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Anti-Inflammatory and Anti-Superbacterial Properties of
Sulforaphane from Shepherd’s Purse

Woo Jin Choi', Seong Keun Kim', Hee Kuk Park', Uy Dong Sohn’, and Wonyong Kim'

'Department of Microbiology, College of Medicine, *College of Pharmacy, Chung-Ang University, Seoul 156-861, Korea

Shepherd’s purse, Capsella bursa-pastoris (L.) Medik., has been considered a health food for centuries
in Asia and is known to contain the isothiocyanate compound sulforaphane. In this study, we evaluated
the anti-inflammatory and antibacterial properties of a sulforaphane-containing solution (SCS) isolated
from shepherd’s purse. SCS had significant anti-inflammatory activity indicated by the decreased levels
of nitric oxide (NO), cytokines (interleukin 13 [IL-18], IL-6, and IL-10), and prostaglandin E; (PGE:)
in lipopolysaccharide-stimulated RAW 264.7 murine macrophages. In addition, SCS decreased the
inducible NO synthase (iNOS) and cyclooxygenase 2 (COX-2) levels, which confirmed the anti- inflam-
matory activity of SCS. Further, SCS inhibited vancomycin-resistant enterococci (VRE) and Bacillus
anthracis. The minimal inhibitory concentration was 250 zg/ml for VRE and 1,000 x g/ml for B.
anthracis. Taken together, these data indicate that SCS has potential anti-inflammatory and anti-
superbacterial properties, and thus it can be used as a functional food or pharmaceutical.
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INTRODUCTION

Shepherd’s purse (Capsella bursa-pastoris [L.] Medik.) is
one of the most abundant flowering plants worldwide [1,2].
Shepherd’s purse is a member of the Brassicaceae family
and is closely related to the genetic model plant Arabidopsis
thaliana. Although it is an abundant weed during early
spring, shepherd’s purse has been used as a food and folk
medicine for centuries in Asian and European countries.
Moreover, this plant has traditionally been used as a diu-
retic and for the treatment of dysentery, furuncle, gonor-
rhea, menstrual disorders, and fever [3,4]. In particular,
plants belonging the Brassicaceae family contain high lev-
els of sulforaphane (SF). SF is an isothiocyanate, and SF
has received extensive attention for its potent chemo-
preventive activity [5,6]. SF is not only effective in prevent-
ing chemically induced cancers in animal models [6-9], but
also effective in inhibiting the growth of established tumors
[10,11]. In addition, a sulforaphane-containing solution
(SCS) isolated from broccoli had an antioxidant effect [12].
Furthermore, shepherd’s purse contains vitamin A, ascorbic
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acid, linoleic acid, and omega-3 polyunsaturated fatty acids,
which are beneficial for human health [13-15]. To date, sev-
eral classes of phenolic compounds have been isolated from
shepherd’s purse, such as flavonoids, alkaloids, calyste-
gines, glucosinolates, and saponins [16-19].

Inflammation is an important process in the pathogenesis
of a variety of diseases. Macrophages are immune cells that
are critical for the regulation of inflammatory responses.
Activation of macrophages leads to secretion of a number
of various inflammatory mediators, including interleukin-1
A (IL-18), IL-6, IL-10 prostaglandin E2 (PGEy), and nitric
oxide (NO) [20-22]. Cytokines such as IL-14, IL-6, and
IL-10, are soluble proteins secreted by cells of the immune
system, which alter the properties of different cell types
and provide essential communication signals for motile im-
mune cells [23]. PGs are generated by a variety of cell types,
including activated macrophages. The rate-limiting enzyme
in PG synthesis is cyclooxygenase (COX). Expression of the
COX-2 isoform is induced by several stimuli, including
growth factors, mitogens, cytokines, and tumor promoters.
The uncontrolled activity of COX-2 is thought to play a ma-
jor role in the pathogenesis of a host of chronic inflam-
matory disorders [24]. NO is produced by 3 distinct nitric
oxide synthase (NOS) isoforms, and inducible NOS (iNOS)
the most essential isoform involved in the regulation of in-
flammatory responses [25,26].

Currently, the emergence of multiple-antimicrobial-re-

ABBREVIATIONS: SCS, sulforaphane-containing solution; SF, sulfo-
raphane; NO, nitric oxide; IL, interleukin; TNF- ¢, tumor necrosis
factor- @ ; PGEg, prostaglandin Es; iNOS, inducible NO synthase;
COX, cyclooxygenase; VRE, vancomycin-resistant enterococci; LPS,
lipopolysaccharide; LDH, lactate dehydrogenase.
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sistant bacteria such as vancomycin-resistant enterococci
(VRE) and bioterrorism agents, namely Bacillus anthracis,
represent a serious worldwide health crisis [27,28]. VRE
were first reported in 1986 and pose a major problem in
many countries because of the difficulty of treating and
managing infections [29]. B. anthracis (often referred to as
“anthrax”), which is one of the most notorious biological
agents, has been widely used as a weapon for the intent
to cause substantial morbidity and mortality, which can po-
tentially cripple an entire city or region [30].

Although a number of studies have been performed to
assess the medicinal efficacy of SCS, its anti-inflammatory
and anti-superbacterial effects are currently unknown. In
this study, we investigated the impact of SCS on the pro-
duction of IL-1 4, IL-6, IL-10, NO, PGE;, iNOS, and COX-2
in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells
and its anti-bacterial effects against multiple-antimicro-
bial-resistant bacteria to determine whether it could be
used as a functional food and pharmaceutical.

METHODS
Preparation of sulforaphane-containing solution (SCS)

Shepherd’s purse plant material (500 g) was ground for
10 s in a Tekmar analytical grinder cooled with pure water.
The plant material was defatted 3 times with excess hexane
and allowed to dry overnight in a fume hood. Then, glucosi-
nolates were hydrolyzed by adding water in a ratio of 3 : 1
water/shepherd's purse (w/w), and the mixture was allowed
to autolyse for 8 h at room temperature. Sodium chloride,
wet plant, and sodium sulfate were combined in the ratio
of 1:1:0.75 (w/w/w) and mixed thoroughly. This paste
was extracted three times with an equal volume of excess
ethanol, which was combined and dried at 32°C under vac-
uum in a rotary evaporator. The resulting residue was dis-
solved in 120 ml of 5% ethanol in water (v/v) and washed
3 times with excess hexane to remove nonpolar conta-
minants. The aqueous phase was then filtered through a
0.22- #m membrane filter in preparation for injection onto
HPLC [31].

Cell viability assay

RAW 264.7 murine macrophages were acquired from the
Korea Cell Bank (Seoul, Korea) and cultured in Dulbecco’s
minimum essential medium (DMEM; Lonza, Walkersville,
MD, USA) containing 10% heat-inactivated fetal bovine se-
rum (FBS; GIBCO BRL, Grand Island, NY, USA) and 20
1 g/ml gentamycin (GIBCO, China) at 37°C in a water-jack-
eted COg incubator (Model 3111; Thermo Fisher Scientific,
Waltham, MA, USA). Cell viability was determined using
0, 1, 5, 10, 50, 100, and 500 «g/ml samples of SCS. RAW
264.7 cells (5x10° cells/well) were seeded in 24-well plates.
After 24 h treatments, the cells were subjected to 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. Media were replaced by 500 «1 of fresh se-
rum-free media containing 0.5 mg/ml MTT (Sigma—
Aldrich, St. Louis, MO, USA). After incubation for 1 h
(37°C, 5% CO3), MTT-containing media were removed, and
the reduced formazan dye was solubilized by adding 500
11 of dimethyl sulfoxide (DMSO) to each well. After gentle
mixing, the absorbance was monitored at 590 nm by using
a microplate reader (Tecan, Mannedorf, Switzerland).

Lactate dehydrogenase (LDH) release assay

Cells cytotoxicity was determined using 0, 1, 5, 10, 50,
100, and 500 «g/ml of SCS. RAW 264.7 cells were plated
at a density of 2x10" cells in 96-well cell culture plates with
100 #1 of culture medium and incubated for 24 h. Cells
was evaluated by measuring the release of the enzyme LDH
using a LDH cytotoxicity Detection kit (Takara Bio Inc.,
Shiga, Japan). A value for maximal LDH release was ob-
tained from the supernatant of cells treated with 1% Triton
X-100 (Sigma—Aldrich). The percentage of LDH release
was calculated using the following equation: 100x(experi-
mental LDH release —spontaneous LDH release)/(maximal
LDH release —spontaneous LDH release).

Nitrite determination

RAW 264.7 cells were plated at a density of 5x10° cells
in 24-well cell culture plates with 1 ml of culture medium
and incubated for 24 h. Then, the cells were treated with
0, 1, 5, 10, 50, 100, and 500 xg/ml SCS in LPS (0.1 «g/ml)
and incubated for an additional 24 h. The quantity of nitrite
generated was measured using the Griess reagent system
(Sigma — Aldrich). Equal volumes of culture supernatant
and Griess reagent were mixed and incubated for 10 min
at room temperature. Absorbance was measured at 540 nm
by using a spectrophotometer and was compared to the ab-
sorbance of a nitrite standard curve to determine the nitrite
concentration in the supernatants.

Measurement of IL-1/4, 6, 10, and PGE: levels

The levels of IL-1 8, 6, 10, and PGE; in the supernatants
from macrophage cultures were determined using an en-
zyme-linked immunosorbent assay (ELISA) kit according to
manufacturer’s instructions (R&D Systems, Minneapolis,
MN, USA). RAW 264.7 cells were incubated with LPS (0.1
1 g/ml) in the presence of different concentrations of SCS
for 24 h. The supernatants were collected and stored at —80°C
until analysis.

Western blot

RAW 264.7 cells were incubated with LPS (0.1 «g/ml)
in the presence of different concentrations of SCS for 24
h. Total protein was extracted from cultured cells using the
freeze-thaw lysis method. Equivalent total protein samples
were separated using polyacrylamide gel electrophoresis
(PAGE) on a 12% sodium dodecyl sulfate (SDS) gel and blot-
ted onto polyvinylidene fluoride (PVDF) membranes
(BioRad, Hercules, CA, USA). After blotting, the membrane
was incubated overnight with specific primary antibodies
at 4°C, and then incubated for 1 h with secondary anti-
bodies. The membranes were exposed to Hyperfilm ECL
(Amersham Biosciences, Buckinghamshire, UK) for visua-
lization.

Evaluation of iNOS and COX-2 levels by using
real-time polymerase chain reaction

RAW 264.7 cells were incubated with LPS (0.1 xg/ml)
in the presence of different concentrations of SCS for 24
h. Total RNA was extracted from cultured cells by using
the Trizol method (Gibco BRL). Reverse transcription of to-
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tal RNA was performed using AMV reverse transcriptase
(PROMEGA, Madison, WI, USA). Real-time polymerase
chain reaction (RT-PCR) assay was performed and moni-
tored using SYBR Green chemistry with a 7500 Fast Real-
time PCR System (Applied Biosystems, Foster City, CA,
USA). All reactions were performed in triplicate to confirm
reproducibility. The quantity of mRNA in each sample was
normalized using that for mean /£ -actin levels. Primer se-
quences were as follows: iINOS, forward primer 5'-TCC-
TACACCACACCAAAC-3', reverse primer 5-CTCCAATC-
TCTGCCTATCC-3"; COX-2, forward primer 5'-CCTCTGC-
GATGCTCTTCC-3', reverse primer 5'-TCACACTTATACT-
GGTCAAATCC-3' [32]; and £ -actin, forward primer 5'-
TGAGAGGGAAATCGTGCGTGAC-3', reverse primer 5'-
GCTCGTTGCCAATAGTGATGACC-3' [33].

In vitro antimicrobial activity assay

Antimicrobial activity against 2 microorganisms was
primarily determined using the agar disc diffusion method
using the diameter of the clear zone. VRE CAU 8105 was
isolated in our laboratory. B. anthracis ATCC 14578T was
obtained from the American Type Culture Collection
(ATCC; Manassas, VA, USA). These strains were grown
aerobically on Mueller Hinton agar (Difco, Detroit, MI,
USA) at 37°C for 18 h. Media from test microorganism cul-
tures were added to sterilized paper discs (10 mm), and
these discs were placed on the inoculated agar surface.
Media from isolated bacterial cultures were used to fill in
the paper discs (100 «1/disc). After pre-diffusion at room
temperature for 1 h, the plates were incubated at 37°C for
19 h. Discs with non-cultured-media were used as negative
controls.

Determination of minimum inhibitory concentration

A broth microdilution susceptibility assay was performed
in accordance with National Committee for Clinical Labora-
tory Standards (NCCLS, 2009) guidelines for the determi-
nation of minimal inhibitory concentrations (MICs). All
tests were performed using Mueller Hinton agar (Difco),
and the strains were cultured overnight at 37°C. Bacterial
suspensions were diluted to match the 0.5 MacFarland
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standards (approximately 1.5x10° CFU/ml). The purified
SCS was dissolved in DMSO, and two-fold serial dilutions
were prepared and added to brain heart infusion (BHI) me-
dia (final concentration range, 3.9~1,000 zg/ml). Culture
media were incubated under normal atmospheric con-
ditions for 24 h at 37°C. Bacterial growth was indicated
by the presence of a white pellet on the bottom of the tube.
The MIC value was defined as the lowest SCS concen-
tration at which no visible growth was observed.

RESULTS

Cytotoxicity test of sulforaphane-containing solution
(SCS)

The sulforaphane concentrations in the Shepherd’s purse
plant was 53.7 «g/g (0.000537%). The cytotoxic effects of
SCS (up to a concentration of 500 s g/ml) were not apparent
after incubation for 24 h in RAW 264.7 cells by using the
MTT assay (Fig. 1A). In addition, RAW 264.7 cells did not
increase LDH levels from any of the concentration tested
(Fig. 1B).

Generation of NO and PGE; in LPS-stimulated RAW
264.7 cells

The inhibitory effects of SCS were evaluated by assessing
the production of nitrite, a stable metabolite of NO, and
PGE;z in LPS-stimulated RAW 264.7 cells treated with the
SCS. SCS effectively suppressed LPS-induced nitrite pro-
duction in a dose-dependent manner (Fig. 2). Consistent
with these observations, SCS markedly inhibited PGE; pro-
duction. NO production was significantly lower in the
groups treated with 50 and 100 x«g/ml of SCS than in the
control group. The NO levels in LPS-stimulated RAW 264.7
cells exposed to 50 xg/ml SCS were 40+2% of control
values. PGE; production after treatment with 100 1 g/ml
SCS was 35+5% of the controls. These results show that
SCS exerts an anti-inflammatory effect by ameliorating the
production of inflammatory mediators, including NO and
PGEs;.
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Fig. 1. The cell cytotoxicity of RAW 264.7 cells treated with different concentrations of sulforaphane-containing solution (SCS). Cells were
treated with 0, 1, 5, 10, 50, 100, or 500 s g/ml SCS in the presence of 0.1 xg/ml lipopolysaccharide (LPS) for 24 h. The normal group
was treated with media only. Results are expressed as meantstandard error (SE) from 3 independent experiments. *p<0.01 indicates

significant differences from the LPS treated cells.
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Fig. 2. Suppression of lipopolysaccharide (LPS)-induced nitric oxide (NO) and prostaglandin E; (PGE3) production in RAW 264.7 cells using
sulforaphane-containing solution (SCS). Cells were treated with 0, 1, 5, 10, 50, 100, or 500 «g/ml SCS in the presence of 0.1 1 g/ml LPS
for 18 h. The normal group was treated with media only. Results are expressed as meantstandard error (SE) from 3 independent experiments.

*p<0.01 indicates significant differences from the LPS treated cells.
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Effect of the SCS on pro-inflammatory cytokine pro-
duction in LPS-stimulated RAW 264.7 cells

We examined the production of IL-14, IL-6, and IL-10
(major pro-inflammatory cytokines) in LPS-stimulated RAW
264.7 cells treated with SCS. The production of IL-1 8, IL-6,
and IL-10 was significantly reduced after SCS treatment
(Fig. 3). The IL-1 3 concentration in LPS-stimulated RAW
264.7 cells exposed to 1, 5, 10, 50, 100, or 500 #g/ml SCS
was 113.5+2.2 pg/ml, 114.6+5.7 pg/ml, 96.5+4.1 pg/ml, 84.1
+1.8 pg/ml, 60.7+3.6 pg/ml, and 10.6+3.3 pg/ml, respec-
tively. The corresponding concentrations of IL-6 were

(SE) from 3 independent experiments.
from the LPS treated cells.

LPS (0.1 pg/mL)

Fig. 3. Suppression of lipopolysaccharide (LPS)-induced cytokine production
(interleukin 14 [IL-18], IL-6, and IL-10 in RAW 264.7 cells using sulfo-
raphane-containing solution (SCS). RAW 264.7 cells were treated with 0, 1, 5,
10, 50, 100, or 500 «#g/ml SCS in the presence of 0.1 LPS for 18 h. The normal
group was treated with media only. Results are expressed as meantstandard error

*p<0.01 indicates significant differences

1015.9+1.7 pg/ml, 979.5+3.4 pg/ml, 950.1+0.8 pg/ml, 395.1
+2.9 pg/ml, 312.943.2 pg/ml, and 63.8+0.1 pg/ml. The corre-
sponding concentrations of IL-10 were 167.9+8.9 pg/ml,
159.0+9.9 pg/ml, 152.2+8.4 pg/ml, 93.9+4.1 pg/ml, 53.6+1.8
pg/ml, and 23.8+1.6 pg/ml (Fig. 3).

Impact of SCS on LPS-induced iNOS and COX-2
protein expression

SCS decreased the expression of iNOS and COX-2 in a
concentration-dependent manner, and was marked by in-
hibitory effects were observed at the highest concentration
tested (50 «g/ml; Fig. 4).
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Determination of iNOS and COX-2 mRNA expression
by using quantitative RT-PCR

The iNOS and COX-2 mRNA levels were determined using
qRT-PCR to confirm the inhibitory effects of SCS on NO
and PGE; production in LPS-stimulated RAW 264.7 cells.
Similar to the dose-dependent decrease in NO, iNOS and
COX-2 mRNA expression was reduced (Fig. 2 and 5).
Treatment with 1, 5, 10, 50, 100, and 500 «g/ml SCS de-
creased iNOS mRNA levels in a dose-dependent manner
by 49, 62, 70, 78, 87, and 93%, respectively, relative to the

SCS (ug/ml) - - 1 &) 10 50 100 500

LPS (0.l pgml) - + + 4+ + o+ 4+ 4+
iNOos [ e | 130kDa
cox-2 [ | 72kDa
B-actin (S e e = o msm el 43kDa

Fig. 4. Effects of sulforaphane-containing solution (SCS) on lipopo-
lysaccharide (LPS)-induced inducible nitric oxide synthase (iINOS)
and cyclooxygenase 2 (COX-2) protein expression. Inhibitory effect
of SCS on LPS-induced iNOS and COX-2 protein expression in
RAW 264.7 cells. Cells were treated with 0, 1, 5, 10, 50, 100, or
500 xg/ml SCS for 24 h. Cell lysates were electrophoretically
separated and transferred, and expression levels of iNOS and
COX-2 were detected with specific antibodies. £ -actin was used
as an internal control for western blot analysis.
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corresponding iNOS levels in LPS-treated positive control
cells. In addition, our data showed that 1, 5, 10, 50, 100,
and 500 #g/ml SCS decreased COX-2 mRNA levels by 58,
79, 78, 70, 71, and 99%, respectively, relative to these levels
in LPS-treated positive control cells.

Antibacterial activity

SCS effectively inhibited VRE and B. anthracis (Table
1). The disc diffusion values corresponding to 14 mg/ml SCS
treatment are provided for VRE and B. anthracis. The di-
ameters for the different strains were 16, 19, 29, 23, 19,
and 14 mm, and 17, 15, 15, and 14 mm after exposure for
18 h. The MICs of the SCS against VRE and B. anthracis
strains are shown in Table 2. The MIC was 250 s g/ml for
VRE and 1,000 rg/ml for B. anthracis.

DISCUSSION

Shepherd’s purse has potent superoxide radical-scaveng-
ing activity [34]. Additionally, it possesses several medici-
nal properties such as anti-coagulant, anti-cancer, an-
ti-thrombin, wound-healing, and anti-oxidant activities and
is a potential therapeutic agent for treating diabetes and
fever [15,35-37]. In addition, SF also inhibits cancer growth
in vitro and in experimental animals [38,39]. In addition
to shepherd’s purse, plants belonging to the Brassicaceae
family, such as broccoli, cabbage, and radish, also contain
high amounts of SF [40,41]. Thus, many studies have inves-
tigated materials from these plants. In particular, SF is a
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Fig. 5. Effects of sulforaphane-containing solution (SCS) on inducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2) mRNA
levels in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. Cells were treated with LPS or LPS with SCS at concentrations indicated
in Fig. 5. After 24 h of incubation, total RNA was subjected to qRT-PCR. The RT products were labeled with SYBR Green dye. Relative
iNOS and COX-2 mRNA expression (2~ /“") was determined by real-time PCR and calculated by Ct values for iNOS and COX-2 from
B -actin mRNA. 4 4 Ct=(Ctiarget gene — Ct g-actin) — (Cteontrol — Ct g-actin). Each value represents mean+SE of 3 independent experiments. *p<0.01

indicates significant differences from the LPS treated cells.

Table 1. Antibacterial test results of sulforaphane-containing solution (SCS) in disc diffusion assay

Sulforaphane-containing solution (SCS) concentration (mg/disc)

Microorganism Strain
14 7 3.5 1.75 0.875 0.438
VRE” CAU 8105 16" 19 29 23 19 14
Bacillus anthracis ATCC 14578" 17 15 15 14 ND? ND

YVancomycin-resistant enterococci; ”Inhibition zones, including the diameter of the paper disc (10 mm); “ND, not detected.



38 WdJ Choi, et al

Table 2. Minimum inhibitory concentrations of sulforaphane-
containing solution (SCS) against pathogenic bacteria

Microorganism Strain MIC (xg/ml)
VRE? CAU 8105 1,000
Bacillus anthracis ATCC 14578" 250

YVancomycin-resistant enterococci. MIC, minimum inhibitory
concentration.

natural isothiocyanate found in plants belonging to the
Brassicaceae family and has cancer chemopreventive activ-
ity [5,6]. However, to our knowledge, this is the first study
in which the anti-inflammatory and anti-bacterial activity
of SF isolated from shepherd’s purse has been examined.

The well-known immune stimulant LPS is known to in-
duce several intracellular signaling pathways in mono-
cytes/macrophages and also affects the production of a vari-
ety of inflammatory cytokines and mediators. LPS causes
dramatic pathophysiological reactions via production of in-
flammatory mediators NO and PGE,, pro-inflammatory cy-
tokines IL-1 3, IL-6, and IL-10, and by induction of iNOS
and COX-2 [25,26,42]. Pro-inflammatory cytokines and me-
diators regulate the functional activity of immune cells and
are involved in the pathogenesis of a host of inflammatory
diseases, including septic shock, hemorrhagic shock, multi-
ple sclerosis, rheumatoid arthritis, ulcerative colitis, and
atherosclerosis [43-46]. Inhibiting the production and bio-
logical activities of iNOS, and COX-2 by selective inhibitors,
neutralizing antibodies, or gene targeting results in sig-
nificant amelioration of the development of rheumatoid ar-
thritis, cardiovascular disease, and septic shock [47-50].
Therefore, drugs that suppress or inhibit the expression of
these inflammation-associated genes are considered to har-
bor therapeutic potential for the prevention of inflam-
matory reactions and diseases. In this study, we showed
that SCS downregulates NO, PGE,, IL-1 8, IL-6, and IL-10
production in LPS-stimulated RAW 264.7 cells.

SCS was effective against superbacteria such as VRE and
B. anthracis. Generally, the most serious infections caused
by superbacteria develop in severely immunocompromised
patients. The most common nosocomial infections produced
by VRE are urinary tract infections followed by intra-ab-
dominal and pelvic infections. They also cause surgical
wound infections, bacteremia, endocarditis, neonatal sepsis,
and in rare cases, meningitis [27,51]. Anthrax is an acute
infection caused by B. anthracis. There are 3 forms of an-
thrax infection: cutaneous, inhalation, and gastrointestinal.
In bioterrorism-related release of B. anthracis, in which
people are intentionally exposed to the organism, contact
with skin would be the most likely route of exposure [30].
Previously, sulforaphane reported to have antimicrobial ef-
fects against Helicobacter pylori and fungal pathogens, and
also had an anticancer activity to stomach tumors [52-54].
However, mechanism of antimicrobial activities is not clear
until now. Thus, further study is needed to elucidate func-
tional mechanism of sulforaphane. Our present findings
clearly indicate that SCS is a novel candidate for a func-
tional food or therapeutic agent for control of inflammation
and multi-drug resistant bacteria.
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