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Biological activities of peanut stilbenoids, mainly resveratrol and its derivatives, have attracted
increased attention and interest because of peanut being a potent producer and a dietary channel to
convey these polyphenols to the human body. As arachidin-1 and piceatannol are structurally close
to resveratrol, it is worthy to investigate their immunological activities on inhibition of lipopolysaccharide
(LPS)-induced production of PGE, and NO and mediation of the related transcription factors (NF-«B
and C/EBP) of RAW 264.7 macrophage cells. Productions of PGE, and NO were inhibited by all the
test stilbenoids in a dose-dependent manner while gene and protein expressions of COX-2 and iNOS
were not inhibited. As shown by NF-«B-driven luciferase assay, LPS-induced NF-«<B activities were
also reduced by the stilbenoids. In further, when these stilbenoids were subjected to monitoring their
inhibitory effectiveness on LPS-induced transcription factor expressions of C/EBP¢ and C/EBP3, only
C/EBP¢ expressions were reduced. Thus, these stilbenoids were effective in inhibition of PGE,- or
NO-mediated inflammation and NF-«B- or C/EBP¢/-mediated inflammatory gene expression. In
comparison, the highest inhibitory activity on LPS-induced PGE,/NO production, C/EBPJ gene
expression, and NF-«B activation was piceatannol which was followed in order by arachidin-1 and
resveratrol. The observed anti-inflammatory activities of these peanut stilbenoids are of merit in further
consideration for nutraceutical applications.

KEYWORDS: Arachidin-1; piceatannol; resveratrol; inflammation; transcription factors; macrophages

INTRODUCTION investigate immunological activities of arachidin-1 along with

iceatannol and reveratrol on inhibition of lipopolysaccharide
In recent years, resveratrol has been demonstrated as a health; : . S
. . . . - LPS)-induced production of PGENnd NO and mediation of
enhancing phytochemical mainly because of its observed varlousthe related transcription factors (N and C/EBP) of RAW
potent bioactivities, namely, antioxidant, anti-inflammatory, anti- p

angiogenesis, estrogenic, and antitumor activitle®). Piceat- 264.7 macrophage cells.
annol is an anti-inflammatory, immunomodulatory, and anti-  Cells of the monocytic/macrophage lineage play an important
proliferative stilbene that has attracted attention on its biomedical role in response to inflammation, infection, and the associated
functions (3,4). Piceatannol was biosynthesized and detected innate and adaptive immune responses. LPS, a component of
in peanut callusg). In comparison, bioactivities of arachidin- the Gram-negative bacteria cell wall, is well-known as an
1, a peanut secondary metabolite containing an additional effective stimulus in activation of macrophages to secrete
hydroxyl, and an isopentenyl moiety to resveratrol and only an proinflammatory cytokines, such as interleukin (IL)-1/, tumor
additional isopentenyl moiety to piceatannéigure 1) have necrosis factor-o{TNF-a), and secondary mediators, such as
been meagerly studied. Arachidin-1 could be biosynthesized andnitric oxide (NO), leukotrienes, and prostaglandins (PGSs).
isolated from germinated peanut sprolis-8) to a substantial ~ Cyclooxygenase (COX), the key enzyme in the production of
amount in our laboratory9). In this study, it is worthy to PGs, exists in two isoforms, for example, COX-1 is expressed
constitutively in most cell types and COX-2 is an inducible
*To whom correspondence should be addressed. Phone: 886-5-2717809€NZyme expressed in activated macrophages, fibroblasts, and
Fax: 886-5-2717778. E-mail: ywlss@mail.ncyu.edu.tw. several other cell types. In viyexpression of COX-2 was
Department of Food Science, National Chiayi University. observed in chronic inflammatory conditions such as arthritis
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OH (DMEM) (GIBCO, Carlshad, CA) supplemented with 10% FBS
oH (Biowest, France). LPS (Salmonella typhosa), anti-g-actin antibody,

resveratrol (trans-3,4',5-trihydroxystilbene), and piceatannol (trans-

HO O 3,3',4' 5-tetrahydroxystilbene) were from Sigma-Aldrich (St. Louis,

MO). Arachidin-1 ¢rans-4-(3-methyl-but-1-enyl)-3,34 ,5-tetrahydroxy-
O stilbene) was prepared from peanttg) isolated by high-performance
X liquid chromatography (HPLC) and was identified by NMR spectro-
scopic analyses in our laborator§)( SuperSignal West Pico Chemi-
OH luminescent Substrate was from Pierce (Rockford, IL). Antibodies
Arachidin-1 against Spl and COX-2 were purchased from Santa Cruz (Santa Cruz,
CA). Antibodies against INOS/NOS Il were from Upstate (Lake Placid,
OH NY). The pNFB-Luc vectors were from BD Clontech (Palo Alto, CA).
The jetPEI was from Polyplus transfection (lllkirch, France). BGE
OH enzyme immunoassay kit was from Cayman (Ann Arbor, MI). PRO-
Ho O PREP protein extraction solution was from iNtRON Biotechnology
(Kyungki-Do, Korea). Ro106-9920 was from TOCRIS (Ellisville, MO).
O Bio-Rad protein assay reagent was purchased from Bio-Rad (Hercules,
CA). TRIzol reagent and SuperScript Il were from Invitrogen
(Carlsbad, CA).
OH RNA Extraction and RT—PCR. RAW 264.7 cells were cultured
in 3.5-cm dish the day before LPS treatment. The cells were treated
with each stilbenoids 1 h prior to introduction of 100 ng/mL LPS. The
RNA was extracted with TRIzol reagent and was detected by RT
I OH PCR technique. Reverse transcription was performed g &f total

Piceatannol

RNA by random primers (9 mers) and SuperScript I, and thHen
HO volume of reaction mixture was pooled, followed by PCR with mouse
O COX-2 specific primers (SCAGCAAATCCTTGCTGTTCC-3and 5
TGGGCAAAGAATGCAAACATC-3'), mouse iNOS specific primers
(5-GTCAACTGCAAGAGAACGGAGAAC-3 and 3-GAGCTCCTC-
OH CAGAGGGTAGGCT-3'), mouse C/EBR) specific primers (5'-
ATCGCTGCAGCTTCCTATGT-3'and 5'-GGTTAAGCCCGCAAA-
Resveratrol CATTA-3),orB-actinspecific primers (BCCTAAGGCCAACCGTGAAAA-
Figure 1. Structures of arachidin-1, piceatannol, and resveratrol. 3 and 5-TCTTCATGGTGCTAGGAGCCA-3'). Cycle numbers of
PCR were 25 cycles for COX-2, C/EBRINOS, ands-actin. The RF
expression was induced in response to stimuli such as LPS andPCR products were separated on 1% agarose gel and analyzed.
growth factors {2, 13). After release of arachidonic acid from Protein Extraction. RAW 264.7 cells were precultured in 6-cm dish
cell membrane by phospholipase,, Aarachidonic acid was for nuclear extracts and in 3.5-cm dish for cell Iy_sates extraction 1 day
converted into PGy COX and then was further metabolized before LPS treatment. The cells were treated with each compound 1 h

. . prior to introduction of 100 ng/mL LPS. Nuclear extracts were obtained
to PGE in most cells. Because the prostaglandin products of by lysing the cells in buffer A (10 mM Hepes (pH 7.9), 1.5 mM MgCl

CO)_(-2 pathway, especially PGFare very effective in_prolif- 10 mM KCI, 0.5 mM EDTA, 0.5 mM PMSF, 10 mM NaF, 1 mM
eration enhancement of normal and cancer cells, biologically othoyanadate, 0.5 mM DTT, 2g/mL leupeptin, 2:g/mL pepstatin
active compound screening for anti-inflammatory and anticancer A, and 10 mMg-glycerolphosphate) at%C for 10 min and then were
is eventually focused on inhibition of COX-2 expression and centrifuged at 750§ for 30 s at 4°C. The nuclear pellets were then
its enzymatic activity. resuspended in buffer C (20 mM Hepes (pH 7.9), 1.5 mM Mg&20
Besides COX-2, inducible nitric oxide synthase (iNOS) is mM NacCl, 0.2 mM EDTA, 25% (v/v) glycerol, 0.5 mM EDTA, 0.5
another enzyme contributing to inflammation. Like COX-2, MM PMSF, 10 mM NaF, 1 mM orthovanadate, 0.5 mM DTTyg/
iNOS is generally not present in the resting cells but is induced ML upeptin, 2ug/mL pepstatin A, and 10 ml\é‘l—glycerolphospr:ate)
by various stimuli, including LPS and TN&-(14). Although (4 °C for 20 min and were centrifuged at 75fbr 2 min at 4°C.
large production of NO by iNOS may promote host-defensive Total cell lysates were prepared by lysing the cells in buffer containing

- . .~ PRO-PREP Protein Extraction Solution containing 10 mM NaF and
potency (5, 16), NO also contributes to septic and hemorrhagic 1 mM orthovanadate at4C for 15 min and were centrifuged at 7500

shock, rheumatoid arthritis, and chronic infectiods)( Re- at 4 °C for 30 s. The supernatants containing protein extracts were
cently, NO was found to be reactive to activate COX-2 t0 stored at—80 °C for stabilization.
synthesize prostaglandin and eventually to enhance inflamma-  \western Blotting. Protein concentration was determined by using
tion. Therefore, the anti-inflammatory compound screening Bio-Rad protein assay reagent. Extracted proteiru@Qvas separated
criteria need to include the inhibitory activity on NO production. in 8% SDS-PAGE and was transferred to PVDF membrane. After
LPS stimulation of macrophages activates several nuclear blotting, the membrane was incubated with specific primary antibodies
transcription factors including NEB (p65/p50) and CCAAT/ overnight at 4°C and then was further incubated for 1 h with HRP-
enhancer-binding proteins (C/EBPs) to mediate induction of conjugated secondary antibody and eventually was incubated with
many genes encoding inflammatory mediatdr, (9). In this SuperSignal West Pica Chemiluminescent Substrate-f@rin. The
. - .., bounded antibodies were detected by Kodak digital science (Image
study, mouse macrophage cell line RAW 264.7 stimulated with Station 440CF)
LPS was .us.ed asan |n-\./|t.r0 model to investigate the inhibitory Prostaglandin E, (PGE,) Determination. RAW 264.7 cells were
characteristics of arachidin-1, piceatannol, and resveratrol on ¢y yyred in 24-well plate 1 day before LPS treatment. The cells were
LPS-induced production of PG&nd NO and mediation of the  treated with each inhibitor 1 h prior to introduction of 100 ng/mL LPS.
related transcription factors of NF-«B and C/EBP. The extracellular medium containing synthesized P®&s determined
by Cayman PGEenzyme immunoassay kit 23 h after LPS treatment.
MATERIALS AND METHODS PGE production was measured by an OD reading at 420 nm.
Materials and Cell Culture. RAW 264.7 cells were cultured at Nitric Oxide (NO) Determination. RAW 264.7 cells were cultured
37°Cin a5% CQ atmosphere in Dulbecco’s modified Eagle’s medium in 24-well plate 1 day before LPS treatment. The cells were treated
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A cells in 1 mL of fresh culture medium in a 12-well plastic dish. For
= 4000 bl use in transfection, jetPE| was incubated with pBFLuc vector (1
B uL of jetPEI/0.5ug of total plasmid) in 0.1 mL of serum-free medium
£ 30001 * for 15 min at room temperature. A total of 0.5 mL of culture medium
5 (with 10% FBS) was added to the DNA/jetPEI mix, then was added
E . dropwise to the cells, and then was incubated at@vh a humidified
§ i atmosphere of 5% CQor 5 h. After the change of DNA/jetPEI medium
£ o to 1 mL of fresh culture medium, cells were treated with the stilbenoids
©_ 1000+ * for 1 h and with added LPS for another 2 h. The cell lysates were
g prepared for luciferase and protein concentration assays. Luciferase
o gl e activity was measured by the luciferase assay system in a Berthold
e 50 et IV RN R R | RS Lumat !_B 9507 luminometer. A_II the relative_ luciferase activities were
Arachidinl (1 M) = = 15 7.5 3.75 1.88 094 = normalized to the same protein concentration.
Aspiin 100pM = = o o« - - o 4 Statistical Analysis. Differences among the data of LPS-treated
control and further treatments with various chemicals were analyzed
B by one-way ANOVA with SigmaStat 3.10 (Systat Software, Inc.)
__ 4000 followed by Dunnett posthoc test. The minimum level of significance
E l * used throughout wag < 0.05.
2 3000
§ * RESULTS
® *
= st Cytotoxicity of Arachidin-1, Piceatannol, and Resveratrol
e in Mouse Macrophages.To characterize the biological activi-
o e ties of arachidin-1, piceatannol, and resveratrol under their
gﬂ 5 cytotoxic doses, MTT (3-[4,5-dimethylthiazol-2-yl]2,5-diphe-
o O A nyltetrazolium bromide) assay was employed to detect the
0

cytotoxicity of the peanut stilbenoids. After introduction of the

,E'i’cimn,‘,ﬂl’ r}ﬁm..;'] i f ;' :5 2;5 Js 0;,5 f stilbenoids to mouse macrophages RAW 264.7 cells for 24 h,
Aspinn || 1000 W o ||l e S s g piceatannol showed highest cytotoxicity in mouse macrophages
c (ICs0 = 19.0+ 1.0uM) and was followed in order by that of
4000 1 arachidin-1 (IGo = 31.7 + 1.5 uM) and resveratrol (165 =
T 73.0+ 7.8 uM).

Effects of Arachidin-1, Piceatannol, and Resveratrol on
LPS-Induced PGE; Synthesis in Mouse MacrophagesBe-
cause resveratrol inhibits phorbol ester-induced COX-2 tran-
2000 | scription (20) and cyclooxygenase activiB) (it is interesting
to compare the effects of arachidin-1, resveratrol, and piceat-
annol on inhibition of LPS-induced PGRroduction. After the
* cells were treated with the peanut stilbenoids and then were
stimulated with LPS for 23 h, PGEproductions were deter-

0 mined. As shown ifFigure 2, PGE production was suppressed
-S| 2100 gz orol 11 et e e 1 e ) ke e o by arachidin-1, piceatannol, and resveratrol in a dose-dependent
eamsiirpieds ol R i i il manner. These stilbenoids exhibited obvious inhibitory effects
pirin  100p M = - - - - - - & N X
i o . ) ) on the production of PGEeven at the concentration lower than
Figure 2. Dose-dependent inhibition of stilbenoids on LPS-induced PGE, 5 4M, in which piceatannol showed a higher inhibition potency

synthesis in RAW 264.7 cells. Aliquots of 5 x 10° macrophage cell line (ICso= 2.53uM), and a similar potency was observed between
RAW 264.7 were cultured in 24-well plate with DMEM supplemented with arachidin.-l and,resveratrol @6= 3.51uM)

0, 1 H idi -1
10% FBS 1 day before LPS treatment. The stiloenoids (A, arachidin-1; Effects of Arachidin-1, Piceatannol, and Resveratrol on

B, pi l; [ 1 h pri i ion of . .
, plceatgn_no, C, resveratrol) were added 1 h prior _tc_J introduction o LPS-Induced Protein and mRNA Expression of COX-2.
LPS. Aspirin (100 «M) was used as a positive inhibition control. The . . e ) ;
) . Since these stilbenoids inhibited LPS-induced R&thesis,
COX-2 metabolite, PGE;, was determined by Cayman PGE; enzyme the effects of arachidin-1, piceatannol, and resveratrol on the
immunoassay 23 h after addition of LPS. Measurements were performed . P ' .
L expression of COX-2 protein and mRNA were further inves-
in triplicate and were presented as mean + SD. p-Values are calculated : i . -
by comparing with the LPS-treated group. tigated. As _shown ifrigure 3, it reveals that BQM arachidin-
1, 15uM piceatannol, or 3«M resveratrol did not suppress
both LPS-induced COX-2 protein and mRNA expression. These
with each stilbenoids 1 h prior to introduction of 100 ng/mL LPS. The results suggest that the inhibition Qf araclhidin-l, piceatannol,
extracellular medium containing NO was determined by Griess Reagentand resveratrol on PGEsynthesis is mainly through post-
System. The isolated supernatants were incubated with an equal volumeranslational inhibition of LPS-induced COX-2 gene expression.
of Griess reagent (1% sulfanilamide, 0.1% naphthylethylenediamine  Effects of Arachidin-1, Piceatannol, and Resveratrol on
?'hydrocthlor'?e’f(;‘d .Z%Nph’\'g\)lhor'c ag'?) and Wetre '”Ct“b?jte‘éat ro0m |nhibition of LPS-Induced NO Production. On the basis of
emperature for 19 min. Naltivas used to generate a standard CUVe, - o o rasearch to indicate that LPS-induced NO production in
and nitrite production was measured by an OD reading at 550 nm. h is inhibited b aL( 22 hidin-1
Determination of NF-xB Activity by Luciferase Reporter Assay. macrop ages Is inhibited by resvera r' (22), arachi 'n' o
Cells were transfected with the firefly Iuciferase gene construct Piceatannol, and resveratrol were subjected to determine their
containing NF«B-binding element (pNEB-Luc vector) by using jetPEl  effectiveness to inhibit LPS-induced NO production in this
according to the manufacturer’s instruction with a slight modification. study. As the results shown Figure 4, piceatannol exhibited
Cells were replated 16 h before transfection at a density 0f218° the strongest inhibition on LPS-induced NO production

3000
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Figure 3. Effects of stilbenoids on LPS-induced COX-2 expression in
RAW 264.7 cells. (A) Aliquots of 4 x 105 macrophage cell line RAW
264.7 were cultured in 6-cm dish with DMEM supplemented with 10%
FBS 1 day before LPS treatment. The stilbenoids were added 1 h prior
to introduction of LPS. The total cell lysates were extracted 5 h later and
were analyzed by Western blotting. (B) Aliquots of 2.8 x 108 macrophage
cell line RAW 264.7 were cultured in 3.5-cm dish with 10% FBS
supplemented DMEM medium 1 day before the inhibitors and LPS were
added. The stilbenoids were added 1 h prior to introduction of LPS. The
total RNA was extracted 3 h later. Total RNA (2 ng) was applied to detect
COX-2 mRNA by RT-PCR technique as described in Materials and
Methods. The RT-PCR products were separated on 1% agarose gel and
were digitally imaged after staining with ethidium bromide. The traces
represent the means from three independent experiments, which are
presented as mean + SD.
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Figure 4. Dose-dependent inhibition of stilbenoids on LPS-induced NO
production in RAW 264.7 cells. Aliquots of 5 x 10° macrophage cell line
RAW 264.7 were cultured in 24-well plate with 10% FBS supplemented
DMEM medium 1 day before addition of stilbenoids and LPS. Arachidin-

1, piceatannol, or resveratrol was added 1 h prior to introduction of LPS
for 18 h. The extracellular medium containing nitrite was determined by
Griess reagent system. Measurements were performed in triplicate and
are presented as mean + SD. p-Values are calculated by comparing with
the LPS-treated group.

(ICs0 = 8.96 uM) and was followed in order by arachidin-1
(ICsp = 17.2uM) and resveratrol (I = 29.9 uM).

Effects of Arachidin-1, Piceatannol, and Resveratrol on
LPS-Induced Protein and mRNA Expression of iINOS.As
these stilbenoids were observed to effectively inhibit LPS-
induced NO production, their effects on LPS-induced iNOS inflammatory genesl@), and so it is necessary to identify their
protein and mRNA expression were investigated. As shown in effects on the transcriptional activity of NéB. The NF«B
Figure 5, 30 M of arachidin-1, 1M piceatannol, or 3xM activity was monitored by a NkB-driven luciferase plasmid
resveratrol had minimal effect on suppressing both protein and pNF«B-Luc which contains four NkB binding sites and a
mMRNA expression of iINOS. Since these stilbenoids exhibited luciferase reporter gene. As shownhkigure 6, after plasmid
higher inhibitory effect on LPS-induced NO productidfigure transfection and LPS stimulation, the luciferase activity was
4) than on LPS-induced iINOS mRNA and protein expression increased about 5 folds, and this increase was decreased about
(Figure 5) at the same doses, it suggests that the inhibition of 40% by 30uM arachidin-1, 15«M piceatannol, and 3@M
arachidin-1, piceatannol, and resveratrol on NO production are resveratrol and was completely inhibited by R0106-9920, an
mainly through post-translational inhibition mechanism at the I«kB degradation inhibitor. In comparison, piceatannol also
test doses. showed the greatest inhibitory potency on LPS-inducedcRF-

Effects of Arachidin-1, Piceatannol, and Resveratrol on activity and was followed by about the same levels of arachi-
LPS-Induced NF-«B Activation. Even these stilbenoids did din-1 and resveratrol.
not inhibit LPS-induced COX-2 and iINOS gene expression at  Effects of Arachidin-1, Piceatannol, and Resveratrol on
the test dosed~{gures 3and5); LPS-mediated NRB activation LPS-Induced Nuclear Expression of Transcription Factor
accounts for a part of LPS-induced activation of many other C/EBPS and C/EBPJ. Besides the NF-«<B signal pathways,
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Figure 5. Effects of stilbenoids on LPS-induced iNOS expression in RAW
264.7 cells. (A) Aliquots of 4 x 106 macrophage cell line RAW 264.7
were cultured in 6-cm dish with DMEM supplemented with 10% FBS 1
day before LPS treatment. The stilbenoids were added 1 h prior to
introduction of LPS. The total cell lysates were extracted 15 h later and
were analyzed by Western blotting. (B) Aliquots of 2.8 x 10% macrophage
cell line RAW 264.7 were cultured in 3.5-cm dish with 10% FBS
supplemented DMEM medium 1 day before addition of stilbenoids and
LPS. The stilbenoids were added 1 h prior to introduction of LPS. Total
RNA was extracted 9 h later. Total RNA (2 «g) was applied to detect
iINOS mRNA by RT-PCR technique as described in Materials and
Methods. The RT-PCR products were separated on 1% agarose gel and
were digitally imaged after staining with ethidium bromide. The traces
represent the means from three independent experiments, which are
presented as mean * SD.

transcription factor C/EBP@and C/EBPdprotein contents are
increased by LPS stimulation in RAW 264.7 cel®3{-25).
When the effects of arachidin-1, piceatannol, and resveratrol
on LPS-induced gene expression of C/BBihd C/EBPdwere
monitored, all test stilbenoids increased LPS-induced C/EBP
nuclear protein expression in mouse macrophagiggife 7A)

but inhibited LPS-induced C/EBMuclear protein and mRNA
expressions (Figure 7Bnd7C). Piceatannol also showed the
highest potency in inhibiting C/EBP expression and was
followed in order by arachidin-1 and resveratrol.

DISCUSSION

The immunological activities of arachidin-1, piceatannol, and
reveratrol on inhibition of LPS-induced production of PGiad
NO and mediation of the related transcription factors (@8--
and C/EBP) of RAW 264.7 macrophage cells have been

Djoko et al.
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Figure 6. Effects of stilbenoids on LPS-induced NF-«B activation in RAW
264.7 cells. Cells were replated 16 h before transfection at a density of
2.8 x 10° cells in 1 mL of fresh culture medium in a 12-well plastic dish.
jetPEl was incubated with pNF«B-Luc plasmid in 0.1 mL of serum-free
medium for 20 min at room temperature. A total 0.5 mL of culture medium
(with 10% FBS) was added to the DNA/jetPEI mix, then was added
dropwise to the cells, and then was incubated at 37 °C in a humidified
atmosphere of 5% CO, for 5 h. After the change of DNA/jetPEI medium
to 1 mL of fresh culture medium, cells were treated with stilbenoids for 1
h and added LPS for another 2 h. The cell lysates were prepared for
luciferase and protein concentration assays. All the relative luciferase
activities were normalized to the same protein concentration. Results are
shown as mean + SD of three independent experiments. p-Values are
calculated by comparing with the LPS-treated group.
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COX-2 (Figure 3) but inhibited PGEproduction in a dose-
dependent manneFigure 2). This mode of a post-translational
inhibition was similar to an in-vivo study on LPS-induced rat
airway inflammation. That study suggests resveratrol reduces
lung tissue neutrophilia and prostanoid levels but does not inhibit
COX-2 gene expression2§). Resveratrol has also been
demonstrated to have a direct suppression on PG synthesis by
inhibiting the enzyme activity of COX-1 and COX-2 in a dose-
dependent manne2,(20). Moreover, resveratrol in suppression
of arachidonic acid catalysis through inhibiting PL&nzyme
activity has been reported (27). Therefore, arachidin-1 and
piceatannol might follow the same mechanisms in inhibiting
PGE production.

Similar to COX-2 and PGk arachidin-1, piceatannol, and
resveratrol exhibited a marked inhibitory effect on LPS-induced
NO production but only a minimal effect on the protein and
MRNA expression of iINOSKigures 4 and5). It is obvious
that the NO inhibition is mediated mainly by post-translation
mechanism at the test doses. This phenomenon has been reported
(21), and 6QuM resveratrol exhibits only a slight inhibition on
LPS-induced iINOS mRNA expressio22). However, gene
activation of INOS being inhibited by resveratrol has also been
reported (2829). These contrary results of resveratrol on LPS-
induced iINOS gene expression might be due to LPS source and
laboratory difference, such as bacterial strain of LPS, cell
sources, and applied drug concentration. In this study, it is clear
that these stilbenoids at the test doses do not inhibit LPS-induced
INOS expression but reduce NO production. It was known that
100 uM of piceatannol and resveratrol shows only slightly

intensively investigated in this study. The achieved data have inhibition on INOS enzyme activities (29). Another study

shown that arachidin-1, piceatannol, and resveratrol did not
exhibit inhibitory effect on the gene and protein expression of

demonstrated that resveratrol and oxyresveratrol exhibit a
scavenger for free nitric oxide in a spectrofluorimetric cell-free
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Figure 7. Effects of stilbenoids on C/EBP/ and C/EBPJ expression in
LPS-activated RAW 264.7 cells. (A and B) Aliquots of 4 x 106 macrophage
cell line RAW 264.7 were cultured in 6-cm dish with DMEM supplemented
with 10% FBS 1 day before the LPS treatment. The stilbenoids were
added 1 h prior to introduction of LPS. The nuclear extracts were extracted
5 h after LPS stimulation and were analyzed by Western blotting. (C)
Aliquots of 2.8 x 106 macrophage cell line RAW 264.7 were cultured in
3.5-cm dish with 10% FBS supplemented DMEM medium 1 day before
addition of stilbenoids and LPS. The stiloenoids were added 1 h prior to
introduction of LPS. Total RNA was extracted 3 h later. Total RNA (2 «g)
was applied to detect C/EBPS mRNA by RT—PCR technique as described
in Materials and Methods. The RT—PCR products were separated on 1%
agarose gel and were digitally imaged after staining with ethidium bromide.
The traces represent the means from three independent experiments and
are presented as mean = SD. p-Values are calculated by comparing with
the LPS-treated group.

assay (30). In the present study, the inhibitory effects on LPS-
induced NO production of these stilbenoids at their test doses
may be partly through the direct scavenge activity of intracellular

NO.

LPS-mediated NF-«B activation accounts for a part of LPS-
induced iINOS gene activatio®1). NF-«B is also involved in
transcriptional control of IL-g-induced COX-2 gene3@). In

J. Agric. Food Chem., Vol. 55, No. 6, 2007 2381

this study, it showed that all these stilbenoids compounds
decreased the transcription activity of MB-about 40% at the

test dosesHigure 6). However, they still did not exhibit marked
inhibitory effect on LPS-induced COX-2 and iNOS expression
(Figures 3 and 5). It suggests that NkB is not the only
transcription factor in LPS-induced COX-2 and iNOS gene
expression in the mouse macrophages. A correspondent result
had been reported that NfB site is not required for LPS-
induced COX-2 gene expression in RAW 264.7 cel3)(

In mouse macrophages, LPS-activated COX-2 and iNOS
MRNA expression requires both C/EBBnd C/EBP (24, 33,

34). When the roles of arachidin-1, piceatannol, and resveratrol
on the C/EBB and C/EBPdexpression were investigated, the
effects of these stilbenoids on LPS-induced protein expression
of C/EBPpSare distinguished from C/EBP(Figure 7). These
stilbenoids had minimal effect to increase the nuclear protein
expression of C/EBP but decreased LPS-induced C/EBP
expression. C/EBPfight be more essential than C/EB#h
LPS-induced COX-2 expression because the C/EBRnac-
rophages are defective in LPS-induced COX-2 expres&idh (
The inability of these stilbenoids on the inhibition of LPS-
induced C/EBP/expression might also account for a part of
their inability in inhibition of LPS-induced COX-2 and iNOS
expression.

Among those peanut stilbenoids, they mainly differentiate in
number of hydroxyl groups, with or without isopentenyl moiety.
The 4'-hydroxyl group of resveratrol was reported to be more
active than the 3'and 5-hydroxyl groups because of resonance
effects, and in conjunction with theans-olefin structure of the
parent stilbene skeleton, the hydroxyl groups were the most
important determinants of antioxidant and antiproliferation
bioactivity (35). In addition to the hydroxyl group, antifungal
activities of those compounds are also affected by their
molecular lipophilicity 86). In this study, piceatannol (tetrahy-
droxystilbene) was observed to have the strongest inhibitory
potency on LPS-induced PGHRO production, C/EBP gene
expression, and NkB activation. The tested bioactive potency
of arachidin-1, containing an additional isopentenyl group to
piceatannol, is slightly lower than piceatannol and higher than
resveratrol in NO and C/EBPinhibition or similar to resveratrol
in PGE and NF-«B inhibition. In general, all three stilbenoids
have performed effective anti-inflammatory activities following
an identical mechanism but varied with different potency among
molecules. This suggests that arachidin-1 along with piceatannol
and resveratrol might be of importance in further development
for nutraceutical or chemopreventive applications.

ABBREVIATIONS

COX-2, cyclooxygenase-2; PGEprostaglandin E iINOS,
inducible nitric oxide synthase; NO, nitric oxide; C/EBP,
CCAAT/enhancer-binding protein; NEB, nuclear factouB;
FBS, fetal bovine serum.
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