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In Vitro Cytotoxic Activity of Some Glucosinolate-Derived Products
Generated by Myrosinase Hydrolysis
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The effects of glucosinolates (GLs) (sinigrin, gluconapin, progoitrin, epi-progoitrin, sinalbin,
glucotropaeolin, glucoerucin, glucocheirolin, and glucoraphenin) and their enzymatic hydrolysis-
derived products (EHDPs) have been studied in controlling the proliferation of cancer cell lines.
The results of this study indicate the following: (i) neither myrosinase nor intact GLs have any
effect on tumor cell growth when used up to 36 U/mL and 500 M, respectively; (ii) all EHDPs
show a clear inhibition of human erythroleukemic K562 cell proliferative growth, which is
particularly evident for EHDPs from sinigrin, glucotropaeolin, glucoerucin, and glucocheirolin (I1Csq
< 20 uM); (iii) the EHDP production by in situ or pre-mix procedures gives rather similar
antiproliferative effects; and finally, (iv) the EHDPs from glucoraphenin are active toward several
other tumor cells, viz. FL (murine erythroleukemic cells), Jurkat (human T-lymphoid cells), HeLa
(human cervix carcinoma cells), H9 (human T-lymphoid cells), and H3-T1-1 cells (obtained by
transfection of HeLa with a LTR-HIV-1-CAT plasmid).
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INTRODUCTION

Several authors report that a diet rich in cruciferous
vegetables such as Brussels sprouts, cabbage, broccoli,
turnip, and cauliflower may have important functions
in reducing the risk of developing colorectal cancer in
humans (Manousos et al., 1983; Cohen, 1987; Lee et al.,
1989). In addition, other results, produced by both
epidemiological studies (Graham and Mettlin, 1981) and
pharmacological tests employing experimental animals
exposed to carcinogens (Stoewsand et al., 1988), dem-
onstrate the protective effect of the above-mentioned
crucifer vegetables. These effects appear to be strictly
correlated to the glucosinolate (GL) content of these
vegetables and especially to the enzymatic hydrolysis-
derived products (EHDPs), which become available after
in vivo metabolization of GLs by endogenous or com-
mensal microflora enzymes with myrosinase or myro-
sinase-like activity (Nugon-Baudon et al., 1988). In this
regard, several authors report that GLs display only a
scarce protective effect, whereas EHDPs are much more
effective (Graham et al., 1978; Haensezel et al., 1980;
Manousos et al., 1983; Lee et al., 1989), being often
antinutritional or toxic compounds depending on the
concentrations and exposure time (Fenwick et al., 1983).

Myrosinase (thioglucoside glucohydrolase, EC 3.2.3.1),
the agent responsible for GL hydrolysis, is a widespread
enzyme, especially present in seeds and tissues of
crucifers, although it has been found in several micro-
organisms (Greer and Deeney, 1959; Greer, 1962) and
in the digestive systems of birds and ruminants (Lan-
zani et al., 1974; Marangosa and Hill, 1974). Myrosi-
nase isolated from Sinapis alba is a glycopolypeptide
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that contains various thiol and disulfide groups, existing
in multiple forms with about 18% of carbohydrates,
principally hexoses (Bjorkman, 1976). The main isoen-
zyme isolated from seeds of S. alba consists of two
identical subunits of molecular mass of 71.7 kg/mol and
has a pl of 5.1 (Pessina et al., 1990). Myrosinases
catalyze the hydrolysis of GLs to -p-glucose, sulfate,
and a series of sulfur- and nitrogen-containing com-
pounds such as isothiocyanates, thiocyanates, thiones,
and nitriles, depending on the substrate and reaction
conditions used, such as the pH and the presence of
particular compounds and ions (Gil and MacLeod, 1980;
Uda et al., 1986a,b) (see Figure 1).

GLs are a class of approximately 100 secondary plant
compounds (Kjaer and Skrydstrup, 1987) which are
contained in the seeds, roots, stems, and leaves of plants
belonging to 11 families of dicotyledonous angiosperms,
of which the crucifers are certainly the most important.
These thioglucosides have a common structure charac-
terized by a side chain (R) constituted by aliphatic,
aromatic, or heteroaromatic residues, which are syn-
thesized in vivo from some amino acid precursors such
as methionine, phenylalanine or tyrosine, and D,L-
tryptophan, respectively, by chain lengthening and
hydroxylation or oxidation pathways (Larsen, 1981).

Among the various biological activities ascribed to
GLs and their EHDPs, the antitumoral action appears
to be the most interesting. For this reason, therefore,
it is worthwhile to clarify in detail how and why GLs
are bioactive substances, given their evident implication
in human health. The mechanisms by which these
thiocompounds display cancer prevention is not com-
pletely understood. It seems that these minor dietary
constituents inhibit carcinogenesis by neutralization of
a wide number of carcinogens or by suppression of
proliferation activity of neoplastic cells. GLs and EH-
DPs could prevent carcinogen molecules from reaching
the target site or weaken the effects of genetic modifica-
tion that occurred in the early stages of neoplastic
transformation (Wattemberg, 1977, 1992) or may inhibit
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Figure 1. Scheme of the myrosinase-catalyzed hydrolysis of glucosinolates.

some important enzymes in the regulation of cell
division cycle (Marx, 1993). The first process seems to
be realized by induction and activation of quinone
reductase, glutathione S-transferase (Zhang et al.,,
1992), and UDP-glucoronosyl transferase (Nugon-Bau-
don et al., 1990), which are important hepatic enzymes
for protection against several carcinogens. Taking into
account these findings and those regarding our recent
studies on the myrosinase—GL system (Lazzeri et al.,
1993; Leoni et al., 1991, 1993, 1994; Palmieri, 1994,
Streicher et al., 1995), we studied the effect of some
native GLs, namely sinigrin, gluconapin, progoitrin, epi-
progoitrin, sinalbin, glucotropaeolin, glucoerucin, glu-
cocheirolin, and glucoraphenin, and their EHDPs on in
vitro cultured tumor cell lines.

The present work is therefore an attempt aimed to
give information on a molecular basis, which to the best
of our knowledge is still lacking, of a possible positive
effect of GLs and their derived products in controlling
cancer cell growth. In particular in this study, we
evaluate the antiproliferative activity on in vitro cul-
tured tumor cell lines of GLs and thioglucosidic com-
pounds obtained after myrosinase-mediated hydrolysis.

MATERIALS AND METHODS

Myrosinase. The myrosinase used in the present study
was isolated from ripe seeds of white mustard (S. alba L.).
The isolation procedure was based essentially on Con
A—Sepharose affinity chromatography and chromatofocusing
techniques (Palmieri et al., 1986; Pessina et al., 1990). The
myrosinase stock solution had a specific activity of ca. 60 U/mg
of soluble protein. Myrosinase solution was stored at 4 °C in
sterile distilled water until used.

Myrosinase Unit Definition. One myrosinase unit is
defined as the amount of enzyme able to hydrolyze 1 umol of
sinigrin/min determined as reported by Palmieri et al. (1982).

Glucosinolates. The GLs used were sinigrin (2-propenyl-
glucosinolate), gluconapin (3-butenylglucosinolate), progoitrin
[(2R)-(2-hydroxy-3-butenyl)glucosinolate], epi-progoitrin [(2S)-
(2-hydroxy-3-butenyl)glucosinolate], sinalbin [(p-hydroxyben-
zyl)glucosinolate], glucotropaeolin (benzylglucosinolate), glu-
coerucin [4-(methylthio)butylglucosinolate], glucocheirolin
[3-(methylsulfonyl)propylglucosinolate], glucoraphenin [4-(meth-
ylsulfinyl)-3-butenylglucosinolate] (see chemical structure and
origin in Table 1). They were purified according to the method
proposed by Thies (1988) with some important modifications
reported by Visentin et al. (1992), starting from ripe seeds of
some crucifers (Figure 2). The HPLC analyses of desulfo
derivatives (Official Journal of the European Community,

extraction from cruciferous vegetables
(50 mM imidazole-formate, pH 4.15/methanol; 3:7 v/v)

ion-exchange chromatography
on DEAE-Sephadex A-25
(eluent: 0.5 M K,50,, pH 4.15)
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Figure 2. Flow sheet of GL isolation.

1990), coupled with polarographic determinations of total GL
content (lori et al., 1983), showed that the GLs used in this
study were nearly homogeneous. Each GL was identified
using NMR and, in some cases, also by mass spectrometry.

Production of EHDPs. The EHDPs were produced using
free or immobilized myrosinase in 0.1 M phosphate buffer (pH
6.5) at 37 °C (Leoni et al., 1993, 1994). The reaction products,
isothiocyanates (ITCs) and vinyloxazolidine-2-thiones (VOTS),
were dried by a Buchi Model RE 121 rotary evaporator at 50—
60 °C under vacuum and then solubilized in CH,Cl,. The
solution was dried using anhydrous Na,SO, and filtered, and
then the EHDPs were concentrated in a rotary evaporator or
under a nitrogen stream until the solvent was completely
removed. Finally, the EHDPs were characterized by GLC and/
or HPLC and NMR spectroscopy.

EHDPs Analyses. The GLC analyses of EHDPs were
carried out using a Fison Carlo Erba Model Mega 5330
instrument equipped with a 30 m x 0.32 mm capillary column
Restek Rtx 2330. The flow rate of the carrier gas (He) was
1.8 mL/min (split rate 1:80). The flow rates of the auxiliary
gases (Hz and air) were 25 and 300 mL/min, respectively. The
column temperature was 40 °C at the start and 230 °C at the
end with a rate of 10 °C/min; the temperature of the injector
(split) and detector (FID) was 260 °C. The EHDPs were also
analyzed by HPLC, using a Hewlett-Packard Model 1090L
chromatograph equipped with a diode array as detector and a
200 x 4.6 mm column HP ODS Hypersil C18, 5 um. The
column was eluted for 22 min using a linear gradient (20—
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Table 1. Origin and Structure of Tested GLs

R OH
X*-0 o}
S5O W s TOT o
N
0° OH
HO
GL

(trivial name) source (ripe seeds) structure of R group
sinigrin Brassica carinata CH,=CHCH,—
gluconapin Brassica rapa cv. Silla CH,;=CHCH,CH,—
progoitrin Brassica napus CH,=CHCHOHCH,— (2R)

cv. Jet Neuf

Crambe abyssinica
cv. Belenzian

epi-progoitrin CH,=CHCHOHCH,— (2S)

sinalbin Sinapis alba cv. Maxi  p-HOCgH4CH,—
glucotropaeolin Lepidium sativum L.  CgHsCH,—
glucoerucin Eruca sativa M. CH3SCH,CH,CH,CH,—

glucoraphenin  Raphanus sativus
cv. Pegletta

Cheirantus cheiri

CH3SOCH=CHCH,CH,—

glucocheirolin CH3SO,CH,CH,CH,—

75%) of aqueous acetonitrile at 40 °C, with a flow of 2 mL/
min. The chromatographic fractions were detected at 200 and
210 nm.

Partition Coefficient Determination of EHDPs. Four
milliliters of an aqueous solution containing a known concen-
tration of EHDP (ITC or VOT) was mixed at room temperature
for several minutes with the same volume of n-octanol in a
Mixxor apparatus (10 mL) purchased from Genex Co. (Gaith-
ersburg, MD). The EHDP concentration in the aqueous phase
was determined by HPLC before and after partition. The
validation of the linearity of the analytical assay response in
the range of experimental EHDP concentrations used was
previously performed, and the amount of EHDPs dissolved in
n-octanol was determined as difference from the original
concentration. Finally, the partition coefficient was calculated
as the ratio between the EHDP concentration in aqueous
solution and that in organic solvent.

Spectroscopy. Nuclear magnetic resonance (*H NMR)
spectra of EHDPs were recorded on a Bruker AC-200 spec-
trometer after solubilization in CDCls;, except in the case of
EHDPs from sinalbin, for which acetone was used as solvent.
Peak positions are given in parts per million downfield from
tetramethylsilane as an internal standard.

Cell Lines and Culture Conditions. Cells lines for the
present study were K562 (human erythroleukemic cells), FL
(murine erythroleukemic cells), Jurkat (human T-lymphoid
cells), HeLa (human cervix carcinoma cells), H9 (human
T-lymphoid cells), and H3-T1-1 cells (obtained by transfection
of HeLa with a LTR-HIV-1-CAT plasmid) (Caputo et al., 1993).
Standard conditions for cell growth were a-medium (GIBCO,
Grand Island, NY), 50 mg/L streptomycin, and 300 mg/L
penicillin, supplemented with 10—15% fetal calf serum (FCS)
(Flow Laboratories, Inc., McLean, VA) in 5% CO,, 80%
humidity, and 37 °C.

In Vitro Antiproliferative Assays. The activity of EH-
DPs was tested using two different approaches. In the first
one, the in situ method, 22.5 U of myrosinase was directly
added to 1 mL of 10% FCS culture medium containing
increasing concentrations of GLs (0.1—500 xM) to which cells
were subsequently added (5 x 10* cells in 1.5 cm tissue culture
dishes). Alternatively, in the pre-mix method, the myrosinase-
catalyzed hydrolysis of GLs was previously carried out in 100
mM phosphate buffer (pH 7.4) at 37 °C. After 30 min of
incubation, the time needed for the complete hydrolysis of GLs,
the buffer solution was diluted with an equal volume of 2x
cell culture medium to which cells were subsequently added.
Cell growth determinations were performed by electronic
counting with a Model ZF Coulter Counter (Coulter Electron-
ics, Inc., Hialeah, FL). Assays were carried out in triplicate,
and usually counts differed by <5%.

RESULTS AND DISCUSSION

Choice of GLs and Their Isolation. For this study
we chose 9 GLs (see Table 1) of a group of 12 available
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in our laboratory following two criteria: (i) their abun-
dance in plant material; (ii) their chemical structure and
stability. Our choice allowed a comparative evaluation
of three main groups of GLs, namely aliphatic, aromatic,
and thioaliphatic. We selected two alkenyl (sinigrin and
gluconapin), two hydroxyalkenyl (progoitrin and epi-
progoitrin), two aromatic (sinalbin and glucotropaeolin)
and, finally, three side chain sulfur-containing glucosi-
nolates (glucoerucin, glucocheirolin, and glucoraphenin).
This set of GLs was considered sufficient for attaining
at least preliminary information both on the main
objective of this study and, because of the side chain
diversity, on a possible structure—activity relationship.
For instance, with the couples sinigrin/gluconapin,
progoitrin/epi-progoitrin, and sinalbin/glucotropaeolin,
we could establish the influence of the aliphatic chain
length, the aliphatic epimer structure, and the aryl
hydroxyl para-substitution, respectively, on the activity
of these compounds. Finally, considering glucocheirolin,
glucoerucin, and glucoraphenin, it should also be pos-
sible to verify the effectiveness of side chain sulfur-
containing GLs and the influence of the sulfur oxidation
state on the antitumoral activity of the EHDPs.

The investigation of side chain sulfur-containing GLs
appeared to be particularly interesting because ITCs
and nitriles derived from these compounds have been
reported as interesting molecules with a potential role
in cancer chemoprevention and protection (Zhang et al.,
1992; Kore et al., 1993).

Production of EHDPs and Their Characteriza-
tion. The quality and quantity of EHDPs generated
by myrosinase-catalyzed hydrolysis of GLs depend on
many parameters, such as pH, presence of specific ions
and molecules, temperature, and substrate structure
(Figure 1). In particular, it is important to emphasize
that at neutral pH the formation of ITCs or VOTs, in
the case of progoitrins, is definitely favored instead of
nitriles (Gil and MacLeod, 1980; Uda et al., 1986a,b).
This means that in our experimental conditions (pH 7.4,
37 °C), the formation of ITCs (VOTSs) is almost quantita-
tive. This finding, further demonstrated by capillary
GLC and HPLC analyses, was confirmed by NMR
spectroscopy of the EHDPs of each GL (data not shown).
These results show that in the above conditions ITCs
are the main products of the enzymatic hydrolysis of
GLs, with the exception of the final EHDPs of the
alkenylhydroxy GLs progoitrin and epi-progoitrin, which
are the (5S) and (5R) VOTs, respectively, deriving from
the hydroxy-ITC cyclization process. This finding has
been discussed by Leoni et al. (1994), who also report
the NMR spectrum of VOT obtained by hydrolyzing epi-
progoitrin with immobilized myrosinase.

Antiproliferative Activity of Glucosinolates and
Myrosinase. When used separately for assaying their
cytotoxic activity, neither myrosinase nor native GLs
with different chemical structures showed any effects
on tumor cell growth when added up to 36 U/mL and
500 uM, respectively (Figure 3). These data appear
particularly important both because a suitable experi-
mental control is available and because we can confirm
the low cellular toxicity of native GLs reported also by
several authors (Fenwick et al., 1983; Bell, 1984; Lazzeri
et al., 1993).

Antiproliferative Activity of Glucosinolate Hy-
drolysis Products. To better evaluate the effect of
EHDPs the enzyme-mediated hydrolysis of GLs was
carried out by two alternative approaches, namely the
in situ and pre-mix methods (see Materials and Meth-
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Figure 3. Effect of the high concentrations (30—500 xM) of glucosinolates (A) and their myrosinase-catalyzed hydrolysis products
obtained following the in situ (O) or pre-mix procedures (®) (see Materials and Methods) on the growth of human erythroleukemic
K562 cells. Data represent the average of four independent determinations, performed after 6 days of cells culture. (A) sinigrin;
(B) gluconapin; (C) progoitrin; (D) epi-progoitrin; (E) sinalbin; (F) glucotropaeolin; (G) glucoerucin; (H) glucocheirolin; (1)

glucoraphenin. See chemical structure and origin in Table 1.

ods). In the in situ method, the myrosinase-catalyzed
reaction was performed in cell culture medium in direct
contact to cells, whereas in the pre-mix procedure
EHDPs were produced before addition to cells.

Figure 3 shows the antiproliferative effect both of GLs
and their corresponding EHDPs on human erythroleu-
kemic K562 cells. As it is clearly appreciable, in spite
of the complete absence of activity demonstrated by
native GLs, all of the EHDPs induce an evident inhibi-
tion of cell growth. With the aim to better evaluate the
tumor cell growth inhibition activity of EHDPs, we
made experiments using different GL concentration
ranges between 30 and 500 uM (Figure 3) and between
0.1 and 15 uM (Figure 4). Considering the curve trends
shown in Figure 4, it is evident that the EHDPs
obtained from sinigrin and glucotropaeolin are the most
active, especially if produced in situ. In fact, a concen-
tration of 0.1 uM of these GLs hydrolyzed in situ gives
inhibition around 50%. In this regard, it seems impor-
tant to emphasize that the stoichiometry of the general
hydrolytic reaction of GLs (Figure 1) establishes that

the ITC final concentration, as weight/volume, is theo-
retically almost 30% of that of the starting GLs.

The cytotoxic effect of EHDPs can be easily estimated
by evaluating the compound concentration required to
cause a 50% inhibition of in vitro cell growth. The ICs
values of EHDPs, reported in Table 2, range between
0.1 and 320 uM. On the basis of these results, EHDPs
can be divided into three groups reflecting their activity.
The first group is constituted by the EHDPs from
sinigrin, glucotropaeolin, and glucoerucin characterized
by 1Csg values lower than 5 uM; the second one includes
EHDPs from glucocheirolin, glucoraphenin, and glu-
conapin (ICso between 5 and 30 uM); and, finally, the
third one includes the less active EHDPs with 1Csq >
30 uM, from epi-progoitrin, progoitrin, and sinalbin.

With the exception of sinalbin, both in situ and pre-
mix strategies lead to almost superimposable antipro-
liferative effects, although slightly higher activity can
be observed for the experiments made with the in situ
strategy. This is quite evident, in different concentra-
tion ranges, for the EHDPs obtained from progoitrin,
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Figure 4. Effect of the low concentrations (0.1—15 uM) of myrosinase-catalyzed hydrolysis products obtained from sinigrin (A),
glucotropaeolin (B), glucoerucin (C), glucocheirolin (D), and glucoraphenin (E) on the growth of human erythroleukemic K562
cells. Hydrolysis reactions were carried out following the in situ (O) or pre-mix procedures (®) described under Materials and
Methods. Data represent the average of four independent determinations, performed after 6 days of cell culture.

Table 2. Effect of Myrosinase-Catalyzed Hydrolysis
Products of Glucosinolates on Human Erythroleukemic
K562 Cell Growth and Some of Their Properties

ITC ITC
hydrolyzed in situ? pre-mix®  partition  retention
compound 1Cs0° (uM) 1Cso® (uM) coefficient time HPLC

sinigrin <0.1 1.0 0.015 9.195
gluconapin 24.0 28.0 0.628 2.101
progoitrin 55.0¢ 95.0° ndd nd
epi-progoitrin 42.0¢ 60.0° 0.568¢ 2.165¢
sinalbin 320.0 100.0 0.468 1.606
glucotropaeolin 0.1 15 0.006 12.313
glucoerucin 25 3.0 0.012 12.455
glucocheirolin 6.0 20.0 0.580 4.064
glucoraphenin 15.0 18.0 0.405 3.868

a The myrosinase-catalyzed hydrolysis of the indicated glucosi-
nolate was performed following the in situ and pre-mix methods
as indicated under Materials and Methods. ° Inhibitory concentra-
tion 50%: compound concentration (uM) required to cause a 50%
inhibition of in vitro growth of K562 cells. ¢ These data have to be
ascribed to (R) or (S) VOT. 9 nd, not determined.

epi-progoitrin (Figure 3C,D), sinigrin, glucotropaeolin
(Figure 4A,B), and glucocheirolin (Figures 3H and 4D).
In the case of progoitrin and epi-progoitrin, it is reason-
able to suppose that the higher activity found when
these GLs were hydrolyzed in situ is attributable to the
effect of ITCs activity. These compounds, in fact, are
produced in strict contact to their target(s), before
further cyclization to VOT.

The activity of EHDPs produced in situ unequivocally
demonstrates that myrosinase remains stable in tissue
culture environments. Otherwise, many other enzymes
are rapidly degraded in tissue culture conditions, due
to the presence of many hydrolytic enzymes (i.e., serum
proteinases). This finding confirms the extraordinary

stability shown by this enzyme in both soluble and
immobilized forms (Bjorkmann, 1976; Leoni et al.,
1991). This property is typical of many glycoproteins,
and in the case of myrosinase seems to be due to the
protective action of the carbohydrate moiety, which is
localized in the external part of the molecule.

In the case of sinalbin, the higher activity found when
the pre-mix strategy is used could be explained only by
admitting a further degradation of the p-hydroxybenzyl
ITC to other more active compounds, which can be
produced preferentially in pre-mix conditions in which
the ITC cannot interact with the biological target(s). In
this regard, it is known that the aromatic and indolyl
ITCs are quite unstable in neutral or alkaline solutions.
This seems to be particularly true for the p-hydroxy-
benzyl ITC, which on standing as in our pre-mix
conditions could degrade to p-hydroxybenzyl alcohol
and/or p-hydroxybenzyl thiocyanate (Tookey et al.,
1980). Nevertheless, the NMR spectrum of the sinalbin
EHDP(s), analyzed immediately after production, does
not reveal the formation of any new degradation prod-
ucts. Other experiments aimed to clarify this aspect are
still in progress.

Finally, to verify if EHDPs would be effective on other
tumor cells, we tested the activity of glucoraphenin,
taken as model compound, on cell lines of different
origin and hystotype such as murine erythroleukemic
FL, human T-lymphoid Jurkat, human cervix carcinoma
HeLa, human T-lymphocyte H9, and human cervix
carcinoma H3-T1-1, obtained by transfection of HelLa
cells with LTR-HIV-1-CAT plasmid. We chose gluc-
oraphenin because this GL generates an ITC having an
intermediate activity and contains a sulfinyl group.
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Figure 5. Differential antiproliferative activity of glucoraphenin hydrolysis products obtained by in situ (O) or pre-mix (@)
procedures (see Materials and Methods) on human erythroleukemic K562 cells (A), murine erythroleukemic FL cells (B), human
T-lymphoid Jurkat cells (C), human cervix carcinoma HeLa cells (D), human T-lymphocyte H9 cells (E), and human cervix carcinoma
H3-T1-1 cells obtained by transfection of HelLa cells with a LTR-HIV-1-CAT plasmid (F). Data represent the average of three

independent determinations.

Table 3. Effect of Myrosinase-Catalyzed Hydrolysis of
Glucoraphenin on Different Tumor Cell Lines

cell line in situ? 1Csq° (uM) pre-mixa 1Cso® (uM)
K562 15 18
FLC 20 21
Jurkat 10 20
HelLa 6 10
H9 12 30
H3-T1-1 3 8

a8 The myrosinase-catalyzed hydrolysis of glucoraphenin was
performed following the in situ and pre-mix method as indicated
under Materials and Methods. P Inhibitory concentration 50%:
compound concentration («M) required to cause 50% cell growth
inhibition.

Figure 5 shows that 4-(methylsulfinyl)but-3-enyl ITC
displays a cytotoxic activity toward all of the cell lines
tested without significant differences proved by the I1Cs
values reported in Table 3.

Structure—Activity Relationships. Although the
limited number of GLs tested does not permit a defini-
tive evaluation of the structure—activity relationship,

this study seems to allow some preliminary conclusions
on this aspect.

With the aim to find a rationale to our results and
possibly a structure—activity relationship, we deter-
mined for all of the tested EHDPs their oil—-water
partition coefficient. We performed these analyses
because this physical property is often strictly correlated
with the pharmacological activity of many drugs (Lam-
bert, 1993). The partition coefficient, being a measure
of molecular lipophilicity or hydrophobicity, assumes in
this case particular importance. In fact, due to the wide
distribution in nature of lipids, which are also important
constituents of biological membranes, it is not surprising
that the oil—water partition coefficient is, in this case,
a parameter of practical interest, providing information
on the ability of EHDPs to pass through cell mem-
branes. In this connection, the hydrophobicity of EH-
DPs could be one of the most important properties able
to affect their bioactivity, especially in the case in which
they have similar molecular structure. From the data
of Table 2, in fact, it is evident that the most active ITCs
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are characterized by low partition coefficients, indepen-
dent from the group of GLs to which they belong.

Conclusions. The results of this study indicate that
some GLs and EHDPs are able to inhibit tumor cells
growth in vitro. In spite of these interesting findings,
the mechanism by which the cytotoxic effect of EHDPs
is developed must still be studied in detail and ex-
plained. Although it has been proposed that some ITCs
inhibit protein synthesis and affect carbohydrate me-
tabolism, the activity of these compounds seems to be
mainly ascribed to the chemical reactivity of the ITC
group, which can bind easily to proteins. In principle,
some EHDPs could be considered as antimitotic sub-
stances, given their strong antiproliferative activity. In
this regard, in the future it will be possible to produce
a new generation of foods with good nutritional proper-
ties at the boundary with drugs, due to their increased
content of a desired compound. In this view, within
certain limits, GLs and EHDPs can be considered, in
addition to be important phytochemicals in plant pro-
tection, good candidates for producing foods designed
(“nutraceuticals”) for preventing cancer.
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