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ABSTRACT: Broccoli (Brassica oleracea var. italia) florets were extracted with 80% methanol and the extract was sequen-
tially fractionated with n-hexane, ethyl acetate, n-butanol, and distilled water. The extract and the fractions were eval-
uated for total phenolic content, sulforaphane content, antioxidant activity, and anti-inflammatory activity in lipopoly-
saccharide (LPS)-stimulated RAW 264.7 cells. The total phenolic content and sulforaphane content of the ethyl acetate 
fraction (EF) were 35.5 mg gallic acid equivalents/g and 620.2 μg/g, respectively. These values were higher than those of 
the 80% methanol extract and organic solvent fractions. The oxygen radical absorbance capacity of the EF [1,588.7 μM 
Trolox equivalents (TE)/mg] was 11-fold higher than that of the distilled water fraction (143.7 μM TE/mg). The EF in-
hibited nitric oxide release from LPS-stimulated RAW 264.7 cells in a dose-dependent manner and inhibited IκB-α degra-
dation and nuclear factor-κB activation in LPS-stimulated RAW 264.7 cells. In conclusion, the EF of broccoli florets ex-
erted potent antioxidant and anti-inflammatory effects.
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INTRODUCTION

A high intake of cruciferous vegetables such as broccoli, 
cauliflower, and cabbage is associated with a reduced 
risk of cancer because cruciferous vegetables are rich 
sources of glucosinolates and possess high levels of fla-
vonoids, vitamins, and mineral nutrients (1). In partic-
ular, isothiocyanates and indole derivatives, including 
sulforaphane, phenylethyl isothiocyanate, and indole-3- 
carbinol, are reported to have antioxidant and anticancer 
activities (2). Sulforaphane is produced largely from glu-
coraphanin through the action of endogenous myrosi-
nase during the chopping or crushing of broccoli (3). The 
concentrations and bioavailabilities of glucosinolates, 
sulforaphane, polyphenols, etc. depend on intrinsic and 
extrinsic factors such as plant cultivar, genetics, soil 
composition, growing conditions, postharvest conditions, 
and maturity stage (4).

During oxidative stress, large amounts of reactive oxy-
gen species (ROS) such as hydrogen peroxide (H2O2), 
hydroxyl radical (∙OH), and superoxide anion (O2

-) are 
produced. DNA damage leads to mutations which in 
turn are associated with diseases such as cancer, coro-
nary heart disease, arteriosclerosis, and inflammatory 

diseases (5).
Macrophages play important roles during a host’s im-

mune response to infection and during disease develop-
ment (6). Activation of macrophages by stimuli such as 
the bacterial endotoxin lipopolysaccharide (LPS) or viruses 
increases the production of numerous inflammatory me-
diators, including nitric oxide and various cytokines. 
Inflammation leads to the upregulation of a series of en-
zyme and signaling protein genes in affected cells and 
tissues (7). The nuclear transcription factor NF-κB is a 
major regulatory component of the inflammatory re-
sponse induced by LPS or pro-inflammatory cytokines. 
Inducible nitric oxide synthase (iNOS) and cyclooxy-
genase (COX)-2 promoter regions contain NF-κB bind-
ing sites, which are necessary for inducing the expres-
sion of these genes (8). In unstimulated cells, NF-κB ex-
ists in the cytosol in a quiescent form bound to its in-
hibitory protein, I-κB, which is in a non-phosphorylated 
state (9,10). Upon stimulation with LPS, I-κB is phos-
phorylated and undergoes proteolytic degradation. Con-
comitantly, NF-κB becomes activated and translocates to 
the nucleus, where it activates target genes, such as 
those that encode iNOS, COX-2, and pro-inflammatory 
cytokines, by binding to a consensus sequence in the 
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promoter region of the target genes. Phosphorylation of 
I-κBα may be directly inhibited by a corresponding I-κB 
kinase (IKK) (11,12). Inhibition of NF-κB activity has 
consistently been shown to be effective for controlling 
inflammatory diseases in animal models (13).

Sulforaphane, a major component of broccoli, is known 
to possess anti-inflammatory and anti-cancer properties 
by suppressing LPS-induced COX-2 genes expression via 
modulation of multiple core promoter elements (i.e., 
NF-κB, C/EBP, and CREB) that regulate COX-2 tran-
scription (14). However, the anti-inflammatory effects of 
organic solvent fractions from broccoli have not been re-
ported yet. Furthermore, the effects of organic solvent 
fractions from broccoli on pro-inflammatory mediators 
have not been investigated in LPS-induced RAW 264.7 
cells.

Previous work indicates that organic solvent extracts 
from broccoli have antioxidant activities. Piao et al. (15) 
used methanol to extract dried broccoli, and then parti-
tioned the extract with water, methylene chloride, and 
butanol, in succession. The butanol fraction, which con-
tained high levels of hydroxycinnamic esters, was the 
most active fraction in terms of scavenging 2,2-diphenyl- 
1-picrylhydrazyl (DPPH) radicals. However, Piao et al. 
(15) didn't analyze the levels of phenolic compounds, 
which are known to have potent antioxidant activity, in 
the fractions tested.

In the present study, broccoli florets were extracted 
with 80% methanol and then sequentially fractionated 
with n-hexane, ethyl acetate, n-butanol, and distilled 
water. The total phenolic contents, sulforaphane con-
tents, antioxidant activities, and anti-inflammatory activ-
ities in LPS-stimulated RAW 264.7 cells were evaluated 
for the extract and all fractions.

MATERIALS AND METHODS

Chemicals
Folin-Ciocalteu phenol reagent, gallic acid, dehydroas-
corbic acid, 2,2'-azobis-2-methyl-propanimidamide, dihyd-
rochloride (AAPH), fluorescein sodium salt (FL), 6-hyd-
roxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 
and sulforaphane were purchased from Sigma-Aldrich Co. 
(St. Louis, MO, USA). Dulbecco’s modified Eagle’s me-
dium (DMEM), fetal bovine serum (FBS), and penicillin/ 
streptomycin were purchased from Gibco BRL (Life Tech-
nologies Inc., Grand Island, NY, USA). LPS (Escherichia coli 
O111:B4) was obtained from Sigma-Aldrich Co. iNOS was 
purchased from Calbiochem (San Diego, CA, USA). IκB 
was purchased from Santa Cruz Biotechnology (Santa 
Cruz, CA, USA). The acetonitrile was HPLC grade, and all 
other chemicals were analytical grade.

Preparation of extract and fractions
Broccoli (Brassica oleracea var. italia) was obtained from a 
local farm in Jeju, Korea in 2011 and washed with tap 
water. Broccoli florets were freeze-dried and extracted 
three times with 80% methanol at 25oC. The methanol 
extract was suspended in distilled water and then se-
quentially partitioned with equal volumes of n-hexane, 
ethyl acetate, n-butanol, and distilled water. The frac-
tions were filtered through a 0.45-μm membrane filter 
(Millipore Co., Billerica, MA, USA) and then freeze-dried.

Analysis of total phenolic content
The total phenolic contents of the extract and fractions 
were estimated according to the Folin-Ciocalteu method 
(16). A 0.1-mL aliquot of a sample was added to 0.9 mL 
of distilled water and 0.1 mL of Folin-Ciocalteu phenol 
reagent. After 5 min, 0.3 mL of 20% NaCO3 was added 
and the solution was brought to a total volume of 2 mL 
with distilled water. The mixture was allowed to stand 
at 25oC for 2 h. Absorbance was measured at 760 nm 
using a microplate reader (μQuant-MQX 200, Bio-Tek 
Instruments, Inc., Winooski, VT, USA). The total phe-
nolic content of each sample was assessed by plotting 
against a gallic acid calibration curve (0.0 mg/mL to 0.1 
mg/mL). Total phenolic contents are expressed as mg 
gallic acid equivalents (GAE)/g dry weight of the sample.

Analysis of sulforaphane content
Chromatographic analysis of sulforaphane content was 
performed using an Agilent 1200 Series HPLC System 
(Agilent Technologies, Inc., Santa Clara, CA, USA) con-
sisting of a solvent gradient delivery pump and a photo-
diode array detector. Separation was achieved using an 
XTerra RP18 reverse phase column (25 cm×4.6 mm; 5 
μm; Waters, Milford, MA, USA). Acetonitrile (A) and 
water (B) were used as mobile phases and the gradient 
elution was programmed as follows: 0 min, 20% A; 10 
min, 50% A; 15 min, 20% A. The flow rate was 0.8 
mL/min and the detection wavelength was 240 nm. The 
injection volume was 20 μL.

Oxygen radical absorbance capacity assay
The antioxidant activities of the samples were measured 
as oxygen radical absorbance capacities (ORAC) (17) 
with a slight modification. The assay was carried out in 
black-walled 96-well plates (Fisher Scientific, Hanover 
Park, IL, USA). Reactants were added in the following 
order: 25 μL of 75 mM phosphate buffer, 25 μL of each 
sample, 100 μL of 78 nM FL (61.5:38.5 (v/v) of 0.075 M 
K2HPO4:0.075 M NaH2PO4), 50 μL AAPH (41.6 mM fi-
nal concentration), and Trolox standard (200 μM final 
concentration). Immediately after the addition of AAPH, 
the plate was placed in a FLUOstar OPTIMA plate reader 
(BMG Labtech, Inc., Offenburg, Germany) with a 485/ 
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Table 1. The primer sequences of the genes measured by RT-PCR analysis and the expected sizes of their PCR products

Gene Primer sequences (5’→3’) Fragment size (bp)

iNOS

TNF-α

IL-1β

IL-6

β-actin

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

CCC TTC CGA AGT TTC TGG CAG CAG C
GGC TGT CAG AGC CTC GTG GCT TTG G
TTG ACC TCA GCG CTG AGT TG
CCT GTA GCC CAC GTC GTA GC
CAG GAT GAC ATG AGC ACC
CTC TGC AGA CTC AAA CTC CAC
GTA CTC CAG AAG ACC AGA GG
TGC TGG TGA CAA CCA CGG CC
AGG CTG TGC TGT CCC TGT ATG C
ACC CAA GAA GGA AGG CTG GAA A

497

374

447

308

395

25-nm excitation filter and a 538/35-nm emission filter, 
and the absorbance of each well was read at 3-min inter-
vals for 1 h at 37oC. The final fluorescence measurement 
was expressed relative to the initial reading. Results 
were calculated by comparing the net areas under the 
fluorescein decay curves of the blank and the samples. 
ORAC values were expressed in μmol Trolox equivalents 
(TE)/mg sample.

Cell culture
The murine macrophage RAW 264.7 (ATCC#TIB-71) 
cell line was obtained from the American Type Culture 
Collection (Manassas, VA, USA). The cells were culti-
vated in high-glucose DMEM supplemented with 100 
units/mL penicillin, 100 μg/mL streptomycin, and 10% 
heat-inactivated FBS and maintained in a humidified at-
mosphere at 37oC and 5% CO2.

Cell viability assay
Cell viability was determined using an EZ-Cytox cell via-
bility assay kit (Daeil Lab, Seoul, Korea). Cells were cul-
tured in a 96-well plate at a concentration of 4×105 
cells/well for 24 h and then treated with various concen-
trations of each sample for an additional 24 h. Subse-
quently, 10 μL of the kit solution was added to each well 
and incubated for 2 h at 37°C and 5% CO2. Cell viability, 
indicated by the production of formazan, was measured 
with an enzyme-linked immunosorbent assay (ELISA) 
reader set to detect absorbance at 480 nm.

Measurement of nitric oxide (NO) production
RAW 264.7 cells were cultured in 96-well plates in 
DMEM, pretreated with various concentrations of each 
sample for 1 h, and then stimulated with LPS for 24 h. 
Following stimulation, the nitrite concentration of the 
culture medium was used as an indicator of NO pro-
duction (18). Briefly, the culture medium was mixed 
with an equal volume of Griess reagent, and the absorb-
ance of the mixture was read at 540 nm with an ELISA 
microplate reader.

Total cellular RNA extraction
LPS-stimulated RAW 264.7 cells were incubated in the 
presence of various concentrations of each sample for 6 
h. Then, total cellular RNA was isolated from the cells 
using TRI reagent (Molecular Research Center, Cincin-
nati, OH, USA).

RT-PCR analysis
One microgram of total RNA was reverse-transcribed 
from each sample using the ImProm-IITM Reverse Trans-
cription System (Promega Corp., Madison, WI, USA). 
PCR was conducted on aliquots of the resulting cDNA 
preparation to detect iNOS, TNF-α, IL-1β, IL-6, and 
β-actin mRNA. The reactions were conducted in 25-μL 
volumes containing Taq DNA polymerase, dNTPs, re-
action buffer, and primers (Table 1) (Bioneer, Daejeon, 
Korea). Relative band density was determined by densi-
tometry using image acquisition and analysis software 
(LabWorks, UVP Inc., Upland, CA, USA).

Western blot analysis
Western bolt analysis was performed by lysing cells in 
RIPA buffer containing a protease inhibitor mixture. 
Bio-Rad protein assay reagent (Bio-Rad, Hercules, CA, 
USA) was used to determine the total protein concen-
tration of each lysate. Proteins were separated by 10% 
sodium dodecyl sulfate polyacrylamide gel electrophore-
sis (SDS-PAGE). The separated proteins were transfer-
red to a polyvinylidene fluoride membrane (Millipore 
Co.). The membrane was blocked with 5% (w/v) nonfat 
dry milk dissolved in Tris-buffered saline with Tween 20 
(TBST) [10 mM Tris-HCl (pH 7.5), 150 mM NaCl, 0.1% 
(v/v) Tween 20]. The blocked membrane was incubated 
with a specific primary antibody at 4°C overnight, wash-
ed four times with TBST, and then incubated for 30 min 
with a peroxidase-conjugated secondary antibody at 
room temperature. The WEST-ZOL Western Blot Detec-
tion System (iNtRON Biotechnology, Gyeonggi, Korea) 
was used to detect proteins of interest. Immunoreactive 
bands were visualized with an image analyzer (UVP Inc.).
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Table 2. Total phenolic contents and antioxidant activities of an 
80% methanol extract and organic solvent fractions of broccoli 
florets

Extract and fractions 
Total phenolic 

content
(mg GAE/g)

ORAC value
(μM TE/mg)

80% Methanol extract
n-Hexane fraction
Ethyl acetate fraction
n-Butanol fraction
Distilled water fraction

14.9±0.1b1)

15.0±0.1b

35.5±0.5d

25.4±0.1c

 9.4±0.4a

 391.1±8.1b

1,219.7±3.4d

1,588.7±14.8e

 915.4±6.5c

 143.7±7.8a

1)Mean±SD of three replicate determinations.
Within each column, values with different superscripts are sig-
nificantly different at P<0.05 according to Duncan’s multiple 
range test.

Transfection and luciferase assay
FuGENE 6 transfection reagent (Roche, Indianapolis, IN, 
USA) was used to co-transfect RAW 264.7 cells with 1 
mg of the NF-κB-promoter luciferase reporter gene plas-
mid pGL4.32[luc2P/NF-κB-RE/Hygro] (Promega) and 
0.4 mg of the Renilla luciferase reporter plasmid pGL4.74 
[hRluc/TK] (Promega), which served as the internal stan-
dard. At 24-h post-transfection, cells were pretreated 
with a sample (i.e., extract or fraction) for 1 h and then 
stimulated with LPS (100 ng/mL) for 24 h. Then, each 
well was washed with cold PBS, cells were lysed, and lu-
ciferase activity was determined with a Dual-Luciferase 
Reporter Assay Kit (Promega) (19).

Statistical analysis
Values are expressed as means±SD of three replicates. 
The statistical significance of differences between experi-
mental values and their respective controls was tested 
by Duncan’s multiple range test (SPSS Inc., Chicago, IL, 
USA). A P<0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Total phenolic content and antioxidant capacity
Polyphenols are secondary metabolites that defend plants 
against pathogens and ultraviolet radiation. Polyphenols 
act as potent antioxidants, as they protect cells against 
oxidative damage. They also exhibit free radical-scaveng-
ing and metal-chelating activities (20).

The total phenolic contents and antioxidant activities 
of an 80% methanol extract from freeze-dried broccoli 
florets and its subsequent organic solvent fractions are 
shown in Table 2. Total phenolic contents of the meth-
anol extract and its fractions ranged from 9.4 mg GAE/g 
DW to 35.5 mg GAE/g DW. The total phenolic content 
was highest (35.5 mg GAE/g DW) in the ethyl acetate 
fraction (EF). The total phenol contents of the remain-
ing samples were in decreasing order, 25.4 mg GAE/g 
DW in the n-butanol fraction (BF), 15.0 mg GAE/g DW 
in the n-hexane fraction (HF), 14.9 mg GAE/g DW in 
the 80% methanol extract (ME), and 9.4 mg GAE/g DW 
in the distilled water fraction (DF). Mrkic et al. (21) pre-
viously reported that the total phenolic content of broc-
coli was 10.2 mg GAE/g DW.

The antioxidant capacities (i.e., ORAC) of the meth-
anol extract and organic solvent fractions of broccoli 
florets are also shown in Table 2. The highest antioxi-
dant activity was measured in the EF, with a value of 
1,588 μM TE/mg DW; the antioxidant activities of the 
remaining samples were, in decreasing order, 1,219.7 
μM TE/mg DW in the HF, 915.4 μM TE/mg DW in the 
BF, 391.1 μM TE/mg DW in the ME, and 143.7 μM 
TE/mg DW in the DF. ORAC correlated well with total 

phenolic content in the methanol extract and organic 
solvent fractions tested. Several studies have suggested 
that ORAC antioxidant activity could be attributed to 
the total phenolic content of medicinal plants (22).

Sulforaphane content
HPLC was used to quantitate the sulforaphane content 
of the methanol extract and organic solvent fractions 
from broccoli florets (Table 3). The sulforaphane con-
tents in ME, EF, and BF were 60.6 μg/g, 620.2 μg/g, and 
272.7 μg/g, respectively. However, sulforaphane was not 
detected in the HF and DF. The highest sulforaphane 
content was found in the EF. Previously, Liang et al. (23) 
reported a sulforaphane content of 32.9 μg/g in methyl-
ene chloride extracts of broccoli florets.

Inhibition of NO production and viability in LPS-induced 
RAW 264.7 cells
Excessive production of NO from up-regulated iNOS is 
involved in the formation of peroxy-nitrites. These per-
oxy-nitrites alter the functions of multiple proteins to 
induce cell proliferation and interfere with normal repair 
processes (7).

We investigated the ability of the methanol extract and 
organic solvent fractions of broccoli florets to inhibit NO 
production by LPS-stimulated RAW 264.7 cells (Fig. 1). 
In cells treated with 100 ng/mL LPS and HF (Fig. 1B) or 
EF (Fig. 1C), NO production decreased in a dose-depen-
dent manner. At a sulforaphane concentration of 31.3 
μg/mL (i.e., 0.22 μM), EF reduced NO production by 
33.1%. Guo et al. (24) previously reported that extracts 
containing 0.24 μM, 0.48 μM, 0.72 μM, and 0.96 μM 
sulforaphane inhibited LPS-induced NO production by 
18%, 33%, 44%, and 54%, respectively (i.e., in a dose 
dependent manner). In the present study, the inhibition 
of NO production at 0.22 μM was 1.8-fold higher than 
that reported by Guo et al. (24) for the same sulforaphane 
concentration.

EF also had the highest selectivity index (4.12), which 
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Fig. 1. Cell viability (□) and inhibitory activity of nitric oxide 
production ( ) by LPS (100 ng/mL)-stimulated RAW 264.7 cells 
treated with an 80% methanol extract and organic solvent frac-
tions of broccoli florets. (A) 80% methanol extract, (B) n-hexane
fraction, (C) ethyl acetate fraction, (D) n-butanol fraction, (E) 
distilled water fraction. Values with different letters (A-F, a-g) 
are significantly different at P<0.05 according to Duncan’s
multiple range test.

is the ratio of the extract or fraction concentration need-
ed to reduce LPS-induced RAW 264.7 cell viability by 
50% (TC50) to the extract or fraction concentration 
needed to induce a 50% reduction of nitric oxide pro-
duction (IC50) by LPS-induced RAW 264.7 macrophage 
cells (Table 3).

To assess whether the methanol extract and organic 
solvent fractions of broccoli florets affected cell viability, 
RAW 264.7 cells were incubated with LPS (100 ng/mL) 
in the presence of the extract and each fraction (1,000 
μg/mL). Only the HF and EF were cytotoxic, with TC50 
values of 81.3 μg/mL and 192.3 μg/mL, respectively. The 
EF was half as toxic as the HF. Therefore, we used EF 
doses of <100 μg/mL to investigate inhibition of iNOS, 

TNF-α, IL-1β, and IL-6 gene and protein expression in 
LPS-induced RAW 264.7 cells.

Inhibition of iNOS, TNF-α, IL-1β, and IL-6 gene and pro-
tein expression in LPS-induced RAW 264.7 cells
Macrophage expression of iNOS is a prerequisite for high 
NO output, which mediates many bactericidal and tu-
moricidal actions of immune cells. The expression of 
iNOS in mammalian cells is governed predominantly by 
the transcription factor NF-κB, which regulates the ex-
pression of many host defense proteins. Proinflamma-
tory cytokine production is a sign of inflammation. 
NF-κB activation is necessary for the expression of sev-
eral cytokines, including TNF-α, IL-1β, and IL-6 (25).
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Table 3. Sulforaphane contents of an 80% methanol extract and organic solvent fractions from broccoli florets and the ability 
of the extract and fractions to inhibit nitric oxide production by LPS (100 ng/mL)-induced RAW 264.7 cells

Extract and fractions Sulforaphane
content (μg/g)

TC50
1) 

(μg/mL)
IC50

2) 

(μg/mL) Selectivity index3)

80% Methanol extract
n-Hexane fraction
Ethyl acetate fraction
n-Butanol fraction
Distilled water fraction

60.6±5.1
 ND4)

620.2±14.1
272.7±21.7

ND

>1,000
 81.3±10.0
192.3±6.7

>1,000
>1,000

777.3±17.9
24.3±1.1
46.6±0.5
>1,000
>1,000

1.28
3.34
4.12

1
1

1)TC50, the concentration of extract or fraction needed to reduce cell viability by 50%.
2)IC50, the concentration of extract or fraction needed to reduce nitric oxide production by 50%.
3)Selectivity index=TC50/IC50.
4)ND, not detected.

Fig. 2. Effects of the ethyl acetate fraction of broccoli florets on iNOS, TNF-α, IL-1β, and IL-6 mRNA levels in LPS (100 ng/mL)-in-
duced RAW 264.7 cells. (A) RT-PCR analysis of mRNA transcripts, (B) relative levels of mRNA expression (normalized to β-actin). 
Values with different letters (a-f) are significantly different at P<0.05 according to Duncan’s multiple range test.
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Fig. 3. Effects of the ethyl acetate fraction of broccoli florets 
on iNOS protein levels in LPS (100 ng/mL)-induced RAW 264.7
cells. (A) Immunoblotting analysis of iNOS protein, (B) relative 
levels of iNOS protein (normalized to β-actin). Values with dif-
ferent letters (a-e) are significantly different at P<0.05 accord-
ing to Duncan’s multiple range test.

Fig. 4. Effects of the ethyl acetate fraction of broccoli florets 
on the inhibition of (A) NF-κB-luciferase activity and (B) I-κBα
degradation in LPS (100 ng/mL)-induced in RAW 264.7 cells 
(Western blot analysis). Values with different letters (a-f) are 
significantly different at P<0.05 according to Duncan’s multiple
range test.

We investigated the inhibitory effects of the EF (0∼ 

100 μg/mL) on a variety of inflammatory parameters 
(Fig. 2). The expression of iNOS in LPS-induced RAW 
264.7 cells was inhibited in a dose-dependent manner by 
the EF. At dose of 100 μg/mL, the iNOS mRNA level 
was reduced by 76.9%. Production of the pro-inflam-
matory cytokines TNF-α, IL-1β, and IL-6 was also in-
hibited by the EF in a dose-dependent manner. At dose 
of 100 μg/mL, TNF-α, IL-1β, and IL-6 mRNA levels 
were reduced by 32.2%, 58.3%, and 69.1%, respectively. 
Furthermore, a 100 μg/mL dose of the EF reduced iNOS 
protein expression by 94.3% (Fig. 3). Therefore, the EF 
inhibited NO production by LPS-stimulated RAW 264.7 
cells via the downregulation of iNOS mRNA and protein 
levels.

Inhibition of NF-κB activity in LPS-induced RAW 264.7 
cells
Regulation of iNOS and IL-1β occurs predominantly at 
the transcriptional level, with the transcription factor 
NF-κB playing a crucial role (26). A previous report in-
dicates that activation of NF-κB induces the expression 
of several inflammatory mediators, such as iNOS, IL-1β, 
COX-2, and many other genes (27). NF-κB is important 
for the regulation of IL-1β gene transcription. The sig-
nificant inhibition of this cytokine via NF-κB inhibition 
may result in the blockade of several inflammatory cas-
cades that are stimulated by IL-1β (28). Accordingly, 
NF-κB inhibition has been shown to effectively control 

inflammatory diseases in several animal models (29). 
NF-κB activation requires the classical signaling cascade 
initiated by Toll-like receptor-4, which leads to I-κB 
phosphorylation and degradation (30). Blocking NF-κB 
activity by the overexpression of I-κBα has been reported 
to inhibit the inflammatory response and tissue destruc-
tion in rheumatoid synovium (8). In a colitis model, the 
inhibition of NF-κB by an IKK inhibitor ameliorated co-
lonic inflammatory injury by down-regulating the pro-
duction of NF-κB-mediated pro-inflammatory cytokines 
(e.g., TNF-α, IL-1β, and IL-6) (31).

To determine whether iNOS mRNA and protein levels 
are reduced when NF-κB activity is inhibited in LPS- 
treated RAW 264.7 cells, we used a pNF-κB-Luc plasmid 
that had been generated by inserting four NF-κB binding 
sites into the pLuc-promoter vector to investigate the ef-
fect of the EF on NF-κB activity inhibition (Fig. 4). RAW 
264.7 cells were transiently transfected with the pNF- 
κB-Luc plasmid, pretreated with various concentrations 
of the EF, and subsequently stimulated with LPS (100 
ng/mL). LPS-mediated NF-κB-dependent luciferase ac-
tivity was significantly decreased in a dose-dependent 
manner by the EF. In addition, a 100 μg/mL dose of the 
EF inhibited LPS-mediated NF-κB-dependent luciferase 
activity by 81.3%. 

We also examined the effect of the EF (100 ng/mL) on 
I-κBα degradation. The EF caused significant degradation 
of I-κBα in LPS (100 ng/mL)-induced cells after more 
than 20-min of treatment with the fraction. Thus, we 



96  Hwang and Lim

concluded that inhibition of the expression of pro-in-
flammatory mediators, such as iNOS and cytokines, by 
the EF of broccoli florets might be mediated by suppres-
sion of NF-κB activation.

In conclusion, the EF from broccoli florets had the 
highest total phenolic content, the highest sulforaphane 
content, and high antioxidant and anti-inflammatory ac-
tivities, as demonstrated by its ability to inhibit NO pro-
duction, IκB-α degradation, and NF-κB activation in 
LPS-stimulated RAW 264.7 macrophages. However, pri-
or to the use of the EF from broccoli florets as a dietary 
supplement to improve human nutrition and for the 
treatment of chronic inflammatory pathologies, further 
research should be done in vivo.
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