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Nuruk, which is a natural inoculater and source of amylolytic
enzymes, is used in Korean traditional rice wine, A methanol
extract of nuruk (NE) attenuated lipopelysaccharide (LPS)-
induced nitrite and interleukin (IL)-6 in RAW 264.7 cells.
Both the n-hexane and water fractions from NE (MEH
and MW, respectively) inhibited the production of nitrite
and IL-6 in RAW 264.7 cells. MEH and MW also inhibited
the LPS-induced inducible nitric oxide synthase expression.
Further, and MEH protected against the LPS-induced
activation of p38 mitogen-activated protein kinase. Together,
these results indicate that nuruk may contribute to the
anti-inflammatory and cancer-preventive effects of Korean
traditional rice wine.
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Inflammation is a defense mechanism against harmful
microorganisms, but the chronic presence of this state is
related to many adult diseases. In particular, it is widely
accepted that inflammatory mediators such as nitric oxide
and cytokines play key roles in carcinogenesis [5], and
hence these molecules have become targets for drugs aimed
at preventing chronic inflammatory diseases [6]. Nitric
oxide, a small-molecule and membrane-permeable gas,
mediates many physiological events, and chronic elevated
nitric oxide is involved in the deamination of DNA and
inactivation of DNA repair enzymes, mechanisms that induce
cancer [15, 19]. Nitric oxide also controls other inflammatory
molecules such as prostaglandin, platelet selectin intercellular
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adhesion molecule 1, vascular cell-adhesion molecule 1,
and some cytokines. Endothelial synthase (NOS), neutral
NOS, and inducible NOS (iNOS) are the three key enzymes
that generate nitric oxide. iNOS is responsible for the
overproduction of nitric oxide and is often present during
inflammation and carcinogenesis [&]. Interleukin-6 (IL-6)
is a typical pleiotropic cytokine [20]. All of these molecules
also play important roles in immune responses such as
endothelial activation and fever [7).

Lipopolysaccharide (LPS) is a component of the outer
membrane of Gram-negative bacteria that enter the bloodstream
during a bacterial infection and can induce lethal septic
shock [14]. LPS triggers the secretion of nitric oxide and
inflammatory cytokines through stimulating intracellular
signaling molecules such as mitogen-activated protein kinases
(MAPKs) [10]. MAPKs, including extracellular signal-
regulated kinase (ERK), c-Jun N-terminal kinase, and p38
MAPK, are a family of Ser/Thr-specific signaling kinases
activated by a variety of intracellular stimuli through a cascade
of protein phosphorylations [11]. Previous studies have
suggested that p38 MAPK plays a critical role in LPS-
induced iNOS and IL-6 expression [2, 3, 10, 13, 16, 17].

There are multiple lines of evidence that red wine reduces
the incidence of cardiovascular disease, diabetes, cancer,
and inflammation [9]. The long history of Korea has produced
many traditional Korean foods, but many of these have not
yet been subject to scientific analysis. Korean rice wine
inhibits proliferation of the B16BL6 mouse melanoma ceil
line and exerts an antimetastatic effect on B16BL6 mouse
melanoma cells injected in C57/BL6 mouse [4]. The
antiproliferative effects on murine Lewis lung carcinoma cells
are much stronger for Korean rice wine than for red wine
[18]. However, the active ingredients responsible for these
effects of Korean rice wine remain unclear. Nuruk (Korean
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koji) is a natural inoculator and source of amylolytic enzymes
that is used in the production of Korean traditional wine. It
is made by allowing the development of numerous types of
molds, bacteria, and yeasts in wheat flour or grits [21].
Nuruk extract was provided by Kooksoondang Brewery
Co. Ltd. (Gyunggi, Korea). The dried and powdered nuruk
(8 kg) was extracted three times at room temperature with
80% agqueous methanol (each 101). The extracts were
successively partitioned with water (3 1) and EtOAc (3 1), and
the EtOAc extract (231 g) was fractionated repeatedly with #-
hexane. The yield of the hydrophobic #-hexane fraction (MEH)
was 135 g (dry weight). The hydrophilic water fraction (MW)
was fractionated from NE, with a yield of 870 g (dry weight).
We first measured the inhibitory effect of NE on nitrite
production and IL-6 expression in LPS-induced RAW
264.7 murine macrophage cells. The RAW 264.7 cells were
obtained from the Korean Cell Line Bank (Seoul, Korea).
Cells were cultured in Dulbecco’s modified Eagle’s medium
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Fig. 1. Inhibitory effects of NE on LPS-induced generation of
nitrite and IL-6 in RAW 264.7 cells.

The cells were pretreated with NE fractions at 25, 50, 100, and 200 pg/mi
for 2 h before incubation with LPS {4 pg/mi) for 18 h. The amounts of
nitrite (A) and IL-6 (B) were measured using the Griess assay and ELISA.
The data are mean and SE values from triplicate tests. *P<0.05 and **P<0.01
indicate statistically significant differences relative to the LPS-treated group.

supplemented with 10% fetal bovine serum, penicillin
{100 units/ml), and streptomyein (100 pug/ml). Macrophage
cells were seeded (5%10%) in 96-well plates and incubated
for 24 h. After incubation, the cells were pretreated with
each sample at the indicated concentrations for 2 h before
incubation with LPS (4 pg/ml) for 24 h, and then the
culture medium was harvested. The nitric oxide produced
by macrophage cells was quantified by measuring nitrite
(which is the metabolite of nitric oxide oxidation) as
described previously [12], and IL-6 was quantified by an ELISA
kit according to the manufacturer’s instructions (Pharmingen,
San Diego, U.S.A.). NE (at 25, 50, 100, and 200 ug/ml)
dose-dependently inhibited the production of nitrite and
IL-6 in the LPS-treated RAW 264.7 cells (Fig. 1). The
LPS-induced generation of nitrite and 1L-6 in RAW 264.7
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Fig. 2. Inhibitory effects of NE fractions on LPS-induced
generation of nitrite and 1L-6 in RAW 264.7 cells.

The cells were pretreated with each NE fraction at 50, 100, and 200 pg/ml
for 2 h before incubation with LPS (4 pg/ml) for 18 h. The amounts of
nitrite (A) and IL-6 {B) were measured using the Griess assay and ELISA,
as described in the Materials and Methods. The data are mean and SE
values from triplicate tests. *P<0.05 and **P<0.01 indicate statistically
significant differences relative to the LPS-treated group.



cells was also attenuated by MEH or MW treatment
(Fig. 2). MW exerted more effective inhibitory effects
than MEH on the LPS-induced production of nitrite,
whereas these fractions exhibited similar effects on IL-6
production in LPS-stimulated RAW 264.7 cells. These
results indicated that both hydrophilic and hydrophobic
substances of NE could contribute to the anti-inflammatory
potential of NE.

We further examined whether MEK or MW can inhibit
LPS-induced iNOS expression. The cells (2x10°) were
cultured in a 3-cm-diameter dish for 48 h, starved in
serum-free medium for another 12 h, and then treated with
each sample for 2 h before being exposed to LPS (4 png/ml).
Western blotting data revealed that the LPS-induced
upregulation of INOS expression was inhibited by MEH or
MW (Fig. 3). Multiple lines of evidence have indicated that
the activation of p38 MAPK is strongly related to the process
of inflammation and carcinogenesis [11]. A previous study
demonstrated that SB203580 (a pharmacological inhibitor
of p38 MAPK) strongly inhibited LPS-induced iNOS
expression in RAW 264.7 cells, indicating that the p38
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Fig. 3. Inhibitory effects of NE fractions on LPS-induced iNOS
expression in RAW 264.7 cells.

A. The cells were pretreated with each NE fraction at 50, 100, and 200 pg/
ml for 2 h before incubation with LPS (4 pg/ml) for 18 h. Equal amounts of
total proteins (30 pg) were subjected to 10% SDS-PAGE. The expression
of iINOS and B-actin protein was detected by Western blot using specific
antibodies. B. iNOS expression was quantified using an image analyzer.
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MAPK pathway is closely related to LPS-induced iNOS
expression [2]. Similarly, SB203580 suppressed the LPS-
induced expression of IL-6, suggesting that the p38 MAPK
pathway also plays an important role in IL-6 expression
[1]. The present study clearly showed that both MEH
and MW inhibited the LPS-induced phosphorylation of
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Fig. 4. Effects of NE fractions on LPS-induced phosphorylation
of p38 MAPK and ERK1/2 in RAW 264.7 cells.

The cells were pretreated with each NE fraction at 50, 100, and 200 ug/ml for
2 h before incubation with LPS (4 pig/mi) for 30 min, Equal amounts of total
proteins (30 pug) were subjected to 10% SDS-PAGE. The phosphorylation of
p38 MAPK (A) and ERK1/2 (B) was detected by Western blot using specific
antibodies. The phosphorylation of p38 MAPK and ERK1/2 was quantified
using an image analyzer.
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p38 MAPK but not that of ERK1/2 in RAW 264.7 cells
(Fig. 4). These results indicate that the inhibition of LPS-
mediated iNOS and IL-6 expression by MEH and MW
was mediated by the inhibition of p38 MAPK activation.
Since inflammation is closely linked to tumor promotion,
substances with potent anti-inflammatory activities are
anticipated to exert chemopreventive effects on carcinogenesis,
particularly in the promotion stage [5]. Our results taken
together indicate that nuruk has potential anti-inflammatory
effects, which might contribute to the aforementioned
chemopreventive potential of Korean traditional rice wine.
Further work is needed to investigate the major active
components of NE and their underlying mechanisms.,
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