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Abstract Cruciferous vegetables are rich source of glu-
cosinolates (GSLs), which in presence of myrosinase
enzyme cause hydrolytic cleavage and result in different
hydrolytic products like isothiocyanates, thiocyanates,
nitriles and epinitriles. The GSLs hydrolytic products are
volatile compounds, which are known to exhibit bioactiv-
ities like antioxidant, fungicidal, bioherbicidal and anti-
cancer. Among the Brassicaceae family, Brassica juncea is
very well known for high content of GSLs. In the present
study, the isolation of volatile oil of B. juncea var. raya was
done by hydrodistillation method using clevenger appara-
tus and further there extraction was done by solvents ethyl
acetate and dichloromethane. The volatile compounds
present in the extract were analysed by gas chromatogra-
phy/gas chromatography—mass spectrometry (GC/GC-
MS). Fatty acid esters, sulphur and/or nitrogen compounds,
carbonyl compounds and some other volatile compounds
were also identified. Besides the analytical studies, the
extracts were analysed for their bioactivities including
radical scavenging activity by using DNA nicking assay
and cytotoxic effect using different human cancer cell lines
viz. breast (MCF-7 and MDA-MB-231), prostate (PC-3),
lung (A-549), cervix (HeLa) and colon (HCT116) by MTT
assay. The oil extracts were efficiently able to reduce the
increase of cancer cells in a dose-dependent manner.
Among all cell lines, the most effective anticancer
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activity was observed in case of breast (MCF-7) cancer cell
line. So, MCF-7 cells were used for further mechanistic
studies for analysing the mechanism of anticancer activity.
Confocal microscopy was done for analysing morpholog-
ical changes in the cells and the images confirmed the
features typical of apoptosis. For evaluating the mode of
cell death, spectrofluorometric determination of reactive
oxygen species (ROS) and mitochondrial membrane
potential (MMP) was done. The volatile oil extract treated
MCEF-7 cells had a significant increase in number of ROS,
also there was a rise in percentage of cells with increased
disruption of MMP. So, the present study marks necessary
indication that B. juncea (raya) oil extracts significantly
induces apoptosis in all the above mentioned cancer cells
lines through a ROS-mediated mitochondrial pathway and
thus play a remarkable role in death of cancer cells.

Keywords Brassica juncea Glucosinolates -
Isothiocyantes - ROS - MMP - GC-MS

Introduction

Lack of some key dietary components and incessant
exposure to xenobiotics can make the human body sus-
ceptible to illness. Among all the diseases, cancer is the
most dreaded disease responsible for millions of death
worldwide. The medication available for its treatment is
often associated with a number of complex side effects
causing much more damage than cure. A dietary amend-
ment has been long projected as an alternative approach to
reduce the risk of cancer (Van Duijnhoven et al. 2009).
Natural plant products found as secondary metabolites
have been isolated as biologically active compounds with
great curative potential as they play an imperative role in
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various metabolic processes such as stimulation of the
immune system, free radical scavenging, regulation of gene
expression in cell proliferation, cell-cycle arrest and
apoptosis induction (Ramos 2008; Nzaramba et al. 2009).
These different properties are due to synergistic action of
vast varieties of secondary metabolities including phenols,
terpenoids, alkaloids, flavonoids and glucosinolates
(Newman and Cragg 2012; Galati and O’brien 2004).

Literature survey reveals that the frequent intake of
cruciferous vegetables, such as cauliflower, broccoli, cab-
bage, turnip and Brussels sprouts is associated with a
reduced incidence of cancer (Block et al. 1992). Among
crucifer vegetables, Brassica juncea contains maximum
amount of a volatile secondary metabolite glucosinolate
which is known especially for its anticancer activity
(Verhoeven et al. 1997; McNaughton and Marks 2003).
Brassica juncea (B. juncea), generally known as Indian
mustard, Chinese mustard, leaf mustard, or mustard green,
is an important dietary species of mustard family of
Brassicaceae plants. Glucosinolates (GSLs) are broken
down into different hydrolytic products by the action of an
important enzyme myrosinase (EC 3.2.3.1) which is a class
of glycoprotein that coexist with glucosinolates in different
compartment which are localized in specialized cells
referred as “myrosin cells” (Drozdowska et al. 1992;
Bones and Rossiter 1996). Among the different hydrolytic
products, isothiocyanates especially have higher biological
activity in contrast to the other products. Thus, isothio-
cyanate is considered to be the most significant cancer
chemo-preventive phytochemical with potential health
benefits (Okulicz 2010; Zhang 2010).

Till date more than 120 glucosinolates have been iden-
tified from Brassicaceae (Cruciferae) family (Fahey et al.
2001). These are basic B-p-thiogluco with variable side
chain, which include alkyl, alkenyl, hydroxyalkyl,
methylsulfinylalkyl, aryalkyl, methylthioalkyl and indole
groups (Fahey et al. 2001). The major glucosinolates pre-
sent in cruciferous vegetables are mainly categorized into
aliphatic, aromatic and indole glucosinolates depending on
the amino acid origin i.e. aliphatic amino acid (methion-
ine), aromatic (tyrosine, phenylalanine or tryptophan)
(Wittstock and Halkier 2002). The hydrolytic products of
glucosinolates are responsible for the characteristic pun-
gent aroma and also know for their diverse biological
activites like anti microbial, antibacterial, antimutagenic
and anticancer (Bones and Rosssittes 1996; Luciano and
Holley 2009; Fahey et al. 2001). The cruciferous glucosi-
nolates and their hydrolytic products can effectively inhibit
tumour cell growth and, thus reduce the frequency of
cancer (Martinez-Villaluenga et al. 2008). Isothiocyanates
have high biological activity in comparision to other
hydrolytic products of glucosinolates. The isothiocyanates
are considered significant cancer chemo-preventive
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phytochemical with potential of modulation of phases 1
and 2 enzymes to block carcinogenesis, and also capable
of inducing apoptosis to inhibit growth of malignant cells
(Conaway et al. 2002; Hecht 1999; Navarro et al. 2011;
Thornalley 2002; Okulicz 2010; Zhang 2010). Keeping this
in mind, the present study focused on therapeutic potentials
and profiling of different volatiles present in B. juncea
variety raya. The volatile oils obtained were evaluated for
their antioxidative potential as well as cytotoxic studies.
Futher, their mechanistic studies were done using confocal
imaging, ROS assay and MMP assay.

Materials and methods
Chemicals and reagents

Roswell park memorial institute medium (RPMI-1640),
Dulbecco’s Modified Eagle’s medium (DMEM), penicillin,
streptomycin, foetal bovine serum (FBS), Rohdamine-121
and the fluorescent probes 2,7-dichlorofluorescin diacetate
(DCFH-DA) were obtained from Sigma-Aldrich Corp. (St.
Louis, MO, USA). Gentamicin was purchased from Abbott
Healthcare Pvt. Ltd. pPBR322 plasmid DNA was purchased
from GeNeiTM. Mumbai, India. 3-(4,5-Dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT) and trypan
blue dye were purchased from HiMedia, Mumbai, India.
All the remaining reagents used were of analytical grade.

Preparation of plant extract

Brassica juncea (raya) seeds were procured from Punjab
Agricultural University (PAU), Ludhiana. They were
washed and dried to remove any dust. The extraction of
glucosinolate hydrolytic products (GHPs) was done using
modified hydrodistillation method (Arora et al. 2016). For
this, 200 g seeds of raya were crushed and added to
1000 mL of distilled water. The crushed mixture was
added in a flat bottom flask and placed on a magnetic stirrer
with hot plate. Further, Clevenger apparatus was attached
to the flask. The hot plate was then set at 500 °C and
rotation at 500 rpm until it reached boiling point and then
the hot plate was adjusted to 400 °C and 380 rpm. The
distillate was collected as a mixture of water and oil. The
glucosinolate hydrolytic products in the mixture were then
extracted using ethyl acetate (EA) and dichlor-
omethane (DCM) simultaneously. The upper oily layer
was separated and lower one was discarded. Excess of
solvent in this oil layer was evaporated by using rota
evaporator. The final residue was then collected and stored
at (— 80 °C) until further use.
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Gas chromatography mass spectrometry

Analysis of extract was done using a Shimadzu gas
chromatography (GC) (model 2010) coupled with a
mass spectrometry (MS) detector equipped with a
capillary column. Helium gas was used as carrier gas
which was maintained at flow rate of 2 mL/min and
injection volume of 1 pL. The column used was
equipped with DB-5MS capillary column. The tem-
perature of column was programmed at 60 °C at the
start for 5 min and then slowly raised up to 280 °C for
5 min. The spectrum was scanned from m/z 250-500
amu. The components of ethyl acetate and DCM extract
were identified using Wiley’s online computer library
and with published data.

DNA protection assay

The ability of extracted volatile oils (ethyl acetate and
DCM extracts) to protect pBR322 (super coiled) DNA
from damage caused by hydroxyl free radicals was carried
out using Fenton reagent as described by Lee et al. 2002.
The super coiled plasmid pBR322 DNA (5 pg) was added
to 10 uL of freshly prepared Fenton’s reagent (50 mM
ascorbic acid, 30 mM H,0O, and 80 mM FeCls) followed
by addition of different concentration of ethyl acetate and
DCM extracts. Rutin, a standard compound was taken as a
positive control. For negative control, Fenton’s reagent was
replaced by distilled water in equal amount. Finally, the
total amount of reaction mixture was raised to the 20 pL by
adding distilled water. The reaction mixture was incubated
at 37 °C for 30 min. Following incubation, 3 pL of loading
buffer (50% glycerol and 0.25% bromophenol blue) was
added. The reaction mixture containing loading buffer was
subjected to agarose gel electrophoresis at 50 v (1.5-2
v/cm) for 1.54 h using 1% agarose gel dissolved in TBE
buffer (40 mM tris buffer, 16 mM acetic acid and 1 m
EDTA, pH 8.0) along with ethidium bromide. DNA bands
were then analyzed and quantified using gel documentation
system (Gel DOCXR, Bio Rad, USA) and quantity one
software v 4.5.2 (Bio Rad).

Anti proliferative studies
Procurement and maintenance of Cancer cell lines

For cytotoxic activity, six different human cancer cell lines
of different origin viz. MCF-7 and MDAMB (breast cancer
cell lines), HCT 116 (colon cancer), A549 (lung cancer),
PC-3 (prostate cancer) and Hela (cervix cancer) were
used. These cell lines were procured from the National
Centre for Cell Science (NCCS, Pune, India) and were
grown in DMEM and RPMI-1640 medium supplemented

with 10% FBS, penicillin (100 units/mL) and streptomycin
(10 pg/mL). The cell cultures were maintained under
controlled lab conditions of 37 °C under humidity condi-
tions of 5% CO,.

Measurement of cell viability

Cell viability was determined using method described by
Militdo et al. 2006 with slight modifications. Cells were
trypsinised using trypsinization medium (PBS + Trypsin)
and then centrifuged at 2000 rpm. The cell pellet was
resuspended in its maintaining medium and cells were
stained with trypan blue dye (0.4% in PBS) to assess total
viable cells number. The viabile cells were further used for
different experiments.

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay

The colorimetric MTT assay was used to determine cell
proliferation with slight modifications (Mosmann 1983;
Twentyman and Luscombe 1987). Cells were collected by
trypsinization and plated for 24 h in a 96 multiwell plate in
the concentration of 10° cells per well before treatment.
Following incubation, they were treated with different
concentrations of test material (plant extracts) in serial
dilution for next 24 h. Cells were incubated with MTT dye
(100 pL/well) for 4 h. After incubation, the medium was
discarded and 100 pL of DMSO was added. Finally, the
reading was taken at 595 nm wavelength using microplate
reader (Biotek synergy HT).

Nuclear morphology studies

Nuclear morphology studies were done using Confocal
microscopy method proposed by White et al. 1987; Bassan
et al. 2013. MCF-7 cells were seeded in concentration of
1x10°cells/well on cover slip and incubated for 24 h. The
cells were treated with IC50 concentration of 1 mL/well
ethyl acetate and DCM extracts for 12 h at 37 °C and
washed thrice with PBS. Treated cells were fixed with
paraformaldehyde and washed with chilled PBS. Then cells
permeabilized using 3% PBS were placed over mounting
fluid (PBS: Glycerol, 1:1) and stained in dark with DAPI
stain (1 mg/mL in PBS). The cells were analysed and
photographed under Nikon air laser scanning confocal
microscope system (Nikon Corp. Japan).

Estimation of reactive oxygen species
The estimation of intercellular peroxides was measured by

using spectrofluorometry method given by Wei et al. 2013
with slight modification. An oxidative sensitive fluorescent
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dye 2,7-dichlorodihydro fluoroscein diacetate (DCF-DA)
was used. The cancer cells were seeded in 26 well plate in
the concentration of 1 x 10° cells/well for 24 h. Following
incubation for 24 h, the cells were treated with IC30, IC50,
and IC70 concentration of plant extracts and positive
control camptothecin for 12 h at 37 °C. Then, the cells
were washed thrice with phosphate buffered saline (PBS)
to remove any extra plant extracts. To each well, DCF-DA
with the concentration 10 pg/mL was added and cells were
incubated for 30 min. After the period of incubation, cells
were washed with PBS to remove any extra dye. They were
then analyzed by spectrofluorometry at the excitation and
emission wavelength of 480 nm and 530 nm, respectively.

Measurement of mitochondrial membrane potential

The changes in mitochondrial membrane potential (MMP)
were measured following the method described by Wang
et al. 2003. The cancer cells were incubated in the 24 well
plate at a concentration of 10° for 24 h at 37 °C. After
24 h, cells were incubated with plant extracts (ICsq, ICso
and 1C() as well as with positive control camptothecin and
incubated for 24 h at temperature of 37 °C and 5% level of
CO,. Thereafter, cells were washed thrice with PBS. Cells
were then treated with Rhodamine-123 at concentration of
10 pg/mL and kept for 1 h incubation. The optical density
was measured using microplate reader at 485/20 nm exci-
tation and 528/20 nm emission.

Statistical analysis

The experimental data of MMP and ROS were expressed
as mean £ SE along with their F-ratios. To determine
mean values and significant differences between the mean,
one way analysis of variance (ANOVA) was done at
p < 0.05.

Result and discussion
Extraction and profiling

Hydrodisitillation of B. juncea seeds in a Clevenger-type
apparatus ensures a higher concentration of volatile com-
pounds and thus eases its isolation process. The high
temperature and simultaneous action of myrosinase
enzyme result in thermal degradation of parent glucosino-
lates into their hydrolytic products (Fahey et al. 2001;
Bones and Rossiter 1996). The quality and quantity of
different hydrolytic products of glucosinolates showed
variation with different conditions like temperature, plant
part and extraction method (BlaZevic and Mastelic 2008;
Holst and Williamson 2004). GSLs are generally present in
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almost all parts of plant viz roots, stem, leaves, fruit (pod),
leaves and seeds (Vig et al. 2009). For the present study,
seeds of B. juncea var raya were used because seeds are
known to be richest source of glucosinolates (Fahey et al.
2001; Bassan et al. 2013; Bhandari and Kwak 2015) and
also most frequently used in food. Conventional
hydrodistillation method had number of drawbacks like
low yield and burning of seed material, which was solved
by using modified hydrodistillation method (Arora et al.
2016).

The modified hydrodistillation-method of seeds of raya
was done to obtain maximum volatiles of interest. Further,
for better recovery, the mixture (water and oil) was passed
through solvent ethyl acetate and dichloromethane (DCM)
(Kore et al. 1993; Al-Gendy 2008). The compositions of oil
fractions were analyzed by comparing their relative
retention times and the mass spectra with the available data
of authentic samples in online Wiley data library. The ethyl
acetate oil fraction of seeds was profiled using GC-MS and
represented the percentage total yield about 0.0392% (m/
m) from 250 g of seeds. Total 39 major and minor peaks
were found out of which, 13 fractions were found to be
dominated by the nitrogen and sulfur groups and 12 vola-
tiles were fatty acid and ester covering major compounds
and remaining were minor peaks. The GSLs hydrolytic
products present in EA oil fraction were identified by
comparing their mass data with the wiley’s online com-
puter library and with published data. The Table 1 showed
GHPs as 3-butenyl isothiocyanate, allyl isothiocyanate,
3-(Methylthio)Propyl isothiocyanate and phenethyl isoth-
iocyanate. Among GHPs, major compound was Allyl
isothiocyanate (23%) derived from GSL sinigrin followed
by 2-phethyl isothiocyanate (~ 20%) and 3-butenyl
isothiocyanate (18%). GSL gluconapin degradation resul-
ted in 3-butenyl isothiocyanate and 2-phethyl isothio-
cyanate was derived from parent GSL gluconasturiin.
These nitrogen and sulphur compounds results from tissue
disruption and myrosinase activity, cleaves glucose mole-
cule into instable intermediate. This unstable aglycone
rearranges to produce isothiocyanate depending on
parameter like pH, temperature, ferrous ions and storage
(Blazevic and Mastelic 2008).

The DCM fraction oil was characterised by the presence
of total 24 peaks and the percentage total yield obtained
was 0.028% (m/m) from 250 g of seeds, which was lower
in comparison with ethyl acetate fraction. The analysis of
DCM fraction oil gave a diverse number of constituents.
Among them major were sulphur-nitrogen compounds and
fatty acid/esters. The most of sulphur compounds are
hydrolytic products of glucosinolates shown in Table 2 like
Sec-Butyl isothiocyanate, Allyl Isothiocyanate, Isothio-
cyanic acid, Phenethyl isothiocyanate (15.15%) and
4-pentenyl isothiocyanate (12.548%). In both the oil
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Table 1 List of hydrolytic

products of glucosinolates of B. S. no. Hydrolytic product of glucosinolate Area % RT Mass data [M™]
Juncea var. raya ethyl acetate 1 Allyl isothiocyanate 0.623 5.61 117[M*172 58 45 44 39
seeds extract, based on MS and i .
GC retention data 2 Allyl thiocyanate 1.359 10.30 99[M™]72 71 58 44 41
3 3-butenyllsothiocyanate (CsH;NS) 76.548 16.507 113[M™] 112 85 72 55 45
4 1-isothiocyanato-3-methyl butane 0.365 20.729 129[M T ]——
5 3-(Methylthio)propyl isothiocyanate 0.898 33.393 147IM1186 73 72 46 41
6 Phenethyl isothiocyanate (CoHgNS) 2.569 40.197 163[M™191 77 65 51
Table 2 List of hydrolytic . . "
products of glucosinolates of B. S. no. Hydrolytic product of glucosinolate [M™] Area RT Mass data
Juncea var. raya 1. Sec-butyl isothiocyanate (CSHINS) 0.523 3.618 115[M ™43 55 57 72
dichloromethane (DCM) seeds . . i
extract, based on MS and GC 2. Allyl isothiocyanate 1.423 7.61 117[M™]72 58 45 44 39
retention data 3. 4-Pentenyl isothiocyanate (CO6HINS) 12.548 14.134 127[M*] 99 85 72 67
4. Isothiocyanic acid (CHNS) 15.15 17.81 73M*]—
5. Phenethyl isothiocyanate (CoHoNS) 2.569 40.197 163[M 1191 77 65 51

fractions, major fatty acids and esters found were butane-
dioic acid (1.6-16%), hexaicenoic acid (4.98-20%),
nonanedioic acid (4.73%) and octadecenoic acid
(5.67-23.3%). Some alkanes, aliphatic and aromatic alco-
hol were also detected. These aliphatic volatile compounds
(alcohols, aldehydes, acids and esters) were degraded
products of fatty acid catabolism (Mastelic et al. 2008).

DNA protection assay

The hydroxyl radical protective effect of both EA and
DCM extracts on pBR322 plasmid was done using DNA
nicking assay. These hydroxyl radicals produced by stress
are harmful, unstable, and thus have the ability to react
with biomolecules (Balasubramanian et al. 1998; Agnihotri
and Mishra 2009). Hydroxyl radicals produced by the
Fenton reaction are the main reason for oxidative nicks in
supercoiled DNA FORM I strands which results in its open
circular FORM 1II and relaxed or liner FORM III (Lloyd
et al. 1998). For positive control, rutin was used which
helps in protecting supercoiled DNA from fenton’s reagent
generated free radical attack. The exposure of pBR322
DNA to Fenton’s reagent eventually results in nicks in the
strand, mainly due to the generation of reactive species-
hydroxyl radical (Golla and Bhimathati 2014). The
increase in percentage of double stranded nicked (II) and
linear (IIT) DNA was observed on incubation with Fenton’s
reaction mixture. However, amount of supercoiled, open
circular and linear DNA varied when reaction mixture was
incubated with different concentration of oil extracts.
Densitometric analysis showed a higher amount of inte-
grated supercoiled DNA at 1.0 pL/mL concentration of
both extracts and confirmed the OH scavenging potential of
the extracts and active constituents isolated from B. juncea

oil (Fig. 1). The percentage of supercoiled DNA was 68%
in EA extract and 60% in case of DCM extract at highest
concentration of 1.0 pL/mL of concentration. It was
noticed that EA extract showed least protective activity of
12% at 0.2 pL/mL. At lower most concentration of DCM
extract 0.2 pL/mL showed 6% which is almost considered
as insignificant protection. From the result, it was apparent
that the both the oil extracts exhibited significant Fenton
reagent radical scavenging activity only at high concen-
tration which is comparable to that of the standard rutin.
The amount of protection of DNA proceeds in a concen-
tration-dependent manner. Although both extract have
shown remarkable activity at different concentration, but
overall ethyl acetate oil extract showed unsurpassed
activity in protecting DNA damage against hydroxyl free
radicals generated by Fenton’s reagent in comparison to
DCM extract. This difference in activity might be due to
the presence of high percentage content of allyl isothio-
cyanates in case of EA extract. A study report by Manesh
and Kuttan (2003) explained a sturdy hydroxyl radical
scavenging ability of phenyl and allyl isothiocyanates.

Antiproliferative studies

MTT assay is most commonly applicable for the purpose of
measuring the cytotoxic potential of drug in case of cell
lines (Twentyman and Luscombe 1987). It is a tetrazolium-
based colorimetric assay in which MTT dye is reduced by
metabolically active cells only as they have ability to
convert water insoluble violet-blue formazan crystals
which are soluble in organic solvents and measured spec-
trophotometrically at 545 (van Meerloo et al. 2011;
Stockert et al. 2012). Both the oil extracts were tested for
cytotoxic potential against six different human cancer cell
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Fig. 1 a Effect of ethyl acetate
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(II) Densitometric analysis of 80
different forms of untreated 70
(CONTROL) and treated DNA % gg
B 40
€ 10
X 0
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lines at different concentrations (6.25, 12.5, 25, 50 and
100 pL/mL) by using MTT assay. It was observed that
both extracts have shown dose dependent inhibition i.e. as
we increase concentration of extract it will increase inhi-
bition in growth of cancer cells. Over all ethyl acetate
extract was able to inhibit all cancer cell lines effectively in
comparison to DCM extract at same concentration. Their
1C50, IC50 and IC;, values were calculated by using best
regression model (Fig. 2) and compared with positive
control camptothecin in conc. of 1 WM (Table 3). It was
found that minimum ICs, value of ethyl acetate extract was
found to be 32.93 ng/mL in case of MCF-7 cell line and

Fig. 2 Graph showing ( A)
concentration dependent growth 80
inhibition (%) of human cancer 70
cell line on treatment of ethyl
acetate extract (a),
dichloromethane (DCM)
extract (b) of B. juncea seed

60

50

40

% cell inhibition

30
20
10

maximum ICs, value is 67.25 pg/mL in case of HeLa cell
line. Almost similar results were found in DCM extract
with only difference in the minimum ICsgvalue of
43.10 pg/mL in case of MCF-7 and maximum ICsq, value
of 80.162 pg/mL in case of A549. The hydrolytic products
as well as combined effect of volatiles present in the
extracts are responsible for the anticancer activity. Al-
Gendy et al. 2010 have observed that the hydrolytic pro-
duct of glucosinolates have shown marked in vitro cyto-
toxicity against erythioleukaenic K562 cells. Also the
hydrolytic products of glucosinolates are known as
antimitotic substances and have antiproliferative activity

0 +
0 50

concentration of Ethyl acetate extract
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Table 3 The IC50 values of B.

Jjuncea oil extract {ethyl acetate
and dichloromethane (DCM)}
on different cell lines by using
best fit regression model

Extract Cell line Equation Extracts IC50

Ethyl acetate Mcf-7 y = 0.574x + 28.54 32.93
MDA-MB y = 0.546x 4 32.02 37.16
PC-3 y = 0.632x + 15.41 54.73
A549 y = 0.597x + 17.55 54.35
HeLa y = 0.480x + 17.72 67.25
HCT116 y = 0.518x + 18.14 61.50

Dichloro-methane (DCM) Mcft-7 y = 0.447 x + 30.73 43.10
PC-3 y = 0.531x 4 15.36 65.23
MDA-MB y = 0.444x 4 27.29 51.14
A549 y = 0.430x 4 15.53 80.16
HeLa y = 0.461x +18.39 68.56
HCT116 y = 0.449x + 15.59 78.86

(Nastruzzi et al. 1996). The changes in the pathways of
apoptosis may results in many pathological abnormalities
which may lead to diseases such as cancer and neurode-
generative diseases etc. (Kroemer and Reed 2000). Present
study results showed differential cytotoxic effect of
extracts as well as the isolated compounds against different
cell lines may be attributed to the chemical nature of dif-
ferent volatiles present or absent in extracts of B. juncea.
From GC-MS analysis, the major hydrolytic compound in
ethyl acetate extract were allyl isothiocyanate, butenyl
thiocyanate and phenethyl isothiocyanate and in DCM
extract, major glucosinolates were allyl isothiocyanate.
Allyl isothiocyannate are reported to be known for their
anticancer property as it inhibits prostate cancer cells
(Srivastava et al. 2003) as well as LNCaP human prostate
cancer cells (Xiao et al. 2003). The highly significant
cancer risk reduction is observed with increasing intake in
crucifer (Jain et al. 1999 and Kolonel et al. 2000) and it
was also reported that reduction in breast cancer risk is
related to crucifer consumption (Terry et al. 2001).

Nuclear morphology studiess

4'.6-Diamidino-2-phenylindole (DAPI) stain selectively
fasten to the AT rich regions of DNA and allows moni-
toring of nuclear damage and morphological changes by
confocal microscopy. The images in Fig. 3 show nuclear
condensation in MCF-7 cells treated with ICs, value of
extracts of ethyl acetate and DCM compared with untreated
control cells. For positive control, cells were treated with
camptothecin (Fig. 3b) and this result in remarkable
nuclear shrinkage. The untreated cells showed no nuclear
deformity as shown in Fig. 3a while treated cells demon-
strated cell shrinkage, chromatin condensation, chromatin
aggregation, and nuclear fragmentation further indicated
that these compounds triggered cell death by apoptosis
(Ahmad et al. 1997). Liu et al. (2011) reported that

isothiocyanates causes the nuclear condensation in case of
prostate cancer cells, which lead to apopotsis which further
supported these results. The apoptotic cell shows charac-
teristic properties like membrane blebbing, cell shrinking,
nuclear condensation, degradation of chromosomal DNA
and formation of apoptotic bodies (Pulido and Parrish
2003; Cummings et al. 2004).

Effect of extracts on intercellular ROS

Earlier investigations have shown that treatment of cancer
cells with natural plant product results in production of
ROS (Efferth et al. 2007; Martin et al. 2009; Luo et al.
2010). Mitochondria produce ROS (reactive oxygen spe-
cies) which has a role in depolarizing oxidative stress. This
excessive production of ROS results in cell apoptosis
(Chen et al. 2008; Nigam et al. 2009). ROS can inhibit the
mitochondrial respiration chain and initiate apoptotic sig-
naling (Choi et al. 2008). Pelicano in 2003 have shown that
increasing ROS generation in mitochondria can effectively
kill cancer cells. In the present study MCF-7 cells were
treated with different IC (ICs, IC5o and IC5,) concentra-
tion of both extracts and camptothecin was used as positive
control. The ROS generation ability was assessed using a
peroxide sensitive fluorescent probe (DCFH-DA), which is
converted into 2,7-dichlorofluorescein (DCF fluorescence)
and analyzed spectrophotometerically. Both the extracts at
IC;¢ concentration act as effective generators of ROS
intermediates and enhances its production, the increased
ROS and thus DCF fluorescence was higher than that in
control untreated cells. It is also observed from Fig. 4 that
1C5, IC5o concentrations are weak elicitors of intracellular
ROS. Both extracts were found to alter its generation
intracellularly and significantly elevated ROS at IC3, ICs
and IC, respectively.
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Fig. 3 Nuclear alterations observed in MCF-7cells. a Untreated cells, extract. Cells were stained with DAPI stain. Arrows mark the cells,
b cells treated with positive control camptothecin, ¢ cells after which exhibit blebbing, nuclear condensation, fragmentation and
treatment with IC50 concentration of ethyl acetate extract, d cells formation of apoptotic bodies

after treatment with IC50 concentration of dichloromethane (DCM)

Fig. 4 ROS level analyzed in

140
MCF-7 cells treated with ethyl (A) 10 (B) o
acetate (a), DCM (b) extracts 120 e bedf BRE) bee
(IC30, IC50, and IC70) in s E N
comparison to untreated cells Z 100 g 100 ;
(control). Error bars indicating ‘E ab s .
standard error mean (n = 4). i 80 2 E 80
The concentration with same Z 2
alphabet shows no significant ﬁ 60 PR
difference, while the other with E §
different alphabets shows S a0 £ w
significant difference at £ Z
p <005 E 2 2
0 0
CONTROL CAMPTO IC30 1C50 1C70 CONTROL CAMPTO 1C30 1C50 IC70
Control and 1C30, IC50 and IC50 concentration control and IC30, IC50 and IC70 concentration
of ethyl acetate extract of DCM extract
Disruption of mitochondrial membrane potential depolarization of mitochondrial membrane that causes

increase in permeability and release of factors responsible

One of the key cellular event taking place during apoptosis  for apoptosis which eventually leads to cell death (Zhang
is disruption of mitochondrial membrane potential (A¥mt).  and Callaway 2002). To analyze the involvement of
The reduction in membrane potential resulted in increased mitochondria in treated as well as non-treated MCF-7 cells,
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3%.;7 MMP level anatlyzed in ( A) 300 - . (B) 150 -
-7 cells treated with ethyl

acetate (a), DCM (b) extracts _ a 300 4 .
(IC30, IC50, and IC70) in T 250 1 -
comparison to untreated cells £ ad 2_: 250
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CONTROL CAMPTO 1C30

control and IC30, IC50 and IC70 concentration

1C50 1Cc70

Control and IC30 IC50 and IC70 concentration of
DCM extract

of ethyl acetate extract

change in MMP using Rhodamin-123 was measured. The
Fig. 5 depicts marked changes in mitochondrial membrane
potential (A%¥mt) in cells treated with both oil extracts in
comparison to untreated cells. Both extracts have shown
shift in MMP result in a concentration-dependent depo-
larization in mitochondria i.e. cells treated with the ICy,
concentration have showed maximum shift in mitochon-
drial membrane potential as compared with untreated cells.
The stimulus like ROS overproduction or direct DNA
damage induce changes in the inner mitochondrial mem-
brane and that results in the reduction of mitochondrial
transmembrane potential and thus causes liberation of
apoptogenic factors from the intermembrane space into the
cytoplasm (Yang et al. 1997; Elmore 2007).

Summary

In conclusion, our present study provides evidences that the
volatile compounds present in extract of ethyl acetate and
dichloromethane of B. juncea (raya) seeds are characterised
by the presence of hydrolytic products of glucosinolates.
Beside glucosinolate hydrolytic products, volatile oil also
contains fatty acids and lipoxygease pathway. These
extracts provide effective protection to plasmid DNA
against hydroxyl ions. However, the strongest activity was
exhibited by ethyl acetate extract. The anticancer activity
of both extracts was tested against six cancer cell lines by
using MTT assay. Both oil fractions have effective anti-
cancer activity and induces cell death in all the six cancer
cell lines. However, most effective cytotoxicity results
were seen in case of MCF-7 cell line with minimum IC50
value. Mechanistic studies suggested that extract treatment
to MCF-7 cells causes morphological changes like mem-
brane blebbing and nuclear condensation in cells that are
critical events of apoptosis or cell death. The ability of

extracts to generate ROS and MMP was also analysed.
Both extracts treatment results in effective cytotoxicity
that might be via mitochondria-dependent pathway possi-
bly dependent on ROS generation. Thus, they can further
be exploited and their volatiles can be used for the devel-
opment of chemo curative agents after their further
mechanistic studies. Glucosinolate degradation products
and other volatiles present in oil fractions may be respon-
sible for the observed bioactivities.
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