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Agar Hydrolysates Obtained from Jeju Island Attenuates the
LPS—induced Inflammation in In Vitro and In Vivo Zebrafish
Embryos
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Abstract Previously, agar obtained from Gelidum sp. has a small molecular weight and has the
disadvantage of inherent viscosity properties and poor functionality as a dietary fiber. In order
to improve aforementioned disadvantages, agar having a fluidity that can be added to food at
a higher concentration that a powder agar having a gelling property at low concertation was
manufactured. In addition, the anti-inflammatory activity of agar hydrolysates was evaluated to
confirm their potential as a functional material. As a result, agar hydrolysates significantly reduced
NO levels secreted by LPS-activated macrophages and inhibited the expression of iNOS and
COX-2, which are inflammatory mediators that regulates NO secretion in macrophages.
Furthermore, in in vivo zebrafish embryos model results demonstrated significant reduction of
LPS induced NO production after the treatment of agar hydrolysate hydrolyzed for 360 min.
In addition, ROS production and cell death by stresses were also reduced in LPS-exposed embryos
after the treatment of agar hydrolysis product hydrolyzed for 360 min. Taken together, agar hydro-
lysate hydrolyzed for 360 min can be easily added into food due to their fluidity and used as
a food ingredient that inhibits inflammation due to their anti-inflammatory property.
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= 9F 7,845 cps, 45% JFFEIAES B HE= (Table 1). 9] ZHEREH I 7FFENELS 7H
°F 5,060 cps, 604 7trEIMES] B A= oF ol AlZbo] SV E HErh ZHAstal S
1172 cps, 90% 7hrRal2e] W HEE o203 o FFo] 2L FlsA olgh o] Az
cpsE UEFSIL, 1202 ©]/de] Zhsl] Aol A A Tt R ES ol &ste] AYEAd ks
© AE7F 100 cps olsAaL o] Aol YERS st
(A) (B)
1400 5 r
E 1200 i
E‘gll]l]l] 5 A25
HE goo | S0 -
i =
® &0 G600 215 ¢
¥y g
TE a0 | 10 b
=
& 200 | 5t
0 1]
1] 15 30 45 60 90 120 180 360 1] 15 a0 45 60 90 120 180 360
H yd rolysis reaction time {min) Hydrolysis reaction time {min)
Figure 1. Reducing sugar contents (A) and yield (B) of agar hydrolysates according to reaction time.
Table 1. Viscosity of agar hydrolysates according to reaction time.
Reaction time 0 15 30 45 60 90 120 180 360
(min)
Viscosity . . 7,845 5,060 1,172 203 N - -
> = =100
(cps) Gelling  Gelling ) 07386 481561 438206  £66.10 100 100
B8 TS0l B CIAMES] UE HF &2 Utk (9] ek, A ES GFWSLS FEste
o] 2] | 3 (macrophages)= ¢ F-olA o] EH o} B AZFEAZ ALEEE LPSE o] 83t T2l A
Hiol2l 2, W mAE ol IYT A5 A o] <ol A

£ Ho a3 o g Fasty] Al Hx= HAA
tf-g3te AFAEZEN FAo] A H o]F, A+
28 55 F9ste AAHEIA S Fag Azolth
[7]. =8, oAl 2= LASELNOYE 43 oy-
tokines ¥} prostaglandins T g =2
= BEehe A Tl ARSI SHAHAA F
a3k 9 g Enk oile}t A5 AAA A
Al J&S g} [6]. 53], NO= H|AHES] H<iol
1} cytokines®] AF=oll ofste] M7} ZAdstE = A
o2 NO &4 & A(inducible isoforms of NO syn-
thase, iNOS)ll 2]3}] L-arginine &2 & FAJ == vt
S o] 73 o] YA} free radical A H A g 2
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ot O ﬂ~
o m]o rr
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Sdvio] 5o W ML Yot AoE FeiA
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B TR ES NO A A a5 %@aﬁ
oh A, B s Ee] tiAAl e =4S T
A=A FRlstr] 9k A 7}4\—1—3113(250 u
g/mL)TF A 2|3k A, Figure 2A° YERE AAH
=4e YA dth b o 2 4 JhEaE
o] g &5S I A3 Figure 2B YERS A
219, LPSTF * 2|3k Al Z2] NO productiong 100%=
st S Wl ol FAE A stA -2 o ZT(Control)
2] NO production> ¢F 20%E YEF AT} o] A}

2 LPSell oA 5 A5l = S F2lskal
o =3 ZhEs Azl e @3 TherRsl S
A APT F 3607 VHrEslEs s A4F
T2 NO production®] ¢ 70% ©]/ ZHAEATH
(Figure 2B). T3}, th= 3} LPSRE A 2|8 +¢] A=
WEES F W0%E A 542 HEWA Ut
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ol T3l LPS7} ZAE YEhA G oWA NO  HolA] &9k} (Figure 2C). W], 3604 71423
AL 53 AL Flstgder. v LPS AHEE  E(Sample F)o] tha Al Z oA S4S YeRA] ko
BEe A7) Aol AIRF Aol @& g 7F 0 1 LPSol 93 NO A S AAIF o =N 945
Tl ES AT B APToA AE AMESE A4S UYEdE AS U5k
(A) (B)

ol00 pgml @125 pgml @200 pzmL  W250 pgmL

o 140 -

100 120
! S0 = + . l: 1 1 s
2 o Ewm
k] 5
34 i

20 | g % G

u 2[' *+

Contrel A B C D E F 0
Agar Tydrolysis produts +LPS 0 pgiml) Control A B C D E F
Agar hydrolysis producis + LPS(1 pgimL)
© ol00 pgml 2125 pgml @200 pgml =250 pzrml
120 -
10 +
% 80 |
] 60
i
-
o4 f
L]
0
0

Control A B c D E F

Agar hydrolysis products + LPS(1 nzfmL)
Figure 2. Anti-inflammatory activities of agar hydrolysates according to reaction time on lipopolysaccharides (LPS)-induced
RAW 264.7 macrophages. (A), Cytotoxicity of agar hydrolysates; Effects of agar hydrolysates on nitric oxide (NO) production
(B) and cell viability (C) in LPS-stimulated RAW 264.7 macrophages. The agar hydrolysates used to experiments are as
follow: A, reaction time is 0 min, B, reaction time is 45 min; C, reaction time is 60 min; D, reaction time is 90 min; E,
reaction time is 120 min; F, reaction time is 360 min.

S I 2SS0l oSt HE oo X BE & S WSS doXit [5]. wEkA, LPsel ofs) dHF
B #4253 Aol @ tAAEAA INOSY COX-29 e
A5 mAMA fr=E AARIAS] Bgste] o pro-inflammatory R1A4Re] T ] g b

3 dojuA Aot 95 FHAJAE 28-Sk LPS+ &l o8l oAEA A=A SlstATt 1 A,
A A 2 9] toll-like receptor(TLR4)ZH3L B2 pat-  Figure 30 YERA 213} Zo] B-Actinell thste] iNOS
tern recognition receptorg F3l AME W mi- 9} COX-29] &S v gS w o} F-A = X85}
togen-activated protein kinase(MAPK) familyE 335} A &2 tZT(Control)2 iNOSS} COX-29] T
of o] AEAY FEE BAFNT = Ao gy °f TS €2 WA, LeSvhe APste dS A=
A 9on A3lE MAPKsE AALZEAE 2142 nu- S FEI AT A= INOSS COX-22] vz vt

clear transcription factor-kappa-B (NF-kB)E 3} Ul&2 Yol 4E3l St ol S, d5 A= f =
translocationS 5344, 7 A3} iINOS T COX-2  AlZ ARE3E LPSe 93ty dFo] #5 =] pro-in-
9} & pro-inflammatory 1A} &S 38l ¢ flammatory QI1AFE©] EA43) & A& FAsHAT 1
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1}, 3604 -3 7hE38l = (Sample F)= A 2l35+%
< o iNOS$} COX-29] T o] {945 e
W ZA ZHAskth 53], iNOS T o] 360
B 3 7S E(Sample )2 *2 3 2 AdT

ol A 3T ol & Tt A ®t ofye}
YEAY T e 5 kgl Aoste] FFAE
Ao #AsteE Ao E A A M =Z7F LPS A=
of &Jsted FAS}; Ho] NO &4 B4Q1 INOS7E
A H AL, 3607 FH ThrEall E(Sample F)oll )3t

of o] JAFHUSH Al ER13 NO A4 A
iNOS &d AAE T3 AS=Z AL
() 1psa ng/mL.) + + + +
Sample Fipgml) - 0 125 200 250
iNOS B —
COX-2 = _—
facin | G D S g
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(B) 120

Relatie expression of
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=
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+
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s
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[l i i i
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Figure 3. Down-regulation of iNOS and COX-2 proteins by
the treatment of agar hydrolysate hydrolyzed for 360 min
(Sample F) in LPS-stimulated RAW 264.7 macrophages. (A),

Western blot bands; (B), iNOS protein expression; (C),
COX-2 protein expression. Experiments were performed in
triplicate and the data were expressed as mean + SE; * P
< 0.05, and ** P < 0.01 as compared to the untreated group.
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Figure 4. Changes in survival rates of zebrafish embryos after treating with the hydrolysate hydrolyzed for 24 hours (Sample
F) (A) and with Sample F and LPS (B). Nitric oxide (NO) production in LPS exposed zebrafish embryos after treating with
the hydrolysis product hydrolyzed for 24 hours (Sample F) (C). Experiments were performed in triplicate and the data were
expressed as mean £ SE; * P < 0.05, and ** P < 0.01 as compared to the untreated group.
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Figure 5. Reactive oxygen species (ROS) production (A) and cell death (B) in LPS exposed zebrafish embryos after treating
with the hydrolysate hydrolyzed for 24 hours (Sample F). Experiments were performed in triplicate and the data were expressed
as mean = SE; * P < 0.05, and ** P < 0.01 as compared to the untreated group.

A B Uzt ROS A8 FF cell deaths A ZHAAFTh

Asss THHH A bR EG0R T

V8 $ETMAE frol B AR AL B g0 "o e g g mneno) e 4%
Sl PR el E el e del WANE oy gas) ewa + 9o ww o 39 &
ol o] o] & BEsle] Be FroAx As)y] Lo J1AT Qo] A= oA m A AT Az
= EAHS VIR B HRT I FER A Fo H o] Alg= 2 9e Hoz Y=

7H ¢ e 3 VRS ES Alxskoh =3

|59 ¢ BATS S8BT A, 3601 ol A

bl =0l LPSE @F A9 A A ZollA i

H 5= NO &R &S A8, NO £H & =4 ZiAlo| 2

3l= A=A INOSEETE ofu gl COX-29] T

W H S AAAT ATL, 3608 ol gk B AT AR R e} a4 ex1S
7V &2 in vivo zebrafish 5 ESZ Do A LPS 4 29 AYGESFAAFAHRED) 71N EA (A

% Aol 2]5}e] zebrafish AW NO A A FEnt of H 3 RO003888)C.2 38 ATAAAYL)



J. Mar. Biosci. Biotechnol. 2019, p. 71 - 80

Vol. 11, No. 2 [Research Paper]

References

. Kim S. W., Hong C.H., Yun N.K. and Shin H.J. 2016.
Production and Application of Recombinant Agarase. J.
Mar. Biosci. Biotechnol. 8(1), 1-9.

. Lee C., Lee S., Lee D. and Lee S. 2016. Al7F & E-al A

o Maribacter sp. SH-19] £ 9 &4 S AL

Microbiol. Biotechnol. Lett. 44(2), 156-162.

. Park J.J., Kim J.E., Yun W.B., Lee M.L., Choi J.Y., Song

B.R.,, Kim D.S., Lee C.Y., Lee H.S., Lim Y., Jung M.W.

and Hwang D.Y. 2017. Hypolipidemic and

Hypoinsulinemic Effects of Dietary Fiber from Agar in

C57BL/6N Mice Fed a High-fat Diet. J. Life Sci.. 26(8),

937-944.

. Lee D.G. and Lee S.H. 2012. The Classification, Origin,

Collection, Determination of Activity, Purification,

Production, and Application of Agarases. J. Life Sci..

22(2), 266-280.

. Lee E.J., Seo Y.M., Kim Y.H., Chung C., Sung H.J., Sohn

H.Y., Park J.Y. and Kim J.S. 2019. Anti-inflammatory

Activities of Ethanol Extracts from Leaf, Seed, and

Seedpod of Nelumbo nucifera. J. Life Sci.. 29(4),

436-441.

. Kim J., Lakmkal HH.C., Lee J.H., Lee W.W. and Jeon

Y.J. 2014. Anti-inflammatory and Anti-cancer Effects of
Sterol-rich Fraction from Nannochloropsis oculata by
using Saponification. Korean J Fish Aquat Sci. 47(6),
770-775.

. Sim B.Y., Park J.H., Kim S.K. and Ji J.G. 2019. Effects

of anti-inflammatory on Perilla frutescens var. crispa
Induced by mutants with y-Ray. KASAT. 36(2), 488-497.

. Yang HW., Kim E.A,, Kim S.Y. and Jeon Y.J. 2018.

Acute Toxicity Assessment in Zebrafish Danio rerio of
Arsenic-rich Extracts from Three Species of Seaweeds.
Korean J Fish Aquat Sci. 51(1), 31-41.

. Jung K.I,, Kim B.K., Kang J.H., Oh G.H., Kim LK. and

Kim M. 2019. Antioxidant and Anti-inflammatory
Activities of Water and the Fermentation Liquid of Sea
Tangle (Saccharina japonica). J. Life Sci.. 29(5),
596-606.

10. Kim D.G., Kang M.J. and Shin J.H. Hepatoprotective

Effects of Sumaeyaksuk (Artemisia argyi H.) Extract on
LPS-mediated Inflammatory Response. J. Life Sci..
26(11), 1282-1288.



