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Atractylenolide I and Atractylenolide III
Inhibit Lipopolysaccharide-induced TNF-ααααα and
NO Production in Macrophages

Cui-qin Li, Lang-Chong He* and Ju-qing Jin
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In order to clarify the mechanism involved in the antiinflammatory activity of atractylenolide I and
atractylenolide III from the rhizomes of Atractylodes macrocephala Koidz, their effects on tumor necrosis
factor-ααααα (TNF-ααααα) and nitric oxide (NO) production in peritoneal macrophages were examined. Atractylenolide
I and atractylenolide III decreased the TNF-ααααα level in LPS-stimulated peritoneal macrophages in a dose-
dependent manner, their IC50 values were 23.1 µµµµµM and 56.3 µµµµµM, respectively. RT-PCR analysis indicated that
they inhibited TNF-ααααα mRNA expression. Furthermore, they inhibited NO production in LPS-activated
peritoneal macrophages, the IC50 value of atractylenolide I was 41.0 µµµµµM, and the inhibition ratio of 100 µµµµµM of
atractylenolide III was 45.1% ±±±±± 6.2%. The activity analysis of inducible nitric oxide synthase (iNOS) indicated
that they could inhibit the activity of iNOS, their IC50 values were 67.3 µµµµµM and 76.1 µµµµµM, respectively. Western
blot analysis showed that atractylenolide I and atractylenolide III attenuated LPS-induced synthesis of
iNOS protein in the macrophages, in parallel. These results imply that the antiinflammatory mechanism of
atractylenolide I and atractylenolide III may be explained at least in part, by the inhibition of TNF-ααααα and NO
production. Atractylenolide I showed more potent inhibition than atractylenolide III in the production of
TNF-ααααα and NO in LPS-activated peritoneal macrophages. So, atractylenolide I could be a candidate for the
development of new drugs to treat inflammatory diseases accompanied by the overproduction of TNF-ααααα
and NO. Copyright © 2007 John Wiley & Sons, Ltd.
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INTRODUCTION

Yamahara et al. (1977) found that Atractylodes macroce-
phala Koidz had an antiinflammatory effect. Atractyle-
nolide I and atractylenolide III are two sesquiterpene
compounds isolated from A. macrocephala (Endo et al.,
1979; Chen, 1987). These two compounds fractionated
from A. japonica rhizomes were found to be active com-
pounds in acetic acid-induced vascular permeability and
chick embryo granuloma antiinflammatory assays (Endo
et al., 1979). Atractylenolide I could inhibit cotton-
pellet granuloma formation (Sin et al., 1989). When
atractylenolide I and atractylenolide III were tested for
inhibitory activity against 5-lipoxygenase (5-LOX) and
cyclooxygenase (COX), they showed no marked effects
against either of those enzymes (Resch et al., 1998).
5-LOX and COX are the two key enzymes for the meta-
bolism of arachidonic acid, either to prostaglandinsand
thromboxanes or to leukotrienes, which play a central
role in the regulation of different physiological processes,
but also cause pain, inflammation and hypersensitivity
(Samuelsson, 1983). Therefore, the exact mechanisms

of action of atractylenolide I and atractylenolide III
are not fully understood.

Tumor necrosis factor-α (TNF-α) plays a pivotal role
in inflammation and host defense (Beutler, 1995). Per-
sistent or inappropriately high TNF-α expression con-
tributes to the inflammatory conditions, including septic
shock, rheumatoid arthritis, multiple sclerosis and AIDS
(Vassalli, 1992). Nitric oxide (NO), derived from L-
arginine, is produced by two types of nitric oxide
synthase (NOS) (Forstermann et al., 1991). A constitu-
tive NOS (c-NOS) is Ca2+-dependent and releases the
small amounts of NO required for physiological func-
tions (Bredt and Snyder, 1990), whereas the other form,
inducible NOS (iNOS), is Ca2+-independent (Lowenstein
et al., 1992) and is induced by lipopolysaccharide (LPS)
or proinflammatory cytokines such as TNF-α, IL-1β and
IFN-γ (Kilbourn and Belloni, 1990). The NO produced
in large amounts by iNOS plays a role in inflammation
and also possibly in the multistage process of carcino-
genesis (Ohshima et al., 2003). Many experimental re-
sults indicated that overproduction of TNF-α and NO
resulted in excess inflammatory reactions deleterious
to the human body in the inflammation process (Ialenti
et al., 1992; Iuvone et al., 1994; Klosterhalfen and
Bhardwaj, 1998). This paper investigated the effects
of atractylenolide I and atractylenolide III from the
rhizomes of A. macrocephala on TNF-α and NO pro-
duction in peritoneal macrophages to clarify their
antiinflammatory mechanism.
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MATERIALS AND METHODS

Materials. RPMI medium 1640 and fetal bovine serum
(FBS) were purchased from Gibco BRL (NY, USA).
Lipopolysaccharide (LPS, from E. coli serotype 0111:
B4) and furbiprofen, 3-(4, 5 dimethyl-thiazol-2-yl)-2, 5-
diphenyl tetrazolium bromide (MTT) were purchased
from Sigma Chemicals Co. (MO, USA). The ELISA
kit for mouse TNF-α was purchased from Shanghai
Senxiong Biotech Industry Co. Ltd (Shanghai, P. R.
China). The NO detection kit was purchased from
Jingmei Biotech Co. Ltd (Shenzhen, P. R. China).
The iNOS detection kit was purchased from Nanjing
Jiancheng Bioengineering Institute (Nanjing, P. R.
China). The antibody against iNOS and ECL reagents
were obtained from Santa Cruz Biotech (CA, USA.).
The SV Total RNA Isolation System and the Access
RT-PCR System were purchased from Promega Co.
(WI, USA.) Dimethylsulfoxide (DMSO) and HPLC
grade methanol were purchased from Fisher Scientific
(Pittsburg, PA, USA). Silica gel (ZEX-II, 100–200
mesh) was from Qingdao Haiyang Chemical Co. Ltd
(Qingdao, P. R. China). C18 silica gel (grain size 200–
300 µm) was from Bio-sep Bio-technique Stock Co. Ltd.
Xi’an Jiaotong University (Xi’an, P. R. China). All other
reagents of analytical grade were purchased locally.

Apparatus. The Bio-Rad Model 550 microplate reader
and Bio-Rad My Cycler PCR Detection System were
from Bio-Rad Laboratories, Hercules, CA, USA.
The UV-2450 UV-Visible spectrophotometer, FTIR-
8400S fourier transform infrared spectrophotometer
and GCMS-QP2010 capillary gas chromatography/mass
spectrometry were from Shimadzu, Kyoto, Japan. The
Varian Inova 400 MHz nuclear magnetic resonance
spectrometer was from Varian, USA. The Agilent 1100
liquid chromatography-mass spectra spectrometer was
from Agilent, Waldbronn, Germany. HPLC separations
were performed with a LC-10ATvp pump equipped with
a SPD-M10Avp diode array detector and Class-VP
chromatography workstation (Shimadzu, Kyoto, Japan).

Plant material. Rhizomes of A. macrocephala (a mem-
ber of the Compositae) were collected in Zhejiang,
China, in October 2003. Identification of the plant was
done at the Pharmacognosy Laboratory in the Depart-
ment of Pharmacy, School of Medicine, Xi’an Jiaotong
University where a voucher specimen is deposited.

Extraction and isolation. Air-dried and powdered rhi-
zomes (2 kg) were treated with supercritical CO2 fluid
(yield, 2.5%, w/w). A sample (50 g) of this crude extract,
which was named BZC, was fractioned by silica gel
chromatography with solvent systems of petrol, petrol–
ether (1:1, v/v), ether and methanol to obtain four frac-
tions, which were named BZC-1, BZC-2, BZC-3 and
BZC-4, respectively. The yield of BZC-2 was 18 g. The
BZC-2 fraction was subjected to column chromatogra-
phy on C18 silica gel eluted with methanol/water (67:33,
v/v). The fractions were detected by HPLC. The chro-
matographic conditions were as follows: a Hypersil®

ODS column (150 mm × 4.6 mm; i.d. 5 µm) was used.
The mobile phase was methanol/water (67:33, v/v) with
a flow rate of 1.0 mL/min at a column temperature of
25 °C, and the detection wavelength was set at 220 nm.

Fractions containing identical compounds were pooled
and the methanol was removed. The remaining aque-
ous solutions were extracted with ether, which was
removed, leaving two white solid substances that were
recrystallized repeatedly to yield two white needle crys-
tals (compound A, 200 mg, purity > 99% by HPLC; com-
pound B, 300 mg, purity > 99% by HPLC). Compound
A and compound B was confirmed as atractylenolide I
and atractylenolide III (Fig. 1), respectively. The 1H-
NMR, IR and MS data of atractylenolide I and atractyle-
nolide III were proved by previous reports (Endo et al.,
1979; Chen, 1987).

Animals. Male inbred BALB/c mice were used between
7 and 10 weeks of age for this study. The mice were
obtained from the Animal Center of Xi’an Jiaotong
University and housed in a pathogen-free environ-
ment and fed standard food and water ad libitum. The
experimental protocol was approved by the Ethics
Review Committee for Animal Experimentation at our
institution.

Preparation of macrophages. Thioglycolate-elicited peri-
toneal exudate cells (PEC) were obtained from BALB/
c male mice following intraperitoneal injection of 1.5 mL
of 3% thioglycolate and lavage of the peritoneal cavity
with 5 mL of medium 4 days later. The cells were washed
twice and resuspended in RPMI-1640 containing 10%
heat-inactivated FBS. Macrophages were isolated from
PEC as described by Klimetzek and Remold (1980).
The PEC were seeded at densities of 2 × 106 cells/mL in
50 mL culture flasks and the macrophages were allowed
to adhere for 2–3 h in a 5% CO2 humidified air, and
then non-adherent cells were removed by washing. The
viability of the detached cells was assessed by trypan
blue exclusion and the proportion of macrophages
determined after cytoplasmic staining with acridine
orange and examined using a fluorescence microscope.
Cell preparations were >95% viable and contained
>90% macrophages.

MTT assay for cell viability. The cytotoxicity of
atractylenolide I and atractylenolide III was evaluated
using a MTT assay. In brief, 2 × 104 cells per well were
plated into 96-well plates, cells/well to a final volume of
200 µL, incubated at 37 °C for 24 h, and given a fresh
change of medium. The cells were treated with atractyle-
nolide I (1–1000 µM) or atractylenolide III (1–1000 µM)
dissolved in DMSO, and with LPS (final concentration
10 µg/mL) alone or in combination with atractylenolide
I (1–100 µM) or atractylenolide III (1–100 µM) dissolved
in DMSO. This DMSO percentage allows the optimal
solubilization of atractylenolide I and atractylenolide
III in aqueous solution. The control and LPS wells
received the same amount of DMSO. After 24 h of

Figure 1. Chemical structures of atractylenolide I and atractyle-
nolide III.
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incubation at 37 °C, 20 µL of MTT (5 mg/mL) was added
to each well and 4 h later the cells were lysed with
150 µL DMSO. The plate was shaken for 10 min and
30 min later the optical densities (OD570) for atractyle-
nolide I and atractylenolide III were compared with
the OD of the control or LPS-stimulated wells to assess
the cytotoxicity (Mosmann, 1983).

TNF-ααααα and nitric oxide (NO) assay. 5 × 105 cells/well
were seeded in 24-well plates, to a final volume of
500 µL, incubated at 37 °C in 5% CO2 for 3 h. The cells
were further cultured for 24 h on treatment with LPS
(final concentration 10 µg/mL) alone or in combination
with different concentrations of atractylenolide I or
atractylenolide III dissolved in DMSO. The control
and LPS wells received the same amount of DMSO.
The supernatants were then collected and assayed
for TNF-α using mouse TNF-α ELISA kit and NO
content by measuring the amount of nitrite (NO−

2 µM)
formed in the medium according to the protocol of the
manufacturer.

RNA extraction and reverse transcriptase polymerase
chain reaction (RT-PCR). 2 × 106 cells/well were seeded
in 6-well plates, to a final volume of 2 mL, incubated at
37 °C in 5% CO2 for 3 h. The cells were further cul-
tured for 4 h on treatment with LPS (final concentra-
tion 10 µg/mL) alone or in combination with different
concentrations of atractylenolide I or atractylenolide
III dissolved in DMSO. The control and LPS wells
received the same amount of DMSO. The cells were
rinsed with phosphate buffered saline (PBS), and RNA
was extracted from these cells using the SV Total
RNA Isolation System according to the manufacturer’s
instructions. The purity of the RNA preparation was
checked by measuring the absorbance ratio at 260/
280 nm. One µg of total RNA was used to synthesize
1st stranded cDNA using the Access RT-PCR System.
For amplification of the TNF-α (349 bp), the following
primers were used: 5′-TTC TGT CCC TTT CAC TCA
CTG G-3′ (sense), 5′-TTG GTG GTT TGC TAC GAC
GTG G-3′ (antisense) (Wu et al., 2002). β-actin was
also amplified as a control for total RNA content for
each sample in a similar way using the following
primers: 5′-AGG GAA ATC GTG CGT GAC ATC
AAA-3′ (sense), 5′-ACT CAT CGT ACT CCT GCT
TGC TGA-3′ (antisense) (Wu et al., 2002). The PCR
products were separated by 1% agarose gel electroph-
oresis, and a picture of the gels was taken and analysed
with a UVP gel camera.

iNOS assay. For the TNF-α and NO assay, after the
supernatants were collected, the cells were rinsed with
PBS and lysed by ultra-sonication with 500 µL lysis
buffer (50 mM Tris-HCI pH 8.0, 5 mM EDTA Na2, 0.2 M

NaCI, 1% Triton X-100). The cell lysate was centri-
fuged at 15 000 × g for 25 min at 4 °C. The supernatants
were then collected and assayed for the iNOS (U/mL)
using iNOS detection kit (enzymic method).

Western blot analysis of iNOS. Peritoneal macrophages
were pre-treated with atractylenolide I or atractylenolide
III for 2 h and stimulated with LPS (10 µg/mL) for 18 h.
A cytoplasmic extract of the cells was resolved on SDS-
acrylamide gel by electrophoresis, and transferred to
polyvinylidene difluoride membranes. The membranes

were incubated with anti-iNOS antibody (1:2000) at
room temperature for 16 h. After incubation with horse-
radish peroxidase-conjugated anti-rabbit IgG antibody
(1:2500) at room temperature for 3 h, the blots were
treated with ECL reagents and then exposed to x-ray
films.

Statistical analysis. The results were expressed as the
mean ± SEM of three or five experiments. Data were
analysed by ANOVA followed by the Student’s t-
test. A value of p < 0.05 was considered statistically
significant.

RESULTS

Cell viability

The cytotoxicity of compounds was assessed by MTT
assay. As shown in Fig. 2, atractylenolide I showed a
slight inhibitory effect and atractylenolide III showed
no cytotoxicity on cell proliferation at concentrations
ranging from 1 µM to 200 µM. In the MTT assay, how-
ever, atractylenolide I and atractylenolide III also in-
hibited the cell viability in a dose-dependent manner
at concentrations higher than 200 µM. The concentra-
tion of atractylenolide I and atractylenolide III applied
in subsequent experiments was less than 200 µM.
LPS alone or in combination with atractylenolide I
(1–100 µM) or atractylenolide III (1–100 µM) showed
no cytotoxicity on cell proliferation.

Effect of atractylenolide I and atractylenolide III on
LPS-induced TNF-ααααα production

To investigate the molecular mechanism of the anti-
inflammatory action shown by atractylenolide I and
atractylenolide III, the level of TNF-α in LPS-activated
peritoneal macrophages was monitored. Peritoneal
macrophages in the resting state released 100.0 ± 8.6 pg/

Figure 2. Effects of atractylenolide I and atractylenolide III
on cell viability of peritoneal macrophages measured by MTT
assay. Data were obtained from five independent experiments
and were expressed as mean ± SEM. * p < 0.01 indicates
significant differences from the control group.



Copyright © 2007 John Wiley & Sons, Ltd. Phytother. Res. 21, 347–353 (2007)
DOI: 10.1002/ptr

350 C-Q LI ET AL.

mL of TNF-α during incubation for 24 h, whereas the
cells markedly increased TNF-α production up to 310.3
± 7.9 pg/mL after stimulation with LPS alone (Fig. 3A).
No significant difference in the TNF-α production
was found between the resting peritoneal macrophages
and the macrophages treated with atractylenolide I or
atractylenolide III (100 µM) alone (Fig. 3A). Atractyle-
nolide I and atractylenolide III inhibited LPS-induced
TNF-α production in a dose-dependent manner, show-
ing IC50 values of 23.1 µM and 56.3 µM, respectively
(Fig. 3A, B). The inhibitory effect of atractylenolide I
was higher than that of atractylenolide III at similar
concentrations. Atractylenolide I and atractylenolide III
at below 200 µM did not show significant cytotoxic
effects to the macrophages (Fig. 2), indicating that the
inhibitory effect of the compound on LPS-induced TNF-
α production was not attributable to its non-specific
cell toxicity.

Effect of atractylenolide I and atractylenolide III on
LPS-induced TNF-ααααα mRNA expression

Semi-quantitative RT-PCR was carried out to under-
stand whether atractylenolide I and atractylenolide III
could influence LPS-induced synthesis of TNF-α tran-

script. The amount of TNF-α transcript in the steady
state was markedly increased by treatment of peritoneal
macrophages with LPS alone (Fig. 4). Atractylenolide I
and atractylenolide III inhibited LPS-induced synthesis
of TNF-α transcript in a dose-dependent manner, show-
ing IC50 values of 43.2 µM and 53.4 µM, respectively
(Fig. 4A, B). And the inhibitory effect of atractylenolide
I was higher than that of atractylenolide III at similar
concentrations. However, synthesis of housekeeping β-
actin transcript was not affected by LPS, atractylenolide
I or atractylenolide III.

Effect of atractylenolide I and atractylenolide III on
LPS-induced NO production

Peritoneal macrophages in the resting state released
30.5 ± 5.2 µM of nitrite, a stable metabolite of NO,
during incubation for 24 h, whereas the cells markedly
increased NO production up to 188.2 ± 7.7 µM of nitrite
after stimulation with LPS alone (Fig. 5A). No signifi-
cant difference in the NO production was found

Figure 3. LPS-induced TNF-α production. Peritoneal macro-
phages were treated with LPS plus atractylenolide I or atractyle-
nolide III for 24 h. Amount of TNF-α was measured with
the cell-free culture media (A). Effects of atractylenolide I and
atractylenolide III on LPS induced TNF-α production are repre-
sented as inhibition % (B). Values are mean ± SEM (n = 5).
# p < 0.01 vs media alone-treated group. * p < 0.05 vs LPS alone-
treated group. ** p < 0.01 vs LPS alone-treated group.

Figure 4. LPS-induced TNF-α mRNA expression. Peritoneal
macrophages were treated with atractylenolide I and stimu-
lated with LPS for 4 h. Total RNA of the cells was subjected to
semi-quantitative RT-PCR. One of similar results is represented
and relative ratio % is also shown, where TNF-α signal was
normalized to β-actin signal (A). Peritoneal macrophages were
treated with atractylenolide III and stimulated with LPS for 4 h.
Total RNA of the cells was subjected to semi-quantitative RT-
PCR. One of similar results is represented and the relative ratio
% is also shown, where TNF-α signal was normalized to β-actin
signal (B). Values are mean ± SEM (n = 5). # p < 0.01 vs media
alone-treated group. * p < 0.01 vs LPS alone-treated group.
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between the resting peritoneal macrophages and the
cells treated with atractylenolide I or atractylenolide
III (100 µM) alone (Fig. 5A). Atractylenolide I inhib-
ited LPS-induced NO production in a dose-dependent
manner, showing an IC50 value of 41.0 µM (Fig. 5A
and 5B). Atractylenolide III also inhibited LPS-
induced NO production in a dose-dependent manner,
corresponding to 28.7% ± 3.8%, 32.3% ± 3.6%, 37.0%
± 4.3%, 38.0% ± 5.3% and 45.1% ± 6.2% inhibition
at 6.3 µM, 12.5 µM, 25 µM, 50 µM and 100 µM (Fig. 5A,
B). The inhibitory effect of atractylenolide I was
higher than that of atractylenolide III at similar
concentrations.

Effect of atractylenolide I and atractylenolide III on
LPS-induced iNOS activity

To examine whether the inhibitory effect of atractyle-
nolide I or atractylenolide III on LPS-induced NO
production was attributable to its influence on iNOS
synthesis, iNOS activity was measured. iNOS activity
was very low in the resting peritoneal macrophages,
but pronounced iNOS activity was induced upon
exposure to LPS alone (Fig. 6A). There was no signifi-
cant difference in the iNOS activity between the

Figure 5. LPS-induced NO production. Peritoneal macrophages
were treated with LPS plus atractylenolide I or atractylenolide
III for 24 h. The amount of nitrite, a stable metabolite of NO,
was measured with the cell-free culture media (A). Effects of
atractylenolide I and atractylenolide III on LPS induced NO pro-
duction are represented as inhibition % (B). Values are mean ±
SEM (n = 5). # p < 0.01 vs media alone-treated group. * p < 0.01
vs LPS alone-treated group.

resting peritoneal macrophages and the cells treated
with atractylenolide I or atractylenolide III (100 µM)
alone (Fig. 6A). Atractylenolide I and atractylenolide
III inhibited LPS-induced iNOS activity in a dose-
dependent manner, showing IC50 values of 67.3 µM

and 76.1 µM, respectively (Fig. 6A, B). The inhibitory
effect of atractylenolide I was higher than that of atracty-
lenolide III at similar concentrations.

Effect of atractylenolide I and atractylenolide III on
LPS-induced iNOS synthesis

To examine whether the inhibitory effect of atractyle-
nolide I and atractylenolide III on LPS-induced NO
production was attributable to its influence on iNOS
synthesis, Western blot analysis was carried out. iNOS
protein was hardly detectable in the resting macro-
phages, but pronounced amount of iNOS protein was
induced upon exposure to LPS alone (Fig. 7A, B).
However, the synthesis of housekeeping β-actin was
not affected by LPS, atractylenolide I and atractyle-
nolide III (Fig. 7A, B). Treatment of the peritoneal
macrophages with atractylenolide I decreased LPS-
induced synthesis of iNOS protein in a dose-dependent
manner, corresponding to 53.6% ± 2.1% inhibition at

Figure 6. LPS-induced iNOS activity. Peritoneal macrophages
were treated with LPS plus atractylenolide I or atractylenolide
III for 24 h. Activity of iNOS was measured with the supernatants
of cell lysate (A). Effects of atractylenolide I and atractylenolide
III on LPS induced iNOS activity are represented as inhibition %
(B). Values are mean ± SEM (n = 5). #  p < 0.01 vs media alone-
treated group. * p < 0.05 vs LPS alone-treated group. ** p <
0.01 vs LPS alone-treated group.
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Figure 7. LPS-induced iNOS synthesis. Peritoneal macrophages
were pretreated with atractylenolide I for 2 h and stimulated
with LPS for 18 h. Cytoplasmic extracts of the cells were sub-
jected to Western blot analysis with anti-iNOS antibody. One of
similar results is represented and the relative ratio % is also
shown, where the iNOS signal was normalized to the β-actin
signal (A). Peritoneal macrophages were pretreated with
atractylenolide III for 2 h and stimulated with LPS for 18 h. Cyto-
plasmic extracts of the cells were subjected to Western blot
analysis with anti-iNOS antibody. One of similar results is rep-
resented and the relative ratio % is also shown, where the
iNOS signal was normalized to the β-actin signal (B). Values are
mean ± SEM (n = 3). #  p < 0.01 vs media alone-treated group.
* p < 0.01 vs LPS alone-treated group.

at 25 µM, 35.1% ± 1.5% at 50 µM and 42.1% ± 1.1% at
100 µM (Fig. 7B).

DISCUSSION

In this paper, atractylenolide I and atractylenolide III
were discovered to have a dose-dependent inhibitory
effect on LPS-induced TNF-α production in periton-
eal macrophages. Furthermore, atractylenolide I and
atractylenolide III attenuated the LPS-induced syn-
thesis of TNF-α mRNA, in parallel. These results
indicated that atractylenolide I and atractylenolide III
could down-regulate LPS-induced TNF-α expression at
the transcription level. As a molecular mechanism for
the antiinflammatory action shown by atractylenolide I
and atractylenolide III, suppression of NO production
has been demonstrated. Atractylenolide I and atracty-
lenolide III inhibited LPS-induced NO production in
a dose-dependent manner. Furthermore, inhibition of
LPS-induced iNOS activity and synthesis of iNOS pro-
tein by atractylenolide I and atractylenolide III is simi-
lar to inhibition of nitrite production by them, so they
possibly inhibited the production of NO by down-
regulating LPS-induced iNOS expression. Atractylenolide
I showed more potent inhibition than atractylenolide
III in the production of TNF-α and NO in LPS-activated
peritoneal macrophages.

The TLR4 pathway was involved in the expression of
TNF-α and iNOS after LPS challenge in macrophages
(Medzhitov et al., 1997). Consequently, from a thera-
peutic standpoint, inhibition of the TLR4 pathway
could provide an efficacious strategy for inhibiting LPS-
induced inflammatory mediator production (O’Neill,
2003). Atractylenolide I was reported previously to
act on white blood cell membranes and TLR4 and its
antiinflammatory activity was related to antagonizing
TLR4 (Li and He, 2006). In the present study, atracty-
lenolide I was discovered to inhibit TNF-α and NO
production in LPS-stimulated peritoneal macrophages.
Taken together, atractylenolide I could be a candidate
for the development of new drugs to treat inflamma-
tory diseases accompanied by the overproduction of
TNF-α and NO, in addition to as an antagonist of
TLR4.
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12.5 µM, 54.0% ± 3.1% at 25 µM, 66.3% ± 2.0% at 50 µM

and 79.2% ± 1.8% at 100 µM (Fig. 7A). Treatment
of atractylenolide III to the peritoneal macrophages
decreased LPS induced synthesis of iNOS protein in a
dosedependent manner, corresponding to 25.9% ± 1.3%
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