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Abstract

Raphanussativus (radish), a common cruciferous vegetable has been attributed to possess a number of
pharmacological and therapeutic properties. Sulforaphene (SFE), one of bioactive constituents in radish, is an
isothiocyanate that have a strong antioxidant compounds generally be found in Brassicaceae. SFE is a hydrolyzate
form glucosinolates by myrosinase. An analytical method, utilizing HPLC and LC /MS, which allows to determine its
absolute content in different parts of radish. In this study, the radish was pretreated and the contents of various parts
were confirmed by HPLC. The highest content of SFE (48.17+1.11ug/g) was found in the radish leaves, followed by
the radish peeled root and the lowest is peel (0.48+0.05 nug/g). The SFE and its analogues, sulforaphane (SFN), could
be partially purified by liquid-liquid extraction and silica gel column chromatography. Since the SFE and SFN can’t not
be directly identified by HPLC, two components were further confirmed by LC/MS after quantification. This is the
first report regarding to the identification of these two constituents in the R.sativus extract, simultaneously. The

unique functional groups for SFE/SFN were also confirmed by FTIR in radish sample.
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Introduction

Brassicaceae and related plant families are rich in
secondary plant metabolites including over 120
glucosinolates and various isothiocyanate [1-4]. A
characteristic of cruciferous plants is the presence of
thioglucosides, a class of secondary metabolite
commonly known as glucosinolates, which on contact
with myrosinasea potential role for the myrosinase-
glucosinolate system in the cruciferous. Such system in
turn is involved in a range of biological activities, by
generating isothiocyanate, which act as synergists for
the alarm pheromone to warning other members of a
developing colony [6,7]. Several studies have revealed
that various bioactive functions appear to be related to
high amounts of glucosinolates and myrosinase in
cruciferous vegetables. Among bioactive compounds in
radish sprouts, sulforaphene (SFE: 4-methylsulfinyl-3-
butenylisothiocyanate) (Figure 1), an important

Isolation of Sulforaphene and Sulforaphane, The Novel Anticancer Reagent, from Raphanus sativus

isothiocyanatederived from glucoraphenin (GRE: 4-
methylsulfinyl-3-butenylglucosinolate), is strongly
associated with anticancer activity [8]. Raphanussativus
(radish) is a root vegetable of the Brassicaceae family,
commonly seen as a small-rooted, short-season
vegetable, normally consumed in salads [9]. Radish is
widely grown all over the world and has been used for
long history. Different parts of radish including roots,
seeds and leaves are used for medicinal purposes [10].
R. sativus has been used ethnically as a laxative,
stimulant, digestive aid, appetizer and in the treatment
of stomach disorders [11]. The main constituents of
radish are 4-(methylthio)-3-butenyl isothiocyanate,
allyl isothiocayanate, benzyl isothiocyanate and
phenethylisothiocyanate. It also contains flavonoids
such as kaempherol glycosides, peroxidases and
antioxidants [12-15]. The previous studies reported
that R sativusextract showed  antimicrobial,
antimutagenic and anticarcinogenic effects [10,16-17].
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Sulforaphane (SFN: 1-isothiocyanato-4-
methylsulfinylbutane)(Figure 1), compound-based drug
derived from dietary isothiocyanates which has
previously been shown to possess potent anti-tumor
and chemo preventive effects against several types of
cancer, was found in broccoli (Brassica oleracea L. var.
italica) [3]. The anti-cancer mechanism of SFN and SFE
could be attributed to the following steps: (a) blocking
the initiation state via inhibiting Phase I enzymes to
convert procarcinogens to proximate or ultimate
carcinogens; and (b) inducing Phase II enzymes that
detoxify carcinogens and facilitate their excretion from
the body [18-19]. A further protective effect associated
with oxidative stress was revealed in experimental
models [20]. SFE, with an additional double bond to
SFN, has been reported to reduce cancer cell
proliferation in a dose-dependent manner and induce
apoptosis in many cancer cells [21-23]. Both SFN and
SFE are bioactive constituents in Thai rat-tailed radish
(R.sativus L. var.caudatusAlef, RS or Pak Khi Hood),
contributing to an apoptosis induction effect against the
HCT116colon cancer cell line [24].

®) O

Sulforaphene Sulforaphane

Figure 1: Chemical structures of sulforaphene (SFE) and
sulforaphane (SFN).

Many researchers have focused on finding
isothiocyanate (including SFE) in cruciferous crops,
such as: broccoli, cabbage, cauliflower, as a potential
chemo preventive source but rarely in R.sativus due to
its relative low quantity as well as structural similarities
between SFE and SFN. In the present study, we
attempted to isolate the SFE from different parts of
R.sativus and to identify SFE using a mass spectrometry.

Materials and Methods

Materials and Reagents

Raphanussativus was purchased from local market.
Sulforaphane, sulforaphene, anhydrous Na;SOs and
silica gel were purchased from Sigma-Aldrich (St. Louis,
MO). All other chemicals were of analytical grade,
unless otherwise noted.

Extraction and Isolation of Sulforaphene

The radishes purchased from local market were
cleaned and divide into three parts: stems, root, and the
peeled root. Each part sample (100 g) was homogenized
after adding the deionized water (1:3, w/v) using
blender for three hours (37°C).Subsequently, the
residue was filtered off by suction and centrifuged with
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the high-speed centrifuge to separate the smaller
particles at 8,000 rpm for 15 min. The partial moisture
was removed by the decompression concentrator (37°C,
20 mbar). Then, remove the precipitate by using the
high-speed centrifuge at 8,000 rpm for 10 min.

The liquid-liquid methods were be slightly modified in
the research according to the reference described
previously [25,26]. For liquid-liquid extraction, theme
thylene chloride (1:1) was added to the supernatant
(repeat 2 times). Take the organic layer, the anhydrous
Na;SOswas added to remove the moisture. The Rotary
evaporator (R-210Buchi, Flawil, Switzerland) was used
to decant the organic solvent. The crude extract was
redissolved by methanol while the HPLC was employed
for the quantitative determination of SFN.

The dry crude extract was redissolved in ethyl
acetate (EA) and subjected to further chromatographic
purification (Silica gel 60, Merck, 0.015-0.040 mm).
Methylene chloride extracted sample was impregnated
onto the silica gel, and loaded onto the column. The
column (30cmx2.5cm) was equilibrated with EA/MeOH
(1:1) and eluted regularly as the polarity of the eluent
increased. SFE/SFN was eluted with 100% EA, finally so
thiocyanates were washed out with 100% MeOH. The
solvents from the eluates were evaporated in vacuo.
The final product was redissolved with MeOH prior to
HPLC analysis. The whole purification process was
depicted in Figure 2.

Raphanus sativus

Pretreatment
Crude extract JSUNEWSEGE
REL Rl loll EA/MeOH (1:1)
Purification

Silica gel

Elution 100% MeOH

Product

Figure 2: The flow chart for the isolation and
purification of SFE/SFN from Raphanussativus.
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HPLC Analysis

The SFE was determined on an analytical HPLC
system consisted of a Hitachi (Tokyo, Japan) Primaide
1410 UV-Vis detector, Primaide 1110 pump, Hitachi D-
2000 Elite Software and a EC 250/4.6 nucleodur column
(4.6x250 mm, 5 pm, Germany).Mobile phase composed
of solvents A and B were water and acetonitrile,
respectively. The solvent gradient was programmed as
follows: from 20 to 60% A for 15 min at a flow rate of 1
mL/min. A 5 pL sample was injected and detected at
254 nm. The SFE standards ranging from 1.56 to 25.00
png/mL were used to construct a standard calibration
curve. Samples were filtered through a 0.22-um
membrane disc before HPLC analysis.

Analysis of SFE by ATR/FT-IRS spectroscopy

The sample was dissolved in Me OH and the Fourier
transformed infrared spectroscopy (FTIR) was
performed on a Perkin-Elmer Spectrum 10™ FTIR
Spectrophotometer (Perkin-Elmer, Waltham,
MA)equipped with a liquid nitrogen cooled
mercury/cadmium  telluride  detector and a
45°horizontal zinc selenide (ZnSe) crystal as an ATR
accessory(Pike Technologies, Madison, WI). An open
beam background spectrum was collected through the
clean ZnSe crystal after rinsing it with chloroform. For
the collection of sample spectra, 0.5 mL of sample
solution in chloroform was layered onto the crystal, and
the solvent was allowed to dry before collecting the
inter ferograms of the sample film formed on the ATR
crystal. Each sample interferogram was ratioed against
the background interferogram, and the resulting
transmission spectrum was transformed. The spectra
were scanned in the range 4000 cm! to 800 cmby
collecting and averaging 16 spectra.

LC/MS Analysis

The LC/MS analysis was performed on a Agilent 1100
series LC system (Waldbronn, Germany) coupled with a
model LCQ advantage mass spectrometer system
(ThermoFinnigan, San Jose, CA) equipped with ESI ion
source. The sheath gas flow rate was 20 arb, spray
voltage was 4.5 kV, capillary temperature and capillary
voltage was 200°C and 10.0V. A 10 uL sample was
injected and detected positive ions mode for 3 min.

Results and Discussion

Analysis of Extracts and Standard by HPLC

Gradient elution of HPLC chromatograms for
standard SFE and SFN were presented in Figure 3(A)
The SFE and SFN had retention times of 9.4 ~ 9.5 mins
on the nucleodur column. As can be seen, the SFE and
SFN nearly overlap in the HPLC chromatograms due to
the structure difference only in one C-C and C=C,
respectively. Yet, the HPLC bearing the high theoretical
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plates (resolution), the SFE and SFN are still not easy to
separate under normal HPLC conditions (Figure 3A). A
number of previous studies had tried to detect more
than one major compound in the crude extract mixture.
The HPLC elucidation profile of R.sativus crude extract
in the previous reports suggested the peaks for SFE and
SFN coexisted [24,25].

The calibration curve showed the linearity of the
detector over the tested range (1.52 ~ 25 mg/mL)
Linear regression analysis of the peak area responses
(y) versus the theoretical concentration (x) gave the
following equation: y = 1650.61+ 517.55x, r2 = 0.9912
(Figure 3B). The correlation coefficient demonstrated
linearity of the method over the concentration range.
Average standard errors for the peak areas of replicate
injections were smaller than 5%, showing a good
repeatability of the calibration curve. The system
precision was determined by chromatography five
injections of the standard solution and calculating the
relative standard deviation (R.S.D.) of the peak area
responses. The method was used to quantitatively
determine SFE in each part of radish. As summarized in
(Table 1), the highest content of SFE was found in the
leaves, followed by the peeled root and the last one is
peel. The high desired compound contents indicate that
the radish leaves is good raw materials for preparing
SFE. The lowest content of isothiocyanate (SFE/SFN)
was found in peel, may beyond our expectation while its
majority in daily used. This may partially due to the
reduction of myrosinase activity in R.sativus during the
summer. The previous researches have also shown that
the formation of a bioactive compound, SFE in radish
roots, was influenced by temperature [28]. The lower in
the temperature, the greatest formation of SFE was
observed in which the myrosinase activity was also
maintained in the highest level. Subsequently, the SFE
productions were correlated with myrosinase activity in
radish roots.

Radish sample Content of SFE (ng/g)
Leaves 48.17+1.11
Peeled Root 18.93+1.62
Peel 0.48+0.05

Table 1: Quantitative determination of SFE in the
different parts of R.sativus.
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Figure 3(A): The HPLC chromatograms of SFE and SFN
standards (100 ppm)
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Figure 3(B): The standard calibration curve of SFE.

Isolation and Purification of SFE

The SFE/SFN in the different parts of R. sativus was
further purified by Methylene chloride extraction and
column chromatography. The SFE/SFN was monitored
during the purification steps by TLC (data not shown)
or HPLC. The HPLC chromatogram of the sample before
and after silica gel purification was given in Figure 4
Apparently; most impurities were removed during the
isolation and purification steps (cf Figure 2). The
SFE/SFN still retain at 9.4 mins after silica gel
chromatography, while the other constituents were
disappeared The R. sativusextract have been reached
almost 80% purity based on the peak area after liquid-
liquid extraction and silica gel chromatography. Both
SFE/SFN could be simply isolated from the R. sativus
crude sample through liquid-liquid extraction and
column chromatography. This sample was provided for
further FTIR and LC/MS analysis.

2.0

After silica gel

Before silica gel

154

Absorbance (AU)

0 3 6 9 12 15
Retention time (min)

Figure 4: The HPLC chromatograms of R.sativus sample
before and after silica gel column chromatography

FTIR Analysis

FT-IR measurements of the SFE/SFN standard and R.
sativus purified sample showed a similar absorption
profile (Figure 5). A band at 2915 cm-which was due to
the —C-H stretching band of backbone in SFE/SFN
(Figure 5 top). The unique stretching of —N=C=0,

Bing Lan L. Isolation of Sulforaphene and Sulforaphane, The Novel
Anticancer Reagent, from Raphanus sativus. Bioequiv & Bioavailab Int ]

2017, 1(2): 000111.

—N=C=S, -N=C=N—, —N3, C=C=0 groups in isothiocyanate
were in the range of 2100 ~ 2270 cm! [24]. Thus, the
presence of SFN/SFE could be characterized by the
absorption and centered at 2101.98 cm-1.In addition, an
alkenes C=C stretch governed an absorption band
between 1690 ~ 1630 cm! was found in the case of SFE
but not in the SFN (Figure 5 top). Alternatively, the
single C-C bonds absorb around 1200cm-! was found in
SFN. Both functional groups were appeared in the
Rsativus purified sample (Figure 5 bottom). And
absorption band appeared at 1450 cm! corresponding
to another function group (—S=0) in plane bending of
backbone of SFE/SFN.
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Figure 5: FTIR spectra of SFE standard (top) and
R.sativus sample (bottom)

LC/MS Analysis

HPLC associated with electro spray soft ionization
mass spectroscopy (LC-ESI-MS) system was used to
identify the molecular weight of purified sample from R.
sativus. Samples were conveniently detected by
negative ionization electro spray LC/MS. Fig. 6 shows
the commercial standards for SFN/SFE and purified
sample. The stand significant ions occurred at m/z
176(175+ [H]*) and m/z 178(177+ [H] *) of SFE and
SFN, respectively (Figure 6 top panel and middle panel).
Accordingly, an alkyl group and alkenyl group could be
distinguished using mass spectroscopy which in turn
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could not be separated from purified sample using
HPLC. In fact, the LC-MS/MS method has been
developed to determine the SFN in rat plasma, and was
used to determine the absolute bioavailability of dietary
doses of SFN following oral and intravenous
administration [29]. Remarkable efficiency could be

observed while the purified R.sativus was introduced
into the LC/MS (Figure 6 bottom panel), two
components have isolate peak. The mass spectrum
revealed that the SFN also presented in R.sativus sample
with relative low content. About 1 in 5 for SFN
compared to SFE in the sample.
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Figure 6: LC- ESI-MS base peak chromatograms in negative ion mode for SFE standard (top panel), SFN (middle

panel) and purified sample of R.sativus (bottom panel).

Conclusion

In this study, the hydrolysis yield of glucosinolates
product, SFE, was investigated from different parts of
radish. Purification of SFE/SFN could be isolated using
liquid-liquid extraction followed by solid phase
extraction. Furthermore, the gradient elution was
carried out for further polishing the purity of
sulforaphene. Subsequently, determination of SFE was
accomplished by RP-HPLC. The highest content of SFE
was found to be 48.17+1.11pg/g in the radish leaves.
Coexistence of SFE/SFN was revealed by LC/MS. Thus,
although the predominant type of isothiocyanate is SFE
in R. sativus extract, the minor SFN in the sample still
observed. This is the first report using LC/MS to
identified the coexistence of these two compounds.
Furthermore, the —SO was confirmed by the appearance
of stretching frequency at 1350~1450 cm! in FTIR
spectra. FTIR absorption bands at 2100 ~ 2270 and
1780~1620cm ! due to—N=C=S and carbonyl group of
acyl isothiocyanate in FTIR spectra confirmed SFE/SFN
presence. At the same time, the SFE and its derivate,
SFN, were found to be coexist in R. sativus extract as
confirmed by LC/MS. The major component is SFE
whereas the SFN presented in relative low content.
Furthermore, the contents of sulforaphene in different
parts of radish has been quantified. The further studies
in the antibacterial test and other bioactive properties
are under construction.
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