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Mushrooms possess vast and yet unknown source of powerful nhew pharmaceutical products, which
contain active biomolecules. Xylarinic acid A isolated from a mushroom, Xylaria polymorpha, has been
reported to have free radicals scavenging property and anti-fungal activity. However, information of its
anti-inflammatory activity is scarce. Therefore, the objective of this study was to examine the effect of
the compound on the gene expression levels of inflammatory mediators and pro-inflammatory
cytokines. MTT assay, NO assay, semi-quantitative reverse transcription-polymerase chain reaction (RT-
PCR) and quantitative real time PCR (qPCR) were performed to determine the effect of xylarinic acid on
cell viabilityy, NO production and mRNA expression levels in LPS-treated RAW 264.7 mouse
macrophage-like cells. As such, xylarinic acid A inhibited nitric oxide production and mRNA
expressions of inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2), interleukin-1 (IL-18)
and interleukin-6 (IL-6) in a concentration dependant pattern without cytotoxicity effect. Our preliminary

result indicates that xylarinic acid A might have anti-inflammatory property.
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INTRODUCTION

Inflammation is a complex process involving numerous
mediators of cellular and plasma origin with interrelated
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lipopolysaccharide; TLR 4, toll-like receptor 4; NF-xB, nuclear
factor kappa B; NO, nitric oxide; CAD, coronary artery disease;
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quantitative real time PCR.

biological effect (Vane et al., 1994). Macrophages
produce a variety of inflammatory mediators during
inflammation (Guha and Mackman, 2001; Laskin and
Pendino, 1995). Indeed, a number of inflammatory stimuli
including lipopolysaccharide (LPS) and pro-inflammatory
cytokines activate immune cells and up-regulate
inflammatory states in primary macrophages and RAW
264.7 cells. Therefore, they are important in exploring
molecular mechanisms of action for the subsequent
development of potential anti-inflammatory agents
(Zamora et al., 2000). As a consequence, macrophages
play a central role in managing many different
immunopathological phenomena such as the overpro-
duction of pro-inflammatory cytokines (that is, tumor



necrosis factor (TNF)-a. interleukin (IL)-13 and interleukin
(IL)-6) and inflammatory mediators such as (that is, tumor
necrosis factor (TNF)-a. interleukin (IL)-13 and interleukin
(IL)-6).

LPS can bind to toll-like receptor 4 (TLR 4) and activate
nuclear factor kappa B (NF-[1B) for nitric oxide (NO)
production and mRNA expressions of INOS, COX2, IL-13
and IL6 in murine macrophage RAW 264.7 cells (Beg,
2002; Xiang et al., 2009). As such, NO, produced by
iNOS, plays a central role in immunomodulatory and
inflammatory processes such as cancer, rheumatoid
arthritis, diabetes, septic shock and cardiovascular
diseases (Carreras et al., 2004; Guzik et al., 2003).

The production of prostaglandin E (PGE) depends on
the activity of cyclooxygenases (COX) and isoforms of
the COX enzyme (COX-1 and COX-2), which have been
identified (Smith et al., 2000, 1996), whereas, COX-1 is
expressed constitutively in most types of cells and is
involved in many physiological functions (Smith et al.,
2000) and COX-2 is an inducible enzyme (Muraoka et al.,
1999). Many inflammatory stimuli, including LPS are
capable of inducing COX-2 expression in different cell
types, particularly in macrophages (Barrios-Rodiles et al.,
1999; Muraoka et al., 1999). Increased COX-2 synthesis
by tissue macrophages is responsible for the accumu-
lation of large amounts of PGE in local tissues (Smith et
al.,, 2000). Secreted PGE, especially PGE2, promotes
inflammation by increasing the vascular permeability and
vasodilatation and by directing cell migration into the site
of inflammation through the induction of inflammatory
cytokines (Muraoka et al., 1999; Simon, 1999). Thus,
controling PGE synthesis is a critical element in
regulating inflammatory reactions during bacterial
infection, tissue injury and autoimmune responses.

COX-2 and iNOS have been found to be induced in a
wide array of inflammatory models and disorders and in
many cases, inhibiton of NO release has been
associated with profound suppression of prostaglandin
production. In addition, co-induction or co-regulation of
COX-2 and iINOS has been demonstrated in a number of
cell culture studies and animal inflammatory models
(Posadas et al., 2000; Salvemini et al., 1995; Vane et al.,
1994). High amounts of PGE2 derived from COX-2
following induction by many proinflammatory mediators,
including bacterial LPS, TNF-a and IL-1B have also been
implicated in the pathogenesis of sepsis and
inflammation (Beg, 2002; Xiang et al., 2009).

As mentioned earlier, co-expression of COX-2 and
iINOS enzymes have been observed under diverse
experimental conditions. Since both 5’-flanking promoter
regions of COX-2 and iINOS genes have NF-kB binding
sequences, the same pathophysiologic stimuli may turn
on the expression of both genes simultaneously.
Alternatively, NO produced through NF-kB-induced iNOS
expression or via another pathway independently of NF-
kB, may affect COX-2 expression/catalytic activity (Smith
et al., 2000). Thus, anti-inflammatory agents that could
target such pathways may have a potential to treat
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inflammation related diseases.

On the other hand, the search for natural compounds
that could possess anti-inflammatory activity with limited
side effects continues. In this regard, mushrooms
possess vast and yet unknown source of powerful new
pharmaceutical products, which contain  active
biomolecules including antitumor, anti-inflammatory and
immunomodulatory properties. Xylarinic acid A isolated
from a mushroom, Xylaria polymorpha, has been
reported to have free radicals scavenging property and
anti-fungal activity. However, information on the anti-
inflammatory activity of this mushroom derived compound
is limited. Therefore, we reported here a preliminary
result of the compound’s effect on the gene expression
levels of inflammatory mediators and pro-inflammatory
cytokines.

MATERIALS AND METHODS
Materials

RAW264.7 cells were obtained from Korean Cell Line Bank (Seoul,
Korea), while RT and PCR premix were purchased from Bioneer
Co. (Daejeon, Korea). DMEM and FBS were from WelGene Co.
(Daegu, Korea) and LPS was from Sigma Co. (St Louis, MO, USA).
However, all other reagents were of the first grade.

Preparation of xylarinic acid

The new polypropionate designated as xylarinic acid A was isolated
from the fruiting body of Xylaria polymorpha. The structure of the
compound used in this study was established as 4, 6, 8-trimethyl-2,
4-decadienocic acid on the basis of extensive spectroscopic
analysis.

Cell culture

RAW 264.7 cells were maintained in DMEM supplemented with 100
U/ml of penicillin, 100 pg/ml of streptomycin and 5% FBS. Cells
were grown at 37°C and 5% CO; in humidified air.

Measurement of nitrite

The nitrite in the culture medium was measured as an indicator of
NO production based on Griess reaction (1% sulfanilamide, 0.1%
naphthylethylenediamine dihydrochloride and 2% phosphoric acid)
(Cho et al., 2006). Briefly, RAW 264.7 cells (1X10°cells/ml) were
preincubated in 60 mm plates for 24 h. The cells were treated with
xylarinic acid A (10, 25, 50 and 100 uM) for 30 min and then
incubated with LPS (0.1 ug/ml) for 18 h. The cell supernatants (100
ul) were mixed with an equal volume of Griess reagent to determine
the absorbance at 540 nm using Spectramax 250 microplate
reader. The concentrations of nitrite were calculated by a
regression analysis using serial dilutions of sodium nitrite as a
standard.

Total RNA isolation and semi quantitative RT-PCR amplification

Total RNA was isolated using easy-BLUE™ reagent (iNtRON
Biotechnology Co., Korea), according to the manufacturers’
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protocol. The isolated RNA was stored at -70°C until use. Semi-
quantitative RT reactions were performed using RT premixes
(Bioneer Co., Korea). Briefly, 2 ug of total RNA was incubated with
oligo-dT1s at 70°C for 5 min and cooled on ice for 3 min. The
reaction mixture was incubated for 90 min at 42.5°C after the
addition of RT premix and then suspended at 95°C for 5 min. The
PCR reactions were continued using PCR premixes containing
sense and antisense primers (Bioneer Co., Korea): GAPDH (sense:
5-CAC TCA CGG CAA ATT CAA CGG C-3’; antisense: 5-CCT
TGG CAG CAC CAG TGG ATG CAG G-3), INOS (sense: 5- CCC
TTC CGAAGT TTC TGG CAG CAG C-3’; antisense: 5- GGC TGT
CAG AGC CTC GTG GCT TTG G-3), COX-2 (sense: 5- CAC TAC
ATC CTG ACC CAC TT -3’; antisense: 5'- ATG CTC CTG CTT GAG
TAT GT -3’), IL-101 (sense: 5'- CAG GAT GAG GAC ATG AGC ACC
-3’; antisense: 5°- CTC TGC AGA CTC AAA CTC CAC -3’) and IL-6
(sense: 5'- GTA CTC CAG AAG ACC AGA GG -3’; antisense: 5'-
TGC TGG TGA CAA CCA CGG CC -3’), under incubation
conditions (a denaturation time of 45 s at 94°C, an annealing time
of 45 s between 55 and 60°C, an extension time of 45 s at 72°C
and a final extension of 10 min at 72°C). The PCR products were
separated on a 1% agarose using electrophoresis method of
BioRad Co. The relative intensity levels were calculated using
Eagle eyes image analysis software (Stratagene Co., La Jolla,
USA). The resulting density levels of the INOS, COX-2, IL-1p and
IL-6 bands were expressed relative to the corresponding density
amounts of the GAPDH bands, which were from the same RNA
sample.

Quantitative real time PCR (qPCR)

The inflammatory mediators and cytokine mMRNA expressions were
quantified by real-time PCR in a 25 pl total reaction mixture using
TagMan probe (Applied Biosystems, UK). First-strand cDNA
synthesis was carried out using oligo(dT)s and RT premix (Bioneer
Co., Daejeon, Korea). DNA amplification and detection were carried
out in Applied Biosystems 7500 real time PCR system (Perkin
Elmer Applied Biosystems, Foster City, CA, USA) in MicroAmp
optical 96-well reaction plates. The cycle threshold (Cr) values
corresponding to the PCR cycle number at which fluorescence
emission in real time reaches a threshold above the base-line
emission were determined using ABI Prism- 7700 software. The
real-time PCR conditions were as follows: initial denaturation at
95°C for 10 min, amplification for 40 cycles of denaturation at 95°C
for 15 s and annealing at 60°C for 1 min. However, the sequence of
primers used was as follows:

Mouse-iNOS: (sense: 5'- GGCAGCCTGTGAGACCTTTG-3 and
antisense: 5’- GCATTGGAAGTGAAGCGTTTC-3");

Mouse-COX-2: (sense: 5- GGGTGTCCCTTCACTTCTTTCA-3’ and
antisense: 5- TGGGAGGCACTTGCATTGA-3);

Mouse-IL-1B: (sense: 5- CAACCAACAAGTGATATTCTCCATG-3
and antisense: 5’- GATCCACACTCTCCAGCTGCA-3");

Mouse-IL-6: (sense: 5- TCCAGTTGCCTTCTTGGGAC-3’ and anti-
sense: 5'- GTGTAATTAAGCCTCCGACTTG-3');

Mouse GAPDH: Probe sequence: 5'
TGCATCCTGCACCACCAACTGCTTAG 3' (VIC).

Statistical analysis

A one-way ANOVA was used to determine statistically, the
significant differences between values of the experimental and
control groups. The data represent the means + SEM of three
experiments, conducted in triplicate. P values of 0.05 or less were
considered to be statistically significant.

RESULTS

The inhibitory effect of xylarinic acid A on NO
production and iNOS expression

Since NO is produced by LPS-activated murine
macrophage RAW264.7 cells and plays an important role
in the development of innate and acquired immunity, we
first determined the effect of xylarinic acid A on LPS-
induced NO production. As shown in Figure 1B, LPS (0.1
pg/ml) markedly increased NO production, which was
dose-dependently inhibited by xylarinic acid A. This
inhibitory effect of xylarinic acid A on NO production was
examined without affecting the viability of RAW264.7 cells
at the concentrations used (10, 25, 50 and 100 pM)
(Figure 1A). Thus, we investigated whether xylarinic acid
A modulates mRNA expression of iNOS in LPS-activated
RAW264.7 cells. LPS (0.1 pg/ml) noticeably increased
the expression of INOS mRNA, which was inhibited by
xylarinic acid A in a concentration-dependent manner in
both semi-quantitative RT-PCR (Figures 2A and B) and
quantitative real time PCR (Figure 2C), suggesting that
LPS-induced iINOS mRNA expression is attenuated by
Xylarinic acid A pretreatment.

Effect of xylarinic acid A on a lipid-prostanoid
inflammatory mediator

We next determined whether xylarinic acid A modulated
the expression of COX-2 mRNA, a key regulator of
another inflammatory mediator prostanoids, such as
prostaglandin and thromboxane (Chun and Surh, 2004).
As shown in Figures 3A, B and C, xylarinic acid A
significantly and  dose-dependently decreased the
expression of COX-2 mRNA. The inhibitory effect of xylarinic
acid A with the real time PCR (Figure 3C) is more prominent
when compared with the semi-quantitative RT-PCR (Figures
3A and B). Hence, it is notable that xylarinic acid A
decreased COX-2 mRNA level in LPS-stimulated
RAW264.7 cells. This is of great value, because COX-2
plays an essential role in the biosynthesis of the
inflammatory mediators such as PGE2 (Scher and Pillinger,
2009; Woodward et al., 2008).

Although the protein expression of inflammatory
mediators and the molecular mechanism by which
xylarinic acid A inhibition was not shown in this study, the
downregulation of INOS and COX-2 mRNA expression might
indicate that the agent could posses a sound anti-
inflammatory property.

The inhibitory effect of xylarinic acid A on pro-
inflammatory cytokine expression

We next examined whether xylarinic acid A modulated the
MRNA expression of pro-inflammatory cytokines such as
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Figure 1. Effects of xylarinic acid A on cell viability (A) and NO
production (B) in LPS-activated RAW 264.7 cells. RAW 264.7 cells
(1X10° cells/ml) were incubated with xylarinic acid A (10, 25, 50 and
100 puM) either in the presence or absence of LPS (0.1 ug/ml) for 18 h.
The cell viability test was performed using MTT assay. For NO
production, the supernatant was removed and the nitrite was
determined using Griess reagent. Each value is the means + SEM of
the three to five independent experiments performed in triplicate. ** p <
0.01 and * P<0.05 versus vehicle control.

IL-18 and IL-6 in LPS (0.1 pg/ml)-activated RAW264.7
cells. IL-1B and IL-6 mRNA levels in RAW264.7 cells
were evaluated by semi-quantitative RT-PCR and
quantitative real time PCR. As shown in Figures 4A and
B, xylarinic acid A marginally decreased the expression of
IL-18 mRNA using semiquantitative RT-PCR. However,
using quantitative real time PCR and xylarinic acid A
notably reduced LPS-stimulated IL-1B gene expression

(Figure 4C). During treatment of maximal dose (100 uM)
of xylarinic acid A, LPS-induced IL-1B up- regulation was
completely reversed in comparison to the vehicle control
expression level. In line with this, xylarinic acid A dose-
dependently inhibited the expression of IL-6 mRNA,
which was also induced by LPS (0.1 pg/ml). The
inhibitory effect of xylarinic acid A on IL-6 mRNA
expression was shown more clearly with real time PCR
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Figure 2. Effects of xylarinic acid A on iNOS mRNA expression in LPS-
activated RAW264.7 cells. The cells were pretreated with xylarinic acid A
(10-100 pM) for 30 min, and then incubated with LPS (0.1 pg/ml) for 18
h. Total RNA was isolated using easy-Blue™ reagent under the
manufacturer’s instruction. The semi-quantitative RT-PCR (A and B) and
quantitative real time PCR (C) were performed and each value is the
means + SEM of the three experiments. ** p < 0.01 and * P< 0.05 versus
vehicle control.
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Figure 3. Effect of xylarinic acid A on COX-2 mRNA expression in LPS-activated
RAW264.7 cells. COX-2 mRNA levels were determined by both semi-quantitative RT-
PCR (A and B) and quantitative real time PCR (C). The indicated figures were from
representative results of three separate experiments with similar results (A and C). * p <
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Figure 4. Effects of xylarinic acid A on the mRNA expression of pro-
inflammatory cytokine IL-1B in LPS-activated RAW 264.7 cells. The
mRNA levels of IL-1B gene were determined by semi-quantitative
RT-PCR (A and B) and quantitative real time PCR (C). The results
were representative of three similar independent experiments (A
and C). * p < 0.05 versus vehicle control.

(Figure 5C) than with RT-PCR.

DISCUSSION

The use of natural products as anti-oxidant and anti-
inflammatory agents has a long history that began with
folk medicine. Focusing attention on plants and

mushrooms that are medicinally used by the indigenous
people is the preferable way to identify bioactive
compounds. In this regard, the search for natural
compounds that may have the potential to exhibit anti-
inflammatory activity with limited side effects continues.
Mushrooms possess vast and yet unknown source of
powerful new pharmaceutical products, which contain
active biomolecules including antitumor, anti-inflammatory
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Figure 5. Effect of xylarinic acid A on mRNA expression of IL-6 gene in LPS-
activated RAW 264.7 cells. The mRNA levels of IL-6 gene were determined by
semi-quantitative RT-PCR (A and B) and quantitative real time PCR (C). The
figures were representative of three separate experiments with similar results
(A and C). * p < 0.05 versus vehicle control.

and immunomodulatory properties. Evidences indicated
that xylarinic acid A isolated from a mushroom, Xylaria
polymorpha, has been reported to have free radicals
scavenging property and anti-fungal activity. However, to
our knowledge, information on the anti-inflammatory
activity of this mushroom derived compound is not
reported. Here, from our preliminary data, it is reported
that xylarinic acid A exhibited an inhibitory effect on LPS-
induced NO production and iNOS mRNA expression. In

addition, it attenuated COX-2 gene expression activated
by LPS without affecting the cell viability. The indicated
anti-inflammatory activity of xylarinic acid in the foregoing
was further supported by the significant inhibition of IL-13
and IL-6 gene expression levels in the pretreated
compound and LPS-activated cells. Evidences supported
our preliminary report, in that INOS and COX-2 have
been found to be induced in a wide array of inflammatory
models and disorders and in many cases, inhibition of
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NO release has been associated with profound
suppression of prostaglandin production. In addition, co-
induction or co-regulation of COX-2 and iINOS has been
demonstrated in a number of cell culture studies including
RAW 264.7 cells and animal inflammatory models
(Posadas et al., 2000; Salvemini et al., 1995; Vane et al.,
1994). Therefore, the inhibitatory effect of xylarinic acid A
on iNOS and COX-2 mRNA levels could probably result
in the repression of INOS and COX2 enzymes which are
responsible for the production of NO and prostaglandin,
respectively.

IL-1B8 and IL-6 are known to be pro-inflammatory
cytokine that possess a variety of biological activities in
acute and chronic inflammatory diseases such as septic
shock, carcinogenesis, rheumatoid arthritis and
autoimmune diseases (Abramson et al., 2001; Dinarello,
2002; Lv et al., 2009). In addition, the pro-inflammatory
cytokine IL-1B has been reported as a potent stimulator
for INOS gene expression (Finder et al., 2001; Guan et
al., 1999; Kim et al., 2006). Thus, the inhibitory activity of
xylarinic acid A on LPS-induced IL-1B and IL-6 gene
expressions might be due to the anti-inflammatory activity
of the compound with the direct or indirect effect on the
indicated cytokines.

In conclusion, we found that xylarinic aicd A inhibited
LPS-induced NO production, iNOS and COX-2 gene
expression without cytotoxic effect even at higher doses.
In addition, xylarinic acid A significantly down-regulated
the mRNA expression of pro-inflammatory cytokines, IL-
1B and IL-6, in LPS-stimulated RAW 264.7 cells. Thus,
xylarinic acid A might exhibit anti-inflammatory potential in
LPS-activated RAW 264.7 cells. Further study need to be
conducted to verify the anti-inflammatory activity of the
compound at the protein expression level of the
inflammatory mediators and the possible mechanism of
action that may follow.

ACKNOWLEDGEMENTS

This work was supported by a grant from the Biogreen 21
program (20080401-034-069) of the Rural Development
Administration, and from the Ministry of Food, Agriculture,
Forestry and Fisheries (No 108100032CG000), Republic
of Korea.

REFERENCES

Abramson SB, Attur M, Amin AR, Clancy R (2001). Nitric oxide and
inflammatory mediators in the perpetuation of osteoarthritis. Curr.
Rheumatol. Rep., 3: 535-541.

Barrios-Rodiles M, Tiraloche G, Chadee K (1999). Lipopolysaccharide
Modulates Cyclooxygenase-2 Transcriptionally and
Posttranscriptionally in Human Macrophages Independently from
Endogenous IL-1{beta} and TNF-{alpha}. J. Immunol., 163: 963-969.

Beg AA (2002). Endogenous ligands of Toll-like receptors: implications
for regulating inflammatory and immune responses. Trends Immunol.,
23:509-512.

Carreras MC, Franco MC, Peralta JG, Poderoso JJ (2004). Nitric oxide,

complex |, and the modulation of mitochondrial reactive species in
biology and disease. Mol. Aspects Med., 25: 125-139.

Cho JY, Park SC, Kim TW, Kim KS, Song JC, Kim SK, Lee HM, Sung
HJ, Park HJ, Song YB, Yoo ES, Lee CH, Rhee MH (2006). Radical
scavenging and anti-inflammatory activity of extracts from Opuntia
humifusa Raf. J. Pharm. Pharmacol., 58: 113-119.

Chun KS, Surh YJ (2004). Signal transduction pathways regulating
cyclooxygenase-2 expression: potential molecular targets for
chemoprevention. Biochem. Pharmacol., 68: 1089-1100.

Dinarello CA (2002). The IL-1 family and inflammatory diseases. Clin.
Exp. Rheumatol., 20: S1-13.

Finder JD, Petrus JL, Hamilton A, Villavicencio RT, Pitt BR, Sebti SM
(2001). Signal transduction pathways of IL-1beta-mediated iNOS in
pulmonary vascular smooth muscle cells. Am. J. Physiol. Lung Cell.
Mol. Physiol., 281: L816-823.

Guan Z, Buckman SY, Springer LD, Morrison AR (1999). Both p38alpha
(MAPK) and JNK/SAPK pathways are important for induction of nitric-
oxide synthase by interleukin-1beta in rat glomerular mesangial cells.
J. Biol. Chem., 274: 36200-36206.

Guha M, Mackman N (2001). LPS induction of gene expression in
human monocytes. Cellular Signalling, 13: 85-94.

Guzik TJ, Korbut R, Adamek-Guzik T (2003). Nitric oxide and
superoxide in inflammation and immune regulation. J. Physiol.
Pharmacol., 54: 469-487.

Kim YJ, Hwang SY, Oh ES, Oh S, Han IO (2006). IL-1beta, an
immediate early protein secreted by activated microglia, induces
iNOS/NO in C6 astrocytoma cells through p38 MAPK and NF-kappaB
pathways. J. Neurosci. Res., 84: 1037-1046.

Laskin DL, Pendino KJ (1995). Macrophages and Inflammatory
Mediators in Tissue Injury. Ann. Rev. Pharm. Toxicol., 35: 655-677.

Lv T, Shen X, Shi Y, Song Y (2009). TLR4 is essential in acute lung
injury induced by unresuscitated hemorrhagic shock. J. Trauma, 66:
124-131.

Muraoka RS, Sun WY, Colbert MC, Waltz SE, Witte DP, Degen JL,
Degen SJF (1999). The Ron/STK receptor tyrosine kinase is
essential for peri-implantation development in the mouse. J. Clin.
Invest., 103: 1277-1285.

Posadas |, Terencio MC, Guillén |, Ferrandiz ML, Coloma J, Paya M,
Alcaraz MJ (2000). Co-regulation between cyclo-oxygenase-2 and
inducible nitric oxide synthase expression in the time-course of
murine inflammation. Naunyn-Schmiedeberg's Arch. Pharmacol.,
361: 98-106-106.

Salvemini D, Manning PT, Zweifel BS, Seibert K, Connor J, Currie MG,
Needleman P, Masferrer JL (1995). Dual inhibition of nitric oxide and
prostaglandin  production contributes to the antiinflammatory
properties of nitric oxide synthase inhibitors. J. Clin. Invest., 96: 301-
308.

Scher JU, Pilinger MH (2009). The anti-inflammatory effects of
prostaglandins. J. Invest. Med., 57: 703-708.

Simon LS (1999). Role and regulation of cyclooxygenase-2 during
inflammation. Am. J. Med., 106(suppl.): 37S-42S.

Smith WL, DeWitt DL, Garavito RM (2000). CYCLOOXYGENASES:
Structural, Cellular, and Molecular Biology. Ann. Rev. Biochem., 69:
145-182.

Smith WL, Garavito RM, DeWitt DL (1996). Prostaglandin Endoperoxide
H Synthases (Cyclooxygenases)-1 and -2. J. Biol. Chem., 271:
33157-33160.

Vane JR, Mitchell JA, Appleton |, Tomlinson A, Bishop-Bailey D, Croxtall
J , Willoughby DA (1994). Inducible isoforms of cyclooxygenase and
nitric-oxide synthase in inflammation. Proc. Natl. Acad. Sci. U S A,
91: 2046-2050.

Woodward DF, Liang Y , Krauss AH (2008). Prostamides (prostaglandin-
ethanolamides) and their pharmacology, Epub 2007 Aug 2027. Br. J.
Pharmacol., 153: 410-419.

Xiang Q, Wen L, Liu MH, Zhang Y, Qu JF, Tian J (2009). Endotoxin
tolerance of RAW264.7 correlates with p38-dependent up-regulation
of scavenger receptor-A. J. Int. Med. Res., 37: 491-502.

Zamora R, Vodovotz Y, Billiar TR (2000). Inducible nitric oxide synthase
and inflammatory diseases. Mol. Med., 6: 347-373.



