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Dioscoreae Rhizome (DR) has been used in traditional medi-
cine to treat numerous diseases and is reported to have an-
ti-diabetes and anti-tumor activities. To identify a bioactive
traditional medicine with anti-inflammatory activity of a wa-
ter extract of DR (EDR), we determined the mRNA and pro-
tein levels of proinflammatory cytokines in macrophages
through RT-PCR and western blot analysis and performed a
FACS analysis for measuring surface molecules. EDR
dose-dependently decreased the production of NO and
pro-inflammatory cytokines such as IL-13, IL-6, TNF- @, and
PGE,, as well as mRNA levels of iNOS, COX-2, and pro-in-
flammatory cytokines, as determined by western blot and
RT-PCR analysis, respectively. The expression of co-stim-
ulatory molecules such as B7-1 and B7-2 was also reduced
by EDR. Furthermore, activation of the nuclear transcription
factor, NF- £B, but not that of IL-4 and IL-10, in macrophages
was inhibited by EDR. These results show that EDR decreased
pro-inflammatory cytokines via inhibition of NF- xB-dependent
inflammatory protein level, suggesting that EDR could be a
useful immunomodulatory agent for treating immunological
diseases.

[Immune Network 2012;12(5):181-188]

INTRODUCTION

Inflammation is part of the biological response to infection,
irritation, or injury and is characterized by an influx of white

blood cells, redness, heat, swelling, pain, and dysfunction of
the organs involved (1,2), Macrophages and lymphocytes are
activated in inflammation; these cells can produce pro-in-
flammatory mediators, nitric oxide (NO), pro-inflammatory
cytokines, prostaglandin E, (PGE;) or chemokines, and free
radicals that enhance inflammation (3).

Macrophages play a part in both innate immunity and
adaptive immunity, and their role is to stimulate lymphocytes
to respond to pathogens (4). In response to endotoxins such
as lipopolysaccharide (LPS), macrophages release pro-in-
flammatory cytokines such as interleukin (IL)-18, IL-6, and
tumor necrosis factor (TNF)- @ through the activation of nu-
clear factor (NF)- ¥B, Inducible nitric oxide (NO) synthase
(iNOS) (5,6) and cyclooxygenase-2 (COX-2) (7) are also re-
quired the expression of NF- B,

The pro-inflammatory cytokines 1L-183, 1L-6, and TNF- &
modulate the immune system, but overexpression of in-
flammatory mediators induces the pathogenesis of several dis-
eases such as atherosclerosis, rheumatoid arthritis, chronic in-
flammation, and autoimmune diseases (8-10), The anti-in-
flammatory cytokines IL-4 and IL-10 regulate the pro-in-
flammatory activity that results in immune-mediated diseases.

Nuclear factor- kB (NF- £B), transcription factor, controls
the expression of pro-inflammatory mediators such as iNOS,
COX-2, TNF- @, IL-18, and IL-6 (11), It is chronically active
in many inflammatory diseases, and NF- £B is therefore cur-
rently a target for treating various diseases (12). NF- £B is in-

Received on August 16, 2012. Revised on September 3, 2012. Accepted on September 5, 2012.

@9 This is an open access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribu-
tion, and reproduction in any medium, provided the original work is properly cited.

*Corresponding Author. Tel: 82-2-3399-1601; Fax: 82-2-3399-1617; E-mail: kimkj@syu.ac.kr

Keywords: Dioscoreae Rhizoma, Anti-inflammatory, Inflammatory cytokines, Immunomodulatory agent

Abbreviations: DR, Dioscoreae Rhizome; NF- £B, Nuclear factor- «B; PGE,, prostaglandin E,; COX-2, cyclooxygenase-2

IMMUNE NETWORK www.immunenetwork.org Volume 12 Number 5 October 2012

181



182

Immunomodulatory Effects of Dioscoreae Rhizome Against Inflammation
Seulah Kim, et al.

volved in cellular responses to inflammatory stimuli such as
stress, bacterial or viral antigen, and cytokines (13). In its nor-
mal state, NF- £B consists of p50, p65, and 1 kB @ subunits
in the cytosol as an inactive form, The activity of NF- £B is
primarily regulated by interaction with inhibitory 14Ba
proteins. After degradation of 1 4B a , free NF- £B (p50-p65)
enters the nucleus and activates gene expression.

Dioscoreae Rhizome (DR) is a member of the Dioscore-
aceae or Yam family and has been frequently used to cure
diarrhea, cough, spermatorrhea, leukorrhea and frequency of
urination and arthritis (14). Several studies have shown that
DR decreases damage in renal tubules, inflammation in the
central vein, and necrosis in the liver through its anti-in-
flammatory action (15). In addition, the inhibitory effect of
Dioscorealide B (DB), a naphthofuranoxepin isolated from
DR, on NO and TNF-a@ production was reported (16).
However, the molecular anti-inflammatory mechanisms in
macrophages remain unclear, Based on other data, we hy-
pothesized that water extract of DR (EDR) may exert sig-
nificant anti-inflammatory activity through the inhibition of in-
flammatory mediator production at the transcriptional level.
In the present study, the direct effects of EDR on the pro-
duction of inflammatory mediator expression and activation
of the transcription factor have been examined.

MATERIALS AND METHODS

Reagents

Lipopolysaccharide (LPS) and XTT (sodium 3-[1-(phenyl-
aminocarbonyl)-3, 4-tetrazolium]-bis (4-methoxy-6-nitro) ben-
zene sulfonic acid hydrate) were purchased from Sigma (St.
Louis, MO, USA),
(DMEM), antibiotic-penicillin/streptomycin solution, and fetal

Dulbecco's Modified Eagle's Medium

bovine serum (FBS, Hyclone, Logan, UT, USA) were used for
the cell culture,

Preparations of EDR

Dioscoreae Rhizoma was identified by Seungjeong Lee
(College of Pharmacy, Chungbuk National University). Fifty
grams of Dioscoreae Rhizoma were extracted with distilled
deionized water (DDW) at 100°C. The water extracts were

concentrated with a vacuum evaporator and then lyophilized.

Cell culture
RAW264.7 mouse macrophage cells (American Type Culture
Collection, Manassas, VA, USA) were maintained in DMEM

supplemented with 10% heat-inactivated FBS, 100 U/ml of
penicillin, and 100 g/ml of streptomycin at 37°C in a 5% CO,

incubator,

XTT assay for cell viability

A commercially-available cell viability assay was employed to
evaluate the cytotoxic effect of EDR using XTT (sodium
3-[1-(phenylaminocarbonyl)-3 4-tetrazoliuml-bis (4-methoxy-6-ni-
tro) benzene sulfonic acid hydrate), RAW264. 7cells (2x10°
cells/well) were plated with various concentrations (25, 50,
100, 200 rg/ml) of EDR in 96-well micro-titer plates (Nunc,
Roskilde, Denmark) and then cultured overnight at 37°C in a
5% CO, incubator, Afterwards, 50 z£1 of XTT solution was add-
ed to each well for 10 hrs at 37°C in a 5% CO, incubator and
the optical density (OD) was measured at 490 nm by a micro-
plate reader (Molecular Devices Corporation, Sunnyvale, CA,
USA),

Measurement of NO

The amount of nitrite produced by mouse macrophages was
measured in cell culture supernatant, The cells were plated
at a density of 1x10° cells in 200 £1 of culture medium per
well in a flat-bottomed, 96-well plate, They were then treated
with various concentrations of EDR in the absence of LPS
(100 ng/ml) and incubated overnight, NO production was de-
termined according to the method reported by Stuehr and
Nathan (17). The amount of nitrite was measured using Gri-
ess reagent [stock-I: 0,2% N-(1-naphthyl) ethylenediamine-
HCI, stock-II: 2% sulfanilamide in 5% H,POul,

Cytokines and PGE, assays

The amounts of IL-18, IL-6, TNF- @ , and PGE; in the cell cul-
ture supernatant were measured using an ELISA kit (eBioscience,
San Diego, CA, USA, R&D Systems, Minneapolis, MN, USA), ac-
cording to the manufacturer's instructions, RAW 264,7 cells were
cultured in DMEM with 10% FBS in 12-well, flat-bottomed plates
at a density of 5%10° cells/well, The cells were treated with
various concentrations of EDR in the absence or presence of LPS
(100 ng/ml) at 37°C for 48 hrs in humidified air with 5% COs,
Subsequently, the culture supernatant was collected and assayed

according to the manufacturer's instructions,

Isolation of total RNA and RT-PCR

Total RNA was extracted from RAW204.7 cells using the
RNeasy Mini kit (QIAGEN, Valencia, CA, USA) in an RNase-
free environment, RNA was quantified by reading the absorb-
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ance at 260 nm as previously described (14). The reverse
transcription of 1 g RNA was carried out using M-MLV re-
verse transcriptase (Promega, Madison, W1, USA), oligo (dT)
16 primer, dNTP (0.5 #M), and 1 U RNase inhibitor, After
incubation at 65°C for 5 min and 37°C for 60 min, M-MLV
reverse transcriptase was inactivated by heating at 70°C for
15 min, The polymerase chain reaction (PCR) was performed
in 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl, and
2,5 mM dNTPs with 5 units of Tag DNA polymerase and 10
pM of each primer set for iNOS, COX-2, IL-14, IL-6, and
TNF-a . The ¢cDNA was amplified by 35 cycles of denaturing
at 94°C for 45 s, annealing at 62°C for 45 s, and extension
at 72°C for 1 min, The final extension was performed at 72°C
for 5 min, The PCR products were electrophoresed on 1.5%
agarose gels and stained with ethidium bromide, The primer
sequences were as follows: 5' AGCTCCTCCCAGGACCACAC
3" (forward) and 5' ACGCTGAGTACCTCATTGGC 3' (reverse)
for iNOS, 5' AAGAAGAAAGTTCATTCCTGATCCC 3' (forward)
and 5' TGACTGTGGGAGGATACATCTCTC 3' (reverse) for
COX-2, and 5" CAGGATGAGACATGACACC 3' (forward) and
5" CTCTGCAGACTCAAACTCCAC 3' (reverse) for 1L-15, 5'
GTACTCCAGAAGACCAGAGG 3' (forward) and 5' TGCT-
GGTGACAACCACGGCC 3' (reverse) for IL-6, 5' TTGACCTCA-
GCGCTGAGTTG 3' (forward) and 5' CCTGTAGCCCACGTC-
GTAGC 3' (reverse) for TNF-a, 5' GTGGGCCGCCCTAGG-
ACCAG 3' (forward) and 5' GGAGGAAGAGGATGCGGCAGT
3" (reverse) for [B-actin, B-Actin was used as an internal
control,

Preparation of nuclear exiracts

Cultured cells were collected, washed twice with cold PBS,
and then suspended in hypotonic buffer (10 mM HEPES, pH
7.9, 10 mM KCl, 1.5 mM MgCl,, 0.2 mM PMSF, 0.5 mM DTT,
10 s£g/ml aportinin), After 15 min incubation on ice, the cells
were lysed by the addition of 0.1 % NP-40 and vigorous vor-
texing for 1 min, The nuclei were pelleted by centrifugation
at 12,000x g for 1 min at 4°C and resuspended in high salt
buffer (20 mM HEPES, pH 7.9, 25% glycerol, 400 mM KCl,
1.5 mM MgCl,, 0.2 mM EDTA, 0,5 mM DTT, 1 mM NaF, 1
mM sodium orthovanadate). The supernatant fluid was stored
in aliquots at —70°C,

Western blot analysis

RAW 204.7 cells were washed with phosphate-buffered saline
(PBS) and lysed with lysis buffer (1% SDS, 1.0 mM sodium
vanadate, 10 mM Tris-Cl buffer, pH 7.4) for 5 min, 20 ¢ g
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of protein from the cell lysates was applied to 8~12%
SDS-polyacrylamide gels and then transferred to nitrocellulose
membranes, The membranes were blocked with 5% skim
milk in PBST solution for 1 hr, They were then incubated
with anti-IL-18, anti-IL-6, anti-TNF- @, anti-IL-4, anti-IL-10,
anti-iNOS, anti-COX-2, anti-p-l «Ba@ or ant-NF- kB mono-
clonal antibodies (Santa Cruz Biotechnology Inc., Santa Cruz,
CA, USA) for 2 hrs and washed 3 times with PBST, After in-
cubation with an alkaline phosphatase-labeled secondary an-
tibody (Abcam, Cambridge, MA, USA) for 2 hrs, the bands
were visualized using a Western Blot Kit with alkaline phos-
phatase substrate (Vector, Burlingame, VT, USA).

Flow cytometry

RAW 264.7 cells (1x10° cells/ml) were cultured in Petri
dishes, The cells were treated with various concentrations of
EDR in the absence or presence of LPS (100 ng/ml), The
dishes were incubated at 37°C for 24 hrs in humidified 5%
CO, incubator under standard conditions, The cells were then
washed with PBS, The washed cells were blocked with stain-
ing buffer containing 10% normal mouse serum (NMS) for 20
min on ice, The blocked cells were incubated with co-stim-
ulatory molecules such as B7-1 and B7-2 antibody (BD
Biosciences, San Jose, CA, USA) for 20 min on ice, The in-
cubated cells were washed three times with staining buffer
and then fixed by 1% paraformaldehyde in PBS. The fixed
cells were measured by flow cytometry (Beckman Coulter,
Brea, CA, USA),

Statistical analysis

Statistics software (version 8.0, Analytical Software, Tallahas-
see, FL, USA) was used for the statistical analysis, Differences
between the vehicle and other groups were tested by
two-way analysis of variance (group X experiment), A value
p<0.05 was considered significant,

RESULTS

Effect of EDR on cell viability

To rule out any toxic effects of EDR, we tested its effect on
the viability of RAW 264.7 cells by XTT assay. The exposure
of cells to EDR (25~200 s g/ml) revealed no significant toxic
adverse effects on viability compared to the untreated control.
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Figure 1. EDR inhibits the production of NO (A), expression of iNOS
mRNA (B), and protein (C) in LPS-stimulated RAW 264.7 cells. RAW
264.7 cells were treated with various concentrations (25, 50, 100, 200
1g/ml) of EDR in the absence or presence of LPS (100 ng/ml) overnight.
Culture supernatants were then collected and NO concentrations were
measured using Griess reagent (A). Cell lysates were extracted, and
protein levels of iINOS were then analyzed by Western blotting (B).
RAW 264.7 cells were incubated with EDR in the absence or presence
of LPS for 24 h. Total RNA was isolated, and levels of iNOS mRNA
were then measured by RT-PCR (C). Each value represents the
mean+S.D. of three independent experiments. Tp<0.01 vs. cells
only based on Student’s t-test. **p<0.01 vs. LPS only based on
Student’s t-test.

EDR inhibits NO and PGE. production in macro-
phages

To analyze the potential pro-inflammatory properties of EDR,
we used murine macrophages, which produce NO, LPS was
used as a positive control for macrophage activation, In LPS
(100 ng/ml)-stimulated RAW 264.7 cells, iNOS increased NO
production, Various concentrations of EDR (25, 50, 100, 200
#g/ml) were added to the culture media at the time of cell
stimulation, results indicated that macrophages did not release
NO in response to the medium alone; LPS-induced NO pro-
duction decreased in an EDR concentration-dependent man-
ner (Fig. 1A). Furthermore, EDR also dose-dependently de-
creased PGE, production (Fig. 2A). EDR had a direct effect
on pro-inflammatory mediators (NO and PGE;) related to
modulation of the expression of iNOS and COX-2 according
to RT-PCR and western blot analyses, As shown in Fig, 1B
and Fig. 2B, EDR decreased the gene expression of LPS-in-
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Figure 2. EDR inhibits the production of PGE, (A), COX-2 mRNA (B)
and protein (C) in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells
were treated with various concentrations (25, 50, 100, 200 g/ml)
of EDR in the absence or presence of LPS (100 ng/ml) for 48 h. Culture
supernatants were then collected and PGE, concentrations were
measured using ELISA kits (A). Cell lysates were extracted, and protein
levels of COX-2 were then analyzed by Western blotting (B). RAW
264.7 cells were incubated with EDR in the absence or presence of
LPS for 24 h. Total RNA was isolated, and levels of COX-2 mRNA
were then measured by RT-PCR (C). Each value represents the
mean+S.D. of three independent experiments. Tp<O‘O1 vs. cells
only based on Student’s t-test.

duced INOS and COX-2 in a dose-dependent manner,
Furthermore, western blot analysis revealed that the ex-
pression of the iNOS and COX-2 levels was correlated with

their gene levels (Fig. 1C and 2C).

Pro-inflammatory cytokine production in response to
EDR

To determine whether EDR had a direct effect on cytokine pro-
duction, IL-148, IL-6, and TNF- @ secretion were measured in
the macrophage cell line using the cytokine ELISA kit, IL-15,
IL-6, and TNF-@ are the major pro-inflammatory cytokines
produced by monocytes and macrophages, As shown in Fig,
3A, B, and C, EDR dose-dependently decreased cytokine pro-
duction in the presence of LPS, Moreover, we examined wheth-
er EDR dose-dependently suppressed the mRNA and protein
levels of the pro-inflammatory cytokines in LPS-stimulated cells
by RT-PCR and western blot analysis (Fig. 3D and E) and
again found that EDR decreased the LPS-induced cellular lev-
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Figure 3. EDR inhibits pro-inflammatory cytokine production in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were treated with various
concentrations (25, 50, 100, 200 «g/ml) of EDR in the absence or presence of LPS (100 ng/ml) for 48 h. Culture supernatants were then collected
and cytokine concentrations were measured using ELISA kits (A~C). RAW 264.7 cells were incubated with EDR in the absence or presence
of LPS for 24 h. Cell lysates were extracted, and protein levels of each cytokine were then analyzed by Western blotting (D). Total RNA was
isolated, and mRNA levels of each cytokine were then measured by RT-PCR (E). Each value represents the mean+S.D. of three independent
experiments. Hp<0.01 vs. cells only based on Student’s t-test. *p<0.05, **p<0.01 vs. LPS only based on Student’s t-test.
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In order to determine the effect of EDR on anti-inflammatory

cytokine production, IL-4 and IL-10 were measured by west-
ern blot in RAW 264,7 cells, Results demonstrated that 1L-4

and IL-10 did not change significantly in a dose-dependent Figure 4. Effects of EDR on the anti-inflammatory cytokine production
in LPS- stimulated RAW 264.7 cells. RAW 264.7 cells were treated
with various concentrations (25, 50, 100, 200 /:g/ml) of EDR in the
IL-4 and IL-10 prOdLlCtiOIl at the protein level in activated absence or presence of LPS (100 ng/ml) for 24 h. Cell lysates were
extracted, and protein levels of each cytokine were then analyzed by
Western blotting.
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manner (Fig. 4). These results suggest that EDR did not affect

macrophages.
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Figure 5. EDR inhibits the expression of co-stimulatory molecules in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells were cultured and activated
with LPS (100 ng/ml) in the absence or presence of various EDR concentrations for 24 hrs. The surface B7-1 (A) and B7-2 (B) were labeled
with anti-B7-1/-2 antibodies and the cells were then stained using anti-V £8.1+8.2-FITC, anti-V 82-PE, or anti-V 52-FITC, which served as an

isotype control for nonspecific binding.

EDR modulates the surface expression levels of
co-stimulatory molecules

To further evaluate whether EDR influences the phenotypic
maturation of macrophages, the cells were cultured with EDR
and LPS for 24 hrs and then analyzed surface expression of
B7-1 and B7-2 molecules. As shown in Fig. 5, EDR slightly

suppressed the expression of B7-1/-2 molecules,

EDR inhibits nuclear translocation of NF-«B p65
Activation of the transcription factor NF- #B is required for
the expression of various cytokines, iNOS, and COX-2 in mac-
rophages in response to LPS, NF- £B is found in an inactive
form associated with its inhibitor molecule (I4B) in the
cytoplasm, Upon stimulation, rapid phosphorylation and deg-
radation of I kBa allows NF- £B to translocate into the nu-
cleus and regulate transcription of the target genes. We also
studied the effect of EDR on NF- 4B activation by western
blot analysis of phosphorylation of 1 kB a@ in RAW 264.7 cells
(Fig. 6). These results showed that EDR inhibits the LPS-in-
duced NF- £B activation,

DISCUSSION

Anti-inflammatory drugs such as non-steroidal anti-inflamma-
tory drugs (NSAIDs) are usually indicated for the treatment
of acute or chronic inflammation, but these drugs often have
side effects, Researchers have performed screens to find new
medicinal compounds from natural products that are in-

LPS (100 ng/ml) - + + + + +
EDR (pg/ml) - - 25 50 100 200

nuclear p65s ’

p-IxBa |

p-actin ‘ i e IR S —— — |

Figure 6. EDR inhibits the |1 B @ phosphorylation in the cytoplasm
and the nuclear translocation of NF-#B p65 in LPS-stimulated RAW
264.7 cells. RAW 264.7 cells were treated with various concentrations
(25, 50, 100, 200 s g/ml) of EDR in the absence or presence of LPS
(100 ng/ml) for 24 hrs. Cell lysates were extracted, and protein levels
of each cytokine were then analyzed by Western blotting.

hibitors of inflammatory mediators with lower toxicity and
that could be used in therapeutic application (18). Thus, in
the present study, the anti-inflammatory activity of water ex-
tract of Dioscoreae Rhizome (EDR), which has been used for
traditional medicine, on NO, cytokines, PGE, and co-stim-
ulatory molecules in LPS-stimulated murine macrophages was
investigated.

Macrophages play key roles in immune responses, and
their activation has been associated with a significant pro-
portion of LPS-stimulated inflammation, Active macrophages
produce inflammatory mediators, including reactive oxygen
and nitrogen intermediates, hydrolytic enzymes, lipid media-
tors, and inflammatory cytokines (19).

Nitric oxide is a product of the enzymatic conversion of
arginine to citrulline by a family of three distinct nitric oxide
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synthases (NOS). Expression of the inducible isoform of NOS
(iNOS) and an increased concentration of NO may play a critical
role in regulating physiological processes, such as blood vessel
tone and neurotransmission, as well as in host defense and im-
munity (20,21). In this paper, we have demonstrated that EDR
decreases NO production in RAW 20647 cells (Fig. 1).

PGE,, which is produced by COX-2, plays important roles
in endotoxemia and inflammatory conditions (22). In the
prostaglandin biosynthesis pathway, COX-2 is primarily ex-
pressed in leukocytes and is the key enzyme in the con-
version of arachidonic acid to PGE,. Therefore, COX-2 tar-
geted therapy is under consideration for the treatment of in-
flammatory diseases. In the present study, EDR suppressed
PGE, production by inhibiting COX-2 activity and may be ef-
fectively involved in the regulation of the inflammation by
this compound (Fig. 2).

Cytokines are regulated in almost all important biological
processes such as cell activation, inflammation, immunity, and
differentiation, Pro-inflammatory cytokines including 1L-15,
IL-6, and TNF- @ are responsible for worsening inflammation,
while anti-inflammatory cytokines such as IL-4 and IL-10 have
marked inhibitory effects on the expression and release of
pro-inflammatory cytokines. In this study, EDR inhibited the
production of IL-18, IL-6, and TNF- & through a decrease in
the gene and protein levels of IL-18 , 1L-6, and TNF- @ in acti-
vated macrophages (Fig. 3); however, EDR did not exhibit sig-
nificant dose-dependent effects on IL-4 and IL-10 protein ex-
pression levels (Fig, 4).

The transcription factor NF- £B is a ubiquitous protein that
induces a variety of genes in the inflammation process (23,24).
NF- £B binds #B motifs in the promoters via its p65 subunit,
which is the inactive form (25). In the activation processes
induced by LPS and other cytokines, NF- #B requires the phos-
phorylation of 1 £B for ubiquitination and degradation (26). In
this report, we found that EDR reduced NF- £B translocation
in LPS-induced RAW 264.7 cells by inhibiting I kB @ phos-
phorylation (Fig. 0).

The B7 co-stimulatory molecules are expressed by various cell
types involved in antigen presentation, Both B7-1 and B7-2 are
found on activated antigen-presenting cells (APCs) and regulated
during monocyte, macrophage and lymphocyte activation,
Based on our results, treatment with EDR inhibits the co-stim-
ulatory molecules, B7-1 and B7-2, in macrophages (Fig. 5).

In summary, the present study demonstrates that EDR ex-
erts significant anti-inflammatory effects on LPS-induced mac-
rophages by suppressing the production of inflammatory me-
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diators, such as NO, PGE,, IL-18, IL-6, and TNF- @ . The in-
hibitory effects of EDR are associated with NE- £B inactivation
and the reduction of I14Ba phosphorylation. In addition,
EDR also inhibits the expression of co-stimulatory molecules,
including B7-1 and B7-2. Thus, our study provide the anti-in-
flammatory effects of Dioscoreae Rhizome and suggests that
EDR might useful as a therapeutic drug for inflammatory

diseases,
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