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a b s t r a c t

Ethnopharmacological relevance: Houttuynia cordata Thunb. (Saururaceae; HC) has been long used in tra-
ditional oriental medicine for the treatment of inflammation diseases. Modern research has implicated
inducible cyclooxygenase-2 (COX-2) as a key regulator of the inflammatory process.
Aim of the study: In the present study, we aimed to investigate the effect of HC on COX-2. We examined the
effects of HC on lipopolysaccharide (LPS)-induced prostaglandin (PG) E2 production, an indirect indicator
of COX-2 activity, and COX-2 gene and protein expression in mouse peritoneal macrophages.
Materials and methods: LPS-induced mouse peritoneal macrophages were employed as an in vitro model
system. LPS-induced PGE2 production was assessed by enzyme-linked immunosorbant assay and COX-2
protein expression was assessed by Western blot assay.
Results: The results showed that HC was able to inhibit the release of LPS-induced PGE2 from mouse
peritoneal macrophages (IC50 value: 44.8 �g/mL). Moreover, the inhibitory activity of HC essential oil

elicited a dose-dependent inhibition of COX-2 enzyme activity (IC50 value: 30.9 �g/mL). HC was also
found to cause reduction in LPS-induced COX-2 mRNA and protein expression, but did not affect COX-
1 expression. The non-steroidal anti-inflammatory drug (NSAID) and specific COX-2 inhibitor NS398
functioned similarly in LPS-induced mouse peritoneal macrophages.
Conclusion: Taken together, our data suggest HC mediates inhibition of COX-2 enzyme activity and can
affect related gene and protein expression. HC works by a mechanism of action similar to that of NSAIDs.

aspe
These results add a novel

. Introduction

Inflammation is a natural host-defensive process in the innate
mmune response. Nonsteroidal anti-inflammatory drugs (NSAIDs)
ave proven to be significantly efficacious in the treatment of var-

ous disorders with an inflammatory component. NSAIDs function
y binding to the cyclooxygenase (COX) enzymes to inhibit the pro-
uction of prostaglandins from the substrate arachidonic acid. The
rostaglandins that are otherwise normally produced by COXs have
een implicated in a wide array of physiological events, including
rogression of inflammation, immunomodulation, and transmis-
ion of pain signals (Vane and Botting, 1998). COX-1 is known
o be constitutively expressed in mouse peritoneal macrophages
nd RAW264.7 cells, while COX-2 is overtly induced upon stimula-

ion by lipopolysaccharide (LPS) and pre-inflammatory cytokines,
uch as interferon-gamma (Mitchell et al., 1994; Guastadisegni
t al., 2002; Simmons et al., 2004). Induced inhibition of COX-1
n humans and animal models has resulted in undesirable side-
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effects, whereas COX-2 inhibition has generated therapeutic effects
in management of pain, inflammation, cancer and neuropathologic
conditions, such as Alzheimer’s and Parkinson’s disease (Loren,
2002; Jachak, 2006; Blobaum and Marnett, 2007).

In light of the above findings, COX-2 has become the focal point
for the development of anti-inflammatory and anticancer drugs.
NSAIDs, non-selective non-aspirin NSAIDs and COX-2 selective
inhibitors are currently used to treat a wide array of inflamma-
tory disorders and for cancer prevention (Shan et al., 2004; Jack
et al., 2009; Thun and Blackard, 2009). Selective inhibitors of COX-
2, however, have been associated with a small but definite risk
of myocardial infarction and stroke. The associated gastric dam-
age of conventional NSAIDs and the recent withdrawal of selective
COX-2 inhibitors from the market due to their adverse cardio-
vascular side-effects have generated a considerable impetus to
develop alternative anti-inflammatory agents (Debabrata, 2002;
Ortiz, 2004; Coruzzi et al., 2007). Plant-derived natural agents may

be useful in this regard.

Houttuynia cordata Thunb. (Saururaceae; HC), is a time-honored
traditional Chinese medicine (TCM). HC has been associated with
a broad range of pharmacological activities, including antiviral
(Hayashi et al., 1995; Chiang et al., 2003), antileukemic (Chang

dx.doi.org/10.1016/j.jep.2010.10.048
http://www.sciencedirect.com/science/journal/03788741
http://www.elsevier.com/locate/jethpharm
mailto:helc@mail.xjtu.edu.cn
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t al., 2001; Chiang et al., 2004; Kwon et al., 2003), antioxida-
ive (Nuengchamnong et al., 2009), antianaphylaxis and anticancer
ffects (Han et al., 2009; Lin et al., 2009; Li et al., 2005; Tang et al.,
009). Recently, several scientific studies have provided data to
upport and explain the particular anti-inflammatory activities of
C (Park et al., 2005; Lu et al., 2006a,b; Ji et al., 2009).

HC was demonstrated to be one of eight types of TCM that play
unique role in facilitating the resolution of severe acute respira-

ory syndrome (commonly known as SARS), owing to its abilities
o diminish inflammation (Lau et al., 2008; Zhang and Chen, 2008).

edicinal properties that have been attributed to the drug are
elieved to be harbored by its volatile oil component (Hayashi
t al., 1995; Lu et al., 2006a). Some studies have attempted to
haracterize the essential oil composition of Houttuynia cordata,
xtracting the essential oils by steam distillation and performing
as-chromatography–mass-spectrometry (Xu et al., 2005; Lu et al.,
006a; Chen et al., 2007).

Although it has been shown that HC has anti-inflammatory
ctivity, the precise molecular mechanism underlying this effect is
ot well understood. In the study presented herein, we addressed
he possibility of whether HC acts by interfering with the actions of
OX-2. The cell model of primary LPS-induced murine peritoneal
acrophages was employed since these cells are known to express

igh levels of COX-2. We determined the effects of HC essential oil
n COX-2 mRNA and protein expressions and described the possi-
le mechanism underlying the anti-inflammatory activity of HC.

. Materials and methods

.1. Materials and reagents

Houttuynia cordata Thunb. was purchased from the TCM
tore (Xi’an, PR China). Verification of identity was carried out
y Professor Yingli Li (School of Medicine, Xi’an Jiaotong Uni-
ersity, Xi’an, China). A voucher specimen (No. HC2008005)
as deposited in the herbarium of the School of Medicine,
i’an Jiaotong University, Xi’an, China. RPMI 1640 medium was
urchased from Gibco (Grand Island, NY, USA). Dimethyl sulfox-

de (DMSO), 1-(4,5-dimethylthiazol-2-yl)-3,5-diphenylformazan
MTT), LPS, thioglycollate broth, acetylsalicylic acid, arachi-
onic acid, trypan blue dye and trypsin were purchased from
igma–Aldrich Biotechnology (St. Louis, MO, USA). Fetal bovine
erum (FBS) was obtained from Lanzhou-min sea Biological Engi-
eering Co, Ltd. (Lanzhou, China). Sodium thioglycollate was
urchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
hina). Anti-phosphol-COX-1 antibody, anti-phosphol-COX-2 anti-
ody and anti-�-actin antibody were purchased from Santa Cruz
iotechnology, Inc. (Santa Cruz, CA, USA). Polyvinylidene fluoride
PVDF) membranes were purchased from Pall Gelman Laboratory
Ann Arbor, MI, USA). NS398 was purchased from Calbiochem
Darmstadt, Germany). Methyl-nonyl ketone was supplied by the
ational Institute for the Pharmaceutical and Biological Products
f China. All reagents used were of analytical grade.

.2. Animals

All experimental procedures utilizing mice were carried out in
ccordance with the established National Institute of Health guide-
ines.

Female Chinese Kun Ming mice weighing 18–20 g were supplied

y the Experimental Animal Center of Xi’an Jiaotong University
Xi’an, China). Animals were housed in standard laboratory condi-
ions at a stable temperature of 22 ± 3 ◦C, with a relative humidity
f 50–55% and a regulated 12 h light/dark cycle. All animals were
rovided with food and water ad libitum.
acology 133 (2011) 922–927 923

2.3. Peritoneal macrophages isolation and cell culture

Peritoneal macrophages were obtained from mice that had been
euthanized by cervical dislocation. The peritonea of the animals
were surgically exposed using a midline incision. An experimental
group of mice had been administered an intraperitoneal injection
of 2 ml of 3% (m/v) sodium thioglycollate three days prior to the
sacrifice. Following removal of the carotid artery, the excised tissue
was immersed in 75% ethanol for 3–5 min; the peritoneal fluid was
then harvested by injecting 4 ml of ice-cold PBS into the peritoneal
cavity and subsequent syringe aspiration. Cell suspensions were
pelleted by centrifugation and washed for two times.

Cells were incubated in RPMI 1640 complete medium supple-
mented with 10% FBS for 4 h at 37 ◦C with 5% CO2 in a humidified
chamber.

2.4. Preparation of HC extracts

HC was air dried, ground in a high-speed rotary cutting mill, and
screened to produce fractions of 150 �m in size. The particle size of
the plant powder is known to be an important factor for effective
steam distillation, and was carefully controlled for in our study.

The essential oil was purified by steam distillation extraction.
Briefly, 100 g of 150 �m particle size sample was placed into a
2000 mL distillation flask, 1000 mL deionized water was added and
the mixture was distilled for 4 h. Oil was collected from the con-
denser, and 0.2 mL of the oil was dried with anhydrous sodium
sulfate. For cell culture studies, the resultant essential oil was
weighed and dissolved in DMSO to achieve the desired concen-
trations.

2.5. Prostaglandin E2 (PGE2) release and COX-2 enzyme activity

To determine PGE2 accumulation from endogenous arachidonic
acid, the mouse peritoneal macrophages were seeded in 96-well
plates (5 × 104/200 �L/well), cultured for 48 h and, after super-
natants were replaced by fresh medium, incubated with or without
LPS in the absence or presence of the test agents for 24 h. The lev-
els of PGE2 were measured in cell culture supernatants and cell
lysates by using the PGE2 enzyme immunometric EIA kit (Cayman
Chemical, Ann Arbor, MI, USA).

The COX-2 enzyme activity was indirectly determined by PGE2
levels in LPS-stimulated macrophages. First, in order to irreversibly
inactivate COX-1, mouse peritoneal macrophage cells (1 × 105

cells in a 96-well plate) were pretreated with acetylsalicylic acid
(250 �M) for 30 min. Thereafter, cells were washed with PBS and
fed with fresh medium. Induction of COX-2 was then achieved by
adding LPS (1 �g/mL) to the culture media. Twenty-four hours later,
the media was aspirated and cells were washed with PBS before
supplying with fresh FBS-free media. Test compounds were pre-
incubated for 30 min before exogenous arachidonic acid was added.
After 15 min, supernatants were removed and analyzed by the PGE2
enzyme immunometric EIA assay. Experiments were performed at
least three times in triplicate.

2.6. Cell viability assay

Cell viability was determined by the mitochondrial-dependent
reduction of MTT to formazan (Denizot and Lang, 1986). After the
supernatants were removed for PGE2 determination, the cells were

exposed to MTT (5 mg/mL) and incubated at 37 ◦C. Forty-five min-
utes later, the media was aspirated and cells were solubilized in
DMSO (250 �L) for at least 2 h in the dark. The extent of reduc-
tion of MTT was quantified by spectrophotometric optical density
measurement at 490 nm.
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Fig. 1. Effect of HC essential oil on PGE2 in LPS-induced peritonea macrophages. (A) PGE2 accumulation in cell supernatants in the absence and presence of HC essential oil
(0.01–100 �g/mL). (B) Time-dependent accumulation of PGE2 in cell culture media after HC treatment. Bars represent mean ± SD of at least three independent experiments,
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ach performed in triplicate. **p < 0.01. (C) Effect of HC essential oil on COX-2 enzyme
acrophages were treated with 0.01–100 �g/mL doses of HC essential oil, in which

o induce COX-2. The cells were supplemented with fresh culture medium treated w
cid, and PGE2 levels were measured. Bars represent mean ± SD of at least three ind

.7. Western blot analysis

Macrophages that had been grown to confluence in 6-well
lates were incubated with or without LPS in the absence or
resence of the test agents. Cells were washed with ice-cold PBS
nd stored at −70 ◦C until further analysis. Frozen plates were
hawed on ice and cells were lysed in a solution of 1% Triton X-
00, 0.15 M NaCl and 10 mM Tris–HCl, pH 7.4, for 30 min. Lysates
ere homogenized through a 22 gauge needle and centrifuged at

0,000 × g for 10 min at 4 ◦C. The supernatants were collected and
otal protein was measured (Bradford, 1976). Cell lysates contain-
ng equal amounts of protein (50 mg) were boiled in SDS sample
uffer for 5 min before separation on a 10% SDS-polyacrylamide
el. Proteins were transferred to PVDF membranes. Membranes
ere blocked with 5% fat-free dry milk in TBS-T, pH 8.0 (Tris-

uffered saline [50 mM Tris, pH 8.0, and 150 mM NaCl] with 0.1%
ween 20) and then incubated with a mouse immunoglobulin G1
gainst either COX-1 or COX-2, or monoclonal anti-�-actin anti-
ody (all 1:500 dilutions), and incubated overnight at 4 ◦C. After
ashing three times with TBS-T, COX-1 and COX-2 was visual-

zed by using an anti-mouse IgG: horseradish peroxidase conjugate
TM
nd the enhanced chemiluminescence system (ECL ; Amersham

harmacia Biotech, Piscataway, NJ, USA). Signal intensities were
valuated by densitometric analysis (Kodak Digital ScienceTM

mage Station 2000R; Life Science Products, Rochester NY,
SA).
ity, as determined by PGE2 levels, in LPS-induced peritonea macrophages. Peritonea
was irreversibly inactivated by acetylsalicylic acid and activated with 1 �g/mL LPS

without HC essential oil or NS398. The reaction was initiated by adding arachadonic
ent experiments, each performed in triplicate. *p < 0.05, **p < 0.01.

2.8. Real time-PCR analysis

Macrophages (5 × 106 cells in a 10 cm dish) were incubated
for 24 h with or without various concentrations of HC and LPS
(1 �g/mL). After washing with PBS twice, total RNA was iso-
lated from the cell pellet using the RNAfast200 isolation kit
(Fastagen Biotech, Shanghai, China) according to the manufac-
turer’s directions. Quantitative real-time PCR was performed
(Livak and Schmittgen, 2001) in a Light Cycler instrument
(Roche Diagnostics, Mannheim, Germany) with the FastStart
DNA Master SYBR Green I kit (Roche Diagnostics, Mannheim,
Germany), and results were analyzed with the LDCA software
supplied with the machine. Each 50 �L PCR reaction contained
1/50th of the original cDNA synthesis reaction, 7 �L (25 mM)
MgCl, 0.8 �L (20 pmol/L) of each primer, 1 �L (10 mM) dNTPs,
1 �L SYBR Green I Mix, 0.5 �L (5U/L) Taq and 5 �L Buffer. A
total of 10 × 50 cycles of amplification were performed. The
primers for COX-1 were 5′-CAGGAGGTGTTTGGGTTGCTTC-
3′ (sense) and 5′-GGATGAGGCGAGTGGTCTGG-3′ (antisense);
COX-2 were 5′-GGTGCCTGGTCTGATGATGTATG-3′ (sense) and
5′-ATGAGTATGAGTCTGCTGGTTTGG-3′ (antisense). Those for

′ ′ ′
actin were 5 -GGCACCACACCTTCTACAATGAG-3 (sense) and 5 -
GGCGTGAGGGAGAGCATAGC-3′ (antisense). The PCR amplification
was performed under the following conditions: 40 cycles of denat-
uration at 95 ◦C for 15 s, annealing at 60 ◦C for 15 s and extension
at 72 ◦C for 45 s, using the Px2 thermal cycler (Thermo Electron
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Fig. 2. Effect of HC essential oil on COX-1 and COX-2 expression in peritonea
macrophages. (A) Western blots for COX-1 and COX-2 protein expression, and (B)
mRNA expression of COX-1 and COX-2 in peritonea macrophages stimulated with
W. Li et al. / Journal of Ethnop

orporation, Waltham, MA, USA). The fluorescence signal was
etected at the end of each cycle. Melting curve analysis was used
o confirm the specificity of the products.

.9. Statistical analysis

Data is presented as the mean and standard deviation (SD) of
hree independent experiments. Statistical analysis was performed
ith one-way analysis of variance (ANOVA). All analyses were per-

ormed using SPSS software (Chicago, IL, USA). A p value <0.05 was
onsidered to be statistically significant.

. Results

.1. Effect of HC essential oil on PGE2 accumulation and COX-2
nzyme activity in LPS-induced peritonea macrophages

The effect of HC essential oil on inhibition of endogenous
rostaglandin E2 levels in peritoneal macrophages was determined.
s shown in Fig. 1A, treatment of macrophages with HC essen-

ial oil caused a decrease in endogenous PGE2 levels in peritoneal
acrophages, which was more pronounced at doses of 10 and

00 �g/mL of HC essential oil. HC essential oil exposure did not
ffect cell viability up to 100 �g/mL doses, as determined by MTT
ssay (>95% cell viability; data not shown).

In the next series of experiments, we examined the effects of LPS
hallenge on peritoneal macrophages in the presence or absence
f HC. LPS exposure is known to cause induction of COX-2 and to
onvert LPS-induced endogenous arachidonic acid to PGE2. Peri-
oneal macrophages treated with LPS (1 �g/mL) in the presence
f HC essential oil (0.01–100 �g/mL) for 24 h exhibited a dose-
ependent decrease in endogenous PGE2 production (Fig. 1A). As
hown in Fig. 1B, exposure of cells to HC essential oil caused a time-
ependent decrease in PGE2 release into the cell culture medium.
he IC50 value was calculated to be 44.8 �g/mL for HC essential oil.

We determined the efficacy of HC towards inhibiting COX-
activity and compared its effects with those of NS398, an

stablished selective COX-2 inhibitor. Specifically, we evaluated
eritonea macrophages in which COX-2 was induced by LPS and
xogenous arachidonic acid was added as substrate. As shown
n Fig. 1C, HC was able to inhibit the conversion of exogenous
rachidonic acid to PGE2 in a dose-dependent manner, which corre-
ponded to inhibition of COX-2 activity. The IC50 value (30.9 �g/mL)
as very similar to that determined for the HC-dependent inhibi-

ion of PGE2 production in LPS-induced peritonea macrophages.

.2. Effect of HC on LPS-induced COX-1 and COX-2 expression

In an attempt to determine the underlying mechanism leading
o reduced PGE2 production and release in response to HC expo-
ure, we first examined the influence of HC on LPS-induced COX-2
RNA levels. NS398 was used as the positive control. As shown in

ig. 2A, COX-2 mRNA levels were significantly elevated after LPS
hallenge of peritoneal macrophages. A marked decrease in COX-
mRNA expression was noted after treatment of cells with 10

nd 100 �g/mL doses of HC essential oil. Surprisingly, treatment
f peritoneal macrophages with test doses of HC essential oil did
ot cause any significant changes in the COX-1 mRNA levels. Since

ncreased COX-2 mRNA steady state levels may lead to increased

OX-2 protein, we examined the influence of HC essential oil on
PS-induced COX-2 protein expression. As shown in Fig. 2B, treat-
ent of cells with doses of 0.01–100 �g/mL HC essential oil caused
significant decrease in COX-2 protein expression, whereas COX-1
rotein expression remained unchanged at these doses of HC.
LPS and LPS plus HC essential oil. mRNA and protein levels of COX-1 and COX-2
were normalized to �-actin loading control. Bars represent mean ± SD of at least
three independent experiments; the picture is of a single representative experiment.
**p < 0.01.

4. Discussion

The present study demonstrated that HC essential oil harbors

the ability to inhibit release of PGE2 from LPS-induced mouse
peritoneal macrophages (IC50 value: 44.8 �g/mL). The inhibitory
activity of HC essential oil was due to a dose-dependent inhibi-
tion of COX-2 enzyme activity (IC50 value: 30.9 �g/mL). In addition,
HC essential oil was found to reduce COX-2 mRNA and protein
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xpression, but did not affect the activity or expression of COX-1,
he constitutively expressed form of cyclooxygenase. HC appeared
o inhibit prostaglandin synthesis by a mechanism similar to that
nduced by NSAIDs. NS398, an NSAID and a specific COX-2 inhibitor,
aused a significant decrease in PGE2 levels and also inhibited COX-
activity and protein expression, but not COX-2 mRNA expression

n mouse peritoneal macrophages challenged with LPS.
Numerous studies have demonstrated that the expression of

OX-2 in murine peritoneal macrophages is largely regulated by
ranscriptional activation (Kang et al., 2006; Mestre et al., 2001).

ouse peritoneal macrophages are commonly used for in vitro
OX assay due to the convenience of their preparation and har-
esting (Lee et al., 1992). Although several other cells are often
resent in the harvested peritoneal macrophage population, the
ndesired cells can be easily removed during subsequent washing
teps since macrophages stick to the plate. In addition, in mouse
eritoneal macrophages a sufficient amount of PGE2 is produced by
PS through the COX-1 or COX-2 pathway (Simmons et al., 2004).
rostaglandins play an important role in the inflammatory process
Hennebert et al., 2008). Therefore, a quantitative analysis of the
GE2 level in mouse peritoneal macrophages can be a good marker
f anti-inflammatory activity produced by test substances.

In order to obtain more information about the mechanism
f action, the effect of HC in vitro on the COX-2 activities was
nvestigated using mouse macrophages. Inhibition of prostaglandin
ynthesis by direct interference with the cyclooxygenase enzymes
s a common mechanism of NSAIDs. Since HC appeared to have
ctions similar to those of NSAIDs, we hypothesized that the specific
OX-2 inhibitor NS398 might affect PGE2 production and release in
PS-induced mouse peritoneal macrophages in a manner similar to
C. As shown in Fig. 1C, NS398 significantly inhibited endogenous
GE2 production and release in mouse peritoneal macrophages
xposed to LPS, similar to that observed in response to HC treat-
ent. The decrease in PGE2 levels after HC treatment corresponded
ith the decrease in COX-2 mRNA and protein expressions; how-

ver, NS398 also reduced mRNA COX-2 levels (Fig. 2B) and COX-2
rotein expression ((Fig. 2A) to similar extents as seen with HC.
he results of this study partially reinforce the hypothesis that
nti-inflammatory effects of HC are related with the inhibition of
OX-2 activity, which is frequently enhanced during inflammatory
rocesses (De Leval et al., 2002).

In conclusion, we have demonstrated that the modulation of
OX-2 is a possible pathway through which HC may function to
revent various inflammatory responses.
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