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Abstract 
Lepidium draba, a weed of the Brassicaceae family contains high level of 
glucoraphanin that can be produced sulforaphane (SFN) through 
myrosinase hydrolysis activity. This study was conducted to optimize 
conditions for SFN production in this plant; several factors including age of 
seedlings and calluses as well as application of different kind of elicitors 
such as methyl jasmonate and salicylic acid (pH=7), and also Cu2+ and Zn2+ 
(pH=5 and 7) were examined. The results showed that the highest amount 
of SFN was achieved in 7-day-old seedlings and 14-day-old calluses, but 
more significantly in the seedlings. In general, elicitation of the 7-day-old 
seedlings was associated with a clear improvement in SFN content, but 
more drastically with metals-treated under acidic condition. In the metals-
treated seedlings, it seems that the promotion of SFN content is due to the 
more adsorption of the ions under the acidic condition and subsequently 
induced the glucoraphanin biosynthesis pathway. 
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INTRODUCTION 
Whitetop (Lepidium draba L.), a noxious weed, belongs 
to the Brassicaceae family. It is a perennial plant, native 
to South Europe which now wide spread throughout 
most of Europe. This wild-growing weed extensively 
found along roadsides, meadows and in fields [1]. It has 
been shown that this plant like the other Brassicaceae 
genus contains glucosinolates, a unique group of 
secondary metabolites containing sulfur and nitrogen. 
So far, more than 100 kinds of these metabolites have 
been identified [2; 3]. Glucosinolates were found to 
have a defensive role and classified in two classes: 
phytoanticipins and phytoalexines [4]. These 
metabolites that accumulate in the cell vacuoles, any 
injuries or pathogens attack leads to release them and 
expose to myrosinase (β-thioglucoside glucohydrolase, 
EC. 3.2.3.1) [5]. Hydrolysis of glucosinolates by 
myrosinase produce glucose and an unstable 
intermediate molecule (aglycon) which can be 
converted to thiocyanates, isothiocynates and nitriles 
spontaneously, depending on environmental 
conditions [5]. The pharmaceutical properties of 
nitriles and thiocyanates have not yet clear understood, 
and little is known about the pharmacological 
properties of the glucosinolates. Isothiyocynates 
exhibit various pharmacological activities and are of 
interest to the researcher [6–8]. SFN (4-
(methylsulfinyl)butyl isothiocyanate) is one of the most 
important isothiocyanate which can be produced 
through glucoraphanin hydrolysis via myrosinase 
activity [2]. The most therapeutic effect of this 
isothiocyanate is antioxidant properties [7], anti-
bacterial effects on Helicobacter pylori [6], apoptosis 
induction in cancer cells [9], anti-metastatic [10] and 
anti-angiogenesis properties [11]. 
However, large quantities of glucoraphanin can be 
found in broccoli [12] and withetop [13]. Despite the 
other members of the Brassicaceae family containing 
several types of glucosinolates, L. draba contains two 
major types of glucosinolates: glucoraphanin and 
glucosinalbin [13]. Hence, this weed could serve as a 
source of glucoraphanin extraction [1]. Moreover, 
extraction of glucoraphanin, as the precursor of SFN 
has been optimized in this weed [13].  
While plenty of literatures have been focused on SFN 
production from other members of the Brassicaceae 
such as Brassica oleracea and Raphanus sativus 
seedlings as well as in vitro cell lines [2; 14], few 
studies have been only focused on the biological 
activities and analysis of volatile constituent of L. draba 
[1; 15]. Up to now, there have been no reports on the 
SFN production in L. draba cell culture and also 
stimulation of glucosinolates biosynthesis in this plant.  
However, there are several aspects in order to improve 
production of desirable plant secondary metabolites 

including use of different stimulator, optimize culture 
condition and select suitable seedling or cell line [16–
18]. Therefore, the present study was conducted to 
optimize conditions for increasing SFN content in L. 
draba. To acquire the optimum conditions, effects of 
several factors including age of seedlings and calluses 
as well as influences of various concentrations of biotic 
and abiotic elicitors at different elicitation time were 
analyzed. 
MATERIALS AND METHODS 
Materials, reagents and standard 
Seeds of matured L. draba were collected from around 
Kerman province, Iran, during May to June 2012. SFN 
standard was purchased from Sigma and all other 
chemicals were of analytical reagent grade and 
obtained from Merck. 
Seed culture and plant growth 
The seeds were surface-sterilized by subsequent 
washing with detergent, ethanol (75%, 30 s), sodium 
hypochlorite (3% for 10 min), with rinsing with sterile 
distilled water intervals. In order to find optimal 
seedlings age that able to produce high level of SFN; 
thirty seeds were placed on the surface of solidified 
basal MS media [19] containing 0.8% agar in Petri 
dishes, with about 5 mm spacing between them. The 
plates were incubated at controlled temperature of 
28±2 ºC, with 16 hours photoperiod and relative 
humidity of 60-65% for 3, 7,11 and 15 days.  
Seedlings treatment 
Different concentrations (0 (as a control), 4, 8 and 16 
µM) of CuSO4 and ZnSO4 -as an abiotic elicitors- were 
dissolved in distilled water. All concentrations were 
prepared with both pH 7±0.2 and 5±0.2. Around 60 
seedlings were separated from their medium and 
washed thoroughly using distilled water and subjected 
to different concentrations of the elicitors (50 mL) in 
250 mL Erlenmeyer flasks. The flasks were shaken at 
100 rpm on an orbital shaker at room temperature for 
8 and 16 hours. The different elicitor concentrations 
and time of treatment were selected according to 
previous studies in our lab. Additionally, the SFN 
production level was also analyzed, in 7-day-old 
seedlings which elicited with various concentrations (0 
(as a control), 1, 5, 10, 20, 40 µM) of methyl jasmonate 
(MJ) and salicylic acid (SA) as biotic elicitors at neutral 
pH (7±0.2) for 24 and 48 hours. To remove surface 
elicitors, the treated seedlings were rinsed several 
times using sterile distilled water and immediately 
frozen in liquid nitrogen, and stored at -80 ºC until use. 
Callus culture 
Calluses were induced from cotyledon explants of in 
vitro grown 7-day-old L. draba seedlings. The seedlings 
were grown as mentioned above. The explants were 
proliferated in solidified basal media of MS 

https://www.google.com/search?biw=1600&bih=757&q=Raphanus+sativus&spell=1&sa=X&ei=mW3vUalUys2tB6LLgbAB&ved=0CCcQvwUoAA


                              
Ali Riahi-Madvar, et al: Asian Journal of Biomedical and Pharmaceutical Sciences; 4(35) 2014, 64-70. 

 

 
© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 35, 2014.              66 

supplemented with different hormone (4 mg/L of BAP, 
1 mg/L of NAA and 0.2 mg/L of 2, 4-D). Culture vessels 
were transferred to darkness at controlled 
temperature of 26±2 °C, allowing growth of the 
calluses. The 7-day-old calluses were subcultured in a 
fresh medium containing similar hormone 
concentration as above. The calluses were harvested at 
7-day intervals (at 7, 14 and 21 days) and were washed 
thoroughly using distilled water. Then the SFN content 
of the calluses were measured as described at bellows. 
Determination and quantification of SFN 
SFN extraction and quantification was carried out 
according to the method described by Liang et al. [20]  
with little modifications. Briefly, 0.5 g of fresh tissue 
(frozen sample) was grinded into powder using a 
mortar and pest. The resultant powder was mixed with 
1 mL acidic water (pH=5) and incubated at 42±2 °C for 
2 hours. Afterward, 5 mL acetonitrile was added to the 
mixture and ultrasonicated for 3 min then the 
homogenous solution was centrifuged at 10000 rpm 
for 10 min at 4 °C. The supernatant was filtered using 
0.2 µm syringe filter prior to injection into the column 
(C18; 250×4.6 nm) of High Performance Liquid 
Chromatography (HPLC) (Agilent 1100 series, USA) in 
order to separate SFN.  
Condition for HPLC was as follows: solvent system; 
acetonitrile/H2O (65/35 v/v); flow rate, 1 mL/min. 
Identification of SFN in the seedlings was achieved by 
comparison of retention times with authentic standard 
that was detected at 254 nm.  
Statistical analysis 
Experiments were conducted over three independent 
stages with completely random designs. The results 
were represented as mean values ± Standard Deviation 
(SD). Duncan´s multiple range tests were used to 
compare mean value of the data at P≤0.05 using SAS 
9.1.3 (service pack 4, version= 6.1.7601) software. 
Significance of the difference mean values was 
determined by one-way analysis of ANOVA variance. 
RESULTS  
SFN content in different ages of seedlings and 
calluses 
The retention time for the standard SFN was about 7 
minutes after injection it into the column (Figure 1) 
and a similar peak was also observed for the control 
and treated samples (data not shown). The highest 
amount of SFN was seen in 3- and 7-day-old seedlings 
and declined drastically thereafter; no chromatogram 
peak was seen at higher age more than 7-day-old 
seedlings (Figure 2A). Due to higher growth of the 7-
day-old seedlings compared to 3-day-old ones, further 
experiments were only performed on them. 
SFN content elevated by the age of calluses and reached 
to the highest amount at 14-day-old calluses, and then 

it significantly decreased at 21-day-old calluses (Figure 
2B). 

 
Figure 1: Chromatogram of the standard SFN. As indicated the 
retention time for the standard SFN is about 7 minutes after 
injection 

 

 
 

 
Figure 2: Comparison of SFN content in different age of seedlings 
(A) and calluses (B). Different letters indicate significant differences 
at p<0.05 according to Duncan’s Multiple Range Tests. Bars 
represent one standard deviation of the mean (n = 3 replicates) 
 
The effects of metal elicitors on SFN content 
SFN content had no significant changes in treated 
seedlings with copper under neutral pH condition for 
the both elicitation times (Figure 3A). While under the 
acidic condition (pH=5), SFN exhibited around two-fold 
changes in content at the highest elicitor concentration 
(16 µM) after 8 hours treatment compared to that of 
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the control. In addition, after 16 hours elicitation, a 
dramatic increase in the SFN content was observed at 
elicitor concentrations more than 4 µM (Figure 3A). 
The maximum amount of SFN reached about 235.5 
µg/g fresh weight, in presence of 8 µM Cu2+, which was 
about 2-fold that of the control (117.6 µg/g FW). 
The SFN content in Zn-treated seedlings under the 
neutral pH, was similar to that of the control for the 
both elicitation times (except at 16 µM concentration 
after 8 hours treatment). But under the acidic condition 
(pH=5), SFN content was significantly elevated at 8 
hours treatment, with the elicitor concentrations more 
than 4 µM. Nevertheless, by the increase elicitation 
time up to 16 hours a remarkable increase in SFN 
content was observed at all concentrations compared 
to the control (Fig. 3B). It is quite obvious that the SFN 
content drastically elevated with Zn2+concentration up 
to 8 µM, hitting a peak (348.2 µg/g FW) that was about 
3.5-times that of the control (117.6 µg/g FW) (Figure 
3B). 
 

 
Figure 3: The effects of different concentrations of Cu (A) and Zn 
(B) elicitors at different pH and time intervals on SFN content in 7-
day old seedlings. Different letters indicate significant differences at 
p<0.05 according to Duncan’s Multiple Range Tests. Bars represent 
one standard deviation of the mean (n = 3 replicates). 

 
The effects of MJ and SA on SFN content 
The effects of MJ and SA on SFN content was dependent 
on the elicitor doses and also time of elicitation (Table 
1). As revealed by the data, SFN content was similar to 
that of the control after 24 hours treatment with MJ 
(except at 40 µM treatment that its content 
significantly increased compared to the control). But by 

the increase elicitation time up to 48 hours, a drastic 
increase in production of this effective ingredient was 
observed at elicitor concentrations more than 5 µM 
(Table 1). 
As shown in the Table 1, at all SA concentrations 
(except for the highest ones), the SFN content was 
promoted and the highest amount was achieved at 10 
µM. While after 48 hours treatment, the SFN content 
drastically roses at concentrations more than 10 µM 
SA; its content in 40 µM-SA-treated seedlings (103.98 
µg/kg FW) were approximately 1.5 fold that of the 
control (66.93 µg/kg FW). 
Table 1. The effects of various concentrations of MJ and 
SA on SFN content in 7-day-old seedlings. 
 
Concentration 
(µM) 

MJ SA 
24h 48h 24h 48h 

0 72.5±6b 66.9±11c 72.5±6c 66.9±11b 
1 82.9±9b 65.8±9c 89.6±8b 76.3±14b 
5 72.8±14b 65.2±2c 82.9±14b 60.2±17b 
10 70.8±7b 76.1±7b 123.4±14a 69.7±17b 
20 73.5±2b 88.4±3a 92.4±14a 98.4±16a 
40 103.3±8a 85.0±1a 71.8±2c 103.9±14a 
Table 1: Data show mean ± SD, n = 3 replicates. In each group, 
different letters indicate significant differences at p<0.05 according 
to Duncan’s Multiple Range Tests. 
 

DISCUSSION 
SFN is an isothiocyanates which is produced through 
enzymatic hydrolysis of glucoraphanin [21]. It is of 
interest to researcher due to its anti-cancer effects [8[. 
In the present study, SFN production level was 
investigated in L. draba seedlings as well as in the cell 
cultures. Our results showed that, the production of 
SFN correlated with seedling age, as its content reached 
a maximum of 104 µg/g FW in L. draba seedlings after 
7 days and thereafter drastically decreased. This is 
consistent with a previous report on broccoli [22]. 
They showed the highest amount of SFN was obtained 
at three days broccoli seedlings. It has also reported 
that, the SFN content had a decrease trend during the 
growth of broccoli seedlings until mature plant [23]. 
These results were surprisingly consistent with the 
finding in calluses excrement. As shown in Fig. 2B the 
calluses SFN content promoted by age up to 14-day and 
thereafter decreased.   
Comparison between the highest amount of SFN in the 
seedlings and calluses revealed that it is more 
produced in the seedlings, consistent with those 
reported by Redovnikovi et al. (2008). They showed 
that total glucosinolates content in horseradish 
seedlings was more than teratoma and tumor [24].  
Since, more SFN content was obtained by the seedlings; 
production of this compound was investigated in 7-
day-old seedlings which treated with different kind of 
elicitors. Elicitors are stable molecules which induce 
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plants defense response [25]. However, it has been 
shown that this weed can accumulate several heavy 
metals like Zn, Cu, Cd and Ni [26]. Among the 
mentioned metals, Zinc and copper are essential 
microelements for the growth and development of 
plants [27]. Furthermore, it has been established that 
excessive accumulation of heavy metals (such as Zn 
and Cu) in the plant tissues lead to trigger of reactive 
oxygen species (ROS). ROS were found to alter some 
vital processes involved in photosynthesis, chlorophyll 
synthesis and cell membrane integrity [28]. Therefore, 
we analyzed the effects of various concentrations of 
zinc and copper ions as abiotic elicitors on SFN 
production level in 7-day-old seedlings at different 
time intervals and pH condition. The SFN content 
reached to maximum at 16 hours elicitation with the 
both metals under the acidic condition (pH=5). These 
observations can be attributed to the more uptake of 
these metals  by the plant under the acidic condition 
compared to the neutral pH [29]. Under acidic 
condition (pH=5) and elicitation time of 16 hours the 
optimal concentration for the both elicitors was 8 µM 
among the tested concentration (Fig. 3) and higher 
concentration caused to decrease in SFN content. These 
finding can be attributed to the toxic effects of these 
ions on the seedlings when exposed to the high 
concentrations for long time, as revealed by the 
increase activity of the key ROS scavenging enzyme 
(data not shown).     
However, it has been demonstrated that ROS 
(especially H2O2) can induce plant defense system 
directly or through mediated by signaling molecules 
(such as JA and SA) which lead to increase secondary 
metabolites [30]. Hence, it may be speculated, elevated 
of SFN content resulted in induction of ROS and/or 
signaling molecules such as JA and/or SA under 
treatment seedling with the metals. 
Moreover, it has been shown that JA and SA have 
critical role in activation of plant defense responses 
and induction of secondary metabolites in several plant 
species [31; 32]. In this study, MJ and SA as biotic 
elicitors also lead to elevated level of SFN production 
(Table 1). This observation is consistent with those 
reported previously [27; 33–36]. They showed 
application of MJ or SA as a elicitor increased the 
amount of glucosinolates in some Brassica species [27; 
33]. 
In addition, there have been some indications that 
showed the similar effects of heavy metals and 
jasmonate on induction of the genes expression involve 
in defense responses [37]. It has been reported  that 
increasing glucosinolates level after treatment with MJ 
and SA is related to their effects on expression of the 
genes involve in their biosynthesis [38]. Hence, based 
on the defensive role of glucosinolates and their 

derivatives in the plant [32], it may be suggested that 
the promotion of SFN content in elicited seedlings are 
attributed to influence of the key genes involve in 
glucoraphanin biosynthesis (precursor of SFN). 
Interestingly, among different elicitors, the SFN 
production level extremely promoted by Zn and 
reached in high level after 16 hours of treatment in 
presence of 8 µM under the acidic condition (pH=5). 
This finding may be related to presence of many 
myrosinase isoforms in the plant, and zinc acts as a 
cofactor for them. It has been confirmed that in some 
plant species (such as broccoli) several isoforms of the 
enzyme use zinc as cofactor [39]. 
In our knowledge, there have been no reports 
regarding the effects of any factors on SFN production 
in this wild-growing plant containing high level of 
glucoraphanin which make its extraction and 
purification easier among two glucosinolates [13]. 
Overall, the experimental results showed that Zn was 
an effective elicitor for the induction of SFN in L. draba 
seedling. Furthermore, the timing of seedlings and 
calluses harvesting could be critical factors in large-
scale productivity. In addition, the data also revealed 
that the kind of elicitors, doses of stimulator and time 
of elicitation are the critical items toward establishing 
large-scale of this active ingredient. In conclusion, 
although finding optimal conditions for SFN production 
is the main step to obtain large-scale productivity.  
Further studies are required to optimize all conditions 
(including, other biotic and abiotic elicitors and 
elicitation time) for inducing SFN production in this 
medicinal plant with high level of glucoraphanin. 
Acknowledgments 
The authors gratefully acknowledge the financial 
support provided by Graduate University of Advanced 
Technology, Institute of Science and High technology 
and Environmental Sciences, Kerman, Iran, under 
number of contract 1.4036. 
REFERENCES 
[1] Radonić A, Blažević I, Mastelić J, Zekić M, Skočibušić M, Maravić 
A. Phytochemical analysis and antimicrobial activity of Cardaria 
draba (L.) Desv. Volatiles. Chemistry & biodiversity 2011; 8(6): 
1170–1181. http://dx.doi.org/10.1002/cbdv.201000370  
[2] Fahey JW, Zalcmann AT, Talalay P. The chemical diversity and 
distribution of glucosinolates and isothiocyanates among plants. 
Phytochemistry 2001; 56(1): 5–51. 
http://dx.doi.org/10.1016/S0031-9422(00)00316-2   
[3] Halkier BA, Gershenzon J. Biology and biochemistry of 
glucosinolates. Annu. Rev. Plant Biol. 2006; 57: 303–333. 
http://dx.doi.org/10.1146/annurev.arplant.57.032905.105228   
[4] Pedras MSC, Okinyo-Owiti DP, Thoms K, Adio AM. The 
biosynthetic pathway of crucifer phytoalexins and phytoanticipins: 
de novo incorporation of deuterated tryptophans and quasi-natural 
compounds. Phytochemistry 2009; 70(9): 1129–1138. 
http://dx.doi.org/10.1016/j.phytochem.2009.05.015   
[5] Rask L, Andréasson E, Ekbom B, Eriksson S, Pontoppidan B, 
Meijer J. Myrosinase: gene family evolution and herbivore defense 

http://dx.doi.org/10.1002/cbdv.201000370
http://dx.doi.org/10.1016/S0031-9422(00)00316-2
http://dx.doi.org/10.1146/annurev.arplant.57.032905.105228
http://dx.doi.org/10.1016/j.phytochem.2009.05.015


                              
Ali Riahi-Madvar, et al: Asian Journal of Biomedical and Pharmaceutical Sciences; 4(35) 2014, 64-70. 

 

 
© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 35, 2014.              69 

in Brassicaceae. In: Plant Molecular Evolution. Springer; 2000; 93–
113.http://dx.doi.org/10.1007/978-94-011-4221-2_5  
[6] Fahey JW, Haristoy X, Dolan PM, Kensler TW, Scholtus I, 
Stephenson KK, Talalay P, Lozniewski A. Sulforaphane inhibits 
extracellular, intracellular, and antibiotic-resistant strains of 
Helicobacter pylori and prevents benzo [a] pyrene-induced 
stomach tumors. Proceedings of the National Academy of Sciences 
2002; 99(11): 7610–7615. 
http://dx.doi.org/10.1073/pnas.112203099   
[7] Fahey JW, Talalay P. Antioxidant functions of sulforaphane: a 
potent inducer of Phase II detoxication enzymes. Food and 
Chemical Toxicology 1999; 37(9): 973–979. 
http://dx.doi.org/10.1016/S0278-6915(99)00082-4   
[8] Traka M, Mithen R. Glucosinolates, isothiocyanates and human 
health. Phytochemistry Reviews 2009; 8(1): 269–282. 
http://dx.doi.org/10.1007/s11101-008-9103-7   
[9] Gamet-Payrastre L. Signaling pathways and intracellular targets 
of sulforaphane mediating cell cycle arrest and apoptosis. Current 
cancer drug targets 2006; 6(2): 135–145. 
http://dx.doi.org/10.2174/156800906776056509   
[10] Singh SV, Warin R, Xiao D, Powolny AA, Stan SD, Arlotti JA, 
Zeng Y, Hahm E-R, Marynowski SW, Bommareddy A. Sulforaphane 
inhibits prostate carcinogenesis and pulmonary metastasis in 
TRAMP mice in association with increased cytotoxicity of natural 
killer cells. Cancer research 2009; 69(5): 2117–2125. 
http://dx.doi.org/10.1158/0008-5472.CAN-08-3502   
[11] Jackson SJT, Singletary KW, Venema RC. Sulforaphane 
suppresses angiogenesis and disrupts endothelial mitotic 
progression and microtubule polymerization. Vascular 
pharmacology 2007; 46(2): 77–84. 
http://dx.doi.org/10.1016/j.vph.2006.06.015   
[12] Perocco P, Bronzetti G, Canistro D, Valgimigli L, Sapone A, 
Affatato A, Pedulli GF, Pozzetti L, Broccoli M, Iori R. Glucoraphanin, 
the bioprecursor of the widely extolled chemopreventive agent 
sulforaphane found in broccoli, induces phase-I xenobiotic 
metabolizing enzymes and increases free radical generation in rat 
liver. Mutation Research/Fundamental and Molecular Mechanisms 
of Mutagenesis 2006; 595(1): 125–136. 
http://dx.doi.org/10.1016/j.mrfmmm.2005.11.007   
[13] Powell EE, Hill GA, Juurlink BHJ, Carrier DJ. Glucoraphanin 
extraction from Cardaria draba: Part 1. Optimization of batch 
extraction. Journal of Chemical Technology and Biotechnology 
2005; 80(9): 985–991. http://dx.doi.org/10.1002/jctb.1273   
[14] Tilaar W, Ashari S, Yanuwiadi B, Polii-Mandang J, Kamal M, El-
Bediwi A-B, Badr S, Taha S, AlMatroushi E, Ghannam MT. Synthesis 
of Sulforaphane during the Formation of Plantlets from Broccoli 
(Brassica oleracea L var italica) In Vitro. 2012; 12(3): 1-5.  
[15] Afsharypuor S, Jamali M. Volatile constituents of the flowering 
aerial parts, fruits and roots of Cardaria draba L. Journal of Essential 
Oil Research 2006;18(6): 674–675. 
http://dx.doi.org/10.1080/10412905.2006.9699202   
[16] Fett-Neto AG, Melanson SJ, Sakata K, DiCosmo F. Improved 
growth and taxol yield in developing calli of Taxus cuspidata by 
medium composition modification. Nature Biotechnology 1993; 
11(6): 731–734. http://dx.doi.org/10.1038/nbt0693-731   
[17] Tabata H. Paclitaxel production by plant-cell-culture 
technology. In: Biomanufacturing. Springer; 2004;1–23. 
http://dx.doi.org/10.1007/b13538   
[18] Rezaei A, Ghanati F, Behmanesh M, Mokhtari-Dizaji M. 
Ultrasound-potentiated salicylic acid–induced physiological effects 
and production of Taxol in Hazelnut (Corylus Avellana L.) Cell 
Culture. Ultrasound in medicine & biology 2011; 37(11): 1938–
1947. http://dx.doi.org/10.1016/j.ultrasmedbio.2011.06.013   
[19] Murashige T, Skoog F. Arevised medium for rapid growth and 
bioassays with tobacco tissue cultures. Physiol. Plant 1962; 15: 
473–497. http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x  
  

[20] Liang H, Yuan QP, Dong HR, Liu YM. Determination of 
sulforaphane in broccoli and cabbage by high-performance liquid 
chromatography. Journal of food Composition and Analysis 2006; 
19(5): 473–476. http://dx.doi.org/10.1016/j.jfca.2005.11.005  
 [21] Shapiro TA, Fahey JW, Wade KL, Stephenson KK, Talalay P. 
Human metabolism and excretion of cancer chemoprotective 
glucosinolates and isothiocyanates of cruciferous vegetables. 
Cancer Epidemiology Biomarkers & Prevention 1998; 7(12): 1091–
1100.  
[22] Sivakumar G, Aliboni A, Bacchetta L. HPLC screening of anti-
cancer sulforaphane from important European Brassica species. 
Food chemistry 2007; 104(4): 1761–1764. 
http://dx.doi.org/10.1016/j.foodchem.2006.11.040   
[23] Azizi Naser S, Amiri-Besheli B, Sharifi-Mehr S. The isolation 
and determination of sulforaphane from broccoli tissues by reverse 
phase‐High Performance Liquid Chromatography. Journal of the 
Chinese Chemical Society 2011; 58(7): 906–910. 
http://dx.doi.org/10.1002/jccs.201190143   
[24] Radojčić Redovniković I, Peharec P, Krsnik-Rasol M, Delonga K, 
Brkić K, Vorkapić-Furač J. Glucosinolate profiles, myrosinase and 
peroxidase activity in horseradish (Armoracia lapathifolia Gilib.) 
plantlets, tumour and teratoma tissues. Food Technology and 
Biotechnology 2008; 46(3): 317–321.  
[25] Radman R, Saez T, Bucke C, Keshavarz T. Elicitation of plants 
and microbial cell systems. Biotechnology and Applied 
Biochemistry 2003; 37(1): 91–102. 
http://dx.doi.org/10.1042/BA20020118   
[26] Chehregani A, Malayeri B. Removal of heavy metals by native 
accumulator plants. International Journal of Agriculture and 
Biology 2007; 9(3): 462–465.  
[27] Wang H, Liu RL, Jin JY. Effects of zinc and soil moisture on 
photosynthetic rate and chlorophyll fluorescence parameters of 
maize. Biologia Plantarum 2009; 53(1): 191–194. 
http://dx.doi.org/10.1007/s10535-009-0033-z   
[28] Wannaz ED, Pignata ML. Calibration of four species of 
Tillandsia as air pollution biomonitors. Journal of Atmospheric 
Chemistry 2006; 53(3):185–209. 
http://dx.doi.org/10.1007/s10874-005-9006-6   
[29] Taiz, Lincoln, Zeiger E. Plant physiology. 1991.  
[30] Karuppanapandian T, Moon J-C, Kim C, Manoharan K, Kim W. 
Reactive oxygen species in plants: their generation, signal 
transduction, and scavenging mechanisms. Aust J Crop Sci 2011; 5: 
709–725.  
[31] Chen Z, Zheng Z, Huang J, Lai Z, Fan B. Biosynthesis of salicylic 
acid in plants. Plant signaling & behavior 2009; 4(6): 493–496. 
http://dx.doi.org/10.4161/psb.4.6.8392   
[32] Zhao J, Davis LC, Verpoorte R. Elicitor signal transduction 
leading to production of plant secondary metabolites. 
Biotechnology advances 2005; 23(4): 283–333. 
http://dx.doi.org/10.1016/j.biotechadv.2005.01.003   
[33] Kiddle GA, Doughty KJ, Wallsgrove RM. Salicylic acid-induced 
accumulation of glucosinolates in oilseed rape (Brassica napus L.) 
leaves. Journal of Experimental Botany 1994; 45(9):1343–1346. 
http://dx.doi.org/10.1093/jxb/45.9.1343   
[34] Mikkelsen MD, Petersen BL, Glawischnig E, Jensen AB, 
Andreasson E, Halkier BA. Modulation of CYP79 genes and 
glucosinolate profiles in Arabidopsis by defense signaling pathways. 
Plant Physiology 2003; 131(1): 298–308. 
http://dx.doi.org/10.1104/pp.011015   
[35] Loivamäki M, Holopainen JK, Nerg A-M. Chemical changes 
induced by methyl jasmonate in oilseed rape grown in the 
laboratory and in the field. Journal of agricultural and food 
chemistry 2004; 52(25): 7607–7613. 
http://dx.doi.org/10.1021/jf049027i   
[36] Wiesner M, Hanschen FS, Schreiner M, Glatt H, Zrenner R. 
Induced production of 1-methoxy-indol-3-ylmethyl glucosinolate by 
jasmonic acid and methyl jasmonate in sprouts and leaves of pak 

http://dx.doi.org/10.1007/978-94-011-4221-2_5
http://dx.doi.org/10.1073/pnas.112203099
http://dx.doi.org/10.1016/S0278-6915(99)00082-4
http://dx.doi.org/10.1007/s11101-008-9103-7
http://dx.doi.org/10.2174/156800906776056509
http://dx.doi.org/10.1158/0008-5472.CAN-08-3502
http://dx.doi.org/10.1016/j.vph.2006.06.015
http://dx.doi.org/10.1016/j.mrfmmm.2005.11.007
http://dx.doi.org/10.1002/jctb.1273
http://dx.doi.org/10.1080/10412905.2006.9699202
http://dx.doi.org/10.1038/nbt0693-731
http://dx.doi.org/10.1007/b13538
http://dx.doi.org/10.1016/j.ultrasmedbio.2011.06.013
http://dx.doi.org/10.1111/j.1399-3054.1962.tb08052.x
http://dx.doi.org/10.1016/j.jfca.2005.11.005
http://dx.doi.org/10.1016/j.foodchem.2006.11.040
http://dx.doi.org/10.1002/jccs.201190143
http://dx.doi.org/10.1042/BA20020118
http://dx.doi.org/10.1007/s10535-009-0033-z
http://dx.doi.org/10.1007/s10874-005-9006-6
http://dx.doi.org/10.4161/psb.4.6.8392
http://dx.doi.org/10.1016/j.biotechadv.2005.01.003
http://dx.doi.org/10.1093/jxb/45.9.1343
http://dx.doi.org/10.1104/pp.011015
http://dx.doi.org/10.1021/jf049027i


                              
Ali Riahi-Madvar, et al: Asian Journal of Biomedical and Pharmaceutical Sciences; 4(35) 2014, 64-70. 

 

 
© Asian Journal of Biomedical and Pharmaceutical Sciences, all rights reserved. Volume 4, Issue 35, 2014.              70 

choi (Brassica rapa ssp. chinensis). International journal of 
molecular sciences 2013; 14(7):14996–15016. 
http://dx.doi.org/10.3390/ijms140714996   
[37] Kessler A, Baldwin IT. Plant responses to insect herbivory: the 
emerging molecular analysis. Annual review of plant biology 2002; 
53(1):299–328. 
http://dx.doi.org/10.1146/annurev.arplant.53.100301.135207   
[38] Glombitza S, Dubuis P-H, Thulke O, Welzl G, Bovet L, Götz M, 
Affenzeller M, Geist B, Hehn A, Asnaghi C. Crosstalk and differential 
response to abiotic and biotic stressors reflected at the 
transcriptional level of effector genes from secondary metabolism. 
Plant molecular biology 2004; 54(6):817–835. 
http://dx.doi.org/10.1007/s11103-004-0274-3   
[39] Liang H, Yuan Q, Xiao Q. Effects of metal ions on myrosinase 
activity and the formation of sulforaphane in broccoli seed. Journal 
of molecular catalysis B: Enzymatic 2006; 43(1): 19–22. 
http://dx.doi.org/10.1016/j.molcatb.2006.03.008  
 

http://dx.doi.org/10.3390/ijms140714996
http://dx.doi.org/10.1146/annurev.arplant.53.100301.135207
http://dx.doi.org/10.1007/s11103-004-0274-3
http://dx.doi.org/10.1016/j.molcatb.2006.03.008

