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Sulforaphane is an isothiocyanate which is produced through glucoraphanin hydrolysis
via myrosinase activity. In the present study, Sulforaphane content and peroxidase activity
has been assessed in Lepidium draba seedlings which treated with different
concentrations of iron and copper ions for 8 and 16 hours. The results showed that the
Sulforaphane content drastically elevated around two-fold compared to control when the

E@_“d“prdsa seedlings treated with 1 mg/L Fe**for 8 hours. But, the Sulforaphane content decreased in
epidiumdraba trested seedlings with higher Fe?*concentrations and any concentrations of Cu?®.
Sulforaphane . . o : . )

Peroxidase Furthermore, promotion of peroxidase activity was observed in the treated seedlings with

Elicitor the both metals. The data reveded that, not only the inhibitory effect of Cu** on
Sulforaphane production was stronger than Fe?*, but its stimulatory effect on peroxidase
activity was also remarkable especially after 16 hours treatment. It seems that at low Fe**
concentration reactive oxygen species induced by these metals resulted in inducing of
glucoraphanin biosynthesis pathway. While, produced reactive oxygen species in treated
seedlings with higher Fe?*concentration and Cu?** led to induce more enzymatic
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Introduction

Sulforaphane (SFN) is an isothiocyanate which can
be produced via myrosinase catalyzed hydrolysis of
glucoraphanin (Fenwick et a., 1983). Severd
pharmaceutical effects have been reported for SFN;
including anticancer (Grubb et a., 2006; Zhang et 4.,
2007; Clarke et al., 2008 & Xu et al., 2012),
antioxidant (Fahey et a., 1999) and anti-bacterial
properties (Fahey et al., 2002).

Glucoraphanin [(4-methylsulfonyl) butyl
glucosinolate] belongs to glucosinolates group
containing sulfur and nitrogen (Fahey et al., 2001).
Up to 2001, about 120 glucosinolates had been
identified in plants of the Brassicales order (Fahey et
a., 2001). Chemica composition of these metabolites
contains a carbohydrate, an amino acid-derived side
chain and an adoximsulfonate moiety (Mithen et al.,
2000). Glucosinolatesare discriminated from each
other by their side chains originated from amino
acids and grouped into aliphatic, aromatic and indolic

amino acids (Mithen 2001).

Several plants such as Broccoli (Brassica oleracea
L.var), Cabbage (Brassica oleracea) and Whitetop
(Lepidium draba) contain large amounts of
glucoraphanin (Fahey et al., 2001 & Powell et a.,
2005). Myrosinase (B-thioglucosideglucohydrolase,
EC 3.2.3.1) catayzes glucosinolates hydrolysis into
glucose and an unstable intermediate called aglycon
(Fenwick et d., 1983). Thereafter, the aglycon can be
converted into many compounds such as sulfur,
thiocyanate, isothiocyanate and nitrile, depending on
pH, temperature and presence of different
concentration of ions (Uda et al., 1986 & Bones et
al., 2006).

L. draba, a noxious weed of the Brassicaceae family
(Zargari 1995), can accumulate several heavy metals
such as Zn, Cu, Fe, Cd and Ni inside the leaves
(Chehregani & Malayeri., 2007). Iron and copper are
essential microelements (Taiz et al., 2002). These
elements act as cofactor for some enzymes such as
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ATP synthase and cytochrome C oxidase, these
enzymes play key roles in photosynthess,
respiration, cellular redox systems and nitrogen
fixation (Taiz et a., 2002 & Yruela, 2009).
However, the toxicity effects of these elements have
been established particularly at higher concentrations
through inducing oxidative stress (Maekzadeh et al.,
2007; Gill et a., 2010 & Sharmaet d., 2012). During
oxidative stress, reactive oxygen species (ROS) such
as superoxide anion, hydroxide radicals and hydrogen
peroxide are main radicals that can cause severe
damages to the cell membrane, nucleic acids and
proteins (Asada 1987). In plants, two defensive
mechanisms of non-enzymatic (such as ascorbic acid,
glutathione, flavonoid compounds and
glucosinolates) and enzymatic (such as catalase,
superoxide dismutase and peroxidase) are responsible
for sweeping of ROS (Choi et a., 2004).

Despite of L. draba that contains only two major
types of glucosinolate; glucoraphanin  and
glucosinalbin (Powell et a., 2005), and suits for easy
extraction and purification of SFN precursor
(glucoraphanin); most of the studies have been
focused on induction of glucosinolates and their
breakdown from Brassica species in presence of
different elicitors (Kiddle et al., 1994; Smetanska,
2005 & Liang et a., 2006).

In this research, SFN production level was analyzed
in L. draba seedlings in treatment with different
concentrations of iron and copper ions at different
time intervals. Furthermore, activity of some key
enzymes involved in scavenging of hydrogen
peroxide was assayed.

M aterials and methods

e Plant growth

Seeds of L. draba were collected from around
Kerman province (Iran) in the end of May and early
June 2012. The seeds were surface-sterilized by
immersing in 2% sodium hypochlorite solution for 15
minutes and rinsed severa times using sterile
distilled water. The seeds were placed on the surface
of 1% agar medium in Petri dishes. The plates were
placed in a germinator at controlled temperature of
28+2'C, relative humidity of 60-65% under
photoperiodic condition of 8:16 (dark: light). In this
condition about 95% of the seeds germinated and
their roots developed. The 7-day-old seedlings were
harvested from their medium and washed thoroughly
using sterile digtilled water and subjected to
treatment.

o Elicitor preparation and seedling
treatment

Different concentrations of FeSO, and CuSO, (0 as a

control, 1, 5, 10, 20 and 40 mg/L) were dissolved in

distilled water. For each treatment, around 50

seedlings were transferred in 250 mL Erlenmeyer

flasks containing 50 mL of the solution. The flasks
were shaken at 100 rpm on an orbital shaker at 25°C
for 8 and 16 hours. Then, to remove the surface ions,
the treated seedlings were rinsed several times with
distilled water and immediately frozen in liquid
nitrogen, and kept at -80°C until used.

o SFN determination and quantification

SFN extraction and determination was carried out
according to the Liang and co-workers (Liang et a.,
2006) method with a slight modification. In brief, 1 g
of the fresh tissue was grinded with a mortar and
pestle and mixed with 1 mL of acidic water. After
two hours incubation at 42°C, 5 mL of acetonitrile
was added to the mixture, and sonicated for 3
minutes. The resulting mixture was centrifuged at
10000 rpm for 10 minutes at 4'C. Finaly, the
supernatant was passed through 0.2 um syringe filter
and the SFN content was measured using High
Performance Liquid Chromatography (HPLC,
Agilent 1100 series, Cig column). Mobile phase
solvent including acetonitrile/H,O (65/35 v/v) and a
flow rate of 1 mL/min under room temperature, was
used in order to separate SFN. In the seedlings, SFN
peak was identified by comparing of the retention
time with authentic standard (Sigma-Aldrich) that
was detected at 254 nm.

e Protein extraction

Protein extraction was done by homogenizing of 0.5
g of fresh tissue in 5 mL of 50 mM potassium
phosphate buffer (pH 7.5) containing 1% polyvinyl
pyrrolidone, 1 mM EDTA and 01 mM
phenylmethylsulfonyl fluoride (PMSF). The
homogenate was centrifuged at 12000 rpm for 15
minutes at 4 C. Protein concentrations in seedling’s
crude extracts were determined according to the
Bradford method, with bovine serum abumin (BSA)
as astandard (Bradford., 1976).

e Antioxidant enzyme assay

Peroxidase (POD) [EC.1.11.1.7] activity was
determined as described by Plewa and co-workers
protocol (1991). The reaction mixture (3 mL)
contained 50 mM potassium phosphate buffer
(pH=7), 4% guaiacol, 1% H,0, and appropriate
enzyme extract. Activity was expressed as changes in
absorbance at 470 nm against mg of protein.

Catalase (CAT) [EC.1.11.1.6] activity was assayed
according to the method of Dhindsa (1981). The
decline in absorbance a 240 nm was recorded
followed by the decomposition of H,O,. One unit of
catalase is defined as the amount enzyme that
decomposes 1 mM H,O, per minute.
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e Statistical analysis

Experiments were conducted in completely
randomized design and each treatment was
performed in triplicate.Significance of the treatments
was determined by one way anaysis of ANOVA
variance. Mean value of the data a p<0.05 was
analyzed by Duncan's multiple range tests by the use
of SPSS v. 21. The results were expressed as mean
values + standard deviation (SD).

Results

e Thee€ffects of metalson SFN content
The retention time of SFN was about 4 min after
injection into the column as seen for standard SFN
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and complex of standard - sample (Fig. 1).

SFN content significantly increased in presence of 1
mg/L Fe** in either time of treatment (8 hours and 16
hours), this increase was more after 8 hours of
treatment that it was around 2 fold higher than the
control (Fig. 2). Moreover, the SFN content dightly
increased at 5 and 10 mg/L after 8 hours of treatment
athough it was not statically significant. After 16
hours of treatment, SFN content did not changed in
treatment with 5mg/L Fe*"concentration in compared
to the control (Fig. 2), but a higher concentrations
led to decreasein SFN content.
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Fig. 1: HPLC chromatogram of the SFN standard with sample.
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Fig. 2: SFN content in L. draba seedlings in treatment with different concentrations of Fe ions after 8 and 16 hours.
Barswith different letters are significantly different at p<0.05, according to Duncan's multiple range tests.

The SFN content drasticaly decreased in the
seedlings treated with Cu®" at both treatment times
(except for treatment with 1 mg/mL after 8 hours that

SFN content was equa to the control) (Fig. 3). The
decrease in SFN content was more obvious after 16
hours of treatment in compared with 8 hours.
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Fig. 3: SFN content in L. draba seedlings in treatment with different concentrations of Cu ions after 8 and 16 hours.
Barswith different letters are significantly different at p<0.05, according to Duncan's multiple range tests.

e Peroxidase activity

POD activity was gradually elevated with the
increase in Fe** and Cu®* concentration in media after
8 hours of treatment, and reached to the highest
amount at 20 mg/L treatments (Fig. 4 and 5) and
thereafter decreased. While, treatment for 16 hours,

e
=

the POD activity increased by the increase metd ions
concentration in media, and the maximum activity
was seen at the highest concentration for the both
metals (Fig. 4 and 5). Furthermore, after 16 hours of
treatment more POD activity was detected in
compared with 8 hours.

.’ggj Sh 16h ;
& 30 - b b b ’,//;
£ I
£ 55 I Z %
s . % % g’
2 b 2 95
s | ; 3 272 _
=] 2R
Ew0d .z Z ZzZ =Z =z 22 Z
£ 11111
St & IEE R AR

0 1 5 10 20

40

0 1

L
-
(=]
()
=
.
(=

Fe30y concentration (mg/L)

Fig. 4: POD activity in Fe*- treated L. draba seedlings during 8 and 16 hours. Data are presented as the means + SD (n=3).
Barswith different letters are significantly different at p<0.05, according to Duncan's multiple range tests.
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Fig. 5: POD activity in Cu?*- treated L. draba seedlings during 8 and 16 hours. Data are presented as the means + SD (n=3).
Barswith different letters are significantly different at p<0.05, according to Duncan's multiple range tests.

o Catalase activity

CAT activity showed no significant changes
compared to the control in Fe**- treated seedlings at
the both times of treatment. Although at 1 mg/L
concentration of thision, significant increase in CAT
activity was seen after 16 hours treatment. This

behavior was similar to the control in Cu?-treated
seedlings after 8 and 16 hours (data not shown).

Discussion

L. draba, a noxious weed of the Brassicaceae family,
has been served as a suitable source for
glucoraphanin extraction (Powell et al., 2005). SFN,
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an isothiocyanate derived from glucoraphanin, is well
known due to its anticancer effects (Lenzi et al.,
2014). In this study, SFN production level was
analyzed in 7-day-old seedlings of this medicina
plant under treatment with various concentrations of
Fe and Cu ions. As previous reports demonstrated
that metals can be absorbed more effectively in acidic
pH (Taiz et a., 2002), hence, in the experimental
conditions, the effects of these elements were
analyzed under the acidic condition (pH=5.8).
According to our results, the SFN content drastically
increased especialy in treated seedlings with the
lowest Fe** concentration after 8 hours treatment.
Meanwhile, the increase of Fe** concentrations in
media as well as time of treatment led to reduce of
SFN content, considerably after 16 hours treatment.
Furthermore, the inhibitory effects of Cu?* on SFN
production level were seen a al examined
concentrations. This inhibitory effect was more
obvious after 16 hours.

In contrast, treatment for 16 hours was accompanied
with drastically increase in POD activity in treated
seedlings with the both metal's (Fe** and Cu?").

In plants, POD and CAT are the main enzymes to
modulate production level of H,O, via breaking it
down into H,O and O, (Bartosz 1997). H,0O,
considered as a signal of oxidative stress and
involved in inactivation of signaling cascades (M ejia-
Teniente et a., 2013). It has been shown that the
effects of this molecule directly or indirectly through
mediated by some plant hormones such as Jasmonate
and salicylic acid induce expression of several genes
involved in the defense system as well as secondary
metabolites biosynthesis pathway (Maksymiec et a.,
2005; Maksymiec 2007 & Xu et a., 2007).

In the other hand, positive effects of Jasmonate and
salicylic acid on glucosinolates content, have been
reported in oilseed rape (Brassica napus L.) and
cabbage (Brassica oleracea) (Kiddle et a., 1994 &
Fritz et d., 2010). Glombitza and colleagues (2004)
revealed that the expression level of some key genes
involved in glucosinolates biosynthesis, changed
upon dlicitation with the mentioned hormones.
Overall, according to the promoted level of POD
activity, it can be concluded that H,O, production
was induced along with treatment seedlings with the
both metals. Thus, it may be purposed that, in
presence of low Fe** concentration, triggering of
H,0O, directly or through mediated by plant hormones
induce glucoraphanin biosynthesis pathway that in
turn resulted in increasing the SFN content.

Uptake and accumulation of several metas
(including Fe and Cu ions) by this weed plant has
been reported by Chehregani and Malayeri, (2007).
Thus, increase in SFN contents in Fe*'-treated
seedlings may also be due to the stimulatory effects
of this metal on myrosinase activity (Searle et al.,
1984 & Uda et a., 1986). Nevertheless, reduction of
SFN contents in Cu®'-treated seedlings may be
related to the inhibitory effects of Cu ions on
myrosinase activity (Liang et al., 2006).

It seems that the high level of H,O, in treated
seedlings with higher Fe?* and Cu®*" concentrations
cause more inducing expression of the genes
encoding enzymatic antioxidant system. This is
reminiscent with the previously studies that reported
expression of some genes encoding antioxidant
enzymes (such as CAT) promoted in the treated
plants with heavy metals (aluminum) (Rezaee et d.,
2013) and exogenous H,0O, (Megjia-Teniente et al.,
2013).

However, our results showed aong with the
promotion level of peroxidase activity, no changes
were observed in CAT activity. This result is in
contrast to severa studies that suggested CAT has a
key role in elimination of H,O, (Guan et a., 1995;
Ghanati et al., 2005 & Mejia-Teniente et al., 2013).
Our finding either may be attributed to the high level
of POD in L. draba as it has been reported in
horseradish (a member of the Brassicaceae family)
(Soudek et al., 2005) or higher affinity of POD (low
km) for H,O, rather than CAT.

In general, it may be concluded that Fe*" at low
concentrations and short period time of treatment can
stimulate many non-enzymatic antioxidant pathways
including  glucoraphanin  biosynthesis  more
effectively.  Conversely, Cu®* and  higher
concentrations of Fe®* can induce more enzymatic
antioxidant pathways. However, further studies are
required to analyze al effects of the mentioned ions
on glucoraphanin biosynthesis pathway as well as
myrosinase activity in this medicinal plant.

Acknowledgments

The authors gratefully acknowledge the financia
support provided by Institute of Science and High
technology and Environmental Sciences, Graduate
University of Advanced Technology, Kerman, Iran.

References
1. Asada K, Takahashi M. Production and
scavenging of active oxygen in photosynthesis.
Photoinhibition. 1987; 227-287.

2. Bartosz G. Oxidative stress in plants. Acta
Physiol Plant. 1997; 19(1): 47-64.

3. Bones AM, Rossiter JT. The
myrosi nase-gl ucosinol ate system, its
organisation and biochemistry. Physiol Plant.
2006; 97(1): 194-208.

4. Bradford MA. rapid and sensitive method for
the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Anal Biochem. 1976; 72: 248-254.

5. Chehregani A, Maayeri BE. Remova of heavy

metals by native accumulator plants. Int J Agr
Biol. 2007; 9(3): 462-465.

12



10.

11.

12.

13.

14.

15.

16.

Effects of iron and cupper ions on sulforaphane content

Choi DG, Yoo NH, Yu CY, Reyes B, Yun SJ.
The activities of antioxidant enzymes in
response to oxidative stresses and hormones in
paraquat-tolerant Rehmannia glutinosa plants. J
Biochem Mol Bio. 2004; 37(5): 618-624.

Clarke JD, Dashwood RH, Ho E. Multi-targeted
prevention of cancer by sulforaphane. Cancer
Lett. 2008; 269(2): 291-304.

Dhindsa RS, Plumb-dhindsa P, Thorpe TA.
Leaf senescence: correlated with increased
levels of membrane permeability and lipid
peroxidation, and decreased levels of
superoxide dismutase and catalase. J Exp Bot.
1981; 32(1): 93-101.

Fahey JW, Haristoy X, Dolan PM, Kendler T
W, Scholtus I, Stephenson KK, Talday P,
Lozniewski A. Sulforaphane  inhibits
extracellular, intracellular, and antibiotic-
resistant strains of Helicobacter pylori and
prevents  benzo[a]pyrene-induced  stomach
tumors. Proc Natl Acad Sci USA. 2002; 99(11):
7610-7615.

Fahey JW ,Talalay P. Antioxidant functions of
sulforaphane: a potent inducer of Phase Il
detoxication enzymes. Food Chem Toxicol.
1999; 37(9-10): 973-979.

Fahey JW, Zalcmann AT, Tdaay P. The
chemica diversity and distribution of
glucosinolates and isothiocyanates among
plants. Phytochemistry. 2001; 56(1): 5-51.

Fenwick GR, Heaney RK, Mullin WJ.
Glucosinolates and their breakdown products in
food and food plants. Cr Rev Food Sci. 1983;
18(2): 123-201.

Fritz VA, Justen VL, Bode AM, Schuster T,
Wang M. Glucosinolate enhancement in
cabbage induced by jasmonic acid application.
Hortscience. 2010; 45(8): 1188-1191.

Ghanati F, Morita A, Yokota H. Effects of
auminum on the growth of tea plant and
activation of antioxidant system. Plant and soil.
2005; 276(1-2): 133-141.

Gill SS, Tutgja N. Reactive oxygen species and
antioxidant machinery in abiotic stress tolerance
in crop plants. Plant Physiol Biochem. 2010;
48(12): 909-930.

Glombitza S, Dubuis P, Thulke O, Welzl G,
Bovet L, Gotz M, Affenzeller M, Geist B, Hehn
A, Asnaghi C. Crosstak and differentia

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Aminizadeh M et al.

response to abiotic and biotic stressors reflected
at the transcriptional level of effector genes
from secondary metabolism. Plant Mol Biol.
2004; 54(6): 817-835.

Grubb CD, Abel S. Glucosinolate metabolism
and its control. Trends Plant Sci. 2006; 11(2):
89-100.

Guan L, Scandalios JG. Developmentally
related responses of maize catalase genes to
salicylic acid. Proc Natl Acad Sci. 1995; 92(13):
5930-5934.

Kiddle GA, Doughty KJ, Wallsgrove RM.
Sdlicylic  acid-induced  accumulation  of
glucosinolates in oilseed rape (Brassica napus
L.) leaves. J Exp Bot. 1994; 45(9): 1343-1346.

Lenzi M, Fimognari C, Hrelia P. Sulforaphane
as a promising molecule for fighting cancer.
Cancer Treat Res. 2014; 159:207-223.

Liang H, Yuan Q, Xiao Q. Effects of meta ions
on myrosinase activity and the formation of
sulforaphane in broccoli seed. J Mol Cata B:
Enzym. 2006; 43(1-4): 19-22.

Liang H, Yuan Q, Dong HR, Liu YM.
Determination of sulforaphane in broccoli and
cabbage by high-performance liquid
chromatography. J Food Compost Anal. 2006;
19(5): 473-476.

Maksymiec W. Signaling responses in plants to
heavy metal stress. Acta Physiol Plant. 2007,
29(3): 177-187.

Maksymiec W, Wianowska D, Dawidowicz A
L, Radkiewicz S, Mardarowicz M, Krupa Z.
The level of jasmonic acid in Arabidopsis
thaliana and Phaseolus coccineus plants under
heavy metal stress. J Plant Physiol. 2005;
162(12): 1338-1346.

Malekzadeh P, Khara J, Farshian S. Copper
toxicity influence on antioxidant enzymes
activity in tomato plants and role of arbuscular
mycorrhizal fungus Glomus etunicatum in the
tolerance of toxicity. Pak J Biol Sci. 2007,
10(12): 2008-2013.

Mejia-Teniente L, Dalia Duran-Flores F, Chapa-
Oliver AM, Torres-Pacheco |, Cruz-Hernandez
A, Gonzalez-Chavira MM, Ocampo-Velazquez
RV, Guevara-Gonzalez RG. Oxidative and
Molecular Responses in Capsicum annuum L.
after Hydrogen Peroxide, Salicylic Acid and

13



27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Ethno-Pharmaceutical products Mar. 2014; 1(1):8-14

Chitosan Foliar Applications. Int J Mol Sci.
2013; 14(5): 10178-10196.

Mithen R. Glucosi nolates-biochemistry,
genetics and biological activity. Plant Growth
Regul. 2001; 34(1): 91-103.

Mithen RF, Dekker M, Verkerk R, Rabot S
Johnson IT. The nutritional significance,
biosynthesis and bioavailability of
glucosinolates in human foods. J Sci Food
Agric. 2000; 80(7): 967-984.

Plewa MJ, Smith SR, Wagner ED.
Diethyldithiocarbamate suppresses the plant
activation of aromatic amines into mutagens by
inhibiting tobacco cell peroxidase. Mutat Res-
Fund Mol M. 1991; 247(1): 57-64.

Powell EE, Hill GA, Juurlink BHJ, Carrier DJ.
Glucoraphanin extraction from Cardaria draba:
Part 1. Optimization of batch extraction. J Chem
Technol Biotechnol. 2005; 80(9): 985-991.

Rezaee F, Ghanati F, Behmanesh M.
Antioxidant activity and expression of catalase
gene of Eustoma grandiflorum L in response to
boron and aluminum. S Afr JBot. 2013; 84: 13-
18.

Searle LM, Chamberlain K, Butcher DN.
Preliminary studies on the effects of copper,
iron and manganese ions on the degradation of
3-indolylmethylglucosinolate (a constituent of
Brassica spp.) by myrosinase. J Sci Food Agric.
1984; 35(7): 745-748.

Sharma P, Jha AB, Dubey RS, Pessarakli M.
Reactive Oxygen Species, Oxidative Damage,
and Antioxidative Defense Mechanism in Plants
under Stressful Conditions. J Bot. 2012; 2012:
1-26.

Smetanska |. Impact of e€licitors on
glucosinolate production in plants and exudates
of turnip (Brassica rapa) [PhD thesis]. Berlin:
Technische Universitit, 2005.

Soudek P, Podlipna R, Marsik P, Vanek T.
Optimalization of the peroxidase production by
tissue cultures of horseradish in vitro. Biol
Plant. 2005; 49(4): 487-492.

Taiz L, Zeiger E. Plant physiology. 5" ed.
Sunderland, MA: Sinauer, 2010.

Uda Y, Kurata T, Arakawa N. Effects of pH
and Ferrous lon on the Degradation of
Glucosinolates by Myrosinase. Agr Biol Chem.
1986; 50(11): 2735-2740.

38.

39.

40.

41.

42.

Xu CM, Zhao B, Ou Y, Wang XD, Yuan XF
,Wang YC. Elicitor-enhanced  syringin
production in suspension cultures of Saussurea
medusa. World J Microb Biot. 2007; 23: 965-
970.

Xu T, Ren D, Sun X, Yang G. Dua Roles of
Sulforaphane in Cancer Treatment. Anticancer
Agents Med Chem. 2012; 9(12): 1132-1142.

Yruelal. Copper in plants. acquisition, transport
and interactions. Funct Plant Biol. 2009; 36(5):
409-430.

Zargari A. Medicina plants. 6™ ed. Tehran:
Tehran University Publications. 1995.

Zhang Y, Tang L. Discovery and devel opment
of sulforaphane as a cancer chemopreventive
phytochemical. Acta Pharm Sinic. 2007; 28(9):
1343-1354.

14



