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Abstract: Turbo cornutus, the horned turban sea snail, is found along the intertidal and basaltic shore-
lines and is an important fishery resource of Jeju Island. In this study, we performed a preliminary
study on anti-inflammatory effect of 70% ethanol extract obtained from T. cornutus viscera (TVE) on
lipopolysaccharide (LPS)-stimulated RAW264.7 cells in vitro and zebrafish embryos in vivo. TVE
reduced the production of LPS-stimulated nitric oxide (NO) and prostaglandin E2 (PGE2) without
any toxic effects. TVE also decreased the protein expression of LPS-induced inducible NO synthase
and cyclooxygenase-2 and suppressed the production of pro-inflammatory cytokines, including
tumor necrosis factor-«, interleukin (IL)-6, and IL-13. Furthermore, mechanistic studies indicated
that TVE suppressed c-Jun N-terminal kinase phosphorylation and nuclear factor-kB activation. In
zebrafish embryos, TVE did not show developmental toxicity based on the survival rate and cell
death findings. In LPS-stimulated zebrafish embryos, TVE suppressed NO production and cell death.
In conclusion, the result from this preliminary study showed TVE has a potential anti-inflammatory
property that can be exploited as a functional food ingredient.
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1. Introduction

The spiny top shell Turbo cornutus (Phylum Mullusca, Class Gastropoda, Order
Trochida) is distributed throughout the coastal regions of South Korea, Japan, China,
and Taiwan, and it inhabits the rocky intertidal zone within a water depth of 20 m [1].
T. cornutus is an edible gastropod species, and it commands a high economic value in
Asia [2]. In South Korea, T. cornutus is used as an important fishery resource and is a major
gastropod in the marine industry [3]. The highest amount of T. cornutus (83% of the total na-
tional fishery production) is produced in Jeju Island, South Korea, and it is a major source of
income for Haenyeo (female divers whose practices are listed as a cultural heritage practice
by the United Nations Educational, Scientific, and Cultural Organization). T. cornutus is an
extremely important marine resource, and studies have evaluated the marine environment
of its habitat, resource biology, and population and immune-associated activities of hemo-
cytes in reproductive biology and physiology [1,2,4]. However, the plausible biological
mechanism related to the functional activities of T. cornutus has not been elucidated yet.

The fishing industry generates several by-products, including viscera, skin, eggs,
and gonads, and these products are discarded as industrial waste [5,6]. However, these
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by-products may have various applications as functional food ingredients [5]. Among
the by-products, viscera contain a high amount of proteins and lipids and exhibit several
valuable effects, including anti-oxidant, cytoprotective, and anti-inflammatory activities of
abalone, anti-oxidant activity of sea snails as well as anti-oxidant, and immune-enhancing
activities of sea cucumber [5-10].

Inflammation is a natural protective response of the body tissues to various exter-
nal stimuli, such as invading pathogens, tissue damage, and irritants [11,12]. However,
uncontrolled inflammation inflicts damage to the body and can lead to obesity, diabetes
arthritis, asthma, or other diseases [13,14]. Macrophages play an important role in host
defenses against noxious substances and subsequently initiate and regulate inflamma-
tory responses [15,16]. The murine macrophage cell line RAW 264.7 has been widely
used to study the anti-inflammatory effects. During an inflammatory response, murine
macrophages promote the endocytosis of bacterial debris (such as the major gram-negative
bacterial component lipopolysaccharide [LPS]) and subsequently produce nitric oxide
(NO), prostaglandin E2 (PGE2), and pro-inflammatory cytokines, thereby expanding the
local inflammatory response [14,15]. The activation of both nuclear factor-kB (NF-kB)
and mitogen-activated protein kinase (MAPK) family members, including extracellular
signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK), and p38 are important for
the production of pro-inflammatory factors and are triggered during inflammation under
LPS induction in macrophages [13,17]. These mechanisms have been widely explored for
investigating the major target of anti-inflammatory activity.

Zebrafish (Danio rerio) has been used as a major laboratory animal model in diverse
fields, including genetics, toxicity, biology, and drug discovery research, owing to their
extrauterine development, optical clarity, high fecundity, phenotypic similarity to human
tissues, and ease of genetic manipulation [18-20]. Zebrafish larvae have an innate immune
system that comprises neutrophils, macrophages, eosinophils, and mast cells [21]. Hence,
zebrafish have been utilized in the discovery of an anti-inflammatory substance that can
be used in drugs and/or health functional foods [14,21-23]. In the present study, we used
zebrafish embryos to confirm the anti-inflammatory activity of TVE.

The present study aimed to explore the anti-inflammatory effects of 70% ethanol
extract obtained from T. cornutus (TVE) on LPS-stimulated murine macrophage RAW264.7
cells in vitro and zebrafish embryos in vivo.

2. Materials and Methods
2.1. Preparation of TVE
2.1.1. Extraction of TVE

T. cornutus were purchased from the fishing village market of Jeju Island, South Korea.
Its surface was washed with running water to remove salt, sand, and foreign materials.
After removing the shells, each specimen was divided into the muscle and viscera. The
viscera were then thoroughly washed using tap water to remove foreign materials and
stored at —20 °C. The viscera were freeze-dried and ground to a powder. The powdered
viscera (5 g) was dissolved using one liter of 70% ethanol in a sonicator for 1 h at room
temperature; this was repeated three times, and the solution was then filtered by vacuum
filters. Finally, TVE was concentrated using a rotary evaporator and lyophilized.

2.1.2. Microbiological Analysis of TVE

The microbial analysis of TVE was performed using standard plate count and dry
rehydratable film methods for detection of total bacterial counts and Escherichia coli
according to the standard method of the Korean Food Code [24]. Analysis of the total
bacterial counts indicated that 10 mL TVE was added to a 90 mL sterile saline solution and
homogenized in a homogenizer for 2 min at room temperature. 1 mL of sample was mixed
with 15 mL of the plate count agar (Merck, Darmstadt, Germany) and then incubated at
37 °C for 48 h. The amount of bacteria is expressed as colony forming units (CFU/mL). For
the quantification of Escherichia coli, TVE plated onto dry rehydratable film (3M Petrifilm
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TM, 3M Microbiology products, St. Paul, MN, USA), and then incubated for 24 h at 35 °C
and count blue colonies with entrapped gas. As well as detection of bacteria and fungal was
assessed using the PCR Bacteria Test Kit (PromoKine, Heidelberg, Germany), and Fungal
rDNA PCR Kit (Takara Bio, Tokyo, Japan) according to the manufacturer’s instructions.
PCR (Takara, Kusatsu, Japan) was performed with positive and negative controls provided
in the kits using 1.5% agarose gel electrophoresis.

2.2. In Vitro Cell Experiments
2.2.1. Measurement of NO Production and Cell Viability Assay

RAW 264.7 cells are monocyte/macrophage-like cells, originating from Abelson
murine leukemia virus-induced tumors in BALB/c mice (KCLB; Seoul, Korea). Murine
macrophage RAW264.7 cells were cultured in Dulbecco’s Modified Eagles Media supple-
mented with 10% FBS, 100 pg/mL streptomycin, and 100 unit/mL penicillin at 37 °C in an
incubator with a humidified atmosphere of 5% CO,. RAW264.7 cells (1.5 x 10° cells/mL)
were seeded in 24-well plates. After 16 h, the cells in various concentrations were treated
with 50, 100, or 200 pug/mL of TVE and then incubated for 1 h. Then, LPS (1 pg/mL)
was added for cotreatment, and the cells were incubated for another 24 h. Cell viability
was evaluated via the MTT (3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide)
tetrazolium salt colorimetric assay. MTT solution was added to each well for 3 h. After,
culture supernatants were removed and DMSO (dimethyl sulfoxide) added to dissolve the
formazan crystals. NO production was evaluated via the Griess assay. Griess reagent and
culture supernatants were mixed for 10 min in dark. The cell viability and NO production
were measured at 570 nm and 540 nm using a microplate reader, respectively. Experiments
were performed as described previous study [14].

2.2.2. Measurement of PGE2 and Pro-Inflammatory Cytokine Production

The first part of this experiment was performed as described in Section 2.2.1. The
culture supernatants were collected after 24 h of culture. PGE2 and pro-inflammatory
cytokine (tumor necrosis factor-o [TNF-«], interleukin [IL]-6, IL-13) were determined
using mouse ELISA kits (R&D Systems, Inc., St. Louis, MO, USA) for PGE2 production,
and a mouse ELISA kit (Biosciences, San Diego, CA, USA) for pro-inflammatory cytokine
production as per the manufacturer’s instructions. The optical density of the solution was
determined by measuring the absorbance at 450 nm using a microplate reader.

2.2.3. Western Blots

RAW264.7 cells were seeded in 6-well plates. The cells were treated with 50, 100, or
200 pug/mL of TVE for 1 h and sensitized with LPS (1 pg/mL) for another 24 h or 15 min
of incubation. The cells were subsequently harvested and washed twice with ice PBS
(phosphate buffered saline) and pelleted by centrifugation for 20 min at 12,000 rpm. The
protein concentration was measured using a BCA™ protein assay kit (Thermo Scientific,
Waltham, MA, USA) according to manufacturer’s instructions. (-actin, inducible NO
synthase [iINOS], cyclooxygenase-2 [COX-2], Ik-B, phospho (p)-p65, ERK, p-ERK, JNK,
p-INK, p-38, and p-p38 were used as the primary antibodies (1:1000 dilution, Cell Signaling
Technology, Beverly, MA, USA). The HRP-conjugated anti-mouse IgG and anti-rabbit IgG
were used secondary antibodies (1:5000 dilution, Santa Cruz Biotechnology, CA, USA). A
densitometric analysis was performed using Image] to quantify protein expression [25].

2.3. In Vitro Zebrafish Experiments
2.3.1. Assessment of the Survival Rate and Morphology

Zebrafish were cultured and maintained as per conditions described previously [18].
Zebrafish (one female and two males) were mated and spawning was stimulated by the
onset of light. Naturally spawning embryos were transferred to petri dishes containing
embryo media within 30 min. The embryos of 7-9 h post-fertilization were transferred
to 12-well plates, and TVE was added to each well (15 embryos/well). After 1 h, LPS
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was added to the wells until 3 days post-fertilization (dpf). The survival rate was evalu-
ated at 7 dpf, and morphology was observed under a microscope equipped with DS-Filc
digital camera (Nikon, Tokyo, Japan), which was used to capture morphological images,
at 2 and 3 dpf. The zebrafish experiments were performed in accordance with the reg-
ulation of the Animal Care and Use Committee of the Animal Center of Jeju National
University (2020-0049).

2.3.2. Measurement of Cell Death and NO Production

At 3 dpf, zebrafish was transferred to each well of a 24-well plate, treated with 5 pM
DAF-FM-DA solution (Sigma-Aldrich, St. Louis, MO, USA), and incubated for 2 h in the
dark for measuring NO production. For detecting cell death, the fish were treated with
7 ug/mL acridine orange solution (Sigma-Aldrich, St. Louis, MO, USA) and incubated for
30 min in the dark. After incubation, the zebrafish were rinsed to remove the fluorescence
solution using fresh embryo media and anesthetized with 0.003% MS-222 (tricaine methane-
sulfonate, Sigma-Aldrich, St. Louis, MO, USA) before observation. The embryos were also
photographed under a fluorescence microscope equipped with a DS-Filc digital camera
(Nikon, Tokyo, Japan) at 3 dpf. The fluorescence intensity of individual larva was quantified
using Image J.

2.4. Statistical Analysis

All experiments were performed in triplicate, and the data were denoted as means
=+ standard deviation. Significant differences between the means of the parameters were
evaluated using a one-way analysis of variance, followed by Tukey’s multiple range test.
All analyses were performed using IBM SPSS (* p < 0.5, ** p < 0.01).

3. Results
3.1. TVE Inhibited the NO and PGE2 Production Stimulated by LPS in RAW264.7 Cells

As the key inflammatory targets, NO and PGE2 are considered inflammatory indi-
cators in animal models [26]. At the various concentrations of TVE ranging from 50 to
200 ug/mL, NO production was markedly decreased by 20.92%, 44.86%, and 70.21% (for
50, 100, and 200 pug/mL, respectively) compared with that in the only LPS-stimulated group
without any cytotoxicity (Figure 1a,b). As shown in Figure 1c, the only LPS-stimulated
group had considerably increased PGE2 production. However, TVE inhibited 20.77%
and 26.39% of PGE2 production at 100 and 200 ug/mL compared with the only LPS-
stimulated group. We then measured the protein levels of iNOS and COX-2 (Figure 1d).
The protein levels of iINOS and COX-2 were upregulated after LPS treatment, but TVE sig-
nificantly downregulated their levels. These results suggest that TVE inhibits NO and PGE2
production by downregulating both iNOS and COX-2 protein levels in LPS-stimulated
RAW264.7 cells.

3.2. TVE Suppressed the Pro-Inflammatory Cytokines Stimulated by LPS in RAW264.7 Cells

As shown in Figure 1, TVE suppressed NO and PGE2 production as well as iNOS
and COX-2 protein levels. Therefore, we evaluated whether TVE affects pro-inflammatory
cytokine production against LPS treatment (Figure 2). Pro-inflammatory cytokines such
as TNF-«, IL-6, and IL-1§3 are mediated via the association of iNOS and COX-2 [26]. LPS
treatment significantly induced TNF-¢, IL-6, and IL-13 production compared with the
control group. However, TVE significantly decreased TNF-o production by 74.31%, 54.24%,
and 26.76% (Figure 2a); IL-6 production by 78.12%, 72.06%, and 60.55% (Figure 2b); and
IL-1p production 81.27%, 69.62%, and 58.12% (Figure 2c) at 50, 100, and 200 mg/mL
concentrations, respectively.
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Figure 1. Effect of Turbo cornutus viscera ethanol extract (TVE) on LPS -stimulated inflammatory me-
diators in RAW 264.7 cells via (a) NO production, (b) cell viability, (¢) PGE2 production, and (d) iNOS
and COX—2 protein levels. The data are expressed as the mean + standard deviation of triplicate
experiments. * p < 0.05, ** p < 0.01 indicate values compared with the only LPS-stimulated group.

*ok

ok [ * 1

@ 120 | = () 120
[T E—
| —
& 100 ~ 100
< g
£ 80 = 80
£ S
3 g
T 60 2 60
2 2
s 40 =40
T o
£ =
E 20 I - =20
0+ . . . | . , .
Control 0 50 100 200 Control 0 50 100 200
LPS 1 pg/mL+ TVE (pg/mL) LPS1 pg/mL+ TVE (pg/mL)
c *k
( ) 120 I — Kk 1
— 1
~ 100
<
E 80 -
5]
2 60
£
= 40
= 20
0 T
Control 0 50 100 200

LPS1 pg/mL+ TVE (pg/mL)

Figure 2. Inhibitory effect of Turbo cornutus viscera ethanol extract (TVE) on LPS-induced (a) TNF-«,
(b) IL-6, and (c) IL-1p production in RAW 264.7 cells via ELISA. The data are expressed as the mean
=+ standard deviation of triplicate experiments. * p < 0.05, ** p < 0.01 indicate values compared with
the only LPS-stimulated group.
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3.3. TVE Downregulated the MAPK and NF-kB Signaling Pathways in LPS-Induced
RAW264.7 Cells

Next, we studied the anti-inflammatory signaling mechanisms of MAPK and NF-kB,
which play pivotal roles during inflammatory responses [27]. LPS treatment increased the
phosphorylation of ERK, JNK, and p38 in the MAPK signaling pathway (Figure 3a—c). As
indicated in Figure 3b, SP (SP600125) is widely used to inhibit JNK-mediated activation,
which was downregulated in LPS-induced RAW264.7 cells. The level of phosphorylated
JNK was significantly reduced after TVE treatment. However, TVE did not downregulate
the level of phosphorylated ERK and p38 in LPS-induced RAW264.7 cells. Therefore, TVE
inhibits LPS-induced inflammatory responses by suppressing the MAPK-associated JNK
pathway. The levels of the phosphorylated p65 subunit of NF-kB and IkB in the NF-kB
signaling mechanism are presented in Figure 3d. LPS stimulation downregulated IkB and
upregulated p65 phosphorylation in the cytosol compared with that in the control group.
However, treatment with TVE increased IkB protein levels and decreased p-p65 protein
levels. Therefore, TVE regulated the level of IkB and p-p65 protein levels. These results
suggest that TVE improves the inflammatory response by suppressing the JNK and NF-kB
signaling mechanism in LPS-stimulated RAW264.7 cells.
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Figure 3. Inhibitory effect of TVE on the LPS-stimulated MAPK and NF-kB signaling pathways in
RAW 264.7 cells. Protein levels of (a) p—ERK and ERK, (b) p—JNK and JNK, (c¢) p—p38 and p38, and
(d) I-kB and p—p65 were analyzed using western blot. Pharmacological inhibitors; PD (PD98059,
ERK inhibitor), SP (SP600125, JNK inhibitor), SB (SB203580, p38 inhibitor), and PDTC (Pyrrolidine
dithiocarbamate, NF—kB inhibitor).”The data are expressed as the mean + standard deviation of
triplicate experiments. ** p < 0.01 indicate values compared with the only LPS-stimulated group.

3.4. TVE Has No Toxic Effects in LPS-Stimulated Zebrafish

The zebrafish is a useful animal experimental model in toxicological studies [28]. To
confirm the toxicity of TVE, we monitored the survival rates, morphology, and cell death of
zebrafish. The survival rate of zebrafish after TVE treatments was >95%, with no significant
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difference between the control and treatment groups at 7 dpf (Figure 4a). The representative
images of zebrafish at 2 and 3 dpf are shown in Figure 4b. The TVE-exposed groups did not
differ from the control groups with respect to the body length and yolk sac size. Cell death
as detected via fluorescence staining is shown in Figure 4c. The developmental toxicity of
TVE was not detected at concentrations ranging from 25 to 100 pg/mL.
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S
o
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TVE (ug/mL)

Figure 4. Toxicity of TVE in zebrafish via (a) survival rate, (b) morphology, and (c) cell death. The
data are expressed as the mean =+ standard deviation of triplicate experiments. p values were not
significant (ns).

3.5. TVE Reduced NO Production in LPS-Induced Zebrafish

The anti-inflammatory effect of TVE in zebrafish was evaluated via its survival rate,
cell death, and NO production. The LPS-treated group showed reduced survival; however,
TVE increased the survival rate, which was similar to that of the control group (Figure 5a).
Moreover, the fluorescence images revealed that the zebrafish exposed to TVE with LPS
had a marked reduction in cell death (Figure 5b). Next, NO production was increased
after LPS stimulation and decreased with the increase in TVE concentrations (Figure 5c¢).
These results suggest that TVE treatment suppresses the inflammatory mediators in LPS-
stimulated zebrafish.
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Figure 5. Inhibitory effect of TVE on LPS-stimulated inflammatory mediators in the zebrafish model
via (a) survival rate, (b) cell death, and (c¢) NO production. The data are expressed as the mean £+
standard deviation of triplicate experiments. * p < 0.05, ** p < 0.01 indicate values compared with the
only LPS-stimulated group and ns indicates not significant.

4. Discussion

T. cornutus represents one of the most common edible gastropod species. Normally,
only the muscle part is consumed, whereas most of the viscera part is discarded as fishery
manufacturing waste, causing environmental pollution [4,5]. Therefore, extensive research
is required to find applications for the viscera. A recently published study revealed the
antioxidant properties of T. cornutus viscera in HyO,-induced HepG2 cells and purified
peptides via enzymatic hydrolysis [5]. The health-promoting effect of T. cornutus viscera
associated with various functional activities has rarely been reported. Moreover, TVE
was microbiologically safe according to microbiological analysis. TVE did not detect
Escherichia coli and fungal (Supplementary Table S1, Figure S1). The levels of total bacteria
on TVE was 7 CFU/mL, it was detected below regulation limit of the Korean government
guidelines (Regulations Concerning Recognition of Functional Ingredients and Standards
and Specifications for Health Functional Foods), and TVE did not detect bacteria via PCR
assay (Supplementary Table S1, Figure S1). Therefore, we prepared TVE and confirmed
its functionality for increased usability. However, in order to use TVE as an ingredient
for functional food that can be consumed by humans in the manufacturing industry, it
will be necessary to require microbiological hazards identification and sterilization process
because TVE is a substance derived from the viscera.

Inflammation is an important nonspecific protective response of body tissues to harm-
ful stimulation and is associated with many diseases [13,14,29]. Therefore, in our study, we
focused on anti-inflammatory activity. This study was conducted to identify applications
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in which T. cornutus viscera can be utilized as a valuable material and/or additive in the
functional food industry.

NO and PEG2 are key molecules that regulate inflammatory activity via iNOS and
COX-2 in animal models, respectively [30,31]. Thus, suppressing the production of these
inflammatory mediators serves a fundamental purpose in the treatment of inflammatory
diseases. The present study results showed that TVE markedly decreased LPS-stimulated
NO production in both RAW264.7 cells and zebrafish without toxicity. TVE also inhibited
the production of PGE2 and significantly reduced the expression levels of iNOS and COX-2
proteins in LPS-stimulated RAW 264.7 cells. These results suggest that TVE effectively
inhibits the production of inflammatory mediators. Next, we evaluated whether LPS-
induced macrophages that induce the secretion of the pro-inflammatory cytokines IL-
6, IL-1p3, and TNF-o are suppressed by TVE. TNF-« functions as a critical cytokine in
pathological damage associated with inflammation and can induce the release of IL-6 and
IL-13, which are the key pathogenic elements in various inflammatory disorders [14,15,30].
The stimulation of these cytokines is believed to be a capable therapeutic approach for
the clinical treatment of inflammatory disorders [11]. The study results showed that TVE
effectively decreases the pro-inflammatory cytokine expression in activated RAW264.7 cells.
Therefore, TVE can be used as an additive in the prevention and treatment of inflammatory-
related disease via the inhibition of pro-inflammatory cytokines.

For the discovery of new anti-inflammatory drugs, the study of signaling pathways
plays a crucial role. A key target for exploring the mechanism of LPS-stimulated inflamma-
tory response is to study anti-inflammatory mediators that inhibit the MAPK and NF-kB
signaling pathways [13,14]. The MAPK signaling pathway is involved in many biological
processes, including inflammation, apoptosis, and proliferation, and is known to activate
iNOS and COX-2 expression along with pro-inflammatory cytokine production in LPS-
induced macrophages [14,30]. The NF-kB signaling pathway plays a significant role in
cell survival, DNA transcription, and cytokine production, and NF-kB is activated by
the degradation of IkB proteins, which lead to the continuous nuclear translocation of
NF-KB subunits [11,12]. Subsequently, the regulation of the immune response to infection
adjusts the expression of inflammatory factors, including iNOS, COX-2, IL-6, IL-1f3, and
TNEF-o [12,30]. To demonstrate the inhibitory activity of TVE on the pro-inflammatory
cytokines and mediators, MAPK and NF-kB levels in LPS-activated macrophages were
evaluated. LPS inherently activated MAPK phosphorylation, including that of ERK, JNK,
and p38. However, TVE treatment selectively inhibited the phosphorylation of JNK ac-
tivation without affecting ERK and p38 activation in a concentration-dependent manner.
The JNK signaling pathway has been implicated in the development of inflammatory
responses in various conditions, which leads to organ dysfunction [32]. It has also been
reported that the suppression of JNK activation reduces LPS-stimulated inflammatory
responses in RAW264.7 cells [33,34]. TVE attenuated the LPS-induced degradation of
IkB and phosphorylation of p65. Thus, the present data demonstrate that TVE produces
anti-inflammatory effects in LPS-stimulated RAW264.7 cells by inhibiting the JNK/NF-kB
signaling pathway. Moreover, these data suggest that TVE is an important integrator of
inflammation-inducible signaling. Therefore, we suggest that TVE could be useful as a
supplement with bioactive properties for anti-inflammation. However, many of the factors
used for murine macrophages have not translated to human macrophages [35]. Therefore,
depth of animal trials and clinical trials are needed to prove that TVE is a substance that
can be consumed by humans.

Abalone, a marine gastropod, is a valuable fishery and food product. However, it is
also a source of visceral waste, which is an environmental contamination source [9,10,36].
Abalone intestine has anti-inflammatory activities against NO production via iNOS expres-
sion in LPS-treated macrophages, and the abalone viscera extract derived via digestion with
papain and bromelain decreased LPS-stimulated NO and pro-inflammatory cytokine pro-
duction via the MAPK signaling pathway in RAW 264.7 cells [9,10]. Furthermore, purified
peptides derived from the abalone gastrointestinal tract attenuated the production of NO,
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iNOS, and pro-inflammatory cytokine via the downregulation of the MAPK signaling path-
way in LPS-induced RAW264.7 cells [37]. The viscera of marine organisms have a high lipid
content, including polyunsaturated fatty acids (PUFA) (such as eicosapentaenoic acid [EPA]
and docosahexaenoic acid [DHA]), but most are waste products derived from common
seafood with significant anti-inflammatory activities [37]. Saito and Aono reported that
the lipid content in T. cornitus viscera ranged from 1.7% to 4.0% of wet weight and that the
major PUFA is arachidonic acid (ARA), EPA, and docosapentaenoic acid (n-3 DPA) along
with a low content of DHA [38]. n-3 DPA is not readily available, and ARA is considered
the most important for infants [38]. In particular, DPA is a substrate for the synthesis of
resolvins, maresins, and protectins. Resolvins are specialized pro-resolving mediators
derived from EPA, DHA, and DPA by the action of lipoxygenases; maresins are DHA and
DPA derived metabolites produced by macrophages; and protectins are derived from DHA
and DPA. All these specialized pro-resolving mediators have potent anti-inflammatory
activities [39]. Therefore, they may have important roles in human health, including in the
promotion of anti-inflammatory mechanisms and protection of different organs [39,40]. T.
cornitus viscera, therefore, is an important source of valuable seafood because of its possible
health benefits.

The viscera of T. cornutus have rich active materials; however, further research is
needed to isolate and investigate the properties and mechanisms of its active components.

5. Conclusions

The present study results demonstrated that TVE treatment suppresses the LPS-
stimulated production of NO, PGE2, and cytokines by inhibiting JNK phosphorylation and
blocking NF-kB activation in RAW264.7 cells. TVE treatment increased the survival rate as
well as decreased NO production and cell death compared with the only LPS-stimulated
zebrafish model. These results are preliminary studies confirming the anti-inflammatory
activity of T. cornutus viscera. Therefore, in order to utilize TVE as an ingredient for func-
tional foods that can be consumed by humans, it is required further experiments such as
various safety evaluations, clinical trials, isolation of active components, etc. Afterward,
the anti-inflammatory effects of T. cornutus viscera by-products derived from the fishing
industry may utilize the possibility of their highly valuable utilization and application as
functional foods.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/foods11030364/s1, Figure S1: Detection of (a) bacteria and (b)
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Escherichia coli in Turbo cornutus viscera ethanol extract (TVE).
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