indoles: @ proposed mechanism of action as
modificrs of xenobiotics metabolism. J Toxicol Environ
Health 1987 21: 311-23.

. Zhang Y, Talalay P. Anticarcinogenic activities of organic

isothiocvanates: chemistry and mechanisms. Cancer Res
199:4: 54 197058-818.

. Zhang Y. Kensler TW, Cho CGo Posner GHL Talalay P

Anticarcinogenic activitics of sulforaphane and structu-
rlly related svnthetic norboryl isothiocyanaes. Proc
Natl Acad Sci U5 1994 910 3147-50.

Barccelo S, Gardiner JM. Gescher AL Chipman JK. CYP2EL

Anti-Cancer Drugs < Vol 9« 1998

29.

mediated mechanism of anticarcinogenicity of broccoli
constituant sulforaphanc. Carcinogenesis 1996; 17: 277-
82.

Reynier M, Sari H, d’Anglebermes M, Ah Kaye E, Pasero L
Differences in lipid characteristics of undifferentiated and
enterocytic differentiated  HT29  human colonic cells.
Cancer Res 1991 51: 1270-".

Temmink JHM, Bruggeman IM. van Bladeren, PJ. Cyto-
morphological changes in liver cells exposed 1o allyvl and
benzyl isothiocvanate and their cysteine and glatathione
conjugates. Arch Toxicol 1986: 59: 103-10.

Musk SRR, Stephenson P, Smith TK, Stening P, Fyfe D,

Jonhson TT. Sclective toxicity of compounds naturally

present in food toward the transformed phenotype of
human colorectat cedl line HT29. Nutr Cancer 1995; 24:
289-98.

(Received 11 October 19970 accepted -1 November
1997)



