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Methanol extracts of Euphorbia cooperi inhibit the production
of inflammatory mediators by inhibiting the activation of
c-Jun N-terminal kinase and p38 in murine macrophages
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Abstract. Numerous Euphorbiaceae plants have been used
for the treatment of diseases, including liver diseases, asthma
and rheumatism. The present study evaluated the effect of
methanol extracts from Euphorbia cooperi (MEC), a member
of the Euphorbiaceae plant family, on the production of
inflammatory cytokines interleukin (IL)-6 and tumor necrosis
factor (TNF)-a, nitric oxide (NO) as well as the activation of
mitogen-activated protein kinase and nuclear factor (NF)-kB
signaling. Non-cytotoxic concentrations of MEC significantly
reduced the production of NO and IL-6, but not TNF-a, in
lipopolysaccharide (LPS)-stimulated RAW 264.7 macro-
phages. The decreased production of NO by MEC was due
to alleviated expression of inducible NO synthase. Reporter
assays with cells treated with MEC demonstrated reduced
activator protein-1 (AP-1) activity, while NF-«kB activity was
not reduced. Furthermore, the phosphorylation levels of c-Jun
N-terminal kinase (JNK) and p38 were suppressed by MEC
while phosphorylation levels of inhibitor of kB were not
reduced by MEC, suggesting that MEC-mediated inactiva-
tion of JNK and p38 is the underlying regulatory mechanism
for inflammatory mediators in LPS-stimulated RAW 264.7
macrophages.

Introduction
Macrophages are the primary effector cells of the immune

system that protect against microbial infection. Upon
stimulation with pathogen-derived molecules, including
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lipopolysaccharide (LPS) and flagellin, macrophages secrete a
variety of inflammatory mediators and cytokines (1,2). These
secreted proteins bind tightly to toll-like receptors (TLRs) and
stimulate the formation of signaling complexes resulting in
a rapid defensive response (3-6). The tight regulation of host
immune signaling ensures that the resulting immune response
is appropriate for the continuously changing microenviron-
ment, as well as for maintenance of immunological balance.
However, inappropriate or prolonged activation of the immune
system is largely responsible for the pathology of acute and
chronic inflammatory conditions, including septic shock and
chronic inflammatory conditions, such as rheumatoid arthritis,
inflammatory bowel disease and chronic obstructive pulmonary
disease (1,7). In this regard, the secretion of pro-inflammatory
mediators by activated macrophages, including cytokines,
growth factors, hydrolytic enzymes, bioactive lipids, reactive
oxygen intermediates and nitric oxide (NO), are involved in
the pathogenesis of tissue injury (1,3). Therefore, identification
of agents that can regulate the production of pro-inflammatory
mediators is considered an effective strategy for developing
therapeutic agents to treat severe inflammation.

Activated macrophages transcriptionally express inducible
NO synthase (iNOS) in response to various pro-inflammatory
cytokines and bacterial LPS, resulting in the production of NO
via the oxidative deamination of L-arginine at sites of inflam-
mation (8,9). NO modulates a variety of biological processes,
including inflammation and carcinogenesis (10,11). Tumor
necrosis factor-o. (TNF-a) and interleukin (IL)-6 are potent
pro-inflammatory cytokines that are important for stimulating
the secretion of additional inflammatory cytokines. Therefore,
inhibiting the excessive production of these mediators in
macrophages through the inhibition of mRNA and protein
expression of iNOS, TNF-a and IL-6 may be a viable strategy
for the development of novel anti-inflammatory agents.

Several attempts have been made to develop a new genera-
tion of anti-inflammatory agents from natural compounds, as
natural compounds are known to have fewer side effects (12).
The latexes of Euphorbia plants were traditionally considered
as toxic substances due to their irritancy on mucus membranes,
including the nose and mouth, in humans (13). Although
Euphorbia plants have toxic effects in humans, the extracts
of Euphorbia plants are well known to inhibit excessive
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inflammation and are used in Chinese medicine (14,15).
Suarez et al demonstrated that intraperitoneal administration
of an aqueous extract of Croton malambo (Euphorbiaceae)
resulted in a significant anti-inflammatory effect in a rat model
of edema (16). Furthermore, Sangre de Drago (dragon's blood)
from Croton lechleri (Euphorbiaceae) inhibits inflammation
in vitro and in vivo (17,18). For example, treatment with Sangre
de Drago significantly decreased intracellular generation of
reactive oxygen species in several cell lines and alleviated paw
edema in rats (18). However, the anti-inflammatory effects of
methanol extracts of Euphorbia cooperi (MEC) remain to be
elucidated.

In the present study, the anti-inflammatory effect of MEC
in LPS-stimulated RAW 264.7 macrophages and its underlying
mechanisms were investigated to evaluate the therapeutic
potential of MEC in the treatment of abnormal inflammation.

Materials and methods

Cell culture and reagents. The RAW 264.7 macrophages,
a mouse monocytic cell line, were cultured in Dulbecco's
modified Eagle's medium supplemented with 10% fetal
bovine serum, 50 U/ml penicillin and 50 pg/ml streptomycin
(Gibco-BRL, Grand Island, NY, USA) at 37°C in a 5% CO,
humidified air atmosphere. Rabbit polyclonal anti-inhibitors
of kB (IxB) and mouse anti-tubulin antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA,
USA). Rabbit polyclonal anti-inducible iNOS, rabbit poly-
clonal anti-phospho IkB, rabbit polyclonal anti-phospho p38
mitogen-activated protein kinase (MAPK), rabbit polyclonal
anti-p38, mouse monoclonal anti-phospho extracellular
signal-regulated kinase (ERK), rabbit polyclonal anti-ERK,
rabbit polyclonal anti-phospho c-Jun N-terminal kinase
(JNK) and mouse monoclonal anti-JNK were purchased from
Cell Signaling Technology Inc. (Danvers, MA, USA). MEC
was purchased from the International Biological Material
Research Center (Daejeon, Korea). The above compounds
were dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich,
St. Louis, MO, USA) and added directly to the culture media.
The final concentrations of DMSO never exceeded 0.1%,
which did not affect the assay systems.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay. The RAW 264.7 macrophages were incubated
with MEC and LPS for 24 h. Following incubation, MTT
(0.5 mg/ml) was added for 3 h at 37°C and the supernatants
were carefully removed. The crystals of viable cells were
dissolved in DMSO and absorbance was measured at 595 nm
using a Synergy microplate reader (BioTek Instruments Inc.,
Winooski, VT, USA).

Nitrite assay. The RAW 264.7 macrophages were incubated
with MEC and LPS for 24 h. Following incubation, the levels
of NO synthesis were determined by assaying the culture
supernatants for nitrite, the stable reaction product of NO,
with molecular oxygen, using the Griess reagent (1% sulfa-
nilamide, 0.1% N-1-naphthylenediamine dihydrochloride
and 2.5% phosphoric acid). The absorbance was measured
at 540 nm using a Synergy microplate reader after 10 min
incubation.
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Enzyme-linked immunosorbent assay (ELISA). The RAW
264.7 macrophages were stimulated with LPS and MEC for
24 h. Following stimulation, the supernatants were obtained
and the quantities of TNF-a and IL-6 in the culture super-
natants were determined using sandwich ELISA, which used
monoclonal antibodies specific to each mediator. Prior to the
application of samples, the plate was pre-coated with coating
antibody in the supplied buffer. Following overnight incuba-
tion at 4°C, the plate was washed and assay diluents (1X) were
treated for 1 h. The samples were then loaded into each well and
incubated for 2 h at room temperature. They were then treated
with biotinylated secondary antibody and horseradish peroxi-
dase-streptavidin solutions for 1 h and 30 min, respectively and
substrate solution was added to the washed plate. After 10 min
incubation in the dark, 1N H;PO, treatment was applied and
the optical density of the individual wells was determined at
450 nm using a Synergy microplate reader.

Reverse transcription polymerase chain reaction (RT-PCR).
Total RNA was prepared from the cells and reverse-transcribed
into complementary DNA (cDNA), following which PCR
amplification of the cDNA was performed. The sequences of
PCR primers used in the present study were as follows: mouse
iNOS, forward 5'-GCA TGG AAC AGT ATA AGG CAA
ACA-3'" and reverse 5-GTT TCT GGT CGA TGT CAT GAG
CAA-3'; TNF-q, forward 5-GTG CCA GCC GAT GGG TTG
TAC C-3' and reverse 5-AGG CCC ACA GTC CAG GTC ACT
G3'; IL-6, forward 5-TCT TGG GAC TGA TGC TGG TGA
C-3' and reverse 5-CAT AAC GCA CTA GGT TTG CCG
A-3"and GAPDH, forward 5'-GTC TTC ACC ACC ATG GAG
AAG G-3'and reverse 5'-CCT GCT TCA CCA CCT TCT TGC
C-3". The PCR was run for 20-25 cycles of 94°C (30 sec), 60°C
(30 sec) and 72°C (30 sec) using a Bioer's thermal cycler (Bioer
Technology Co., Hangzhou, China). Following amplification,
the RT-PCR products (10 pl) were separated in 1.5% (w/v)
agarose gels and stained with ethidium bromide.

Transient transfection and luciferase assay. The nuclear
factor-kappa B (NF-«kB) and activator protein-1 (AP-1) promoters
containing the luciferase gene were purchased from Agilent
Technologies (Santa Clara, CA, USA). HEK 293 cells were
transiently transfected using polyethyleneimine according to
the manufacturer's instructions (Polysciences Inc., Warrington,
PA, USA) and transfected cells were stimulated with phorbol
12-myristate 13-acetate (PMA) in the presence or absence of
MEC for 24 h. The cells were harvested and the luciferase
activities were assayed according to the manufacturer's instruc-
tions (Promega Corporation, Madison, WI, USA).

Preparation of total cell lysates. LPS-stimulated RAW 264.7
cells were treated with MEC for the indicated time periods
(15 min and 24 h) and washed with ice-cold phosphate-buff-
ered saline. The cells were lysed in lysis buffer containing
0.5% NP-40, 0.5% Triton X-100, 150 mM sodium chlo-
ride, 20 mM trisaminomethane-hydrochloride (Tris-HCI;
pH 8.0), 1 mM ethylenediaminetetraacetic acid, 1% glycerol,
1 mM phenylmethylsulfonyl fluoride and 1 xg/ml aprotinin,
collected into microtubes and then centrifuged at 15,500 x g
for 30 min at 4°C. The supernatants were prepared in new
microtubes.
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Western blot analysis. Protein concentration was measured using
the Bradford method. Aliquots of the cell lysates were separated
on a 10% sodium dodecyl sulfate-polyacrylamide gel in a
Mini-Protein II gel apparatus (Bio-Rad, Richmond, CA, USA)
and transferred onto nitrocellulose membranes (GE Healthcare,
Milwaukee, WI, USA) with transfer buffer [(192 mM glycine,
25 mM Tris-HCI; pH 8.8 and 20% MeOH (v/v)]. Following
inhibition of the non-specific sites with 5% bovine serum
albumin solution, the membrane was incubated overnight at
4°C with the primary antibodies (1:1,000). Each membrane was
further incubated for 1 h with secondary peroxidase-conjugated
goat polyclonal immunoglobulin G (IgG; 1:5,000). The target
proteins were detected using an enhanced chemiluminescence
solution.

Statistical analysis. Differences between the experimental
conditions were assessed using Student's t-test. P<0.05 was
considered to indicate a statistically significant difference. In
all instances, the means of data from three independent experi-
ments were analyzed.

Results

Effects of MEC on the viability of activated macrophages. To
determine the maximal effective concentration of MEC that has
minimal cytotoxicity, RAW 264.7 macrophages were treated
with the indicated concentrations of MEC (20, 50, 100 and
200 ug/ml) for 24 h in the presence of LPS. Cell viability was
determined by the ability of the cells to metabolically reduce a
tetrazolium salt to a formazan dye. MEC had little effect on cell
viability at doses of <100 pg/ml either in the absence or pres-
ence of 0.5 ug/ml LPS (Fig. 1). However, significant cytotoxicity
was observed at MEC concentrations =100 pxg/ml. These data
indicated that low doses of MEC (100 pg/ml) do not affect the
viability of RAW 264.7 macrophages. Therefore, concentrations
<100 pg/ml were used in the subsequent experiments.

Effects of MEC on the production of LPS-induced iNOS
and NO. To determine the anti-inflammatory effect of MEC,
the release of NO was examined by treating the RAW 264.7
macrophages with MEC in the absence or presence of LPS.
Culture supernatants were collected after 24 h incuba-
tion and the quantity of nitrite accumulated in the culture
media was estimated using Griess reagent as an indicator of
NO release. As shown in Fig. 2A, the nitrite concentration
in the media was increased markedly in the LPS-activated
RAW 264.7 macrophages compared with the unstimulated
cells. When the RAW 264.7 macrophages were treated with
various concentrations of MEC, the levels of LPS-stimulated
nitrite production decreased significantly in a dose-dependent
manner (Fig. 2A). Since nitrite is a product of iNOS activa-
tion, the effects of MEC on iNOS mRNA and protein in
RAW 264.7 macrophages were measured using RT-PCR and
western blot analysis, respectively. As shown in Fig. 2B, treat-
ment of RAW 264.7 macrophages with various concentrations
of MEC markedly reduced the LPS-stimulated increase in the
level of iNOS mRNA expression in a dose-dependent manner.
Furthermore, MEC treatment reduced the LPS-induced
increase of iNOS protein expression in these cells (Fig. 2C).
These results indicated that MEC reduced NO production
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Figure 1. Effect of MEC on cell viability. RAW 264.7 macrophages were
treated with LPS in the presence of MEC (20, 50, 100 and 200 pg/ml). After
incubation for 24 h, cell viability was measured using a 3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Cell viability of each
group was compared with that of the LPS-treated group and presented as
a graph. Data are expressed as the mean + standard deviation (n=3). MEC,
methanol extracts from Euphorbia cooperi; LPS, lipopolysaccharide.
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Figure 2. Inhibitory effect of MEC on the production of NO. RAW 264.7
macrophages were stimulated with LPS in the presence of MEC (1, 5,20 and
100 pg/ml) for the indicated time periods. (A) After 24 h stimulation, NO
secretion in supernatants was measured using Griess reagent. NO secretion
was calculated by a standard curve using nitrite standard solution. The data
are expressed as the mean =+ standard deviation (n=3). "P<0.035, relative to an
LPS-treated control group. (B) After 6 h stimulation, total RNA was extracted
and reverse transcribed to cDNA. iNOS was amplified by polymerase chain
reaction and detected using a gel documentary system. Expression of
GAPDH was used as an internal control. (C) Total cell lysates were prepared
after 24 h stimulation and western blot analysis was performed. The expres-
sion levels of iNOS protein were detected by enhanced chemiluminescence
and normalized using tubulin as a loading control. MEC, methanol extracts
from Euphorbia cooperi; NO, nitric oxide; LPS, lipopolysaccharide; iNOS,
inducible NO synthase.
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Figure 3. Inhibitory effect of MEC on the production of pro-inflammatory cytokines. RAW 264.7 macrophages were stimulated with LPS in the presence
of MEC (1, 5, 20 and 100 pg/ml) for the indicated time periods. After 24 h stimulation, levels of (A) TNF-a and (B) IL-6 in supernatants were measured
by enzyme-linked immunosorbent assay. Secretion levels of each cytokine were determined using a standard curve and presented as a graph. The data are
expressed as the mean + standard deviation (n=3). "P<0.05, relative to the LPS-treated control group. After 6 h stimulation, total RNA was extracted and
reverse transcribed to cDNA. (C) TNF-a and (D) IL-6 mRNA was amplified by polymerase chain reaction and detected using a gel documentary system.
GAPDH expression was used as a loading control. MEC, methanol extracts from Euphorbia cooperi; LPS, lipopolysaccharide; TNF, tumor necrosis factor;

IL, interleukin.

by inhibiting the expression of iNOS in LPS-activated macro-
phages.

Differential inhibitory effect of MEC on the production of
IL-6 and TNF-a in activated macrophages. Since stimulation
of macrophages with LPS consequently induces the production
of pro-inflammatory cytokines, including TNF-a and IL-6,
the anti-inflammatory effects of MEC on cytokine production
were evaluated in LPS-stimulated macrophages. As shown
in Fig. 3A and B, LPS-stimulated RAW 264.7 macrophages
produced large quantities of TNF-a and IL-6. Notably, MEC
treatment reduced the LPS-stimulated production of IL-6 in
a dose-dependent manner but did not affect the production
of TNF-a. Furthermore, the LPS-induced increase in /L-6
mRNA expression was also markedly inhibited by MEC treat-
ment, whereas the mRNA level of TNF-a was not affected
(Fig. 3C and D). These results indicated that MEC selectively
regulated the production of IL-6 by inhibiting /L-6 mRNA
expression.

Selective inhibition of MAPK phosphorylation by MEC in
activated macrophages. To elucidate the mechanisms under-
lying the anti-inflammatory effect of MEC, the activities of
the inflammation-associated transcription factors, NF-xB and
AP-1, were measured. HEK 293 cells transiently transfected
with NF-xB or AP-1 luciferase reporter constructs were
treated with PMA, either in the absence or presence of MEC
and luciferase activity was determined. MEC had no apparent
effect on PMA-stimulated NF-«B activity (Fig. 4A), however,
the constructs were markedly stimulated by PMA and the
PMA-activated AP-1 transcriptional activity was inhibited
by MEC in a dose-dependent manner (Fig. 4B). To investi-
gate this further, the effects of MEC on the LPS-induced
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Figure 4. Inhibitory effect of MEC on NF-kB and AP-1 promoter activity.
HEK 293 cells were transiently transfected with (A) NF-xB and (B) AP-1
with B-galactosidase as an internal control. After 24 h incubation, cells were
stimulated with LPS in the presence of MEC (1, 5, 20 and 100 pg/ml) for
24 h. Cell lysates were prepared using passive lysis buffer and luminescence
values were measured using a microplate reader. RFI compared with the
unstimulated group is presented as a graph. The data are expressed as the
mean + standard deviation (n=3). "P<0.05, relative to the LPS-treated control
group. MEC, methanol extracts from Euphorbia cooperi; NF-xB, nuclear
factor-kB; AP-1, activator protein 1; LPS, lipopolysaccharide; RFI, relative
fold induction.
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Figure 5. Inhibitory effect of MEC on the activation of NF-xB and MAPKs.
RAW 264.7 macrophages were pretreated with various concentrations of
MEC (1, 5,20 and 100 pg/ml) for 1 h and then stimulated with LPS for 15 min.
Total cell lysates were prepared and western blot analysis was performed.
The expression level of (A) p-IxB, IxkB and (B) p-p38, p38, p-ERK, ERK,
p-JNK and JNK was detected by each specific antibody and tubulin was
used as a loading control. MEC, methanol extracts from Euphorbia cooperi;
NF-«kB, nuclear factor-kB; MAPK, mitogen-activated protein kinase; LPS,
lipopolysaccharide; p-, phosphorylated; ERK, extracellular signal-regulated
kinase; JNK, c-Jun N-terminal kinase; IxB, inhibitor of kB.

phosphorylation of IxB and MAPKSs in RAW 264.7 cells were
analyzed using western blot analysis. LPS treatment markedly
induced the phosphorylation of IxB and MAPKs, whereas MEC
inhibited the increased phosphorylation of JNK and p38 in a
dose-dependent manner. By contrast, the LPS-stimulated phos-
phorylation of IxB and ERK was not affected by MEC treatment
(Fig. 5). The results indicated that inflammatory responses
activated through MAPK signaling pathways, particularly those
involving JNK and p38, are sensitive to inhibition by MEC.

Discussion

The excessive production of iNOS by external stimuli is
recognized as an important pathophysiological consequence
in numerous inflammatory disorders (11). Aberrant expression
of iNOS leads to abnormal levels of NO production (8,19,20)
and several studies have indicated that increased expression of
iNOS is associated with carcinogenesis and severe inflamma-
tory diseases, including sepsis and arthritis (10,21,22). Since
iNOS/NO are central to the inflammatory process, a number
of studies have attempted to identify novel anti-inflammatory
agents that inhibit the expression of iNOS and to elucidate the
underlying mechanism. The present study demonstrated that
MEC inhibited the production of NO in RAW 264.7 macrophages
by inhibiting the expression of iNOS in a non-cytotoxic manner.
These results suggested that MEC contains anti-inflammatory
phytochemicals.
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Pro-inflammatory cytokines are key mediators of apoptosis
and innate immune reactions. Excessive levels of pro-inflam-
matory cytokines can induce tissue injury and potentiate septic
shock (23,24). Therefore, agents that inhibit the production and
action of pro-inflammatory cytokines may inhibit the progres-
sion of inflammatory diseases. The pro-inflammatory cytokines,
TNF-a and IL-6, are major pathogenic factors for a number
of inflammatory diseases, including rheumatoid arthritis, and
anti-IL-6 receptor antibody is currently used as a therapeutic
agent in the clinical treatment of this disease (24-26). The
present study demonstrated that MEC significantly inhibited
the production of IL-6, but not TNF-a, in LPS-stimulated
RAW 264.7 macrophages. Several studies have demonstrated
that these cytokines are not simultaneously inhibited by natural
compounds (27,28). One possibility for the differential regula-
tion of IL-6 and TNF-a by MEC is that IL-6 and TNF-a
possess a different promoter binding region for transcription
factors. Previous studies have revealed that the signal transducer
and activator of transcription (STAT) protein binding region is
contained in the IL-6 promoter region, but not in the TNF-a
promoter (29), and MEC may be a regulator of STAT signaling.

Several intracellular signaling pathways are associated
with the increased expression of iNOS and pro-inflammatory
cytokines (2,20,30). In particular, MAPKs, including p38,
ERK and JNK are important in the production of various
inflammatory mediators (7,30). LPS treatment of murine
macrophages significantly enhances the production of inflam-
matory mediators via MAPK phosphorylation and stimulation
of the downstream signaling pathway (2,5,6). These studies
imply that inhibition of p38, ERK and JNK phosphoryla-
tion may be a potential target pathway for the alleviation of
severe inflammatory states. However, several studies have
suggested that MAPK signaling cascades may be differently
involved in the response of anti-inflammatory compounds in
macrophages (31-33). In particular, a study by Watters et al
demonstrated that the MEK/ERK pathway is not essential for
the production of iNOS and IL-1f3 in macrophages (34). In the
present study, MEC inhibited the LPS-induced phosphoryla-
tion of p38 and JNK, but not ERK, in a dose-dependent manner.
However, the total MAPK levels were unchanged. Collectively,
these results suggested that the activity of MAPKs, including
p38 and JNK, rather than the expression of MAPKSs, is the key
regulatory mechanism underlying the MEC-mediated inhibi-
tion of inflammatory mediators.

NF-«B is the other major regulatory signaling molecule for
inflammation. Following LPS stimulation, which leads to the
phosphorylation and degradation of IkB in the cytosol, NF-xB
subunits are freely translocated into the nucleus (35,36). The
nuclear translocated NF-kB subunits, p65 and p50, regulate
the production of various inflammatory mediators, including
TNF-a, IL-6 and NO (37,38). In the present study, stimula-
tion of macrophages by LPS led to the activation of NF-kB
and MAPKSs. However, MEC had no effect on the activity of
NF-«xB or on the degradation of IkB in the LPS-stimulated
RAW 264.7 macrophages. NF-xB and MAPK signaling share
TLR4 adaptor molecules and accessory molecules, including
myeloid differentiation primary response 88 (MyDS88), toll/IL-1
receptor domain-containing adapter-inducing interferon-f3
(TRIF), tumor-necrosis factor receptor-associated factor 6
(TRAF6)and IL receptor-associated kinase 1. However, the
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downstream signaling molecules of MyD88, TRIF and TRAF6
are quite different in the NF-kB and MAPK signaling path-
ways, therefore, the present study hypothesized that MEC
may selectively regulate JNK and p38, but not the TLR4
accessory molecules.

The present study examined the regulation of inflam-
matory mediators by MEC in activated macrophages. Since
macrophages are important in the pathogenesis of numerous
inflammatory diseases, the MEC-mediated selective regula-
tion of inflammatory mediators suggests that MEC may have
therapeutic potential against inflammatory diseases. However,
further studies are required to analyze the major components
that are responsible for the reduction of inflammatory media-
tors and to elucidate the exact mechanism underlying the
difference in the production of pro-inflammatory cytokines,
IL-6 and TNF-o.
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