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Sinulariolide suppresses LPS-induced phenotypic
and functional maturation of dendritic cells
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Abstract. The dendritic cell (DC) maturation process is
essential for the development of T cell responses and immune
tolerance. Accordingly, DCs are considered a major target in
the development of immunomodulating agents. In the present
study, the effect of sinulariolide, an active compound isolated
from the cultured soft coral Sinularia flexibilis, on lipopoly-
saccharide (LPS)-induced murine bone marrow-derived DCs
was evaluated. The different phenotypes, cytokine secretion
and the mix-lymphocyte reaction of DCs were detected
using flow cytometry and ELISA. The experimental results
revealed that the phenotypic and functional maturation of DCs
stimulated by LPS were markedly reduced by sinulariolide in
a concentration-dependent manner, including the expression
of co-stimulatory molecules (CD40, CD80 and CD86). In
addition, sinulariolide reduced the release of tumor necrosis
factor-a, interleukin (IL)-6, IL-12 and nitric oxide from the
LPS-activated DCs, decreased their abilities to stimulate allo-
geneic T cell proliferation, and inhibited LPS-induced nuclear
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factor-kB pathways. These findings offer novel insight into
the immunopharmacological function of sinulariolide and its
effects on DCs.

Introduction

Dendritic cells (DCs) are bone marrow-derived professional
antigen-presenting cells, which are critical in the regulation
of adaptive immune responses. Immature DCs usually reside
in peripheral tissues, expressing low levels of co-stimulatory
molecules (CD80, CD86 and CD40), which disable them
from activating naive T cells. Immature DCs begin matura-
tion following uptake of antigens and exposure to microbial
agents or inflammatory mediators in peripheral tissues (1,2).
The common characteristics of DC maturation include the
upregulation of co-stimulatory molecules and major histocom-
patibility complex (MHC) class II on the cell surface, reduced
capacity for antigen uptake, production of various inflamma-
tory cytokines, and trafficking to secondary lymphoid organs
through afferent lymphatic vessels. Subsequently, DCs present
antigenic peptides and stimulate naive antigen-specific T cells
in lymphoid organs (3). Overall, the DCs are a feasible thera-
peutic target for the pharmacological modulation of immune
responses, and the inhibition of DC maturation represents a
strategy for modulating immune responses (4).

Natural compounds derived from marine organisms serve
as potentially valuable sources for the identification of immu-
nomodulatory drugs for application in the biotechnology and
pharmaceutical industries. Cembrane diterpenoids and their
cyclized derivatives are the most abundant metabolites of soft
corals and vary substantially in structural complexity (5-7).
These cembranes have a defensive function in resisting natural
predators, including other corals and fish, and settlement by a
variety of microorganisms (8,9). In addition, cembranes have
been shown to possess different pharmacological activities in
anti-inflammatory (10,11) and antitumor effects (12,13).
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Sinulariolide, a cembrane-type diterpenoids, is an
active compound isolated from the cultured soft coral
Sinularia flexibilis. This compound has been reported to
exhibit biological activities, which include antimicrobial (14)
and anticancer activities (15-18). However, its effect on normal
immune function remains to be fully elucidated. In the
present study, whether sinulariolide can affect the maturation
and functional properties of murine bone marrow-derived
dendritic cells was investigated, and their underlying signaling
pathways were examined.

Materials and methods

Mice and preparation of bone marrow-derived murine DCs.
Female C57BL/6 mice (n=20; 6-8-weeks-old; 20-25 g) were
purchased from the National Laboratory Animal Center
(Taipei, Taiwan). The mice were housed under a controlled
temperature (22+2°C) and humidity (45-65%) with a 12-h
light/dark cycle, and free access food and water. Procedures
governing the use and care of animals were performed
according to the Institutional Animal Care and Use Committee
guidelines and approved by the Bioethics Committee of
National Chung-Hsing University (Taichung, Taiwan). The
murine bone marrow-derived DCs were prepared as previously
described (19).

Chemicals. Sinulariolide was isolated from the cultured soft
coral Sinularia flexibilis according to previously reported
procedures (20) and was provided by Dr Jui-Hsin Su (National
Museum of Marine Biology and Aquarium, Pingtung,
Taiwan). The stock solution was prepared at a concentration
of 50 mg/ml in dimethyl sulfoxide (DMSO; Sigma Aldrich;
Merck Millipore, Darmstadt, Germany). The working solu-
tion was freshly prepared by diluting with medium to desired
concentrations.

Cell viability and apoptosis assay. The DCs (1x10°%) were
prepared by treating with different concentrations of sinu-
lariolide with or without 100 ng/ml LPS at 37°C for 24 h.
Cytotoxicity was examined using a Cell Counting kit-8
(CCK-8; Dojindo Molecular Technologies, Inc., Kumamoto,
Japan) according to the manufacturer's protocol. The absor-
bance was recorded on a microplate reader (Tecan Group Ltd.,
Minnedorf, Switzerland) at a wavelength of 450 nm. For the
analysis of apoptosis, the cells were stained with an Annexin V
kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA), according to the manufacturer's protocol, and deter-
mined on an Accuri 5 flow cytometer (BD Biosciences, San
Jose, CA, USA). The mean fluorescence intensity was calcu-
lated using C6 Accuri system software (BD Biosciences).

Flow cytometric analysis of surface molecules. The DCs
(1x10%) were treated with DMSO (0.1%) or sinulariolide for 1 h
at 37°C, followed by LPS (100 ng/ml) stimulation at 37°C for
24 h. The expression of co-stimulatory markers CD40, CDS8O0,
and CD86 were detected on an Accuri 5 flow cytometer.
Immunofluorescence staining for flow analysis was performed
using mouse IgG anti-mouse CDI11 mAb-FITC conjugated
(1:100 dilution; cat. no. 553,801; BD Biosciences), mouse
IgG anti-mouse CD80 mAb-phycoerythrin (PE) conjugated
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(1:100 dilution; cat. no. 104,708; BioLegend, Inc., San Diego,
CA, USA), mouse IgG anti-mouse CD86 mAb-PE conjugated
(1:100 dilution; cat. no. 105,008; BioLegend, Inc.), mouse I1gG
anti-mouse CD40 mAb-PE conjugated (1:100 dilution; cat.
no. 12-0401-82; eBioscience; Thermo Fisher Scientific, Inc.)
for 1 h at 4°C. The mean fluorescence intensity was calculated
using C6 Accuri™ system software (BD Biosciences).

Cytokine and nitric oxide (NO) assay. Centrifugation was
performed at 1,000 x g for 15 min at 4°C, then the levels
of tumor necrosis factor (TNF)-a, interleukin (IL)-6 and
IL-12p70 in the culture supernatants were determined using
murine ELISA kits for TNF-a (cat. no. 900-K54), IL-6 (cat.
no. 900-K50), and IL-12p70 (cat. no. 900-K97; PeproTech,
Inc., London, UK) according to the manufacturer's protocol.
The production of NO was assayed indirectly by measuring
the levels of nitrite (NO,) in the culture supernatants using a
colorimeter assay based on the Griess reaction.

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR) analysis. Total RNA isolation was performed using
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). Total RNA
(2 pug; 10 pl) was reverse transcribed using M-MLYV reverse
transcriptase (Promega Corporation, Madison, WI, USA) to
cDNA in a 20 yul final reaction volume containing M-MLV 5X
Reaction Buffer (5 ul), 10 mM dNTP (1 ul), 500 ug/ml oligo
dT15 primers (1 pl) and nuclease-free water (3 pl; all Promega
Corporation), which were incubated at 42°C for 15 min. A
total of 100 pg of cDNA was used to initiate qPCR, which was
performed using the SYBR-Green PCR Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.) in the ABI 7500
Fast Real-Time system (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The thermocycling conditions were as follows:
95°C for 5 min, followed by 40 cycles of 95°C for 15 sec
and 60°C for 1 min. The primer pairs used were as follows:
Inducible nitric oxide synthase (iNOS), forward 5-ACATCG
ACCCGTCCACAGTAT-3' and reverse 5'-CAGAGGGGT
AGGCTTGTCTC-3'; GAPDH, forward 5'-CGTGTTCCTACC
CCCAATGT-3' and reverse 5"-TGTCATCATACTTGGCAG
GTTTCT-3'. The 2"24¢4 method (21) was used to normalize
transcription to GAPDH and calculate the fold induction rela-
tive to controls, which were without sinulariolide treatment.

DC-induced mixed lymphocyte reaction. The process of
determining allogeneic mixed lymphocytes was performed as
described previously (22). Briefly, enriched CD4* T cells were
negatively purified from the spleen of C57BL/6 mice using a
CD4" T-cell Isolation kit (Miltenyi Biotech, Bisley, UK). The
DCs were treated with DMSO (0.1%) or sinulariolide (10 zM)
in the presence or absence of LPS (100 ng/ml) for 18 h, which
was added in graded doses to 2.5x10° allogeneic T cells in
round-bottom 96-well plates. The plates were incubated at
37°C for 48 h and T cell proliferation was determined using
a CCK-8 assay.

Western blot analysis. The DCs were seeded at a density of
2x10° cells per six-well plate and pretreated with DMSO (0.1%)
or sinulariolide for 1 h, followed by stimulation with LPS
(100 ng/ml) for the indicated durations. Western blot analysis
was performed as described previously (22). In brief, the total
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Figure 1. Sinulariolide shows no cytotoxic effect against DCs. (A) Murine bone marrow-derived DCs were treated with different doses of sinulariolide in the
absence or presence of 100 ng/ml LPS for 24 h, and then assessed using a Cell Counting kit-8 assay. Data are expressed as the mean + standard deviation of
triplicate values. (B) Treated cells were stained with Annexin V/PI and the Annexin V* cells were examined using flow cytometry. (C) Quantitative data are
expressed as the mean + standard deviation of triplicate values and representative of three independent experiments with similar results. ““P<0.001 vs. dimethyl

sulfoxide-treated control group. DCs, dendritic cells; LPS, lipopolysaccharide.

cell lysates were extracted in RIPA lysis and extraction buffer
(Thermo Fisher Scientific, Inc.). The protein concentrations
were measured using a Bio-Rad protein assay kit (Bio-Rad
Laboratories, Inc., Hercules, CA USA), following which 20 ug
of protein was subjected to 10% SDS-PAGE and transferred
onto nitrocellulose membranes. The membranes were incu-
bated with antibodies against phosphorylated (p-)extracellular
signal-regulated kinase (ERK; 1:1,000 dilution; cat. no. 4370),
ERK (1:1,000 dilution; cat. no. 3192;), p-p38 (1:1,000 dilution;
cat. no. 4631), p38 (1:1,000 dilution; cat. no. 8690), p-AKT
(1:1,000 dilution; cat. no. 4060), AKT (1:1,000 dilution; cat.
no. 4685) and inhibitor of NF-kB IxBa (1:1,000 dilution; cat.
no. 4812; Cell Signaling Technology, Inc., Danvers, MA, USA)

overnight at 4°C. The membranes were then incubated with
horseradish peroxidase-labeled secondary antibody (1:2,000
dilution; cat. no. 111-035-003; Jackson ImmunoResearch
Laboratories, Inc., West Grove, PA, USA) overnight at 4°C.
The protein-antibody complexes were detected by enhanced
chemiluminescence (GE Healthcare Life Sciences, Chalfont,
UK), performed using a Hansor Luminescence Image system
(Hansor, Taichung, Taiwan). The blots were quantified by
densitometric analysis using Image]J software version 1.47
(National Institutes of Health, Bethesda, MD USA).

Preparation of nuclear extracts and NF-xB activity assay.
Nuclear extracts were prepared using NE-PER Nuclear and
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Cytoplasmic Extraction reagents (Pierce; Thermo Fisher
Scientific, Inc.) according to the manufacturer's protocol.
The samples were stored at -80°C for the analysis of NF-«xB
activity. The activity of NF-xB was measured in the nuclear
protein extracts (15 pg) using the TransAM™ NF-kB p65
ELISA-based assay kit (Active Motif, Carlsbad, CA, USA),
which is an ELISA-based method designed to detect NF-kB
p65 subunit activation. The assay was performed according to
the manufacturer's protocol and analyzed using a microplate
reader at 450 nm, with a reference wavelength of 655 nm
(Tecan Group Ltd.).

Statistical analysis. Data are expressed as the mean + stan-
dard deviation of the indicated number of experiments. The
statistical significance of differences between groups were
examined using one way analysis of variables followed
by Tukey's test or Student's t-test (GraphPad version 5 for
Windows; GraphPad Software, Inc., San Diego, CA USA).
P<0.05 was considered to indicate a statistically significant
difference.

Results

Sinulariolide has no significant cytotoxic or apoptotic effects
on DCs. The present study first evaluated the cytotoxicity
of sinulariolide on DCs by treating DCs with different
concentrations of sinulariolide in the presence or absence
of LPS (100 ng/ml) for 24 h. No significant toxic effects
were observed following treatment with sinulariolide in the
concentration range of 6.25-25 ug/ml, however, 50 ug/ml
sinulariolide significantly decreased cell viability (Fig. 1A).
The expression of Annexin V and CDI11c* were then analyzed,
in which sinulariolide (6.25-25 pg/ml) exerted minimal or no
apoptotic effects on DCs (Fig. 1B and C). Therefore, sinu-
lariolide concentrations <25 pg/ml were used in the following
experiments.

Reduction in the expression of co-stimulatory molecules by
sinulariolide. As co-stimulatory molecules are markers of
the maturation of DCs (1,2), the present study investigated
whether sinulariolide can alter the expression levels of CD40,
CD80 and CD86 in LPS-treated DCs. As shown in Fig. 2, the
expression levels of CD40, CD80 and CD86 were increased in
immature DC following LPS treatment (100 ng/ml) for 24 h,
and sinulariolide treatment effectively decreased the induc-
tion of co-stimulatory molecules in a dose-dependent manner.

Sinulariolide inhibits the secretion of proinflammatory
mediators in LPS-induced maturation. Subsequently, the
present study evaluated the inhibitory effect of sinulariolide
on the production of proinflammatory cytokines and NO by
LPS-stimulated DCs. The levels of TNF-a, IL-6, IL-12 and
NO in the medium were measured following treatment of the
immature DCs with sinulariolide for 1 h, followed by LPS
(100 ng/ml) stimulation for 24 h. Despite the fact that the
LPS-treated DCs showed markedly increased production of
IL-12 p70, TNF-a, IL-6 and NO, compared with the untreated
DCs, the results showed that sinulariolide suppressed this
LPS-induced release of cytokines and NO in a dose-dependent
manner (Fig. 3A-D). The present study also measured the
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mRNA levels of iNOS using RT-qPCR analysis to quantify
the inhibitory effect of sinulariolide on NO, which is regulated
by iNOS. The data, as shown in Fig. 3E, revealed that sinu-
lariolide markedly decreased the mRNA level of iNOS in the
LPS-stimulated DCs (Fig. 3E).

Sinulariolide suppresses the ability of LPS-stimulated DCs
to activate allogeneic T cells. The effect of sinulariolide
on DC-mediated allogeneic T cell proliferation was then
examined. The LPS-stimulated DCs were pretreated with or
without sinulariolide for 24 h and co-cultured with alloge-
neic spleen CD4* T cells for 48 h prior to measuring T cell
proliferation. As shown in Fig. 4A, the DCs treated with LPS
induced more marked proliferative responses in allogeneic
T cells, compared with the untreated DCs, when the T/DC cell
ratio was 5:1. This effect was reduced by sinulariolide in the
dose range of 6.25-25 pug/ml (Fig. 4B).

Sinulariolide represses the activation of NF-xB in
LPS-stimulated DCs. To further elucidate the possible suppres-
sive molecular mechanism of sinulariolide, the present study
examined and identified the signaling pathways, which may
be affected by sinulariolide in the LPS-stimulated DCs. As
shown in Fig. 5A, ERK, c-Jun N-terminal kinase (JNK), p38
mitogen-activated protein kinases (MAPKs) and AKT were
phosphorylated in the DCs upon stimulation, and sinulariolide
appeared to partially reduce the LPS-induced phosphorylation
of AKT at 30 min (P=0.08) and 60 min (P=0.07), compared
with p-ERK, p-p38 and p-JNK. The expression of non-phos-
phorylated proteins were not affected by sinulariolide. The
present study also analyzed the protein levels of IxkB and the
binding activity of NF-kB using a TransAM™ NF-«B assay.
The results showed that sinulariolide decreased the degradation
of IkB induced by LPS (Fig. 5B) and significantly inhibited the
LPS-induced NF-kB binding activity of p65 (Fig. 5C). This
suggested that sinulariolide repressed LPS-induced DC matu-
ration via inhibition of the NF-kB pathway, which may further
explain the inhibitory effect of sinulariolide on DC activation.

Discussion

The inhibitory effects of sinulariolide on the phenotype and
functional activation of DCs were investigated in the present
study. Sinulariolide has been shown to exert anticancer effects
in various cancer cell types. In contrast to anticancer effects,
the present study is the first, to the best of our knowledge, to
report that sinulariolide is an immunomodulator, which can
suppress the activation of DCs. The data suggested that sinu-
lariolide had an inhibitory effect on the modulation of harmful
and undesirable immune responses.

The immunogenic phenotype of mature DCs is
functionally characterized by the upregulation of
co-stimulatory markers (CD40, CD80 and CD86) and surface
MHC molecules (23,24). These distinct molecules regulate
the stimulatory capacity of DCs to activate allogeneic T cell
proliferation. In the present study, sinulariolide significantly
decreased the LPS-induced expression levels of CD40,
CD80 and CD86 in a dose-dependent manner, indicating that
DCs treated with sinulariolide were resistant to phenotypic
maturation.
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Figure 2. Sinulariolide attenuates the LPS-induced phenotypic maturation of DCs. Immature DCs were pretreated with sinulariolide for 1 h followed by LPS
(100 ng/ml) stimulation for an additional 24 h. Specific antibodies were used to stain cells, which were subsequently assayed using flow cytometry. The dotted
line indicates the isotype antibody group. Histogram graph data show the MFI. Quantitative data are expressed as the mean + SD of triplicate values, and
representative of three independent experiments with similar results. “P<0.01 and ““P<0.001 vs. dimethyl sulfoxide-treated control group. DCs, dendritic cells;
LPS, lipopolysaccharide; MFI, mean fluorescence intensity; SD, standard deviation.

Another distinctive feature of DC maturation is the
increased production of pro-inflammatory cytokines and
NO, which have critical regulatory functions in inflamma-
tion, T cell differentiation and expansion. TNF-a, IL-6 and
IL-12 are key pro-inflammatory cytokines involved in the
pathogenesis of chronic inflammatory diseases. DC matura-
tion induced by TNF-a augments Thl cell differentiation,
whereas IL-6 induces the differentiation of Th2 cells (25). The
production of IL-12 by mature DCs is important in priming
naive CD4* T cells to undergo Thl differentiation (26). NO,
synthesized by the enzyme NOS from L-arginine, is a potent
signaling molecule, which is crucial in various physiological
and pathophysiological processes (27). NO is also produced

by DCs upon activation, thus providing a negative feedback
mechanism to suppress lymphocyte proliferation and induce
apoptosis of DCs (28,29). As a result, inhibiting the production
of NO with the NOS inhibitor, N®-monomethyl arginine, can
reduce this apoptotic process (28). Furthermore, iNOS is acti-
vated by bacterial infection and various immunogenic stimuli,
including LPS, interferon-y or TNF-a, enabling the genera-
tion of NO from DCs to regulate DC responsiveness in an
autoregulatory feedback loop. The results of the present study
showed that LPS significantly increased the expression of
TNF-a, IL-6 and IL-12, and the release of NO/iNOS by DCs,
and this increase was inhibited by sinulariolide, indicating the
immunomodulatory role of sinulariolide in DC functions.
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Figure 3. Sinulariolide suppresses the release of IL-12p70, TNF-a, IL-6 and NO in LPS-stimulated DCs. Immature DCs were treated with sinulariolide for
1 h and then stimulated with LPS (100 ng/ml) for an additional 24 h. Cytokine levels of (A) TNF-a, (B) IL-6 and (C) IL-12 p70 in the culture supernatant
were measured using ELISA. (D) NO was measured using Griess reagent. Data are expressed as the mean + standard deviation of triplicate values. (E) mRNA
expression levels of iNOS were assessed using reverse transcription-quantitative polymerase chain reaction analysis using the 2224 method with GAPDH
mRNA as a reference. Quantitative data are expressed as the mean + standard deviation of triplicate values. All data are representative of three independent
experiments with similar results. “P<0.05, “P<0.01 and "“P<0.001 vs. dimethyl sulfoxide-treated control group. DCs, dendritic cells; LPS, lipopolysaccharide;
TNF-a, tumor necrosis factor-a; IL-, interleukin; NO, nitric oxide; iNOS, inducible nitric oxide synthase.
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Figure 4. Sinulariolide inhibits the proliferative response of allogeneic T cells induced by LPS-stimulated DCs. Sinulariolide was used to treat immature DCs
for 1 h and then stimulated with LPS (100 ng/ml) for an additional 24 h. (A) Allogeneic mixed lymphocyte reaction was performed for 48 h using allogeneic
spleen CD4* T cells as responder T cells with the indicated ratios of T/DC cells. (B) Allogeneic mixed lymphocyte reaction was performed with a T/DC cell
ratio of 5:1. Data are expressed as the mean + standard deviation of triplicate values. All data are representative of three independent experiments with similar
results. “P<0.05 vs. dimethyl sulfoxide-treated control group. DCs, dendritic cells; LPS, lipopolysaccharide.

As the MAPK, phosphoinositide-3 kinase/Akt and stimulation, it has been revealed that these signaling pathways
NF-«B signaling pathways in DCs can be activated by LPS  are distinct, but overlapping, in the phenotypic maturation,
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Figure 5. Inhibition of LPS-induced NF-«B signaling pathway in DCs by sinulariolide. Sinulariolide was used to treat immature DCs for 1 h, stimulated with
LPS (100 ng/ml) for the indicated durations and lysed for protein extraction. Levels of (A) ERK, JNK, p38 MPAK, AKT (phosphorylated and non-phosphory-
lated) and (B) IxB were examined by western blot assay. GAPDH was used as a loading control. Densitometric analysis was performed using Image J software.
(C) NF-«xB p65 DNA binding activity in nuclear extracts of DCs was determined using the TransAM kit. Data are expressed as the mean OD450 values of
triplicate values. All data presented are representative of three independent experiments with similar results. "P<0.05, “P<0.01 and “"P<0.001 vs. dimethyl
sulfoxide-treated control group. DCs, dendritic cells; LPS, lipopolysaccharide; JNK, c-Jun N-terminal kinase; ERK, extracellular signal-regulated kinase;
NF-kB, nuclear factor kB; IkB, inhibitor of NF-«B; p-, phosphorylated; ns, not significant (P>0.05); OD450, optical density at 450 nm.
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cytokine production and functional activation of DCs. Among
these pathways, NF-kB has a more important role, compared
with that of JNK, in mediating LPS-stimulated DC phenotypic
maturation (30,31). The differentiation of human monocytes
into immature DCs has been determined by the activation
of p38 MAPK (32). ERK and PI3 kinase/Akt are essential in
LPS-stimulated DC survival (33). In the present study, it was
observed that activation of the MAPK (ERK, p38 and JNK),
AKT and NF-kB pathways were affected by LPS treatment,
which was consistent with previous studies. However, pretreat-
ment with sinulariolide exerted marked inhibitory effects on the
degradation of IkB and activation of NF-«B in response to LPS
stimuli, without inhibiting the LPS-induced phosphorylation
of MAPK and AKT. These data suggested that the attenuation
of LPS-stimulated maturation and inflammatory responses
of DCs by sinulariolide were associated with downregulation
of the NF-«xB signaling pathway. However, the exact mecha-
nisms underlying the suppressive effect of sinulariolide on
LPS-stimulated DC activation requires further investigation.

Previous studies have shown that the bioactivity of
sinulariolide can be enhanced by conjugating hyaluronan
nanoparticles (34) and that hyaluronan nanoparticle/sinulari-
olide aggregates exert more potent anticancer effects on lung
cancer cells, compared with sinulariolide alone. Conceivably,
these techniques are likely to further facilitate the develop-
ment of clinical applications of sinulariolide.

In conclusion, the results of the present study demonstrated
that sinulariolide suppressed LPS-stimulated DC phenotypic
maturation, cytokine and NO production, and co-stimulatory
molecule expression. Therefore, sinulariolide may be utilized
in the treatment of autoimmune and inflammatory disorders.
These findings provide novel insight into the immunopharma-
cological functions of sinulariolide.
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