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Abstract: Inflammation is natural protective response of the body tissue caused by various stimuli. 
Macrophages start and control the inflammatory response. Microalgae have high value of ingredients 
including carotenoids which are well known for anti-inflammatory properties and used for various products 
in functional food industries. A green microalgal, Tetraselmis species contains a various type of carotenoids 
such as lutein, violaxanthin, astaxanthin, fucoxanthin, α-carotene and β-carotene. Therefore, we studied 
whether carotenoids isolated from Tetraselmis sp. with different culture conditions in Raw 264.7 cells and 
zebrafish (Danio rerio) have an anti -inflammatory effect. Carotenoid extracts of natural seawater (NS) and 
magma seawater (MS) showed inhibitory activity of nitric oxide (NO) overproduction without toxicity. In 
addition, carotenoid extracts of NS and MS inhibited pro-inflammatory cytokines including tumor necrosis 
factor (TNF)-α, interleukin (IL)- 1β and IL-6. Inducible nitric oxide synthase (iNOS) and cyclooxygenase (COX)-
2, which are inflammatory mediators also decreased by pretreatment of NS and MS. Carotenoid extracts of NS 
and MS pretreatment also reduced phosphorylation of mitogen-activated protein kinases (MAPKs) and nuclear 
factor (NF)-kB. In conclusion, the carotenoid extract of Tetraselmis sp. has an anti -inflammatory effect and can 
be potential industrial ingredient. 
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1. Introduction 

Inflammation response typically occur as a natural physiological response against injurious 
stimuli such as pathogens infection and toxics invasion, and it can be lead many disease such as 
diabetes arthritis, asthma, rheumatoid arthritis, atherosclerosis, asthma, chronic hepatitis, septic 
shock, and inflammatory neurodegenerative diseases and the other multiple disease [1-8], as well as 
it is a hallmarks of stress condition such as oxidative stress [9] and senescence [10]. 

When the inflammation occurred, macrophages initiate and regulate inflammatory responses, 
the activated macrophages secrete high chemokines, cytokines such as tumor necrosis factor (TNF) -
α, interleukin (IL)-1α, IL-1β, IL-6, and pro-inflammatory mediators such as nitric oxide (NO), 
inducible nitric oxide synthase (iNOS), cyclooxygenase (COX)-2 [8]. 

Lipopolysaccharide (LPS) is a component of the outer membrane of Gram-negative bacteria and 
have been widely used to study inflammatory models of macrophages [11]. LPS regulates the 
expression of pro-inflammatory cytokines including TNF-α, IL-6 and IL-1β [12]. Moreover, it induces 
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NO and prostaglandin E2 (PGE2) that are products of iNOS and COX-2. LPS lead to activate important 
pro-inflammatory factors like nuclear factor (NF)-kB and mitogen-activated protein kinases (MAPKs) 
including extracellular signal-regulated kinase (ERK), c-Jun N-terminal kinase (JNK) and p38 [13, 14]. 

Carotenoids are well known tetraterpene pigments and are the most widely distributed 
pigments in nature and are present in photosynthetic bacteria, some species of archaea and fungi, 
plants, animals and algae. Macro- and microalgae are the potentially valuable source of bioactive 
compounds applied in the various industries and human usage in different fields of pharmaceutical, 
nutraceutical, and cosmetic disciplines. One of the interesting aspects is their application as the anti-
inflammatory agents for prevention and/or treatment of inflammation. 

Microalgae constitute rich source of high-value compounds like proteins, carbohydrates, 
minerals and diverse functional pigments including carotenoids [15]. Therefore, Microalgae has a 
variety of bioactive substances, and many studies have found that anti-tumors, anti-inflammation 
and immune regulatory properties [16-18]. Therefore, microalgae compounds are of great importance 
in the treatment of inflammations to reduce the reaction of immune system against pathogens, toxic 
compounds and damaged cells. 

Tetraselmis species, a member of the Chlorodendrophyceae, are green algae and are commonly 
found in estuaries, tide pools, and brackish ponds where the environment frequently changes [19-21] 
and studies have shown that they can survive long-term outdoor culture conditions [22, 23], is 
industrially important because it is microalgae that have been successfully mass-cultured. Moreover, 
they have functional compound include pigment such as carotenoid that are a diverse and 
widespread class of bioactive compounds. Carotenoids are separated into carotenes including lutein, 
violaxanthin, astaxanthin, fucoxanthin, α-carotene and β-carotene [24]. Carotenoids have 
characteristic structure, and they exert various bioactive properties including antioxidant and anti-
inflammation [25]. 

In the study, therefore, natural seawater (NS) and magma seawater (MS) were utilized instead 
of culture medium vitamins to increase the carotenoid content and confirmed whether the culture 
environment of Tetraselmis sp. affects carotenoid content. In addition, it was determined that the 
carotenoids derived from Tetraselmis sp., have an anti-inflammatory effect against the LPS-
stimulating inflammatory response in RAW 264.7 cells and zebrafish embryos. 

2. Results 

2.1. Carotenoid Extract from Natural Seawater (NS) and Magma Seawater (MS) Inhibits Lipopolysaccharide 

(LPS)-Induced Toxicity and Nitric Oxide Production  

First, to check whether the carotenoid extract of NS and MS have toxicity, it was tested with 
RAW 264.7 cells and zebrafish embryos. In the cells, the carotenoid derived from NS and MS were 
pretreated at the various concentrations in the range of 50 to 200 µg/mL and then treated with 1 
µg/mL LPS. Neither NS nor MS showed cytotoxicity at the tested concentrations compared to LPS 
only treated cells (Fig. 1A). Heartbeats was measured to test toxicity of the carotenoid derived from 
NS and MS in vivo, 1 μg/mL of the extracts pretreated to embryos for 30 min and then treated with 
20 μg/mL LPS. Treatment of LPS significantly increased heartbeats, indicating toxicity, and the 
elevated heartbeat was decreased by pretreatment of the extracts (Fig. 1C). These results suggesting 
that the extracts (NS and MS) attenuate LPS-induced toxicity. LPS stimulates immune responses by 
inducing cytokine production [26], and immune myeloid cells such as macrophages induced nitric 
oxide (NO) overproduction in response to inflammatory signals [27]. LPS treatment on the cells 
occurred NO overproduction compared to that of the control, and the extracts (NS and MS) 
pretreatment significantly inhibited NO production caused by LPS in dose-dependent manners (Fig. 
1B). To evaluate the effects of the extracts (NS and MS) against LPS in vivo, DAF-DA prove used to 
quantify NO concentration in embryos. NO overproduction was occurred caused by LPS and this 
reduced pretreatment of the extracts (NS and MS) treatments significantly (Fig. 1D, E). These results 
suggest that pretreatment of the extracts (NS or MS) inhibits LPS-induced NO overproduction 
without toxicity in both RAW 264.7 cells and zebrafish embryos. 
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(E)  

Figure 1. Carotenoid extract from natural seawater (NS) and magma seawater (MS) inhibits LPS-
induced toxicity and nitric oxide (NO) production in both RAW 264.7 cells and zebrafish embryos. 
The cells were treated with 25, 50, 100 and 200 μg/mL concentration of NS and MS extract for 1 h, and 
then treated with or without LPS (1 μg/mL) for 24 h. (A) The cells viability was measured by MTT 
assay. (B) The cells culture medium was evaluated NO production using Griess assay. NO production 
was read by microplate reader at absorbance at 540 nm. Control, vehicle only. Data represent the 
means ± SD. SD: standard deviation, ns: not significant, *p<0.05, ***p<0.001 vs. the control; ###p<0.001 
vs. LPS. LPS: lipopolysaccharide. 

2.2. Carotenoid Extract from Natural (NS) and Magma Seawater (MS) Inhibits Lipopolysaccharide (LPS)-

Induced Pro-Inflammatory Cytokines Secretion 

Lipopolysaccharide (LPS) is a potent proinflammatory activator of macrophages in vivo and in 

vitro can directly elicit cytokine responses [26, 28]. The extracts (NS and MS) pretreatment inhibited 
LPS-induced NO overproduction in both RAW 264.7 cells and embryos. So, it was confirmed whether 
the extracts (NS and MS) pretreatment could reduce the increase in cytokines caused by LPS. The 
secretion of cytokines including tumor necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6 was 
induced, and the induction was significantly decreased by pretreatment of the extracts (NS and MS) 
dose-dependently in the cells (Fig. 2A-C), and although not significant in the embryos, the extracts 
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(NS and MS) pretreatment prevented the increase in IL-1β (Fig. 2D). These results suggest that the 
extracts (NS and MS) expected to contribute to reducing secretion of pro-inflammatory cytokines. 

  
(A) (B) 

  
(C) (D) 

Figure 2. Carotenoid extract from natural seawater (NS) and magma seawater (MS) inhibits LPS-
induced mRNA expression of pro-inflammatory cytokines in both RAW 264.7 cells and zebrafish 
embryos. The cells were treated with 100, 200 μg/mL concentrations of NS and MS extract for 1 h and 
then treated with or without LPS (1 μg/mL) for 24 h. (A) tumor necrosis factor (TNF)-α, (B) interleukin 
(IL)- 1β, and (C) IL-6 were measured using a mouse ELISA kit. Wild type zebrafish embryos (at 72 
hpf, hour post fertilization) were pretreated with 1 µg/ml concentration of NS and MS extract for 30 
min, and then treated with 20 µg/mL LPS for 15-30 min. The mRNA level of pro-inflammatory 
cytokine (D) interleukin (il)-1β was measured by RT-qPCR. Control, vehicle only. Data represent the 
means ± SD. SD: standard deviation, ns: not significant, ***p<0.001 vs. the control; ##p<0.01, ###p<0.001 
vs. LPS. LPS: lipopolysaccharide. 

2.3. Carotenoid Extract from Natural Seawater (NS) and Magma Seawater (MS) Inhibits Lipopolysaccharide 

(LPS)-Induced Inflammatory Mediators  

Nitric oxide (NO) is produced by immunocompetent cells such as macrophages that serves as a 
messenger molecule for various physiological and pathological processes and it is synthesized from 
L-arginine by nitric oxide synthase (NOS) present in tissues, and of the three genes found mainly on 
different chromosomes, inducible NOS (iNOS) is triggered by various inflammatory stimuli such as 
LPS and cytokines [29]. In addition, LPS activates the production of pro-inflammatory cytokines such 
as IL-1β, IL-6, and TNF-α in macrophages to release cyclooxygenase (COX)-2 and iNOS, and COX-2 
can be overexpressed after LPS stimulation. Prostaglandin E2 (PGE2) is mainly synthesized by COX-
2, which also leads to inflammatory response [30]. In the present study, LPS treatment induced pro-
inflammatory cytokines and the induction was decreased by pretreatment of the extracts (NS and 
MS). So, the protein expression level of iNOS and COX-2 were determined in the cells. As the result 
of Western blotting in figure 3 (A, B), both the protein expression level was increased caused by LPS 
treatment and significantly decreased by pretreatment of the extracts (NS and MS). LPS treatment 
significantly increased the protein expression levels of both iNOS and COX-2, and compared to LPS 
treated only, NS pretreatment did not reduce iNOS expression at a concentration of 100 µg/mL, but 
significantly decreased at 200 µg/mL concentration, and COX-2 expression significantly decreased at 
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both 100 and 200 µg/mL concentrations (Fig. 3A). On the other hand, MS pretreatment significantly 
reduced the protein expression levels of iNOS and COX-2 compared to LPS treated only in both 100 
and 200 µg/mL (Fig. 3B). However, neither NS and MS inhibit the production of LPS-induced PGE2, 
the principal mediator of inflammation (Fig. 3C) [31]. Also, there was no change in cox-2a mRNA 
expression level in the extracts (NS and MS) treatment compared to LPS in zebrafish embryo (Fig. 
3D). These results indicate that NS and MS contributed to inflammatory effects by inhibiting the 
production of LPS-induced iNOS and COX-2 in in vitro but did not suppress the production of PGE2. 

 
  

(A) 

 
  

(B) 

 

 

 

(C) (D)  

Figure 3. Carotenoid extract from natural seawater (NS) and magma seawater (MS) inhibits LPS-
induced protein expression of inflammatory mediators in both RAW 264.7 cells and zebrafish 
embryos. The cells were treated with 100, 200 μg/mL concentrations of NS and MS extract, 
respectively for 1 h and then treated with or without LPS (1 μg/mL) for 24 h. Inducible nitric oxide 
synthase (iNOS) and cyclooxygenase (COX)-2 protein expression levels of (A) NS and (B) MS were 
measured by Western blotting. The expression was normalized to that of internal control, β-actin, 
respectively, and quantified using ImageJ software. (C) Prostaglandin E2 (PGE2) was measured using 
a mouse ELISA kit. Wild type zebrafish embryos (at 72 hpf, hour post fertilization) were pretreated 
with 1 µg/ml concentration of NS and MS extract for 30 min, and then treated with 20 µg/mL LPS for 
15-30 min. (D) The mRNA expression level of cyclooxygenase (cox)-2a was measured by RT-qPCR. 
Control, vehicle only. Data represent the means ± SD. SD: standard deviation, ns: not significant, 
***p<0.001 vs. the control; ## p<0.01, ###p<0.001 vs. LPS. LPS: lipopolysaccharide. 

2.4. Carotenoid Extract from Natural Seawater (NS) and Magma Seawater (MS) Suppress 

Lipopolysaccharide (LPS)-Stimulated Mitogen Activated Protein Kinases (MAPKs) and Nuclear Factor 

(NF)-kB Signaling Pathway 

Lipopolysaccharide (LPS) has been presented to initiate multiple intracellular signaling events, 
including the stimulation of pathways that lead to the activation of nuclear factor (NF)-kB and three 
distinct mitogen-activated protein kinases (MAPKs), the ERK (extracellular signal-regulated kinase), 
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p38, and JNK (c-Jun N-terminal kinase). Next, so, the MAPKs and NF-kB signaling was determined 
in the cells. LPS treatment induced the phosphorylation of ERK, p38, and JNK, and this highly 
elevated phosphorylation was reduced by treatment of PD98059 (ERK1/2 signaling inhibitor), 
SP600125 (JNK inhibitor), and SB203580 (p38 MAPK inhibitor), respectively. The extracts (NS and 
MS) treatment also decreased LPS-stimulated phosphorylation of ERK, p38, and JNK (Fig. 4). 
Interestingly, the phosphorylation of ERK and JNK was reduced a similar level as the inhibitor in the 
200 µg/mL concentration NS pretreated cells (Fig. 4A, C), and phosphorylation of p38 also slightly 
reduced by NS pretreatment (Fig. 4E). As well, the phosphorylation of p38 protein expression was 
decreased a similar level as the inhibitor in MS pretreated cells, in both 100 and 200 µg/mL 
concentrations (Fig. 4F), and phosphorylation of ERK and JNK protein expression level was 
decreased as a similar to that of the inhibitor at the 200 µg/mL concentrations MS (Fig. 4B, D). On the 
other hands, LPS treatment downregulated IkB protein expression level, whereas upregulated p-65 
phosphorylation in the cytoplasm, and induced p65 protein expression levels in the nucleus. 
Treatment with NF-kB inhibitor, PDTC which ammonium pyrrolidinedithiocarbamate reversed the 
LPS-induced protein expression levels of IkB, p-p65, and p65, as well as the protein expression levels 
was reduced by pretreatment of the both extracts mL (Fig. 4G-L). These results indicating that NS 
and MS improve inflammatory responses by inhibiting MAPKs and NF-kB signaling pathways in 
RAW 264.7 cells stimulated by LPS. 

  

(A) (B) 

  

(C) (D) 

  
(E) (F) 
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Figure 4. Carotenoid extract from natural seawater (NS) and magma seawater (MS) inhibits LPS-
induced mitogen activated protein kinase and nuclear factor-kB signaling pathways. The cells were 
treated with 100, 200 μg/mL concentrations of NS and MS extract, respectively for 1 h and then treated 
with or without LPS (1 μg/mL) for 24 h. The protein expression levels of (A, B) phosphorylation (p)-
extracellular signal-regulated kinase (ERK), (C, D) p-c-JUN N-terminal kinase (JNK), (E, F) p-p38 and 
(G-N) IkB, p-p65 and p65 were measured by Western blotting. The expression was normalized to that 
of internal control, actin, Lamin B, respectively, and quantified using ImageJ Software. Control, 
vehicle only. Data represent the means ± SD. SD: standard deviation, ns: not significant, ***p<0.01, 
***p<0.001 vs. the control; #p<0.05, ##p<0.01, ###p<0.001 vs. LPS. LPS: lipopolysaccharide, PD: 
PD98059, SP: SP600125, SB: SB203580. 

3. Discussion 

Carotenoids are well-known plant chemicals since the early 19th century. In particular, β-
carotene is well known as a precursor for producing vitamin A. And also, Carotenoids are well 
known as fundamental elements of the photosynthetic process in photosynthetic bacteria, some 
fungi, plants and algae. In particular, in the photosynthetic organ, there is a removing process system 
of enzyme that produces xanthophyll and lutein, which are popular as functional materials. 
Carotenoid is one of most rich ingredients in microalgae, and has excellent biological activity, and 
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research on its derived carotenoids in various industries [32, 33]. Microalgae origin carotenoids 
prevent diabetes by suppressing blood sugar growth [34], and is reported to have beneficial effects 
through anti-inflammatory and anti-oxidant activity in various diseases such as obesity [35, 36], brain 
disease [37, 38], and cardiovascular disease [39, 40]. In addition, microalgae are known to synthesize 
the new molecular structure according to the seawater composition [41]. Although the culture 
medium containing vitamins is generally used for mass production of microalgae, it is necessary to 
reduce cost production and to study the culture medium for the content of growth and active 
ingredients [42, 43]. Therefore, we confirmed whether Tetraselmis sp. has a beneficial effect and 
increased carotenoid content when cultured using natural sea water (NS) and magma sea water (MS) 
instead of vitamin-containing media. Our analysis of the carotenoid content of Tetraselmis sp. extracts 
cultured in NS and MS showed no significant difference, with MS yielding about 8% higher than NS.  

One of the main physiological activity of carotenoids is their anti-inflammatory effects while 
eliminating reactive nitrogen species (RNSs) [41]. A significant overproduction of RNS in cells/tissues 
can occur as a result of excessive exposure to harmful external chemical or physical factors. An 
important group of compounds with unpaired electrons characterized by high chemical activity are 
the reactive forms of nitrogen such as nitric oxide (NO) can result of metabolic changes to 
nitrosonium cation (NO+), niitroxylanion (NO−) and peroxynitrite (ONOO−) are play a protective 
effect for the body against microbes in general, however, excessive increase these levels, leading to 
the occurrence of nitrosation stress, finally causing inflammation [42]. Recent research has shown that 
if inflammation is not properly controlled, it is a major factor in the development of various chronic 
diseases/disorders, including diabetes [43, 44], cancer [45], cardiovascular disease [46], eye disease 
[47, 48], arthritis [49], obesity [50], autoimmune disease [51] and inflammatory bowel disease [52]. In 
this study confirmed that the carotenoids isolated from Tetraselmis sp. showed significant NO 
scavenging ability in both RAW 264.7 cells and zebrafish embryos.   

Macrophages such as RAW 264.7 cells are the initial response cells in the inflammatory response, 
are immune cells in most body tissues, which are directly effective from external substances, 
responds, and macrophages participate in various stages of inflammation [53, 54], as well as the cells 
are activated by LPS to increase inflammatory cytokines such as TNF-α and IL-6 and NO production 
to initiate an inflammatory response [55, 56]. And, lipopolysaccharide (LPS) is one of the effective 
macrophage activators that activate inflammatory mediators such as NO and PGE2 and induce 
overproduction [57]. In addition, iNOS is involved in NO production, and inhibition of iNOS is the 
target of anti-inflammatory, and COX-2 produces PGE2 and is associated with the progression of 
chronic inflammatory diseases [55, 56]. Therefore, the inhibitory of iNOS and COX-2 expression can 
be involved in the decrease in NO and PGE2 production, which can contribute to the treatment of 
inflammatory diseases. Our results confirmed that NS and MS carotenoids inhibited NO production 
in a dose-dependent manner in LPS-stimulated RAW 264.7 cells, but the protein expression levels of 
iNOS and COX-2 are reduced along the concentration of NS and MS, although levels of PGE2 
remained constant. This suggests that the production level of PGE2 remains the same, but the NS and 
MS carotenoids reduce iNOS and COX-2 to contribute to inflammation attenuating. 

Activation of MAPK and NF-kB pathways in LPS-stimulated macrophages can increase the 
secretion of pro-inflammatory cytokines such as TNF-α, IL-6, and IL-1β, resulting in increased 
expression of iNOS and COX-2 [30, 58]. Our result, LPS increased the phosphorylation of ERK, JNK, 
p38, and p65, and NS and MS carotenoids inhibited the increase in this phosphorylation. In addition, 
NS and MS carotenoids inhibited the production of pro-inflammatory cytokines TNF-α, IL-6, and IL-
1β increased by LPS in a concentration-dependent manner. This proves that in LPS-stimulated RAW 
264.7 cells, NS and MS carotenoids inhibit the MAPKs and NF-kB pathways, thereby inhibiting the 
production of pro-inflammatory cytokines, resulting in anti-inflammatory action. 

Zebrafish (Danio rerio) is one of the in vivo models used in various biomedical research fields, 
including immunology, toxicology, cancer, and behavioral biology, with advantages such as high 
fertility, various transgenic, and human tissue and genomic similarity [59, 60]. The LPS-stimulated 
zebrafish model has been used to evaluate anti-inflammatory materials because a response similar to 
that observed in mammals has been observed [60, 61]. In this study, the zebrafish embryo showed an 
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increase in heartbeats, is an indicator of toxicity, by LPS treatment, whereas this increase was reduced 
by NS and MS carotenoids pretreatment. In addition, the induction il-1β and cox-2a mRNA expression 
level caused by LPS was reduced by NS and MS carotenoids pretreatment. Overall, the current 
results, NS and MS carotenoids are found to have anti -inflammatory activity by effectively reducing 
NO production in both in vitro and in vivo. However, NS and MS carotenoids in zebrafish embryos 
do not significantly reduce the expression level of pro-inflammatory cytokine genes caused by LPS, 
so further research is needed to identify mechanisms related to anti-inflammatory efficacy in vivo. 

4. Materials and Methods 

4.1. Microalgal Culture 

The marine microalga, Tetraselmis sp. LIM-PS-1293, was obtained from the Library of Marine 
Samples (LIMS) of the Korea Institute of Ocean Science and Technology (KIOST, Geoje, Korea). 
Tetraselmis biomass was produced in Jeju Bio Research Center of KIOST and cultivated in a vertical 
rounded photobioreactor (named ROSEMAX) containing 200 L of culture medium. Two types of 
seawater, natural seawater (NS) collected at the surface of the Jeju coast and magma seawater (MS) 
from a depth of 140 m underground of Jeju, were used instead of vitamins to modify Guillard’s f/2 
medium as the culture media. For experiment, each culture medium was sterilized under dark 
conditions (at night) by adding 13% sodium hypochlorite (NaOCl)to 1% of culture volume, and then 
the NaOCl was neutralized with sodium thiosulfate (1 mol/L) after 24 h. Culture conditions were 

maintained at 26.1 ± 1.9℃  of water temperature and 33.0 ± 0.5 psu of salinity under a natural 
light/dark cycle, the pH value increased from 7.6 to 8.1 as the cells grew. During the culture periods, 
the air was continuously imposed at 0.4 vvm (air volume per culture volume per minute) to prevent 
cell sedimentation. Microalga cultured for 9 days was harvested using a tubular separator (GQLY 
series, Hanil S.M.E, Anyang, Korea) at 8,000 rpm for 30 min. Harvested wet biomass was stored at 

−50℃ in a deep freezer and then lyophilized for 2 days in a freeze-dryer (FDTA-45, Operon, Gimpo, 
Korea). 

4.2. Carotenoid Extract And Analysis the Content 

Carotenoid of Tetraselmis sp. was extracts with acetone and the carotenoid including the 
astaxanthin, fucoxanthin, lutein, capsanthin, zeaxanthin and canthaxanthin contents were analyzed 
[62]. 

4.3. Measurement of Cytotoxicity 

First, we have test cytotoxicity of the extracts, to do this, the murine macrophage cell line 
RAW264.7 (KCLB NO 40071; Seoul, Republic of Korea) was cultured in DMEM (11995-065, Gibco, 
Waltham, MA, USA) containing 10% FBS (Gibco, Waltham, MA, USA), 1% of mixture of streptomycin 
(100 µg/mL)/penicillin (100 unit/mL) (Gibco). The cells were maintained at 37℃ in an incubator with 
a humidified atmosphere of 5% CO2. The cells were seeded on 24-well plates at a concentration of 
1.5×105 cells/mL. After 16 h, cells were treated with 100, 200 µg/mL concentrations of the extracts, 
then incubated for 1 h, followed by incubation with 1 µg/mL lipopolysaccharide (LPS, Sigma-Aldrish) 
for 24 h. The cytotoxicity of the extracts was assessed using the 3-(4,5-Dimethyl-2-thiazolyl)-2,5-
diphenyltetrazolium Bromide (MTT, Sigma Aldrich) assay, MTT solution (10 µg/mL) was added at 
25 µL per well, after 3 h formazan crystals in each well were dissolved in dimethyl sulfoxide (DMSO, 
Sigma Aldrich). The intensity of purple formazan was determined by measuring absorbance at 570 
nm using a microplate reader (Bio Tek Instruments, lnc, Winooski, VT, USA). 
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4.4. Measurement of and Nitric Oxide (NO), Prostaglandin E2 (PGE2) and Pro-Inflammatory Cytokines of 

RAW 264.7 Cells 

In order to check whether the extracts have anti-inflammatory effect, first we have determined 
the production of NO which is a basic indicator of inflammation occurrence. The cells were seeded 
on 24-well plates at a concentration of 1.5×105 cells/mL. After 16 h, cells were treated with 100, 200 
µg/mL concentrations of the extracts, then incubated for 1 h, followed by incubation with 1 µg/mL 
LPS (Sigma Aldrich) for 24 h. NO production was evaluated using the Griess assay. A cell culture 
medium volume of 100 µL was mixed with 100 µL Griess reagent (1% sulfanilamide and 0.1% 
naphthylethylenediamide dihydrochloride in 2.5% phosphoric acid; Sigma Aldrich, St. Louis, MO, 
USA) and the mixture was incubated for 10 min at room temperature in the dark. Reactants were 
measured by absorbance at 540 nm using a microplate reader.   The PGE2 (Minneapolis, MN, USA) 
and pro-inflammatory cytokines (TNF-α, IL-6, IL-1β; BD Biosciences, Franklin Lakes, NJ, USA) of the 
culture supernatant were measured using a mouse ELISA kit (R&D Systems, Minneapolis, MN, USA) 
following the manufacturer’s instructions. 

4.5. Western Blots 

The cells were seeded on 6-well plates at a concentration of 1.5×105 cells/mL. After 16 h, the cells 
were treated with 100, and 200 µg/mL concentrations of the extracts then incubated for 1 h, and then 
LPS (1 µg/mL) was added for 24 h or for 15 min at 37℃ in an incubator with a humidified atmosphere 
of 5% CO2. After incubation, the cells were harvested and washed twice with cold-PBS (Welgene, 
Gyeongsan, Korea). Protein concentrations of the cell lysates were measured using a BCATM protein 
assay kit (Thermo Scientific, Waltham, MA, USA) according to the manufacturer’s instructions. 
Blocked membranes with 3% bovine serum albumin and 2% skim milk were incubated with primary 
(1:1000 dilution, Cell Signaling Technology, Danvers, MA, USA) and goat anti-mouse or anti-rabbit 
secondary (1:3000 dilution, Santa Cruz Biotechnology, Dallas, TX, USA) antibodies. The protein 
bands were detected using FUSION SOLO (Vilber Lourmat, Marne La Vallée, France), and the 
intensity quantification of the Western blot results was measured using ImageJ software (version 
1.46r, www.nih.gov). 

4.6. Zebrafish Maintenance and Embryo Harvesting 

Adult zebrafish were maintained in the zebrafish housing system (Aqua Blue, CHUNG FU 
TECHNICAL DEVELOPMENT CO., Taipei, Taiwan). The zebrafish maintained optimum growth 
conditions under a 14/10 light cycle, and the housing temperature was maintained at 28.5℃. The 
zebrafish were fed with Color Charasin PREMIUM (JAQNO®, Gwangmyeong, Korea). For collecting 
embryos, zebrafish were set up in breeding tanks with male to female ratio of 2:1. Next morning, 
collect the embryos using a stain sieve and move to a petri dish. Collected embryos were treated with 
methylene blue (0.5 ppm) containing Egg H2O (0.003% sea salt, 0.0075% calcium sulfate) to bleaching, 
and incubated in the incubator at 28℃. Two hours after incubation, the media was changed with 
fresh Egg H2O and the embryos were maintained at 28℃ for the subsequent experiment. 

4.7. Extract Treatment on Zebrafish Embryos 

The extract was dissolved in DMSO to make 50 mg/mL stock concentration and 20 μg/mL LPS 
(Sigma-Aldrich) were dissolved in Egg H2O and stored at -20℃ for further experiments. A 3 dpf (day 
post fertilization) stage 15 embryos were transferred of 1 mL Egg H2O in a 24-well plate. The extracts 
(1 µg/mL, NS and MS) were treated to the embryos for 30 min, and added 20 µg/mL LPS (Sigma-
Aldrich) for 15-30 min. And then, the media were changed with fresh Egg H2O for further 
experiments. 
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4.8. Heartbeat Measurement 

The heartbeat was measured to check the toxicity of the extracts. Heartbeat was measured under 
the standard microscope for 3 min and the results present mean values were calculated for 1 min on 
the result. 

4.9. NO Measurement of the Embryos 

To determine the NO production of zebrafish embryos, fluorescent probe dye of 10 µg/mL DAF-
FMDA (Sigma Aldrich) was added for 1 h. After the prior experiment, the experiment embryos were 
washed with fresh Egg H2O and anesthetized with 0.003% Tricaine (Sigma-Aldrich), and observed 
under a fluorescence microscope (SZX16, Olympus Corporation, Tokyo, Japan). The fluorescence 
intensity of the image was quantified by ImageJ software (https://imagej.nih.gov/ij). The triplicated 
mean value was represented by a bar graph. 

4.10. RT-qPCR 

To determine proinflammatory cytokines of the embryos, total mRNA was extracted from 
zebrafish embryos using RNAiso plus (Takara Bio Inc., Kusatsu, Japan), and cDNA was synthesized 
with the PrimeScriptTM cDNA synthesis kit (Takara Bio lnc., Kusatsu, Japan) following the 
manufacturer’s protocol. cDNA was analyzed using SYBR® Premix TaqTM, ROX plus (Takara Bio 
Inc., Kusatsu, Japan) on Bio-Rad cycler (Hercules, CA, USA). The β-actin gene was used as an internal 
reference gene and was not affected by LPS. Relative expression of fold difference was calculated 
with the ΔΔCT method, in triplicate for each group. The sequences of RT-qPCR primer pairs were 
presented in Table 1. 

Table 1. Primer Sequence. 

Gene name Sequence 5' - 3' 

il-1β 
5` - TCAAACCCCAATCCACAGAG- 3` 

5` - TCACTTCACGCTCTTGGATG- 3` 

cox-2a 
5` - AGCCCTACTCATCCTTTGAGG - 3` 

5` - TCAACCTTGTCTACGTGACCATA - 3` 

β-actin 
5` - AATCTTGCGGTATCCACGAGACCA - 3` 

5` - TCTCCTTCTGCATCCTGTCAGCAA - 3` 

il-1β: Interleukin (il)-1β; cox-2a: cyclooxygenase-2a. 

4.11. Statistics 

All experiments were performed in triplicate and data were statistically analyzed using 
GraphPad Prism 7.0. Tukey test was used to determine the p value in GraphPad Prism 7.0. The result 
was considered statistically at p<0.05. All values are expressed as mean ± SE. 

5. Conclusions 

In summary, in this study, pretreatment of carotenoids extracted from Tetraselmis sp. cultured 
with natural sea water (NS) and magma sea water (MS) inhibited NO production in LPS-treated RAW 
264.7 cells and zebrafish embryos. In addition, protein expression of iNOS, COX-2 in LPS-treated 
RAW 264.7 cells were down-regulated by NS and MS carotenoid pretreatment, and the production 
of pro-inflammatory cytokines TNF-α, IL-6, and IL-1β increased by LPS was also inhibited. This is 
the result of NS and MS carotenoid pretreatment inhibiting the MAPK and NF-kB pathways in LPS-
treated RAW264.7 cells. The use of magma sea water (MS) has a higher overall yield of carotenoids 
than natural sea water (NS).  However, in our study, both NS and MS use confirmed the effective 
anti-inflammatory effects of carotenoids isolated from Tetraselmis sp. Therefore, Tetraselmis SP. can 
be a potential treatment for inflammatory diseases in the pharmaceutical and food industries. 
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