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Haliotis discus hannai called abalone, is the valuable marine mollusks and the by-products of abalone processing are viscera. Brownish abalone male viscera (AMV), which have not been reported as having antiinflammatory effects, was extracted with acetone and fractionated by different six acetone/hexane ratios
(0, 10, 20, 30, 40, and 100%) using a silica column via in vitro ABTS and DPPH radical and nitric oxide (NO)
production assay-guided fractionation. Among the fractions, the acetone/hexane ratio 40%, A40 exhibited
the most potent radical scavenging activities and inhibition of lipopolysaccharide (LPS)-induced NO production without cytotoxicity. A40 inhibited LPS-induced intracellular reactive oxygen species (ROS) production in a dose-dependent manner. Western blot analysis revealed that A40 down-regulated the
activation of NF-κB, MAPK (ERK 1/2, p-38, and JNK), and inflammatory enzymes, inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-2. Moreover, this fraction inhibited the generation of pro-inflammatory cytokines such as interleukin (IL)-1β, IL-6, and tumor necrosis factor (TNF)-α. These results
suggested that AMV containing A40 with anti-inflammatory and anti-oxidantive effects, is the effective
therapeutic and functional material for treating inflammatory disorders.
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Introduction
Inflammation, a protective innate immune response,
is a physiological reaction of body tissues to various
external detrimental stimuli involving injury and infection invading the host body. It is a protective response
that includes immune cells, and molecular mediators,
which leads to the release of inflammatory cytokines and
mediators [1, 2]. Inflammatory diseases can cause incre*Corresponding author
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ment of vascular permeability, fibrosis, and tissue
damage from the inflammatory process. And then,
many chemotactic and activating factors are secreted to
stimulate immune cells such as fibroblasts, lymphocytes,
monocytes, and macrophages. Therefore, it can lead to
the development of various diseases such as metabolic
disorders and even cancer [3, 4]. Macrophages are
phagocytic cells of the innate immune system that are
located in various tissues. This cells play an important
role in inflammatory reactions as effector cells and are
activated by exposure to various stimuli such as inflammatory cytokines and mediators, lipopolysaccharide
(LPS), and oxidative stress [5]. LPS is the predominant
component of the Gram-negative cell wall, binds the cell
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surface and activates of macrophages [6]. Activated
macrophages can generate reactive oxygen species
(ROS) that is shown to be able to activate mitogen
activated protein kinases (MAPK) such as extracellular
signal regulated kinase (ERK), c-jun, NH2-terminal
kinase (JNK), and p38 and nuclear factor kappa B cells
(NF-κB) [7−11]. Activated macrophages release proinflammatory cytokines such as interleukin (IL)-1β, IL-6,
and tumor necrosis factor (TNF)-α and inflammatory
mediators such as nitric oxide (NO) [12]. NF-κB is a
characteristic transcriptional factor for regulating the
generation of proinflammatory cytokines and regulates
the expression of various inflammation-related factors
including inducible nitric oxide synthase (iNOS) and
cyclooxygenase (COX)-2 and activated MAPK in inflammatory reactions [13−15].
Haliotis discus hannai called abalone is a large
marine gastropod mollusk of the genus Haliotis and is
distributed along the coastal waters of Southeast Asia
[16]. It is a highly commercialized seafood and the most
valued and popular food resource for its nutritive and

pharmaceutical value. Viscera, the by-product of abalone
that is usually discarded as industrial waste, may to
reach 15−25% of the total body weight of raw abalone. It
contains proteins, polysaccharides, and fatty acids with
biochemical activities involving anti-tumor, anti-inflammatory, and anti-oxidative functions [17−20]. Although
many studies have assessed the therapeutic importance
of abalone, the prospective effect and its mechanism of
abalone viscera on anti-inflammatory action have not
been studied. In our present study, antioxidant and antiinflammatory fraction was obtained by inhibition of
ABTS and DPPH radical activities and NO productionguided preparation from abalone male viscera (AMV),
and the anti-inflammatory effects of its fraction with
antioxidant effect were examined.

Materials and Methods
Sample preparation
AMV were obtained from WandoAbalone Co., Ltd.,
Jeollanam-do, Korea. Raw AMV were divided into

Fig. 1. Schematic representation for the preparation of active fraction, A40 from AMV using Bioactivity-guided fractionation.
Bioactivity-guided fractionation of AMV was performed as shown in the schematic representation and resulted in the preparation of
active fraction, A40. Fractionation was guided by assessing the inhibitory effects of A40 on NO production without cytotoxicity.
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male and female sexes, homogenized and extracted
with 10 volumes of acetone for 30 min at 4℃, and centrifuged at 5,000 rpm for 1 h. The supernatant was filtered, evaporated in vacuo, dissolved in hexane, and
evaporated for 24 h in vacuo. For the solvent fractionation, AMV extract was dissolved in a mixture of hexane: water (1:1), shacked for 1 min, and left for 1 h.
Then, the hexane layer was collected and evaporated
in vacuo. The AMV extract was prepared with six
solvent concentrations (0, 10, 20, 30, 40, and 100%
acetone) by varying the acetone ratio in hexane using
the Biotage SNAP cartridge KP-Sil. The fractions
were further chromatographed on a high-performance
liquid chromatography (HPLC) system (Shimadzu
LC-20AD, Shimadzu, Japan) with PDA detector and a
Luna C18 (2) column (150 mm × 3.0 mm, 3.0 μm,
Phenomenex, USA) at a flow rate of 0.34 ml/min
using 0.1% formic acid in MeOH and 0.1% formic acid
in water as the mobile phase (Fig. 1).
Cells and cytotoxicity assay
Murine macrophage, RAW 264.7 cells were purchased
from the Korean Cell Line Bank (KCLB) (Korea). The
cells were maintained at 37℃ in high glucose Dulbecco’s
Modified Eagle Medium (DMEM) (HyClone, USA),
supplemented with 10% fetal bovine serum (FBS)
(HyClone), 100 U/ml of penicillin and 100 μg/ml of
streptomycin (HyClone) in a humidified atmosphere
containing 95% air and 5% CO2. The cytotoxicity of the
sample was assessed by MTS assay. The cells (1 × 104
cells/well) were seeded and incubated for 24 h in DMEM
supplemented with 10% FBS and, the culture medium
was replaced with serum-free DMEM and the cells were
treated with different concentrations of the extract and
fractions for 24 h. After removing the serum-free DMEM,
the cells were treated with EZ-CYTOX (DoGEN, Korea)
for 1 h and the absorbance at 450 nm was measured using
a microplate reader (Epoch, BioTek Instruments, USA).
NO production assay
Cells (1 × 105 cells/well) were treated with sample for
1 h and then stimulated with 1 μg/ml of LPS under
serum-free medium. After 16 h, the supernatant was
added an equal volume of Griess reagents, A [0.1% (w/v)
N-(1-naphthyl) ethylenediamine in DW] and B [1% (w/v)
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sulfanilamide in 5% (v/v) phosphoric] and was reacted at
room temperature (RT) for 15 min in the dark. Then the
absorbance was measured at 540 nm using a microplate
reader (Epoch).
Enzyme-linked immunosorbent assay (ELISA)
The generation of TNF-α, IL-1β and IL-6 in the culture
media of pretreated and stimulated cells was measured
according to the manufacturer’s instructions using ELISA
kits (Invitrogen, Thermo Fisher Scientific, USA).
Western blot analysis
Protein expression was assessed by Western blot
analysis. Pretreated and stimulated cells were harvested and washed with cold PBS. Whole-cell lysates
were extracted with RIPA buffer (Thermo Fisher
Scientific) containing a protease inhibitor cocktail
(Roche, Germany). Equal amounts of proteins were
separated by 10% sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred
to polyvinylidene difluoride (PVDF) membranes. The
membranes were then blocked with 5% skim milk in
plain buffer (20 mM Tris pH 7.4 and 136 mM NaCl) at
RT for 2 h and then reacted with the primary antibodies
at 4℃ overnight. The membranes were incubated with
specific horseradish peroxidase (HRP)-conjugated
secondary antibody at RT for 2 h. Immunoreactive
bands were visualized using an enhanced Super Signal
West Femto Maximum Sensitivity Substrate Reagent
Kit (Thermo Scientific) under the ChemiDocTM Imaging
System (BIO-RAD Laboratories. Inc. USA) and the
bands were analyzed using Image J (US National
Institutes of Health Bethesda, USA).
Intracellular ROS assay
Intracellular ROS generation was determined with an
oxidant-sensitive fluorescent probe, dichlorofluorescin
diacetate (DCFH-DA). Cells were treated with A40 for
24 h. The cells were treated with LPS for 2 h to induce
ROS generation and then reacted with 25 μM of DCFHDA (Sigma-Aldrich, Co., USA) for 30 min. The fluorescence intensities were measured at an excitation
wavelength of 485 nm and an emission wavelength of
535 nm on a fluorescence microplate reader (GEMINIEM, Molecular Divices, USA).
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In vitro radical assay
The radical scavenging activities of the extract and
column fractions of AMV were determined by 2,2-Azinobis(3-ethylbenzothiazoline-6-sulfonic acid diammonium
salt (ABTS), and 1,1-diphenyl-β-picrylhydrazine DPPH
radical assays. The ABTS radical scavenging activity
was examined using a modification of the method
reported by Proestos [21]. 7 mM of 2,2'-Azobis (2-aminopropane) dihydrochloride (Sigma-Aldrich Co.) was mixed
with 2.45 mM ABTS (Sigma-Aldrich Co.) and then
incubated for 16 h. 50 μl of the sample and 100 μl of the
ABTS solution were incubated for 20 min and was
measured at 734 nm (Epoch). 1,1-diphenyl-β-picrylhydrazine (DPPH) radical scavenging activity was
assessed using a modification of the method reported
by Blois [22]. A 100 μl of 0.2 mM DPPH solution
(Sigma-Aldrich, Co.) was added to 100 μl of sample in a
96 well plate, mixed for five seconds, and reacted for
30 min in the dark. The absorbance was measured at
517 nm using a microplate spectrophotometer (Epoch).
Statistical analysis
Data are expressed as the means ± standard deviation
(SD) of at least three independent experiments. The
comparison of the data values was performed using oneway ANOVA and Duncan's multiple range tests using
the software package SPSS Statistics V20. The values
are denoted as means ± standard error (S.E.), and p < 0.05
was considered significant.

Results and Discussion
Bioactivity-guided preparation of active fraction from
AMV
Abalone has received extensive attention for its nutritive and biological properties. Several studies reported
that abalone contains proteins, polysaccharides, and
fatty acids with biological activities such as anti-tumor,
anti-inflammatory, and anti-oxidative functions [17−20].
Our study focused on the viscera, a by-product of
abalone with different pigments of brownish male and
greenish female viscera. The abalone viscera were separated into brownish male and greenish female and
extracted with acetone. Among the extracts, the AMV
with more potent inhibitory effects in LPS-induced NO
production, was fractionated by different acetone/hexane
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ratios using a silica column and obtained the most
potent anti-inflammatory fraction, A40 (Fig. 1).
Excessive NO production by activated macrophages
has been implicated in the pathophysiological processes
of inflammatory diseases involving inflammatory bowel
disease (IBD) [23]. To investigate the anti-inflammatory
action, the levels of NO production were examined in
LPS-stimulated murine macrophage, RAW 264.7 cells.
The acetone extract of brownish AMV shown inhibition
of LPS-induced NO production in a dose-dependent
manner with no cytotoxicity (Fig. 2A). Among the
fractions, A40 exhibited the strongest suppression of
LPS-induced NO production with no cytotoxicity (Fig.
2B). Plant pigment molecules absorb light only in the
wavelength range of 700 nm to 400 nm and this fraction
was suggested to contain carotenoids and chlorophyll
pigment components with various physiological activities. Oxidative stress produced during stressful conditions may damage DNA and proteins, and the consequent
cellular processes are disturbed, causing various diseases such as inflammation, aging, neurodegenerative,
diabetics, and cancer [24]. The chromatogram of A40
showed a peak at a wavelength range between 500 nm
to 400 nm and exhibited maximum absorbance at
451 nm (Fig. 1). These results might be suggested that
active fraction, A40 contained carotenoids pigment
components with various physiological activities. To
examine the radical scavenging activities, we performed
ABTS and DPPH radical assays that mainly associated
with the hydrogen-donating or proton-radical scavenging capacity of the target materials that have been
widely used to investigate antioxidant capacity [25]. Our
results demonstrated that the acetone extract and fractions of AMV showed ABTS (Fig. 2C), and DPPH (Fig.
2D) radical scavenging activities. Therefore, A40 with
the most potent inhibition in LPS-induced NO production without cytotoxicity was selected and assessed the
anti-inflammatory activity.
A40 inhibits LPS-induced intracellular ROS generation in
RAW 264.7 cells
ROS, which is produced by an imbalance between
antioxidant and prooxidant homeostasis, is related with
the process of various diseases. It is not only important
in host defenses but paradoxically, also limits inflammation and immune responses. The level of intracellular

Anti-inflammatory Fraction from Abalone Viscera

26

Fig. 2. Anti-inflammatory and anti-oxidant effects of extract and fractions prepared from AMV. (A) NO production and
cytotoxicity of acetone extract from AMV in LPS-stimulated RAW 264.7 cells, (B) NO production and cytotoxicity of fractions
prepared from AMV acetone extract, (C) ABTS and (D) DPPH radical scavenging activities of extract and fractions. Data are expressed
as the means ± SD (n = 3) of three individual experiments. A value of p < 0.05 was considered statistically significant.

ROS depends upon generation and removal by the antioxidant system [26, 27]. Fig. 3 showed that A40 inhibited intracellular ROS production. The excessive
generation of free radicals like ROS and their removal
leads to oxidative stress, suggesting a compromised
defense mechanism balanced by nuclear factor erythroid-2 related factor (Nrf-2) and heme-oxygenase-1 (HO1) thus decreasing antioxidant enzymes [28]. Moreover,
SOD3, an extracellular antioxidant enzyme, can control
inflammatory responses [29]. Further studies on regulation by A40 on Nrf-2 signaling and antioxidant enzymes
in activated macrophages are needed.
Effects of A40 on NF-κB and MAPK activation
NF-κB, which has long been considered a prototypic
and pro-inflammatory signaling pathway, acts in the
early stages of the inflammatory response. It is regulated by inflammatory proteins and mediators, and is
activated by proinflammatory cytokines such as IL-1β,
IL-6, and TNF-α. MAPKs, including ERK 1/2, p38, and

Fig. 3. Effects of A40 on intracellular ROS production in LPSstimulated RAW 264.7 cells. The amount of ROS production in
each group was calculated as percentage of fluorescence intensity
relative to the LPS-treated control. Data are expressed as the
means ± SD (n = 3) of three individual experiments. A value of
p < 0.05 was considered statistically significant.

JNK, and have a major role in the activation of NF-κB
[7−11]. Our results of Western blot analysis showed that

March 2022 | Vol. 50 | No. 1

27

Shin et al.

Fig. 4. Effects of A40 on activation of NF-κB and MAPK in LPS-stimulated RAW 264.7 cells. The band intensities of (A) pNF-κB,
(B) pERK, (C) p-p38, and (D) p-JNK were normalizing with the NF-κB, ERK, p38, and JNK. Data are expressed as the means ± SD (n = 3)
of three individual experiments. A value of p < 0.05 was considered statistically significant.

A40 negatively regulated the activation of NF-κB
(Fig. 4A) and MAPKs such as ERK 1/2 (Fig. 4B), p-38
(Fig. 4C), and JNK (Fig. 4D). Our results showed that
A40 downregulated NF-κB and MAPK, suggesting that
abalone viscera containing this fraction is a prospective
therapeutic candidate for the development of antiinflammatory functional food materials to treat inflammatory disorders such as IBD. Phosphorylation of NFκB and MAPK are closely linked to Akt and protein
kinase C (PKC) phosphorylation, and further studies on
various factors involving transcriptional factors in AMVmediated inflammatory reactions are needed.
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Effects of A40 on iNOS and COX-2 expression
The inflammatory enzymes iNOS and COX-2 produce
pro-inflammatory mediators, NO and PGE2, respectively, and are regulated by activation of NF-κB [13−15].
The enzyme, NOS catalyzes the conversion of L-arginine
to L-citrulline with the formation of NO, and is classified
into subfamilies according to the location of the
expression in the body, nNOS in neuronal and eNOS in
vascular endothelial cells. Macrophages, microglial cells,
keratinocytes, hepatocytes, astrocytes, and vascular
endothelial and epithelial cells express iNOS under
normal and pathological conditions. Among the NOS
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Fig. 5. Effects of A40 on expression of iNOS and COX-2 in
LPS-stimulated RAW 264.7 cells. Data are expressed as the
means ± SD (n = 3) of three individual experiments. A value of
p < 0.05 was considered statistically significant.

types, excessive NO generation is attributable to iNOS
expression [34]. Moreover, the production of PG, the
metabolites are formed from arachidonic acid by the
action of COX and subsequent downstream synthetases
and two closely related forms of COX, which are now
known as COX-1 and COX-2. Among them, COX-2, the
inducible form, is expressed in response to inflammatory
and other physiologic stimuli and growth factors, plays
an important role in inflammation. COX-2 specific
inhibitors and their potential role in clinical medicine
could represent a major advances in the treatment of
inflammatory diseases [35]. To evaluate the inhibitory
effects of A40 in LPS-induced inflammatory enzymes
activities, expression of iNOS and COX-2 was examined.
Western blot analysis revealed that protein expression
of iNOS and COX-2 was markedly upregulated in LPSstimulated macrophages, but down-regulated by A40
(Fig. 5). Especially, 100 μg/ml of A40 markedly inhibited
iNOS and COX-2 expression (Fig. 5).
Effects of A40 on generation of pro-inflammatory cytokines
It is reported that activated macrophages generate
proinflammatory cytokines such as TNF-α, IL-1β and
IL-6 in inflammatory reactions. IL-1β is produced by

Fig. 6. Effects of A40 on production of proinflammatory
cytokines in LPS-stimulated RAW 264.7 cells. The production of (A) IL-1β, (B) IL-6 and (C) TNF-α in LPS-stimulated RAW
264.7 cells. Data are expressed as the means ± SD (n = 3) of
three individual experiments. A value of p < 0.05 was considered statistically significant.

hematopoietic cells like monocytes, macrophages such as
microglia or Kuffer cells, and dendritic cells, and plays
an crucial role in diabetes, obesity, cardiovascular, and
inflammatory diseases [30]. IL-6 has been reported to
induce acute phage protein production in inflammatory
reactions, and activate the differentiation and growth of
hematopoietic precursor cells. TNF-α, a major cytokine
involved in the inflammatory response and elevated this
cytokine generation, was first described for its cytotoxic
activity to tumor cells via immune cells and has been
found to be related with the development of inflammatory diseases [31]. Our ELISA results revealed that A40
inhibited production of pro-inflammatory cytokines, IL1β (Fig. 6A), IL-6 (Fig. 6B), and TNF-α (Fig. 6C) in a
dose-dependent manner.
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Fig. 7. Anti-inflammatory mechanism of active fraction, A40 prepared from Abalone Male Viscera.

In the inflammatory response, IL-8 as the characteristic cytokine in IBD was first observed for its chemoattractant property for granulocytes and primary
neutrophils in vitro. Toll-like receptor (TLR) is involved
in the production and secretion of IL-8 in macrophages
and smooth muscle cells [32]. IL-10, known anti-inflammatory cytokines, toll-like receptors (TLR) 9, and NF-κB
are genetically linked to inflammation. IL-33 is the newest member of the IL-1 family involving IL-1α. It is
located in the cell nucleus and found outside the cell as
an alarmin, and the main source of this cytokine is nonhematopoietic cells involving endothelial and epithelial
cells [33]. We suggest that further studies on characteristic cytokines involving IL-10, and IL-33 in inflammatory reactions are needed.
Taken together, active fraction, A40 prepared from the
acetone extract of AMV with anti-inflammatory and
antioxidant effects. Moreover, this fraction inhibited
intracellular ROS and proinflammatory cytokines (TNFα, IL-1β and IL-6) generation. Moreover, A40 downregulated the phosphorylation of inflammatory transcriptional factors, NF-κB and MAPK (ERK 1/2, p-38 and
JNK), and inflammatory enzymes, iNOS and COX-2
(Fig. 7). Overall, abalone viscera containing the active
fraction, A40 could be a prospective functional candidate
to treat inflammatory disease.
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