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<Abstract>

Study on Functional Characteristics and Food

Suitability using Seahorse Cultured in Jeju

XU WEI

Department of Food Science and Nutrition
Graduate school
Jeju National University

Supervised by Professor Sung-Soo Park

The hippocampus (Hippocampus coronatus) is a fish belonging to the
Syngnathidae family of the Greaterosteiformes and about 54 species are
known worldwide. Widely distributed in tropical and subtropical shallow
waters with high medicinal and therapeutic health value. Its main
pharmacological activities include sex hormone-like effects,
anti-inflammatory, anti-oxidation, anti-tumor and improving Immunity.
Recently, research on the hippocampus 1is limited to the research on
fat-soluble components, while the research on water-soluble components is
relatively small. In addition, the development of foods using the ingredients
of the seahorse has not been promoted conspicuously. In this study, water
and ethanol extracts of Jeju cultured hippocampus were prepared, and
functional characteristics were examined through antioxidant and
anti-inflammatory experiments on RAW cells, and this study was

conducted for use in food development and health food processing.



In order to evaluate the antioxidant effect, we carried out DPPH, ABTS
free radical scavenging determination and polyphenol content determination.
The results showed that the DPPH and ABTS free radical scavenging
activity of the hippocampal water extract with the same protein
concentration was about twice higher than that of the ethanol extract, and
the total phenol content was also higher than that of the ethanol extract. It
can be concluded that the antioxidant capacity of hippocampal water

extract is higher than that of ethanol extract.

In order to evaluate the anti-inflammatory activity, we used LPS to induce
RAW?264. 7 macrophages to establish an inflammatory model; the amount
of NO secretion and the amount of cytokine (TNF-a, IL-6) released as
indicators were used for experiments. Different solvent extracts of
hippocampus have no obvious cytotoxicity to cells at the concentration of
0-1ug/ml. Compared with the modelgroup, HW and HE can inhibit the NO
secretion of macrophages induced by LPS. In the cytokine experiment, HE
inhibited LPS-induced RAW?264.7 macrophages to secrete TNF-a and IL-6
at various concentrations (100ng/ml, 500ng/ml, 1lpg/ml) at various

concentrations of the reagents than HW.

This research proves that the antioxidant effect of HW is better than that
of HE, and HE has a better anti-inflammatory effect, providing basis and

reference for the subsequent development of hippocampal-related health

food.
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List of Abbreviations
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HW Hippocampus Water extract
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DPPH 1, 1 - diphenyl - 2-picrylhydrazyl

ABTS 2, 2'—azino-bis—3-ethylbenzothiazoline-6-sulfonic acid
DMEM Dulbecco’s modified Eagle’s medium

FBS Fetal Bovine Serum

P/S Penicillin-Streptomycin

DMSO Dimethyl sulfoxide

MTT 3-(4,5-dimethylthiazol-2-y1)-2,5- diphenyltetrazolium Bromide
LPS Lipopolysaccharide

NO Nitric oxide

TNF-a Tumor necrosis factor alpha

IL-6 Interleukin—-6
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H# BCA Protein Assay Kit (Themo Fisher, Waltham MA, USA)E ©] &3}
9

FAl 59 sample(HE, HW)S W= Z}7Z} micro plate wellol 50uLE I 3lo g

mh
£

o] diluted albumin(BSA) standard®} BCA working agent= H|3}aL,

go

7 etk ZFzbe]l wellel BCA working agent 100uLS F7Fska 30%3F
plateE & 50 42 v, AW ZHNEE Qi 3013 37TColA B2 A

= T

sttt W2 Fole A27HA plates A8, W@ 2R 562nmol A o] FF =
2 ZAst] A4 ZE FHoR FgEe Adsgon RE Agre 33 W
B3kl

2) Fikst 54
(1) DPPH =tz 27A5 74

DPPH (1,1-diphenyl-2-pierylhydrazyl, = 1,1-diphenyl-2-picrhydrazyl)+ WAl
aeel He B AA Folet HER a9 AAA Agow < hAE AR
g Zbolt}t, o ghg & Hepolty, DPPH & e A o)z AAAE A
7t DPPHO| @ A xp7b &5 o] Fo] HepAo] ¢ Yol F4 F&=7t %
obA AL FF FETt A g ZA A Bl Ay o] drH25,26].

A &9 DPPH #&ulZ 2A% 4L Wel & Shibamotos[32]¢] WHE &85}
o ZA3Ath Alg 10uLol olgr2o] =-o] A x3d 02 mM 1, 1-diphenyl-2-
picrylhydrazyl (DPPH, Sigma Aldrich, St. Louis, Missouri, USA) &<} 190 uL
= H7tete] g3 T golA 3087 vHS-A1Zl T microplate reader (Versa

Max, Orleans, USA)E A}&3}o] 517nmolA 3% #S =43}e] ascorbic
acid (Sigma Aldrich, St. Louis, Missouri, USA)E Z& FE& Al&3te] dix



7zt Alg° DPPH &tz 2AS2 ofge] e wel Aibstgon e A3
2 33] {5351
DPPH radical scavenging activity(%) = [1-(A &% Hi FFE/dx9 Ht

ABTS= &7 2ol e bst=of ke A=A ol

=
& s, A8 E4S Hrkete] E4de kst Aol dow ABTS 9 Rt

Ho
K
iul
i
lo
B
=
III (
P
k%)
o

$3lo] WESAIS E At 28H ABTS +o] A
(dukd o2 734nm7F Aeg)ol A Fd=o WslE A5k, trolox”

]_
= wE Azds vmael AY B = s so] wMasel An)

ABTS #@tH#Z 47152 Roberta 5[33]12] W& S&3to] SAsA. wgh<
o] =9l 22'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (Sigma Aldrich,
St. Louis, Missouri, USA) 7.4 mM¥} potassium persulphate 2.6 mM= 12A4] 7+
ol il WAt ABTS Yoles AAdsidtt 4 5 &I FHTE
sl|Aste] 73nmeolA SFE F 12-1.35 AUk 10 plLe] A& 190 ulL<]
ABTS €9& 9u &3 3 & 2o 3083 ¥X3sta vlo]az ZyolE
H(Versa Max, Orleans, USA)E A}&3}e] 735nmolA =7 3}o] ascorbic acid
(Sigma Aldrich, St. Louis, Missouri, USA)E #<& L& Alg&3le] tjza9

7t Al=9] ABTS #tHZ &2A5 of#fo] e wel Altsigon e AT
> 33] HHE-35kS
ABTS radical scavenging activity(%) = [1-(Al&59] Hyt FF /U9 HLt
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Zo ¥ E 32 Folin-Denis WH[43]S AF&3sle] SA39 T Al& 40uL, S5
= 580uL, Folin & Giocalteu’s phenol reagent (Sigma Aldrich, St. Louis,
Missouri, USA) 80ul, 25% sodium carbonate €9 300uLE &A= Y, #
EE59 HEe g daolA 1AZF WA $ microplate reader (Versa Max,
Orleans, Louisiana, USA) AF&3Fe] 725nmol A SH =S A A. = Z 4

=
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ot

2 B8 gallic acid (Sigma Aldrich, St. Louis, Missouri, USA)Z o] &3}

& EFE FHOE Axstel 38 wEagL
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o,

3) &4

A

&

(1) A3z Bk

B Ao Alg3t RAW264.7 A AlE+= America Type Culture Collection
(ATCC, Manassas, USA.o|A Hta1 AFE3TE wixl= DMEM (Sigma
Aldrich, St. Louis, Missouri, USA)°l 1% penicillin-streptomycin (Capricorn,
Ebsdorfergrund, Germany)¥ 10% H-FBS (Sigma Aldrich, St. Louis, Missouri,
USA)S H7HsHom, 37C, 5% CO, ol A Adh Wk

(2) AE BESE 54 (MTT Assay)



Hjok A EZ Trypan blue(Sigma Aldrich, St. Louis, Missouri, USA)Z o] &3}
o] cell countingdt &, 24-well plated] 3+ well B cell &+ 1%¥105/ml= 34 F
500ul & seeding sFTE Cello] 70% AFeH(24h) § ZF #%(0, 500ng/ml, 1lp
g/ml, Sug/ml, 10ug/ml, 15n1g/ml, 20ug/ml) e A1 &= A& 3te] 24A17F incubation
stttk 24h & dAolA bmg/ml MTT (Sigma Aldrich, St. Louis, Missouri,
USA)AI2FS 50 ul seeding(4A1ZF incubation) 24 % DMSO (Bio basic,
Ontario, Canada) 150 ul # seeding ¥ 20+ incubation$t $ microplate reader
(Versa Max, Orleans, Louisiana, USA) A}83}] 540nm 34 3= =
st BE APTE 33 whEste] Alx AEES oo A wet ALt
t}.

o

Oll
o
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cell Viability(%) = Al=5¢] B SFE/dxa9 Fd F3% = 100

(3) Nitric oxide (NO) A= =4

Wk M XEE countingslil 24-well plateo] 3§+ well & cell 4= 1#105/ml= 3] 4]
< 500ul & seeding 3FTE. Celle] 70% AF&H(24h) & ZF F%(100ng/ml,
500ng/ml, lug/ml, 2.5pg/ml, 5Sug/ml)sample*] #3te] 6A13F & LPS(lug/ml=
9% =3 incubation 3FAth 24h § A5 50ulol Griess reagent(Sigma
Aldrich, St. Louis, Missouri, USA)& &% A glsto] 15%83F Aol A whSAIZIH.
Microplate reader (Versa Max, Orleans, Louisiana, USA)E A}&3}o] 548nm 3}
Fo A FFE =43 NaNO, (Sigma Aldrich, St. Louis, Missouri, USA)

£ ol&ste AT Hx FAe didstel yEhit BE Adgae 33 ukE

(4) 9% B Aol Bl A H =4

- TNF-a 4% %%

_’IO_



ok M EZ countingdlil 24-well plateo] 3+ well & cell & 1%105/mlZ 3] A
% 500ul A seeding 3dFAtE Celle] 70% #&k(24h) & ZF 5

500ng/ml, lpg/ml)®E sample #8]3}e] 6417 & LPS(pg/mhES &4
incubation 3dtth. 24h F AT S woktl. ELISA kit(TNF-a, IL-6: B

o|N E
% S
1l =}
5 &
-

=)

PharMingen, CA, USA)E ugtd 28-S st

D Capture Antibodyl : 250& Coating Bufferol] 3431 3]2% Capture
Antibody 9449 100ulZ microwell S ZHIUTH ZHolEE L&Edtal 4TA

vkA] wlf FsF A o
@ AL F23ta Well Wash Buffer(300ul) 2 33] A 39t}

@ Well Assay Diluent(200ul)7F 323+% Block plateE A olA 1A1ZF &<t wj
Fat Ao

@ A @9 o] FA Al A8

=

3 2% 1 3T
Z 3w =4, AE 2

©® Assay Diluentel]l E=H3 Alg 3 AN FH|eqct Z
a9 100ulE Adgk do D3ttt FHolEE Hasta AoA 247

&t st
A @l M ek ol &l zElal AlH st & 53] Al skt

A% A E Assay Diluentel] 1 : 25002 3Alsta 3|49 A= 34 100ul
W

ello]l H7betlnh. Z ol ES BEstar Aol 1A St vttt
25 @8 Zol F a8 AlHee F 53] sk

@ Assay Diluent®] Enzyme ReagentE 1 : 2500.% 3|43} 2} wellol] g44¥
Enzyme Reagent 100plE F7}38tt)h ZHo]|EE Wil A2 308 ot

¥t .
D wA @sh 2ol Fo g AR F A wEHG

@ 7+ ol TMB 71 & 100ulE F7Fetdvh. o7& oA 22004 30&
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T SO EE YA
@ 7z} A4 Stop Solution 50ulE F7}8F%3 .
@ ¥r& BA F 30 olel 450nm, 570nmelA FF=E FAHFAT. 54
450nmeoll A 3¢ B AG7EA] 570nmeol| A e FFEE W FATH ZFHE o] &35t
2% A gYgste] e BE Ad a2 33 vEESA
- IL-6 A F 54
HjokEel AEE countingdtil 24-well plated] dtwell & cell = 1%105/mlZ
3 A3 500ul A seeding st Tl Cello] 70% =}2H(24h) 7} & %(100ng/ml,
500ng/ml, lpg/ml)sample*I#]3te] 6A17F & LPS(pg/mbhDE 95 FE35t
incubation sttt 24h & AT dS Wkt ELISA kit(TNF-q, IL-6: BD
PharMingen, CA, USA)E wghA AdES 18 st
@ o] 4 78 vy 3]4 3 Capture Antibody 9T 100ul= ¥ s
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Table 1. Protein concentration of hippocampus extract

sample ool A = (ug/ul)
HE 0.4759+0.0516"
HW 2.9723+0.0092%

Data are represented as mean = SD of three independent experiments with a
one-way ANOVA followed by the Dunnett’'s test; Letters indicate significant

differences among samples determined(p<0.05).
1) HE: Hippocampus EtOH extract

2) HW: Hippocampus Water extract
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Determination of protein concentration by BCA Protein Assay Kit
Figure 1. Protein concentration of hippocampus extract. Data are represented
as mean * SD of three independent experiments with a one-way ANOVA
followed by the Dunnett’s test; Letters indicate significant differences among

samples determined(p<0.05).
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Table 2. DPPH ridical scavenging activities of hippocampus extract

sample (0.5ug/ul)

DPPH Radical 25 %

HE 8.47+2.07°
HW 4.81+1.50°¢
Ascorbic acid 9.59+2.97°

Data are represented as mean + SD of three independent experiments with a

one-way ANOVA followed by the Duncan’s multiple range test;

indicate significant differences among samples determined(p<0.05).

1) HE: Hippocampus EtOH extract

2) HW: Hippocampus Water extract
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DPPH Radical scavenging capacity (%)
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Figure 2. DPPH ridical scavenging activities of hippocampus extract. Data are
represented as mean * SD of three independent experiments with a one-way
ANOVA followed by the Duncan’s multiple range test; Letters indicate

significant differences among samples determined(p<0.05).

_19_



2) ABTS &z 2A5 54 43
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Table 3. ABTS ridical scavenging activities of hippocampus extract

sample(0.5ug/ul) ABTS Radical £~7%5%
HE 22.21+1.11°
HW 44.41+0.94%
Ascorbic acid 16.07+0.74°

Data are represented as mean +* SD of three independent experiments with a
one-way ANOVA followed by the Duncan’s multiple range test; Letters

indicate significant differences among samples determined(p<0.05).
1) HE: Hippocampus EtOH extract

2) HW: Hippocampus Water extract
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Figure 3. ABTS ridical scavenging activities of hippocampus extract. Data
are represented as mean * SD of three independent experiments with a
one-way ANOVA followed by the Duncan’s multiple range test, Letters

indicate significant differences among samples determined(p<0.05).
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3) Total polyphenol $t% =74 23}
Total polyphenol $t# =7 ZAil= Table 4 2 Figure 45 %3] YA

. - - o s . -
E FE=2 EOHFE=HRY 2 EYds Fg&Fs B & F5E2

0.4244mg/ml, EtOH= 0.1165mg/ml= e}y tH(Table 4, Figure 4).

ne
i
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Table 4. Total polyphenol content of hippocampus extract

sample Total polyphenol contents(mg/ml)
vl EtOHF &= 0.1165+0.0003"
o} =g ol 0.4244+0.4244°
ajnl =8 60l 5] 4] 0.1116+0.1115"

Data are represented as mean = SD of three independent experiments with a
one-way ANOVA followed by the Duncan’s multiple range test, Letters

indicate significant differences among samples determined(p<0.05).

_24_



Total polyphenol
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Figure 4. Total polyphenol content of hippocampus extract. Data are
represented as mean * SD of three independent experiments with a one-way
ANOVA followed by the Duncan’s multiple range test; Letters indicate

significant differences among samples determined(p<0.05).
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3. RAW264.7 ti A AL A o] AX AEE 54 A3

7} F%(0, 500ng/ml, lpg/ml, 5pg/ml, 10pg/ml, 15pg/ml, 20pg/mbe Al5=5 24
AIZE A st Feoldom Ax AEgo] fAaste AeZ s tH(Table 5,

Figure 5).
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35}

_26_



Table 5. Effect of hippocampus extract on cell viability RAW?264.7 cells

BEE%
Samples &= HE HW
Ong/ml 100+0° 1000
500ng/ml 81.44+5.71° 72.45+6.45>4
lug/ml 79.44+5.44™ 67.73+5.63¢
Sng/ml 70.10+1.28% 53.09+3.80¢
10ug/ml 64.58+8.19 41.13+2.39"
15ug/ml 49.61+10.34 14.56+1.87"
20ng/ml 38.09+12.06° 9.75+1.56"

Data are represented as mean = SD of three independent experiments with a

one—-way ANOVA followed by the Duncan’s multiple range test; Letters

indicate significant differences among samples determined(p<0.05).

1) HE: Hippocampus EtOH extract

2) HW: Hippocampus Water extract
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Figure 5. Effect of hippocampus extract on cell viability RAW?264.7 cells. Data
are represented as mean * SD of three independent experiments with a
one-way ANOVA followed by the Duncan’s multiple range test; Letters

indicate significant differences among samples determined(p<0.05).
1) Sample A = HE: Hippocampus EtOH extract

2) Sample B = HW: Hippocampus Water extract
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Table 6. Effect of hippocampus extract NO production 1n
LPS-stimulated RAW264.7 cells
NOA A & (uM)
Samples = HE oW
LPS 3.66+0.10° 3.66+0.10°
LPS+100ng/ml 3.58+0.024 3.76+003
LPS+500ng/ml 3.45+0.01¢ 3.90+002°
LPS+1pug/ml 3.38+0.02f 3.64+0.03°
LPS+2.5pg/ml 3.26+0.03¢ 3.16+0.03"
LPS+5ug/ml 3.07+0.04' 2.42+0.06'
control 2.40+0.02! 2.40+0.02
100ng/ml 2.37+0.05 3.39+0.05°
500ng/ml 2.35+0.03! 3.47+0.08°
lug/ml 2.35+0.01! 3.40+0.05
2.5ng/ml 2.39+0.01 3.06+0.09'
5ug/ml 2.35+0.04 2.35+0.04¢

Data are represented as mean + SD of three independent experiments with a

one-way ANOVA followed by the Duncan’s multiple range test;

indicate significant differences among samples determined(p<0.05).
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ub NO
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Figure 6. Effect of hippocampus extract on NO production in the
LPS-stimulated RAW?264.7 cells. Data are represented as mean = SD of three
independent experiments with a one-way ANOVA followed by the Duncan’s
multiple range test; Letters indicate significant differences among samples

determined(p<0.05).
1) Sample A = HE: Hippocampus EtOH extract

2) Sample B = HW: Hippocampus Water extract
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LPS-stimulated RAW?264.7 cells

Table 7. Effect of hippocampus extract on TNF-a production in the

TNF-a
Samples =
HE HW

control 0.0544+0.0010" 0.0544+0.0010"
100ng/ml 0.0590+0.0030" 0.8346+0.0055"
500ng/ml 0.0699+0.0015" 0.7702+0.0250°
lug/ml 0.0681+0.0009" 0.6586+0.0178
LPS 0.8982+0.0987" 0.8982+0.0987"
LPS+100ng/ml 0.7297+0.0006° 1.0182+0.0090°
LPS+500ng/ml 0.7014+0.0026% 0.8787+0.0192
LPS+1pg/ml 0.5591+0.0383¢ 0.6105+0.0159"

Data are represented as mean + SD of three independent experiments with a
one-way ANOVA followed by the Duncan’s multiple range test; Letters

indicate significant differences among samples determined(p<0.05).
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TNF-a ELISA

1.2

TNF-t

B sampleA
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Figure 7. Effect of hippocampus extract on TNF-a production in the
LPS-stimulated RAW?264.7 cells. Data are represented as mean = SD of three
independent experiments with a one-way ANOVA followed by the Duncan’s
multiple range test; Letters indicate significant differences among samples

determined(p<0.05).
1) Sample A = HE: Hippocampus EtOH extract

2) Sample B = HW: Hippocampus Water extract
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Table 8. Effect of hippocampus extract on IL-6 production in the

LPS-stimulated RAW?264.7 cells

-6
Samples =
HE HW

control 0.0538+0.02392 0.0538+0.0024°
100ng/ml 0.0507+0.0090¢ 0.1389+0.0030"
500ng/ml 0.0513+0.0192¢ 0.1236+0.0095°
Iug/ml 0.0496+0.0059° 0.1008+0.0043"
LPS 0.2349+0.0127" 0.2349+0.0127"
LPS+100ng/ml 0.1871+0.0064° 0.2744+0.0067*
LPS+500ng/ml 0.1787+0.0020° 0.2269+0.0061"
LPS+1pg/ml 0.1422+0.0046" 0.1801%0.0065°

Data are represented as mean = SD of three independent experiments with a

one-way ANOVA followed by the Duncan’s multiple range test;

indicate significant differences among samples determined(p<0.05).
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IL-6 ELISA
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Figure 8. Effect of hippocampus extract on IL-6 production in the
LPS-stimulated RAW?264.7 cells. Data are represented as mean = SD of three
independent experiments with a one-way ANOVA followed by the Duncan’s
multiple range test; Letters indicate significant differences among samples

determined(p<0.05).
1) Sample A = HE: Hippocampus EtOH extract

2) Sample B = HW: Hippocampus Water extract
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B A= dvte] EtOHF= % (HE= Hippocampus EtOH extract)$} sfvrle] &=
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