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Background: Marine natural products harbor a variety of pharmacological activities, and 
the sea species have been becoming a main source of new drug candidate. In pursuit of safer 
and more effective anti-inflammation drug, the anti-inflammatory activities, anti-oxygenation 
effects and underlying molecular mechanisms of compound dysiarenone from Dysidea 
arenaria were investigated via LPS-induced RAW 264.7 cell model.
Methods: Firstly, RAW 264.7 cells have been stimulated with LPS and treated with 
dysiarenone, and the cell viability of the LPS-treated RAW 264.7 cells was examined. One- 
step method, DCFH-DA fluorescence probe method was used to detect reactive oxygen 
species (ROS). The modulation of dysiarenone on anti-inflammation was detected by 
enzyme-linked immunosorbent assay by measuring the release of inflammatory cytokines 
(TNF-α and IL-6), and inflammatory mediators (LTB4). Further, the underlying anti- 
inflammatory mechanism of dysiarenone was explored by determining the expression of 
inducible 5-LOX, MAPKs, p-Akt, and p-NF-κB p65. Oxidative stress is tightly connected 
with inflammation, which was also evaluated through nuclear factor erythroid 2-related 
factor 2 (Nrf2)/heme oxygenase-1 (OH-1) signaling pathway.
Results: Our study unraveled that dysiarenone between 2 and 8 µM reduces the inflamma-
tion responses via suppressing the production of inflammatory cytokines (TNF-α and IL-6) 
and inflammatory mediators (LTB4). Dysiarenone down-regulated the protein levels of 
inducible 5-LOX via the inhibition of phosphorylation of MAPKs (including p38, ERK), 
Akt and NF-κB p65. Additionally, dysiarenone decreases ROS accumulation by upregulating 
HO-1 expression via nuclear translocation of Nrf2.
Conclusion: In conclusion, we demonstrated that dysiarenone possesses anti-inflammation 
and anti-oxidation activity via inhibiting 5-LOX/NF-κB/MAPK and Nrf2/HO-1 signaling 
pathway. Dysiarenone might be a promising lead compound for inflammatory diseases.
Keywords: dysiarenone, Dysidea arenaria, Nrf2, HO-1, NF-κB

Introduction
Accumulating data indicates oxidative damage is a primary cause for the pathogen-
esis of neurodegenerative disorders, Alzheimer’s disease and autoimmune 
diseases.1 Overexpressed reactive oxygen species (ROS) induces nucleic acid 
damage consequently resulting in neurological senescence and aging.1,2 

Inflammation is a self-protection act in response to injury being caused by harmful 
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pathogens, irritants and damaged cells.3 However, pro-
longed inflammation leads to pathogenesis of a variety of 
diseases including arthritis, asthma, multiple sclerosis and 
many more.4–7 Exposure to lipopolysaccharide (LPS) initi-
ates signaling cascade for inflammatory mediator expres-
sion including cytokines such as tumor necrosis factor α 
(TNF-α) and interleukin (IL)-6, Leukotriene (LT) B4 and 
nuclear factor-kappaB (NF-κB), and also produce ROS.8 

Thus, intervention of LPS-induced responses is an effec-
tive strategy to suppress oxidative and inflammatory 
responses.

In pursuit of safer and more effective anti-inflammation 
drug, the sea species have been becoming a main source of 
new drug candidate.9 Natural products derived from marine 
harbor a variety of therapeutic effects for cancer, arthritis 
and neurodegenerative diseases.10 The genus Dysidea is 
well known for the production of active components with 
diverse structures.11–15 We isolated a C21 meroterpenoid, 
dysiarenone, from Dysidea arenaria, and demonstrated its 
inhibitory activities against expressions of prostaglandin E2 

(PGE2) and cyclooxygenase-2 (COX-2).11 However, the 
detailed anti-inflammatory and anti-oxidative effects and 
related molecular mechanism pathways of dysiarenone 
have not been studied. Thus, the aim of this study was to 
evaluate the anti-inflammatory and anti-oxidative mechan-
isms of dysiarenone in LPS-induced RAW 264.7 cell model 
in this study.

Materials and Methods
Chemicals and Reagents
Lipopolysaccharide (LPS) (Catalogue Number: L2887) and 
dexamethasone (Catalogue Number: D4902) were obtained 
from Sigma-Aldrich (St Louis, MO, USA). 2.7-Dichlorodi- 
hydrofluorescein diacetate (DCFH-DA, Catalogue Number: 
S0033) was bought from Beyotime Biotechnology 
(Shanghai, China). Cell Counting Kit-8 (CCK-8) was pur-
chased from Dojindo (Tokyo, Japan). Antibodies for β-actin 
(Catalogue Number: 4967s), phosphorylated Erk 
(Catalogue Number: 9101s), Erk (Catalogue Number: 
9102s), phosphorylated JNK (Catalogue Number: 9251s), 
JNK (Catalogue Number: 9252s), phosphorylated p38 
(Catalogue Number: 9211s), p38 (Catalogue Number: 
9212s), IKKβ (Catalogue Number: 4967s), phosphorylated- 
IKKβ (Catalogue Number: 2370s), phosphorylated-NF-κB 
p65 (Catalogue Number: 3033s) and NF-κB p65 (Catalogue 
Number: 8242s) were provided by Cell Signaling 
Technology, Inc. (Danvers, MA, USA). Bicinchoninic 

acid (BCA) assay (Catalogue Number: 23225), Thermo 
Scientific (Waltham, MA, USA) supplied relative peroxi-
dase-conjugated secondary antibody (Catalogue Number: 
31460), NE-PER™ Nuclear and Cytoplasmic Extraction 
Reagents (Catalogue Number: 78833) and Pierce™ ECL 
Western Blotting Substrate (Catalogue Number: 32106). 
IL-6 (Catalogue Number: 550950) and TNF-α (Catalogue 
Number: 560478) ELISA kits were from BD Biosciences 
(San Jose, CA, USA). Murine Leukotriene B4 (LTB4) 
ELISA kit (Catalogue Number: CSB-E08034m) was pur-
chased from Cusabio (Wuhan, Hubei, China). Photographic 
film was purchased from Fujifilm Corporation (Tokyo, 
Japan). Anti-5-Lipoxygenase (LOX) antibody (Catalogue 
Number: ab39347), anti-Heme Oxygenase 1 antibody 
(Catalogue Number: ab189491), Anti-Nrf2 antibody 
(Catalogue Number: ab31163) and Phosphatase and 
Protease Inhibitor Cocktail (Catalogue Number: 
ab201120) were obtained from Abcam (Cambridge, 
MA, USA).

Extraction and Isolation
The extraction of D. arenaria (650 g) was performed with 
95% EtOH to afford 3.4 g extract. A pair of interesting quasi- 
molecular ions (625.1 [M + H]+ in positive mode m/z and 
623.3 [M - H]− in negative mode) were extracted from the LC- 
ESI-MS spectrum of the 6 organic extract. Guided by the 
molecular weight (MW 624), the extract was suspended in 
water (500 mL) and successively partitioned by n-Hexane and 
CH2Cl2 for three times. For the separation of CH2Cl2 fraction 
(2.5 g), a VLC on silica gel using n-hexane with increasing 
proportions of ethyl acetate (EtOAc) and then EtOAc with 
increasing proportions of MeOH were applied to give 11 
fractions (DA-DK). The tenth fraction DJ (0.62 g, petro-
leum/EtOAc 5:1) was further separated by reversed-phase 
C18 column with gradient MeOH/H2O (60%-100%) to yield 
15 subfractions (DJ1-DJ15). LC-DAD/MS analysis showed 
that the subfraction DJ13 (47.8 mg) contained the interesting 
molecular weight, and thus high-performance liquid chroma-
tography equipped with YMC-Pack Pro C18 reversed-phase 
column (5 µm, 10 × 250 mm; ultraviolet absorbance measured 
at 220 nm) using 95% MeCN/H2O as eluting solvent at 
2 mL/min was exploited for further purification to afford 
dysiarenone (tR = 49.2 min, 4.3 mg) (Jiao et al, 2018).

Cell Culture and Viability Assessment
RAW 264.7 macrophage cells, obtained from American 
Type Culture Collection (ATCC, Manassas, VA, USA), 
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were cultured with RPMI 1640 Medium (Life 
Technologies, Grand Island, NY, USA) supplemented 
with 10% FBS and 1% penicillin-streptomycin (Grand 
Island, NY, USA). The culture was incubated at 37°C in 
a humidified 5% CO2 atmosphere.

Cell Counting Kit-8 (CCK-8) assay was used for cell 
viability evaluation following previous literature.16 The cells 
were seeded into tissue culture 96-well plates (200 μL cell 
suspension per well) at a density of 1 × 105 cells/well for 
2 h. The cells were then co-incubated with LPS (1 µM) and 
dysiarenone at concentrations ranging from 2 to 32 µM for 
24 h. Ten μL solution of CKK-8 was added to the cell culture 
and further incubated for another 4 h. Absorbance at 450 nm 
was measured with SpectraMax Paradigm Multi-Mode 
Microplate Reader (Molecular Devices, San Jose, CA, USA). 
The cell viability was normalized to the non-LPS-treated group 
(control, CTL) group.

Reactive Oxygen Species (ROS) Assay
The ROS assay kit is mostly based on fluorescence intensity 
change of fluorescent dye DCFH-DA. DCFH-DA has no 
fluorescence and could cross the cell membrane freely. It 
can be hydrolyzed to DCFH which can be oxidized to fluor-
escent DCF by ROS in the cell. The real level of ROS can be 
analyzed by flow cytometry (BD FACSAriaTM II) and Laser 
Scanning Confocal Microscopy (LSCM, Leica TCS SP5 II), 
respectively. RAW264.7 cells were treated with dysiarenone 
at different concentrations of 4 μM and 8 μM in the presence 
of LPS (1 μg/mL) stimulation for 24 h. After washing twice 
with PBS, and the cells were stained with DCFH-DA (1:1000 
dilution with FBS) at 37 °C with 5% CO2 in a humidified 
incubator for 30 min, finally, the fluorescence intensities 
were detected by flow cytometry and LSCM, respectively.

ELISA Assay for TNF-α and IL-6
RAW 264.7 cells were seeded into 96-well plates (3 × 105 

cells/mL) and cultured for 24 h. The pro-inflammatory 
mediators (TNF-α and IL-6) produced by LPS-stimulated 
RAW 264.7 cells were quantified using ELISA Kits (TNF- 
α ELISA kit sensitivity: 10 pg/mL, intra-assay precision 
coefficient of variation (CV) % <5.8% and inter-assay 
precision CV% <8.4%; IL-6 ELISA kit sensitivity: 10 
pg/mL, intra-assay precision CV% <5.4% and inter-assay 
precision CV% <4.0%). After 1 hour’s pretreatment with 
dysiarenone at concentrations ranging from 2 µM to 8 µM, 
the cells were further stimulated with LPS at 1 μg/mL for 
12 h. As a positive control, the impacts of dexamethasone 
on TNF-α and IL-6 in LPS-induced RAW 264.7 cells were 

also determined parallelly. Preliminary experimental 
results reminded that the concentrations of TNF-α and 
IL-6 are beyond the detection range of these two ELISA 
kits. For the determination of TNF-α and IL-6, the cell 
supernatants were diluted 4-fold and 6-fold, respectively, 
for ELISA assay. ELISA was carried out according to the 
manufacturer’s instructions, and absorbance was measured 
at 450 nm.

ELISA Assay for LTB4 Production
RAW 264.7 cells were seeded at a density of 1 × 106 cells/ 
mL into 24-well plates and cultured for 24 h. After treat-
ment with dysiarenone at concentrations ranging from 2 
µM to 8 µM for 1 h, the cells were further treated with the 
presence or the absence of LPS for 18 h. The concentra-
tion of LTB4 in cell-free supernatant was assayed follow-
ing the manufacturer’s instructions (Sensitivity of the 
ELISA kit is 3.9 pg/mL; inter-assay precision is less than 
10% and the intra-assay precision is less than 8%). 
Absorbance was measured using SpectraMax Paradigm 
Multi-Mode Microplate Reader at 450 nm. The modula-
tions of dexamethasone on the production of LTB4 were 
also evaluated following the above procedure.

Western Blot of Inflammation-Related 
Enzymes
Western blot analysis was performed according to the pre-
vious method with some modifications.17 Briefly, the cells 
were plated and treated with dysiarenone in the presence of 
LPS for 24 h, and then extracted proteins were quantified 
using BCA assay. Protein samples were then separated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis, 
and electro-transferred onto PVDF membranes (GE 
Healthcare, Chicago, IL, USA). After blocking with 3% 
skim milk solution, the membranes were probed with pri-
mary antibodies including anti-COX-2, anti-Erk, anti- 
phosphorylated Erk, anti-JNK, anti-phosphorylated JNK, 
anti-p38, anti-phosphorylated p38, anti-phosphorylated- 
IKKβ, anti-IKKβ, anti-NF-κB p65, anti-phosphorylated-NF 
-κB p65, anti-HO-1 antibody, anti-Nrf2 and anti-β-actin, and 
then incubated with peroxidase-conjugated secondary anti-
bodies. To determine the expressions of protein, the immu-
noblots were detected with enhanced chemiluminescent 
(ECL) reagent consistent with the manufacturer’s protocol. 
The band intensities were quantified using the Image 
J Software and normalized to the level of β-actin.
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Statistical Analysis
All results are expressed as mean ± SD Multiple group 
comparisons of the data were performed using one-way ana-
lysis of variance (ANOVA) with post hoc test using GraphPad 
Prism 7.04, p < 0.05 was considered statistically significant.

Results
Effects of Dysiarenone on RAW 264.7 
Cell Viability
After 24 h treatment with dysiarenone at concentrations 
ranging from 2 μM to 32 μM, the effects of dysiarenone on 
RAW 264.7 cell viability were examined (Figure 1). The 
results of CCK-8 assay showed that there were no signifi-
cant changes in cell viabilities on RAW 264.7 cells by 
dysiarenone treatment below 8 μM. Subsequent experi-
ments were performed at concentrations ranging from 2 
μM to 8 μM of dysiarenone.

Dysiarenone Alleviated LPS-Induced 
Intracellular ROS in Macrophage

Oxidative damage plays an important role in the pathogen-
esis of various diseases, including diabetes, obesity, cancer, 
neurodegeneration, metabolic syndrome, cardiovascular dis-
ease, liver disease, and others. Therefore, whether dysiare-
none pre-treatment could alleviate LPS-induced intracellular 
ROS was examined. As shown in Figure 2, the level of 
fluorescence emitted by DCF in LPS stimulated group raised 
significantly compared to normal group, but significantly 
decreased in dysiarenone pretreated groups. Therefore, the 
results suggested that dysiarenone pretreatment could effec-
tively reduce the LPS-induced intracellular ROS (Figure 2) 
through anti-oxidative properties. 

Impacts of Dysiarenone on IL-6, TNF-α 
and LTB4/5-LOX
Pro-inflammatory cytokines (IL-6 and TNF-α) and LTB4 play 
vital roles in the pathogenesis of inflammatory diseases, and 
the effects of dysiarenone were evaluated on IL-6, TNF-α and 
LTB4 using ELISA. The release of IL-6, TNF-α and LTB4 in 
the supernatant of RAW 264.7 macrophages were signifi-
cantly induced by LPS. As shown in Figure 3, dysiarenone 
at concentration ranging from 2 μM to 8 μM showed sig-
nificant suppression on the release of TNF-α (*p < 0.05, 
Figure 3A), and inhibited on LTB4 at 4 μM and 8 μM 
significantly (**p < 0.01, ***p < 0.001, Figure 3C). 
Dysiarenone also significantly down-regulated IL-6 levels at 
8 μM in cell cultural supernatant (***p < 0.001, Figure 3B).

For the remarkable inhibition of dysiarenone on LTB4 in 
LPS-treated RAW 264.7 cells, the inhibition of dysiarenone 
was further investigated on 5-LOX. The protein expression 
of 5-LOX in LPS-treated RAW 264.7 cells was detected by 
Western blot analysis (considering the weak inhibition of 
dysiarenone on IL-6, TNF-α and LTB4 at 2 µM, evaluation 
of dysiarenone on LPS-stimulated RAW 264.7 cells via 
Western blot was only performed at 4 µM and 8 µM). The 
protein expressions of 5-LOX were upregulated notably 
upon stimulated with LPS (1 μg/mL), and the up-regulated 
expressions of 5-LOX were significantly reduced by dysiar-
enone in a concentration-dependent manner between 4 μM 
and 8 μM (***p < 0.001, Figure 4). Compared to LPS- 
treated cells, treatment with dysiarenone (4 μM and 8 μM) 
decreased the protein expression of 5-LOX by 22.1% and 
39.8%, respectively. These outcomes suggest that the inhibi-
tion of dysiarenone on LTB4 might be through inhibition of 
5-LOX expression in LPS-stimulated RAW 264.7 
macrophages.

Figure 1 Cytotoxic effects of dysiarenone from Dysidea arenaria on RAW 264.7 cells (A) and structure of dysiarenone (B). After 24 h treatment with dysiarenone at 
concentrations ranging from 2 μM to 32 μM in the presence of LPS (1 μg/mL), cell viability was measured by the CKK-8 assay. Data are expressed as a percentage of control 
group (CTL) from three independent experiments and expressed as mean ± SD (**p < 0.01, ***p < 0.001; one-way ANOVA followed by Tukey post hoc multiple comparison tests).
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Figure 2 Dysiarenone reduces LPS-induced intracellular ROS accumulation in RAW 264.7 cells. After 24 h treatment with dysiarenone, the cells were incubated with 
DCFH-DA followed by LPS stimulation for 30 min. ROS were detected using Laser Scanning Confocal Microscopy (A) and flow cytometry (B). The data represent the 
means ± SD from three independent experiments (####p < 0.0001 vs control, ***p < 0.001 and ****p < 0.0001 vs LPS-treated group, one-way ANOVA followed by Tukey 
post hoc multiple comparison tests).

Figure 3 Effects of dysiarenone (2–8 μM) on the release of TNF-α (A), IL-6 (B) and LTB4 (C) in LPS-stimulated RAW 264.7 macrophages. Dexamethasone (Dex) was 
chosen as a reference control. The values are expressed as the means ± SD (###p < 0.001, compared to control group (CTL); *p < 0.05, **p < 0.01, ***p < 0.001, compared 
to LPS treated group (LPS); one-way ANOVA followed by Tukey post hoc multiple comparison tests).
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Repression of Dysiarenone on LPS- 
Induced NF-κB Signaling Pathway
For its anti-inflammatory effect in LPS-induced RAW 264.7 
macrophages, the inhibition of dysiarenone on LPS-induced 
nuclear translocation of NF-κB (p65) and related IκB kinase 
β (IKKβ) were analyzed by Western blot. Compared to the 
control group, the phosphorylation of NF-κB (p65) and 
IKKβ was enhanced by LPS (Figure 5). Pretreatment with 
dysiarenone for 1 h prevented the LPS-induced phosphor-
ylation of IKKβ at 8 μM (**p < 0.01). Furthermore, in the 
case of LPS-stimulated phospho-NF-κB (p65), dysiarenone 
also showed significant inhibition (*p < 0.05, Figure 5) at 
concentration of 8 μM without interfering the total protein 
level of NF-κB (p65) in RAW 264.7 cells.

Suppression of Dysiarenone on LPS-Induced 
Phosphorylation MAPKs and Akt
Mitogen-activated protein kinase (MAPK) and Akt are 
widely known for their critical roles in various cellular pro-
cesses including NF-κB activation. MAPKs (including JNK, 
ERK, and p38) and Akt play a vital role in activation of NF- 
κB during inflammatory process. Hence, we investigated the 
inhibition of dysiarenone on Akt phosphorylation induced by 
exposure of RAW 264.7 cells to LPS. As shown in Figure 6, 
the phospho-Akt was powerfully enhanced by LPS, and the 
phospho-Akt was markedly reduced by dysiarenone suggest-
ing that dysiarenone could suppress LPS-induced Akt path-
way signaling (Figure 6). Furthermore, we investigated the 
modulations of dysiarenone on ERK, JNK, and p38 signaling 

Figure 4 Inhibitory effects of dysiarenone (4–8 μM) on 5-LOX protein expressions (A) in LPS-stimulated RAW 264.7 cells. The bar chart shows the quantitative evaluation 
of 5-LOX bands by densitometry (B). The values are expressed as mean ± SD for three independent experiments. (###p < 0.001, compared to control group (CTL); ***p < 
0.001, compared to LPS treated group (LPS); one-way ANOVA followed by Tukey post hoc multiple comparison tests).

Figure 5 Effects of dysiarenone (4–8 μM) on the LPS-induced phospho-IKKβ (p-IKKβ) and phospho-NF-κB (p-NF-κB) (p65) in RAW 264.7 cells; (A) Protein bands for IKKβ, 
p-IKKβ, NF-κB (p65) and p-NF-κB (p65) The bar charts show the p-IKKβ (B) and p-NF-κB (p65) (C) bands by densitometry. The values are expressed as mean ± SD for 
three independent experiments. (###p < 0.001, compared to control group (CTL); *p < 0.05, **p < 0.01 compared to LPS treated group (LPS); one-way ANOVA followed by 
Tukey post hoc multiple comparison tests).
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pathway in LPS-induced RAW 264.7 cells. Treatment of LPS 
rose phosphorylation levels of JNK, ERK, and p38 in macro-
phages significantly, and the increased phosphorylations of 
p38 and ERKs were lowered by 1 hour’s treatment of 

dysiarenone in a concentration-dependent manner at 4 μM 
and 8 μM (Figure 7B and C). Dysiarenone only showed 
significant inhibition on JNK protein kinase at 8 μM 
(Figure 7D).

Figure 6 Effect of dysiarenone (4–8 μM) on the LPS-induced Akt phosphorylation in RAW 264.7 cells; (A) Protein bands for Akt and p-Akt. (B) the bar charts show 
phospho-Akt (p-Akt) bands by densitometry. The values are expressed as mean ± SD from three independent experiments. (###p < 0.001, compared to control group 
(CTL); *p < 0.05, compared to LPS treated group (LPS); one-way ANOVA followed by Tukey post hoc multiple comparison tests).

Figure 7 Effects of dysiarenone (4–8 μM) on the LPS-induced MAP kinase phosphorylation in RAW 264.7 cells (A); the bar chart shows the quantitative evaluation of 
phospho-P38 (p-P38) (B), phospho-ERK (p-ERK) (C) and phospho-JNK (p-JNK) (D) bands by densitometry. The values are expressed as mean ± SD from three independent 
experiments. (###p < 0.001, compared to control group (CTL); *p < 0.05, **p < 0.01, ***p < 0.001, compared to LPS treated group (LPS); one-way ANOVA followed by 
Tukey post hoc multiple comparison tests).
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Up-Regulation of Dysiarenone on HO-1 
in Macrophage Challenged with LPS
The roles of Nrf2 and HO-1 in protection against oxidation 
and inflammatory responses induced by LPS have been docu-
mented in previous study.18 To explore the mechanism under-
lying the anti-oxidant and anti-inflammatory efficacy of 
dysiarenone, protein expressions of Nrf2 and HO-1 in LPS 
stimulated macrophages were assessed. There were no signif-
icant variations of cytosol Nrf2 expressions among NC, LPS 
and dysiarenone (4–8 μM) treated group, and the expression of 
nuclear Nrf2 in RAW 264.7 cells was induced by treatment 
with LPS (1 μg/mL) 4–8 μM dysiarenone (Figure 8B). As 
shown in Figure 8B, treatment with dysiarenone (4–8 μM) 
resulted in the nuclear translocation of Nrf2. For the correla-
tion between Nrf2 translocation with the expression of anti- 
oxidant proteins protecting against inflammation responses, 
whether dysiarenone regulates HO-1, a target gene of Nrf2, in 
LPS stimulated RAW 264.7 cells were examined. The result 
indicated that dysiarenone promoted the protein levels of HO- 
1 after dysiarenone (4–8 μM) treatment (Figure 8A). These 

results suggest that pretreatment with dysiarenone exhibits 
antioxidant and anti-inflammatory effects through the induc-
tion of HO-1 via Nrf2 nuclear translocation.

Discussion
Steroidal anti-inflammatory drugs are the current main 
therapies for inflammation, corticosteroids (dexametha-
sone and so on) are prevalently used in clinic.19 But the 
severe side effects such as fluid retention, high blood 
pressure, headache constrain the use of corticosteroids.20 

As the main source for potential drug, natural products 
inspire the new drug discovery powerfully.21 Marine eco-
systems contain enormous marine organisms with novel 
molecules possessing interesting pharmacological activ-
ities, and the discovery of bioactive natural products 
from the marine environment for the purpose of drug 
candidates has prevailed for decades.9 Marine sponges, 
as rich sources of structurally novel secondary metabolites, 
attract much attention for the yield of potential lead com-
pounds for the development of new drugs.22 Sponges, 

Figure 8 Effects of dysiarenone on LPS-induced Nrf2 and HO-1 protein expressions in RAW 264.7 cells. The cells were treated with dysiarenone (4 and 8 μM) in the 
presence of 1 μg/mL LPS for 24 h. HO-1 (A) and Nrf2 (B) protein expressions were immunochemically assessed using anti-HO-1 and anti-Nrf-2 antibody, respectively. The 
data represent the means ± SD from three independent experiments (##p < 0.01 vs control, *p < 0.05 and **p < 0.01 vs LPS-treated group, one-way ANOVA followed by 
Tukey post hoc multiple comparison tests).
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a member of the genus Dysidea, are reported to be rich in 
bioactive secondary metabolites, and several sesquiterpene 
quinones and meroterpenes were isolated from this 
Dysidea species.11–15 Biological investigations study 
revealed that sesquiterpene quinones and meroterpenes 
isolated from Dysidea species could prevent degranulation 
of mast cell and lower PGE2 production via inhibiting 
COX-2 expression in RAW 264.7 cells.11,12

Inflammation and oxidation are tightly involved in 
pathogenesis of many diseases.8 Classical activation 
involves the exposure of the macrophage to LPS which 
will initiate TLR-4-mediated signaling pathway and cause 
inflammation. The anti-inflammation and anti-oxidation 
effect of dysiarenone was poorly demonstrated, so the anti- 
inflammation and anti-oxidation effect and underlying 
mechanism of dysiarenone on LPS-induced RAW 264.7 
macrophages were explored in this study. As a steroidal 
anti-inflammatory drug, dexamethasone was chosen as 
a reference control in current experiment.23

Increasing evidence has demonstrated that the tran-
scription factor Nrf2 plays a key role in antagonizing 
oxidative stress, and Nrf2 has been considered an emer-
ging therapeutic target.24 Nrf2 was a transcription factor 
that binds to the promoter of the HO-1 gene leading to 
anti-inflammation and anti-oxidation responses.25 

Dysiarenone significantly promoted the expression of 
Nrf2 and HO-1 protein in macrophages at a dose- 
dependent manner.

Inflammatory mediators, such as LTB4, TNF-α and IL- 
6, are tightly involved in the pathogenesis of inflammatory 
diseases.26 Interruption of these pro-inflammatory media-
tors could be an effective strategy for the prevention of 
inflammatory diseases.27 The arachidonate lipoxygenase 
enzyme system is in charge of the conversion of arachi-
donic acid into leukotriene. Arachidonate 5-lipoxygenase 
(5-LOX) converts of arachidonic acid to different leuko-
trienes such as LTB4.28 LTB4 is well documented in 
inflammation, and our experiment results showed that 
dysiarenone could lower the release of LTB4 in LPS- 
stimulated RAW 264.7 cells in a concentration-dependent 
manner at concentrations ranging from 4 μM to 8 μM.

NF-κB is well known for its participation in cell differ-
entiation, and highly involved in the pathogenesis of 
inflammation.29 Multiple natural compounds have been 
reported to possess anti-inflammatory effects via down-
regulating the phosphorylation of NF-κB.30,31 Our studies 
demonstrated that dysiarenone attenuate LPS-induced 
IKKβ phosphorylation and NF-κB p-65 phosphorylation 

in RAW 264.7 macrophages. Accordingly, the suppression 
of dysiarenone on LPS-induced inflammation confirmed 
the inhibition of dysiarenone on NF-κB pathway in RAW 
264.7 macrophages (Figure 2 and Figure 4). Compared to 
the reference control, dexamethasone (10 µM), compound 
dysiarenone also showed significant suppressions IL-6 and 
TNF-α at 8 µM (Figure 2).

Previous study indicated that Akt signaling pathway is 
activated by LPS-induced TLR-4-mediated pathway, and 
involved in NF-κB activation.32 This study showed that 
dysiarenone repressed LPS-induced phosphorylation of Akt 
at 8 μM, suggesting that dysiarenone restrains NF-κB acti-
vation via inhibition of Akt phosphorylation. MAPK, com-
prising of JNK, ERKs and p38, is an important upstream 
component of NF-κB.33,34 In this study, with treatment of 
dysiarenone, the phosphorylations of ERK and p38 MAP 
kinase were attenuated significantly at concentrations ran-
ging from 4 μM to 8 μM, and JNK phosphorylation was also 
reduced significantly by dysiarenone at 8 μM (Figure 7).

Recent studies have indicated Nrf2, as an anti-oxidant 
gene regulator, encoding Phase II detoxifying enzymes, and 
this signaling pathway has critical importance in the 
mechanism of cellular protection and maintenance.18 HO-1 
induction by activated Nrf2 protects the cells against oxida-
tive stress.35 Dysiarenone has strong anti-oxidant activity via 
reduction of the intracellular ROS level in RAW 264.7 
macrophages. Therefore, we determined whether the anti- 
oxidant activity of dysiarenone was mediated by Nrf2/HO-1 
signaling. As expected, Nrf2 nuclear translocation from the 
cytoplasm was potentiated after the dysiarenone treatment. 
In addition, dysiarenone treatment increased the HO-1 pro-
tein expression levels in RAW 264.7 macrophages. The 
enhanced HO-1 production may result in the reduction of 
iNOS expression and decrease the amount of free radicals.36 

In addition, these results suggest that dysiarenone has an 
anti-oxidative and anti-inflammatory effect through the 
Nrf2/HO-1 signaling pathway.

Conclusion
Dysiarenone reduces the LPS-induced high levels of ROS 
and suppresses inflammatory mediators (TNF-α and IL-6) 
and LTB4/5-LOX via interrupting LPS-stimulated NF-κB 
activation, and the inhibition of dysiarenone on NF-κB is 
via prevention of the phosphorylation of IKKβ, Akt and 
MAPK as well as Nrf2-mediated HO-1 induction in 
macrophages. This study demonstrates that dysiarenone 
from Dysidea arenaria possess potent anti-inflammation 
and anti-oxidation effects in LPS-stimulated RAW 264.7 
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cells. This is the first time to clarify anti-inflammation 
effects and underlying molecular mechanisms of dysiare-
none, and our findings suggest dysiarenone, a marine- 
derived C21 meroterpenoid, can be further investigated 
as a potentially lead compound in anti-inflammation.
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