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ABSTRACT: Corbicula fluminea, the primary freshwater bivalve cultivated in Taiwan, was formerly used as a remedy for
hepatitis. Recent reports indicate that C. fluminea has many bioactivities, but it remains unknown whether C. fluminea affects
inflammation. This study explored the anti-inflammatory activity of C. fluminea. C. fluminea was first treated with chloroform to
obtain clam chloroform extracts (CCEs). On the basis of the assay for the release of pro-inflammatory cytokines in vitro and in
vivo, the results show that the CCEs significantly lowered the release of lipopolysaccharide (LPS)-induced pro-inflammatory
cytokines. Additionally, the CCEs reduced LPS-induced organ damage. Real-time polymerase chain reaction analysis suggested
that CCEs inhibit the LPS-induced mRNA expression of interleukin-1f and tumor necrosis factor-a. Western blot analysis
indicated that the CCEs increased expression of IkB and attenuated the phosphorylation of IkB. Gas chromatography—mass
spectrometry suggests that phytosterols and fatty acids are responsible for the anti-inflammatory properties of CCEs. Taken
together, CCEs have the potential to be developed as an anti-inflammatory functional food.
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B INTRODUCTION

Inflammation is a protective response against infection.
However, many chronic diseases, including cancer, hyper-
tension, atherosclerosis, and arthritis are associated with
persistent inflammation." Currently, anti-inflammatories of
natural origin are prescribed for the treatment of inflammatory
disorders.”> In the search for anti-inflammatory drugs, pro-
inflammatory cytokines are good indicators of efficacy.

The release of tumor necrosis factor-a (TNF-a) by
macrophages results in higher vascular permeability, which
leads to granulocyte infiltration and initiates the innate immune
response. Elevated TNF-a synthesis has also been associated
with the development of diabetes, septic shock, tumorigenesis,
rheumatoid arthritis, and inflammatory bowel disease. Cur-
rently, several protein-based drugs, including etanercept,
infliximab, and adalimumab, are available for the clinical
inhibition of TNF-a activity.” In addition, excessive production
of interleukin-1f (IL-1f) induces fever and is thought to be a
key mediator of inflammation.® Interleukin-6 (IL-6) is an
integral cytokine mediator of acute inflammation in response to
injury or infection. During acute inflammation, IL-6 might favor
the resolution of neutrophilic infiltrates and the initiation of the
immune response.” Therefore, assessment of possible anti-
inflammatory substance(s) may be accomplished by monitoring
the expression of pro-inflammatory cytokines, such as TNF-a,
IL-15, and IL-6.

Corbicula fluminea is a bivalve that is native to southeast Asia.
In Taiwanese traditional medicine, this freshwater clam is used
for its therapeutic effects on the liver. Patients with liver disease
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or chronic hepatitis are encouraged to consume soup made
with this clam. Recently, the efficacy of this traditional remedy
has been confirmed. Reports show that hot water extracts from
the freshwater clam have hepatoprotective effects in rats with
liver injuries induced by carbon tetrachloride.® Such extracts
have also been shown to significantly reduce alcoholic liver
injury in pigs.® In addition to its hepatoprotective activity, C.
fluminea has also been shown to have other bioactivities,
including the following. (1) Antihypertensive effect: the PXS
(Val-Lys-Pro and Val-Lys-Lys peptides) derived from the
digestion of this clam by Protamex can inhibit the activity of
angiotensin-I-converting enzyme to prevent the production of
angiotensin 17 (2) Anticancer effects: the substance(s)
extracted from the freshwater clam with methanol and then
partitioned with ethyl acetate can induce apoptosis of human
leukemia HL-60 cells by upregulation of Bax and Bad and
downregulation of Bcl-2 and Bdl-X,.* (3) Hypocholesterolemic
and hypolipidemic effects: hot water extracts may ameliorate
xenobiotic-induced hypercholesterolemia and hepatosteatosis
by changing the gene expression of apo A-I, malic enzyme
(ME), and glucose-6-phosphate dehydrogenase (G6PD).”
Recent reports show that post-treatment freshwater clam (C.
fluminea) extract (FCE) suppresses the release of pro-
inflammatory TNF-a after hemorrhagic shock (HS) and
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decreases the levels of markers of liver injury associated with
HS in rats."

In this study, the relationships between C. fluminea and
inflammation were evaluated. The results clearly indicate that
clam chloroform extracts (CCEs) lower the production of
lipopolysaccharide (LPS)-induced pro-inflammatory cytokines,
including TNF-a, IL-15, and IL-6, but that clam hot water
extracts (CWEs) do not. According to the results of pathology
and biophysics experiments, the CCEs did not harm living
tissues and reduced LPS-induced tissue damage. These
protective activities may result from the anti-inflammatory
capacity of the CCEs, which stimulate the overexpression of
IkB to reduce the expression of pro-inflammatory cytokine
genes, a mechanism in which certain phytosterols and fatty
acids may play an important role.

B MATERIALS AND METHODS

Preparation of Clam Crude Extracts. Clam powders were
provided by Mike Biological Technologies Company (Taipei, Taiwan,
Republic of China). Whole freshwater clam powder was added to
chloroform at a 1:10 (w/w) ratio. After resting for 12 h at room
temperature, the mixture was filtered through No. 1 filter paper (Toyo
Roshi Kaisha, Tokyo, Japan). The insoluble material was removed by
centrifugation at 4500g for 20 min. The supernatant was filtered
through No. 1 filter paper again, and the filtrate was dried in a rotation
evaporator under vacuum. It was then dissolved in dimethyl sulfoxide
(DMSO) for analysis. For the CWEs, whole freshwater clam powder
was added to boiling water at a 1:10 (w/w) ratio for 20 min, and the
mixture was filtered with No. 1 filter paper (Toyo Roshi Kaisha,
Tokyo, Japan). The filtrate was lyophilized and then dissolved in
phosphate-buffered saline (PBS) for analysis.

Cell Lines and Culture Conditions. Human peripheral blood
mononuclear cells (PBMCs) were separated from the fresh blood of
healthy donors in Ficoll-Paque PLUS (Amersham Biosciences,
Uppsala, Sweden) according to the instructions of the manufacturer.
Human acute monocytic leukemia (THP-1) cells were obtained from
the Food Industry Research and Development Institute (BCRC,
Hsinchu, Taiwan) and were cultured in RPMI1640 medium (Gibco
BRL, Gaithersburg, MD) supplemented with 0.05 mM f-mercaptoe-
thanol (Sigma—Aldrich, St. Louis, MO), 2 g/L sodium bicarbonate,
1% penicillin/streptomycin (PS, Biological Industries, Beithemeek,
Israel), and 10% heat-inactivated fetal bovine serum (FBS) (Gibco
BRL) in a humidified atmosphere with 5% CO, at 37 °C.

Cytotoxicity of Clam Crude Extracts. THP-1 cells and PBMCs
were seeded into 96-well culture plates at 2 X 10* cells/100 uL/well or
2 X 10° cells/100 uL/well. A total of 10 uL of either CCEs or CWEs
at different concentrations were added into each well and incubated
for 48 h in a CO, incubator at 37 °C. Cell viability was determined
using a (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay.'' The percent relative activity was calculated with the
following equation: (A;/A,) X 100%, in which A, is the absorbance of
the treated sample and A, is the absorbance of the untreated sample.

Cytokine Measurement. THP-1 cells and PBMCs were seeded
into 24-well culture plates at 1 X 10° cells/mL/well or 1 X 10° cells/
mL/well and incubated at 37 °C for 24 h. CCEs (100 pug/mL) were
then added to the wells. After 24 h of co-incubation, the supernatants
were harvested and assayed using human TNF-a DuoSet, human IL-
1/ DuoSet, and human IL-6 DuoSet enzyme-linked immunosorbent
assay (ELISA) kits (R&D System, Minneapolis, MN).

RNA Isolation and Real-Time Polymerase Chain Reaction
(PCR). THP-1 cells (1 X 10° cells/well) were treated with LPS (1 ug/
mL) and CCEs (100 pg/mL) for 3 h. The total THP-1 cellular RNA
was then extracted with TRIzol (Invitrogen Life Technologies,
Carlsbad, CA) and reverse-transcribed into cDNA using the
SuperScript First-Strand Synthesis System (Invitrogen Life Tech-
nologies). Human TNF-a and IL-1f mRNA levels were detected using
real-time PCR (Applied Biosystems, Carlsbad, CA). The PCR
reactions were performed in a 25 uL reaction mixture with TNF-q,
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IL-1p, and f-actin primers. The primer pairs of TNF-q, IL-1f, and f-
actin were as follows: 5" CCC AGG GAC CTC TCT CTA ATC 3’ as
the forward primer and 5 ATG GGC TAC AGG CTT GTC ACT 3
as the reverse primer for TNF-a, 5’ GCA CGA TGC ACC TGT ACG
AT 3’ as the forward primer and 5’ AGA CAT CAC CAA GCT TTT
TTG CT 3’ as the reverse primer for IL-1/3, and 5’ TTG CCG ACA
GGA TGC CAG AA 3’ as the forward primer and " GCC GACT
CCA CAC GGA GTA CT 3’ as the reverse primer for human f-actin.
Relative quantification of gene expression was performed using f-actin
as a normalization standard. The reaction mixture contained 1 yuL of
cDNA, 0.25 uL of forward primer, 0.25 uL of reverse primer, 11 yL of
deuterium depleted water (DDW), and 12.5 uL of 2X realQ PCR
master mix (with 10 mM MgCl, and Green DNA dye). Real-time PCR
consisted of a 95 °C denaturation step for 10 min, followed by 40
cycles of 15 s at 95 °C and 1 min at 60 °C.

Western Blot Analysis. THP-1 cells (2 x 10° cells) were either
untreated, treated with LPS (1 pug/mL), treated with CCE (100 ug/
mL), or treated with a combination of LPS (1 ug/mL) and CCE (100
ug/mL) for 24 h. Cells were harvested and mixed with sample buffer
(62.5 mM Tris-HCI at pH 6.8, 2% sodium dodecyl sulfate, 5% f-
mercaptoethanol, 10% glycerol, and 0.01% bromophenol blue). After
the samples came to a boil, sodium dodecyl sulfate—polyacrylamide gel
electrophoresis was performed, and the products were transferred to a
polyvinylidene fluoride (PVDF) membrane. The samples were probed
with rabbit anti-human nuclear factor-kB (NF-«B) polyclonal
antibodies (Santa Cruz Biotechnology, Santa Cruz, CA), anti-human
IkB monoclonal antibodies (Epitomics, Inc., Burlingame, CA), or anti-
human p-actin polyclonal antibodies (Gene Tex, Inc,, San Antonio,
TX). After the washes, the membranes were reprobed with goat anti-
rabbit immunoglobulin G and horseradish-peroxidase-conjugated
secondary antibodies (Gene Tex). Lastly, the blots were washed,
developed, and visualized by enhanced chemiluminescence detection
according to the instructions of the manufacturer (Pierce, Appleton,

Endotoxic Shock Model. Balb/c mice (6—8-week-old males)
were randomized to receive either 175 mg/kg of CCEs or a saline/
DMSO (solvent) placebo by intraperitoneal (ip) injection. Immedi-
ately afterward, the mice were injected with 15 mg/kg of LPS ip. After
treatment for 2, 6, or 9 h, blood samples were harvested from eye
bleeding and centrifuged at 3500g for S min to obtain the sera. The
murine TNF-@, IL-1f, and IL-6 were measured according the
instructions included with the ELISA kits (R&D System, Minneapolis,
MN). Two independent experiments with four animals each were
carried out. The experimental protocols were approved by the
Institutional Animal Ethical Committee of the National Chiao Tung
University and conducted according to the guidelines by the
Committee for the Purpose of Control and Supervision of Experi-
ments on Animals.

Blood Biochemical Analyses. Wistar-Kyoto rats (WKY; 16-
week-old males) were anesthetized with ether inhalation for
approximately 10 min. During the period of anesthesia, one of the
femoral arteries was cannulated and connected to a pressure
transducer to record arterial pressure (AP) and heart rate on a
polygraph recorder (PowerLab, AD Instruments Co., Mountain View,
CA). One of the femoral veins was catheterized for the intravenous
(iv) administration of 175 mg/kg of CCE or vitamin K (solvent). The
operation was completed within 15 min, and the section wound was
smaller than 0.5 cm?. After the operation, the animal was placed in a
metabolic cage. The rats awoke soon after the operation. During the
experiment, each rat’s body temperature was measured rectally using a
digital thermometer (HR 1300 thermometer, Yokogawa, Japanese)
once every minute. After the administration of 175 mg/kg of CCE or
vitamin K (solvent) for 48 h, blood samples were collected.'* Blood
samples for the measurement of white blood cells (Micro OT, Roche
Co., Germany) were taken and immediately centrifuged at 3000g for
10 min. The plasma samples were diluted 1:100 with distilled water
before analysis. Plasma creatinine, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), lactic dehydrogenase (LDH),
creatine phosphokinase (CPK), creatine phosphokinase-MB
(CKMB), and white blood cells (WBCs) were measured with an
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autoanalyzer (Vitros 750, Johnson & Johnson Co., Rochester, NY) to
evaluate various organ functions. Creatinine is a measurement of renal
function. ALT and AST are commonly measured in clinical settings as
a part of a diagnostic liver function test. LDH, CPK, and CKMB are a
measure of the functioning of the heart as well as other organs (such as
muscles). WBC counts are a measure of immune system function.

Tissue Damage. After treatment with CCEs or saline/DMSO for
12 h, the mice were sacrificed. The organs, including heart, lungs, liver,
spleen, and kidneys, were removed and fixed in 10% buffered
formalin—saline at 4 °C overnight and then embedded in paraffin
blocks. Tissue sections were prepared and stained with hematoxylin
and eosin (H&E). Tissue morphology was observed under a
microscope (Olympus, Center Valley, PA).

Analysis of the CCEs. Gas chromatography analyses were
performed with a Hewlett-Packard model 5890 series II or Agilent
6890N chromatograph equipped with a DB-S column (30 m X 0.25
mm inner diameter; 0.25 ym film; oven gradient at 50 °C for 2 min,
then 15 °C/min until the temperature reached 300 °C, and held at 300
°C for S min; 300 °C injector; 250 °C interface; and 1:40 split ratio
using helium carrier gas at a 13 psi column head pressure). Gas
chromatography—mass spectrometry (GC—MS) was performed on a
Hewlett-Packard 5890 II GC (J&W DB-5MS column, 30 m X 0.25
mm inner diameter; 0.25 ym film; 280 °C oven; 270 °C injector; and
280 °C GC—MS transfer line) coupled to a TRIO-2000 micromass
spectrometer (Micromass, Beverly, MA).

Statistical Analysis. All data are expressed as the mean + standard
deviation (SD). Statistical analyses were performed with Graph Pad
Prism (version S). Statistical evaluation of the data was carried out by
unpaired Student’s ¢ test for comparison between two groups and one-
way analysis of variation (ANOVA) followed by Dunnett’s test for
comparisons across more than two groups. Statistical significance was
set at p < 0.0S.

B RESULTS

Effects of C. fluminea Extracts on Inductions of TNF-a,
IL-16, or IL-6 in Vitro. To determine whether the active
substances in C. fluminea decrease inflammation, the dry clam
powders were added to chloroform or hot water to obtain
CCEs and CWEs. The yields of CCEs and CWEs were
approximately 8.2 and 30.5%, respectively (Table 1). Neither of

Table 1. Yield of Extracts Isolated from Residual Meat of C.
Sfluminea

solvent yield“'b (%)
chloroform (CCE) 8.19 + 0.28
chloroform (CCE) residual 91.88 + 0.35
hot water (CWE) 3045 + 0.97
hot water (CWE) residual 7593 + 8.71

“Dry weight of solvent extract (g)/dry weight of clam powder (g).
b - A
Mean of three replications + standard deviation.

the extracts affected the expression of inflammatory cytokines
(TNF-a, IL-18, or IL-6) independently (data not shown).
CCEs in doses <250 ug/mL and CWEs in doses <500 ug/mL
did not affect the viability of the cells (data not shown).
Furthermore, LPS (1 pug/mL) is used as a stimulator for
inflammation and can trigger the expression of cytokines, such
as TNF-q, IL-1p, or IL-6, in monocyte-like THP-1 cells or
PBMCs. On the basis of these abilities, the effects of CCEs or
CWEs on the production of pro-inflammatory cytokines were
examined. Figure 1A shows that the CCEs significantly reduced
the expression of TNF-a, IL-1f, and IL-6 released by LPS-
stimulated THP-1 cells. Unlike the CCEs, the CWEs enhanced
the release of LPS-induced TNF-a in THP-1 cells (Figure 1B).
Similar results were obtained in human PBMCs (panels A and

4078

"120 -

Untreated

[

L=3

o
"

WLPS

80 - CILPS+CCE 100pg/ml

60 o

[%] accumulation
#
*

40

20 1

IL-1p IL-6

160 - Untreated

¥ mLes

140 4 *

#  OLPS+CWE 100pe/ml
120 1

100 |

80

[%] accumulation

60.

40 1

20 4

0 - -
TNF-et

IL-1p IL-6

Figure 1. Effects of clam extracts on the production of pro-
inflammatory cytokines in THP-1 cells. THP-1 cells stimulated by
LPS were treated with (A) CCEs or (B) CWEs. The amounts of TNF-
a, IL-1, and IL-6 in the supernatants were measured and expressed as
a percentage of the respective cytokine concentration accumulated in
the supernatant of LPS-activated THP-1 cells (100%). The data are
expressed as the mean + standard error (SE) of three determinations.
() p < 0.05 versus LPS alone.

B of Figure 2). These results indicate that CCEs can lower the
releases of pro-inflammatory cytokines but that CWEs slightly
increase the release of pro-inflammatory cytokines under LPS
stimulation.

CCEs Decrease TNF-a and IL-1f Production in Vivo.
This study reveals that CCEs inhibit the release of pro-
inflammatory cytokines induced by LPS in vitro but CWEs do
not. Next, a well-established endotoxic shock model was used
to further examine the effects of CCEs on pro-inflammatory
cytokine production in vivo. TNF-a was undetectable in the
sera of the untreated or CCE-treated mice (Figure 3A). Co-
treatment with CCEs significantly reduced endotoxin-induced
TNF-« release (Figure 3A) and IL-1f production 2 h after LPS
treatment when compared to the LPS-treated, untreated, or
CCE-treated mice (Figure 3B).

In addition to inducing inflammation, LPS is also a potent
cytotoxin. As the results show, mice in the LPS-treated group
experienced bleeding in the liver, heart, spleen, lung, and kidney
(Figure 4). However, treatment with CCEs dramatically
reduced LPS-induced damage (Figure 4). Furthermore, the
effects of CCEs on otherwise healthy organs were also
examined to determine the safety of CCEs. Table 2 shows
that CCE treatment did not cause changes in creatinine, AST,
ALT, or WBCs, and it lowered the amounts of LDH, CKMB,
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Figure 2. Effects of clam extracts on the production of pro-
inflammatory cytokines in PBMCs. PBMCs stimulated by LPS were
treated with (A) CCEs or (B) CWEs. The amounts of TNF-a, IL-15,
and IL-6 in the supernatants were measured by ELISA. The data are
expressed as a percentage of the respective cytokine concentration
accumulated in the supernatant of LPS-activated PBMC cells (100%).
The data are presented as the mean + SE of three determinations. ()
p < 0.0S versus LPS alone.

and CPK in the sera when compared to the group treated with
solvent (vitamin K). On the basis of these results, CCE
treatment did not cause cellular damage in the kidneys, liver,
heart, or muscles (Table 2). CCEs not only inhibit the
concentration of pro-inflammatory cytokines but also decrease
organ damage caused by LPS. Furthermore, they are safe for
animals.

Effects of CCEs on the Gene Expression of TNF-a and
IL-1p after LPS Stimulation. The mechanism by which CCEs
inhibit the release of pro-inflammatory cytokines was examined.
First, we determined whether the CCEs could influence the
mRNA levels of pro-inflammatory cytokines. LPS stimulation
leads to a 14.9-fold increase in TNF-a mRNA expression and a
3.97-fold increase in IL-1f gene expression in THP-1 cells
when compared to untreated cells (Figure SA). However, after
co-incubation with CCEs (100 pg/mL), the levels of TNF-a
mRNA expression induced by LPS were decreased to only 8-
fold higher than baseline in THP-1 cells (p = 0.013). Similarly,
the increase in the level of IL-1f/ mRNA expression was
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Figure 3. CCEs decreased the production of TNF-a and IL-1/ in vivo.
Male Balb/c mice received CCEs or saline/DMSO by ip injection
immediately after injection with LPS. Serum samples were collected at
different times, and the levels of murine TNF-a and IL-15 were
determined by ELISA as described in the Materials and Methods. Two
independent experiments with four animals each were carried out. ()
p < 0.05; LPS/CCE group versus LPS group.

lowered to 2.9-fold higher than the baseline in THP-1 cells (p =
0.048) (Figure SA).

The above results reveal that CCEs preferentially act on the
expression of the TNF-ar gene. Thus, we investigated whether
CCEs influence the pathway of NF-kB activation, which is a
major pathway that regulates the expression of TNF-a. Figure
5B shows that CCEs can dramatically enhance IkB-a expression
and decrease the induction of the pIkB-a protein in THP-1
cells. Additionally, the data show that combined treatment with
LPS and CCEs caused lesser formation of the plkB-a protein
than treatment with LPS alone, which resulted in increased IxB-
a proteins. The IkB protein can retain NF-xB in the cytoplasm
and suppress nuclear translocation of NF-kB. Therefore, the
gene expression of NF-kB-activated pro-inflammatory cyto-
kines, such as TNF-q, are decreased by CCEs in the presence
of LPS. Taken together, CCEs may inhibit NF-kB-mediated
gene transcription in cells by preventing phosphorylation and
enhancing IkB-a expression.

Analysis of CCEs. GC—MS was used to determine which
CCEs have anti-inflammatory activities. The major components
were as follows (in descending order by concentration; also, see
Table 3): (1) cholesterol (23.24 mg/100 mg of CCE), (2) n-
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Figure 4. Histopathological features of the liver, kidney, heart, lung, and spleen of different treatment groups. Portions of the organs were fixed in 4%
paraformaldehyde overnight, embedded in paraffin, and cut into slices. Organ sections were stained with H&E (original magnification = 400X).

Table 2. Effect of CCEs on Blood Biomarkers Reflecting
Tissue Damage

levels

biochemical factors organs untreated CCE
creatinine (mg/dL) kidney 0.2 + 0.1¢ 03+ 0.1
AST (units/L) liver 603 + 3964  711.5 + 4762
ALT (units/L) liver 89.1 + 3838 76.9 + 364
LDH (units/L) heart 530.5 4702 3924 + 132.8”
CPK (units/L) heart 427.5 + 144 2353 + 10127
CKMB (ng/mL) heart 4993 + 734 3245 + 115.0°
WBC immune 52+ 14 S5 +21

(x10% mm?/mL) system

-+

“Mean of three replications
untreated group.

standard deviation. bp < 0.05 versus

hexadecanoic acid (9.48 mg/100 mg of CCE), (3) campesterol
(7.335 mg/100 mg of CCE), (4) oleic acid (6.665 mg/100 mg
of CCE), (S) ergosta-5,22-dien-3-ol (6.36 mg/100 mg of
CCE), (6) stigmasterol (3.75 mg/100 mg of CCE), (7)
octadecanic acid (3.72 mg/100 mg of CCE), and (8) 11-
eicosenoic acid methylester (3.59 mg/100 mg of CCE). On the
basis of their structures, the components can be divided into
sterols (1, 3, 5, and 6) and fatty acids (2, 4, 7, and 8).

B DISCUSSION

As previously described, C. fluminea is used not only as a food
but also as a remedy for liver diseases in Taiwan. Although
many bioactivities, such as hepatoprotection,”® antihyperten-
sion,” antitumorigenesis,8 and hypocholesterolemia,9 had been
reported, it remained unclear whether C. fluminea has an effect
on inflammation. In this study, we evaluated the effects of C.
fluminea crude extracts on inflammatory processes, and the
results clearly indicate that CCEs have the ability to suppress
the LPS-induced release of pro-inflammatory cytokines; CCEs
were especially effective against TNF-a by increasing IkB
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protein expression. We also analyzed the substances in CWEs
by GC—MS (data not shown). Uric acid (UA), one of
substances in CWEs, is already known to promote inflamma-
tion.">'* Thus, CWEs slightly increase the release of pro-
inflammatory cytokines under LPS stimulation.

TNF-a is a mediator of many pathologies, including
rheumatoid arthritis (RA), endotoxic shock, systemic lupus
erythematosus,"> tumorigenesis, and systemic inflammatory
response. TNF-a is thought to exert multiple biological effects
on endothelial cells during the inflammatory process, such as
the induction of leukocyte adhesion molecules'® and the release
of pro-inflammatory cytokines.'”'® Anti-TNF-a use has been
associated with a 51% reduction in the risk of developing
diabetes in patients with RA.' In addition, anti-TNF-a
treatments have been approved by regulatory authorities in
the United States and Europe to treat RA, and they represent a
significant new addition to the available therapeutic options.”

For the first time, our data demonstrate the anti-
inflammatory effects of CCEs, which may play an important
role as a traditional remedy. Two mechanisms may be involved
in this process. First, CCEs enhance IkB-a and decrease plkB-a
protein expression in THP-1 cells (Figure SB), which
inactivates the NF-kB molecule. NF-kB is an important
transcriptional factor for activating the expression of the
TNF-a gene. Thus, CCEs could reduce the mRNA expression
of TNF-a (Figure SA) and also markedly attenuate production
of this cytokine. Second, because the production of TNF-a is
known to be responsible for the induction of other pro-
inflammatory mediators, such as IL-1/ and IL-6,>"2* CCEs also
lower expression of these mediators. Our results also show the
downregulation of the pro-inflammatory cytokines IL-1§ and
IL-6 by CCEs in THP-1 and PBMC cells treated with LPS; this
effect may be associated with the reduction of TNF-a release
(Figures 1A and 2A). Moreover, a well-described mouse
model®® was also used to examine the anti-inflammatory effects
of CCEs. The data show that CCEs significantly reduced not
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Figure 5. Mechanism by which CCEs attenuate LPS-induced inflammation. (A) Real-time PCR analysis of the mRNA expression of TNF-& and IL-
1/ in THP-1 cells. The relative expressions of TNF-a and IL-1f are shown as percentages of f-actin. The data are expressed as the mean + SE of
three determinations. (*) p < 0.0S; CCE treatment versus LPS alone. (B) Effects of CCEs on the expression of NF-kB (p6S), IkB-, and pIkB-a in
LPS-stimulated THP-1 cells. These experiments were repeated 3 times, and representative results are shown.

Table 3. Components of CCEs by GC—MS Analysis

components (mg/100 mg of CCE)
cholesterol 23.24 + 0.14°
n-hexadecanoic acid (palmitic acid) 948 + 0.08
campesterol 7.34 £ 0.27
ergosta-5,22-dien-3-ol (brassicasterol) 6.36 + 0.16
oleic acid 424 + 0324
stigmasterol 3.73 £ 0.04
octadecanoic acid (stearic acid) 3.72 £+ 0.05
11-eicosenoic acid methylester 3.59 £ 0.18

“Mean of three replications + standard deviation.

only the production of TNF-a but also IL-1/ (Figure 3). Thus,
CCEs may be developed as a good therapeutic option for
certain diseases in which TNF-a is a pathogenic mediator.

We subsequently used GC—MS to analyze the components
of the C. fluminea chloroform extract. On the basis of the results
(see Supplementary Figure 1 of the Supporting Information),
we found that the eight major components of the CCE are
cholesterol (23.24%), palmitic acid (9.48%), campesterol
(7.34%), brassicasterol (6.36%), oleic acid (4.24%), stigmaster-
ol (3.73%), stearic acid (3.72%), and 1l-eicosenoic acid
methylester (3.59%) (Table 3). These components can be
divided into phytosterols and fatty acids. The phytosterols
stigmasterol, campesterol, and brassicasterol may reduce the
infiltration of TPA-induced neutrophils into inflamed tissue.”*
Stigmasterol is also an anti-inflammatory agent used in the
treatment of rheumatic diseases, and it can inhibit the release of
MMP-3 and MMP-13 from chondrocytes after IL-1p
stimulation by suppressing IkB degradation.”>*® The fatty
acids in the CCEs, such as oleic acid, may reduce LPS-induced
VCAM-1 mRNA levels and inhibit NFxB activation in
endothelial cells, and they may also inhibit the LPS-induced
production of NO and PGE, by suppressing the expression of
iNOS and COX-2 in murine microglial cells.””** Stearic acid
may attenuate bile duct ligation-induced leukocyte infiltration
and NF-kB activation in Sprague Dawley (SD) rats,” and
palmitic acid may inhibit the LPS-induced production of TNF-
@, IL-1f3, and IL-6 in J774A.1 murine macrophages.>
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In summary, CCEs inhibit pro-inflammatory cytokines,
especially TNF-@, and they may be used as a cost-effective,
natural treatment for inflammatory diseases.

B ASSOCIATED CONTENT

© Supporting Information

Total ion chromatograms obtained by GC—MS analysis on
CCEs: (1) cholesterol, (2) palmitic acid, (3) campesterol, (4)
brassicasterol, (5) oleic acid, (6) stigmasterol, (7) stearic acid,
and (8) 11-eicosenoic acid methylester (Supplementary Figure
1). This material is available free of charge via the Internet at

http://pubs.acs.org.
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