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ABSTRACT Oxidative stress and inflammation are key factors responsible for progression of liver injury. A variety
of functions of oyster hydrolysate (OH) are affected by their antioxidant and anti-inflammatory activities. However,
little is known regarding the effects of OH on a liver injury model. This study was performed to evaluate the effects
of OH on acute liver injury induced by lipopolysaccharide/D-galactosamine (LPS/D-GalN) in mice. Experimental groups
were divided into six groups as follows (each group, n=10): control (saline), LPS/D-GalN, LPS/D-GalN+OH (100
mg/kg), LPS/D-GalN+OH (200 mg/kg), LPS/D-GalN+OH (400 mg/kg), and LPS/D-GalN+silymarin (25 mg/kg, positive
control). The experimental acute liver injury model was induced with LPS (1 pg/kg) and D-GaIN (400 mg/kg). We
first analyzed antioxidant and anti-inflammatory activities in OH. OH showed high DPPH and ABTS radical scavenging
activities and reduced ROS generation in Chang cells in a dose-dependent manner. In addition, OH showed anti-in-
flammatory activities, such as inhibition of cyclooxygenase-2 and 5-lipooxygenase. Treatment with OH down-regulated
tumor necrosis factor (TNF)-o, interleukin (IL)-6, and IL-la expression levels in LPS-stimulated RAW264.7 cells.
OH significantly reduced LPS/D-GalN-induced increases in the concentrations of alanine transaminase and aspartate
aminotransferase in serum. In the LPS/D-GalN group, liver tissues exhibited apoptosis of hepatocytes with hemorrhages.
These pathological alterations were ameliorated by OH treatment. Consistently, hepatic catalase activity was low in
the LPS/D-GalN group compared to the control group, and catalase activity was significantly restored by OH treatment
(P<0.05). Furthermore, OH markedly reduced the LPS/D-GalN-induced increase in TNF-a, IL-13, and IL-6 levels
in liver tissue. Taken together, these results show that OH has hepatoprotective effects on LPS/D-GalN-induced acute
liver injury via inhibition of oxidative stress and inflammation, suggesting that OH could be used as a health functional
food and potential therapeutic agent for acute liver injury.
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oA 30z ﬁ/] WSS 25~283] ¥HE AAjakglal, HEA o
2 72°Col| A 587 A (extension) A At} W& ethi-
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Table 1. Primer sequences used for RT-PCR
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Gene name GenBank Acc. No. Primer sequences (5°-3”) Expected size (bp)
GAPDH GU214026 Sense: CTAAAGGGCATCCTGGGC 201

Antisense: TTACTCCTTGGAGGCCAT

A 7r &4 AP RALS LPS(1 pg/ke) ¢t D-GalN(400
mg/kg)S 0.9% A=A Al &3kl 100 uLA H735Fo
sto] A&ER. AFEL 6T or BHEATH AT
(Saline), 7F £4#(LPS/D-GalN), 7F A4+ A 5% =7}
o & Fol(LPS/D-GalN+ OH 100 mg/kg), 7+ &4+
FTEE /R E Fol (LPS/D-GalN+ OH 200 mg/
kg), 7+ &4+ ¥ e Z7teREAE T (LPS/D-GalN
+OH 400 mg/kg) & 3t £=73+ silymarin ¥+ (LPS/D-

GalN+ silymarin 25 mg/kg). F7FFE38]& 3 silymarin

Zde A 109 FoF 0% 9-oo~1o-oo<>ﬂ 100 uLA 5o
Stk & Y LPS/D-GalNS Fojatal, 643 5 ofj )
232 wHA ] ok Al el A %fﬁ AF et 2+& AEs)
pa=g
2t EA M2

AEEZo Ao 7F=A X Fol Tl ofn=A o]

@ A (alanine aminotransferase, ALT)$} o=l Z2 g o] E

oln| ;=7 o] § A(aspartate aminotransferase, AST)E &
FH o2 SA57] A8 FAAEA438H(The Interna-
tional Federation of Clinical Chemistry, IFCC) 354
S olg3slier ¥ 54 ¥ o] E(pyridoxal phos—
phate)E& H7I8tA] &2 A ahu|Ago=r 7435}
ok Alg el 71" A(AST, a—ketoglutarate 2 mmol/Le}
aspartate 200 mmol/L; ALT, a-ketoglutarate 2 mmol/L
9} alanine 200 mmol/L) 1 mL, €% 0.2 mLE Y] 37°C
oA ALTE 303, AST+= 1A17F &t whgA Zith vhg &
g #3Z ZAd(2 4-dinitrophenyl hydrazine, 1 mmol/L)
S 1 mL #7kske] A2oA 20487 WAg $ 0.4 N NaOH
10 mLE #H7}8te] /S x990 2 520 nmoll A &%
=5 SA39 Y% Modular Analytics, Roche, Germany).
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1 ZZ A MEAEAE ER15H7] 93] ApopTag®
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PBSZ 284 43] =A%t & diaminobenzidine(DAB)< #]
g5t 3 AAE 93] hematoxylin S Fa 55T}
PBS g0 584 39 A3 § G574 AA per-
mount® %A & TAHAA Setol= A (VS120-S5-E
whole-slide imaging system, Olympus)Z A EX}EALES
U ST

2t XX L} catalase M =X
7P 222 0.25 M sucrose®t 1 mM EDTAE ¥ &3l
M 214t ¢ z""(pH 7.4)0 o] 4°C Z71 00 A “}Jﬂo}
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ZF

o] Wikt AE 180 BalAIZIE d 285 =
1 unite = Aatglth 50 mM S14F ¢+ 2.89
AN 10 pLE =33t 25°ColA 57t wkg
pMe] #ArE4=4 100 uLEs Y 7hske] & &3k
nmel A FFZ(OD-DE F43AT) o] & oA
587 8-S A7 5 240 nmel A FHF=(0D-2)

ik 2ES

-0 =2
mL¢} 7+
AT 1
5 240
25°Col A
AN&7g8k

o catalase FA 2 OD-20]4 OD-1& 73+ Zho =

Axrstelet.

Zb ZXlo| A=A AJO|EFIOI B =X

o
2+ 2460 mg)S 1 mL PBS& 4°C Zxlel|»
o] & 770X gl A 10%1 AR & &

e HE

ofpafed

A3l

Abg8tATh 2F 23 ) TNF-q, IL-18 ¥ IL-69] g3
ELISA assay kit(R&D System, Minneapolis, MN, USA)

S AFE3Fe] A 8% Tl Anti-mouse TNF-aq,

IL-18 ¢

IL-6 347} 2tz 89 96-well plated] 50 pLe assay

diluent, 7t & B FFEAIFS WaL 2004 2

A|ZF vk

stdtt. ke plates $E 4102 35 AHF F 100

uLe] streptavidin-HRP &8 #7}3}e] 30&7+

Al ioﬂ /\1

wj ekt ZF wellel 100 uLe] TMB 712 84-& 3 7}4]

[
307t ol gt 5 stop N e A

o™, 450 nmollA FHE=E FHS

St
F7hRal Bl garsh 242 B7hel7] $1stel DPPH

9 ABTS #it)zel gk A7 24

] 2 RS a7 663

Exdaaalia

m1o

S}O* t}. DPPH

_é_
A 2 B AN @A) St S

o wet FejFo g Asate] 1,3, 5 % 10 mg/mLA
o Al 27} 8.68+4.85%, 18.31+3.54%, 45.50+4.29% ‘3—1

67.09£6.84%2] &S HAHn=5, 7X0.05, Fig. 1A).
ABTS @tz &7 8405 94| DPPHS} A Aok B
1,3, 5% 10 mg/mLe] F=d v 7+7 12.61£2.75%,
33.15+8.05%, 51.25+6.88% % 71.05£11.16%= =7}
FHA= Fx gEHow Frte A thn=5, /X<0.05,
Fig. 1A). DPPH 3 ABTS gttjZol it ¢4 dix=4d=
gatsl gAdo] BauE Enlks FFE(aged black garlic
extracts, ABGE)& AH8-3+%12(34), 5 mg/mLe] =7}~
alE2 100 pg/ml Evbs FEE5Y A S0z 2A
A4S Bk

24

=7 R B AeldA S dtet E4e njay 72 o
gl Kim 5(25)2 DPPHSF ABTS 2oz &7 84

of that =7hel=e] 1Cs0 #-= 11.19F 6.1 mg/mL= o}

2~

o o |
Q1o

eyl $4e] o EeRaEe B
E ¥ 10~30 kDa°] =2 &4t &8 BlYa v
o R 2 ol A AESE BESR AL sl

RoA FASAIR] EFHERT ¥ & ks 245 7}
A|™, DNA &7 o1& Aatt)| 25 Fo 4oz A3
t}(18). Alcalase, Flavourzyme, Neutrase, Protamex,

pepsin % trypsin 59 &4 % ProtamexZ ©|-&3F 7}
Al Eo] 7 w2 sl EAS HeloH, a4 FH
w2 ksl G Aol 4o V[EEA o8 AgH
FHE=9 ol =4k 2A4(15) 2 Aol(35)d 3l 7|d%t=

Ao g

il

a4 ek
30 = 84S B84y 98] COX-2 2
SAskdnh @7 EaE 1, 8,5

2 10 mg/mLA EL A COX-2 9A) %HS Z}7} 9.36+

1.09%,
e

A g B *T#
- >.100 < 80/ T
° > g *t# 5 >
T B = 604 *
2% 60 *t 1 83 ]
E £ B @ 401
n, @ 40 £q *
0Og * = X 201
s 20
g L=l ] 8 Ll ]
~100, *1#
;@100 *t - 33'80 . T
£ 5 5 801
<2 & . °2 |
L2 60 ¥ *t % 3 60 "
B2 * Ex =
E 5 20 |l| T 220
<§ ol ol
g 1 3 5 10 %% 1 3 5 10
OH (mg/mL) Gk OH (mg/mL)

16.4+11.91%, 45.42£5.30% 2 78.01+4.70%=

wellE sl oEH e Frhsklthn=5, /X0.05,

Fig. 1. Antioxidant and anti-inflammatory activities of
oyster hydrolysate (OH). (A) DPPH and ABTS radical
scavenging activities of OH. Aged black garlic extract
(ABGE, 100 pg/mL) was used as a positive control.
Data were shown as the meaniSD (n=5). "P<0.05 com-
pared to OH (1 mg/mL). 'P<0.05 compared to OH (3
mg/mL). *P<0.05 compared to OH (5 mg/mL). (B) Inhi-
bition of COX-2 and 5-LOX activities by OH. The activ-
ities of OH were calculated by measuring absorbance.
Data were shown as the meaniSD (n=5). P<0.05 com-
pared to OH (1 mg/mL). 1P<0.05 compared to OH (3
mg/mL). "P<0.05 compared to OH (5 mg/mL).
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Fig. 1B). ¥4 tlxzE4d 2 A}-83 EGCGE 10 pg/mLe]
oA 80%<] COX-2 Al &S Btk 5-LOX <A
2L 1, 3,5 2 10 mg/mL FEQ] FrlEe Bl 22t
15.89+3.21%, 42.22+3.49%, 68.32+4.06% 2 87.96+
5.07%2) &4< ®thn=5, /X0.05, Fig. 1B).

AT ARE 93 2HRo|= H H|AH RolE APA <
Bag s A7 $ e oFE sl 9lo] COX-29)
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Fig. 2. In vitro antioxidant and anti-inflammatory effects of OH. (A) Effect of OH on viability of Chang and HepG2 cells. Different
concentrations of OH were treated to cells for 24 h. Data were shown as the mean+SD (n=5). (B) Protective effect of OH on
H,0z-induced cell death. Cells were pretreated for 2 h with OH before being stimulated with H,O, (100 uM) for 24 h. The plus
sign (+) represents combination of H,O, and OH. Data were shown as the mean+SD (n=4). P<0.05 compared to control (CTL).
'P<0.05 compared to H,O, treatment. (C) Effect of OH on H,O-induced ROS generation in Chang cells. Cells were treated with
100 uM H,0; and 100 pg/mL OH or 3 mM NAC and then stained with H.DCFDA to evaluate ROS generation. The ROS levels
in the cells were quantified using fluorescence microscopy after 3 h of treatment with the OH. The plus sign (+) represents conditions
co-treated with H,O». The scale bar represents 50 pm. Data were shown as the mean+tSD (n=5). P<0.05 compared to CTL. P<0.05
compared to H,O» treatment. (D) Effect of OH on viability of RAW264.7 cells. Different concentrations of OH were treated to
cells for 24 h. Data were shown as the meantSD (n=5). (E) No effect of OH on LPS activated cells. Cells were pretreated for
2 h with OH before being stimulated with LPS (1 pg/mL) for 24 h. The plus sign (+) represents combination of LPS and OH.
Data were shown as the mean+SD (n=4). There is (F) inhibitory effect of OH on the LPS-induced TNF-q, IL-6, and IL-1o expression.
Fresh raw garlic extract (FRGE, 1 mg/mL) was used as a positive control. Cells were pretreated for 1 h with 100 pg/mL OH
before being stimulated with 1 pg/mL LPS for 16 h. First-strand cDNAs were synthesized from 3 pg of total RNA isolated from
the RAW264.7 cells. The same concentration of cDNA was used as the template for PCR in each treatment. GAPDH was used
as a loading control for the mRNA expression levels. The plus sign (+) represents conditions co-treated with LPS.
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Table 2. Reduction in LPS/D-GalN-induced increased serum
ALT and AST by OH

Groups ALT (U/L) AST (U/L)
Saline 245" 99+40°
LPS/D-GaIN 320£103"  1,045£771°

(1 pg/kg+400 mg/kg)

LPS/D-GalN+OH 100 mg/kg 46+28° 147+145°
LPS/D-GaIN+OH 200 mg/kg 32+7° 136+73°
LPS/D-GalN+OH 400 mg/kg 354+19° 124+61°
LPS/D-GalN+silymarin 25 mg/kg — 32+22° 105+81°

Data were shown as the mean+SD (n=10 in each group).
YValues with different letters within each column are signifi-
cantly different (P<0.05).
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Fig. 3. Inhibitory effect of OH on histopathological changes and apoptosis in liver tissue obtained from acute liver injury mice.
The liver sections were obtained from saline-, LPS/D-GalN-, LPS/D-GalN+OH 100 mg/kg, LPS/D-GalN+OH 200 mg/kg, LPS/D-
GalN+OH 400 mg/kg, and LPS/D-GalN+silymarin 25 mg/kg-treated mice. (A) Attenuation in LPS/D-GalN-induced pathological
alterations by OH. Representative images of hematoxylin & eosin (H&E) staining of liver tissue. Remarkable increase in hemorrhage,
nuclear chromatin condensation, nuclear fragmentation, and cytoplasmic shrinkage (arrow sign) in LPS/D-GalN group were not observed
in the LPS/D-GaIN+OH and LPS/D-GalN+silymarin groups. The scale bar represents 100 pm. (B) Reduction of LPS/D-GalN-induced
apoptosis by OH treatment. Representative images of apoptotic hepatocyte in LPS/D-GalN group. Liver tissues were subjected to
peroxidase staining. Apoptosis was assessed using an ApopTag® Peroxidase In Situ Apoptosis Detection Kit. Remarkable increase
in hepatocyte apoptosis in LPS/D-GalN group was not observed in the LPS/D-GaIN+OH and LPS/D-GalN+silymarin groups. The
scale bar represents 200 um. The plus sign (+) represents conditions co-treated with LPS/D-GalN.
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Fig. 4. Effects of OH on activity of catalase and pro-inflammatory cytokines in liver tissue. Liver homogenate was prepared and
cytokines were measured in the homogenate by ELISA kit. (A) The LPS/D-GalN-induced decrease in catalase activity in liver
was recovered by OH. Data were shown as the mean+SD (n=8 in each group). "P<0.05 compared to saline. "P<0.05 compared
to LPS/D-GalN. (B) The LPS/D-GalN-induced increases in pro-inflammatory cytokrne levels in liver were reduced by OH. Data
were shown as the mean+SD (n=8 in each group). "P<0.05 compared to saline. P<0.05 compared to LPS/D-GalN. *P<0.05 compared

to LPS/D-GaIN+OH 100.

o A catalase BAE FoJF o2 A8 TH(IX0.05, A

AR, 34.74£7.0 U/mg: LPS/D-GalN, 3.9%+1.0 U/mg). =7}
FEFE 100, 200 2 400 mg/kg HHEFol ol A= cat-
alase @4o] ztz} 16.3+5.2, 20.0+5.9 ¥ 24.1+4.9 U/
mg . & LPS/D-GalN 7} &4btol Hla) f-o 4 o= ZF7tst
A tHn=8, /X0.05, Fig. 4A). #7tEa&2] % 71l

£ catalase &2 TVt S BHYoy fode
A5 kgt ole} B A= VMg Fu
7% W Irkstieel] ok Edqka Ha 59 Foll 7191
gk 232 Jo] Wizt AztE

LPS/D-GalN 3t &4 A 27 sl & 5 &
I BQlsh] Aall 1 22 Ule] A5 Al EARI S
ELISA W o= Z7433lth 2+ 24 ] TNF-a®} IL-18
o] graEe Akl nla) LPS/D-GalN 3+ &4 ol A 2H2t
oF 6uj e} 120 F7taton F7HEEel =9 HME@L
1 S7HE Ao R AT 58] ST
2 400 mg/kg ¥+ 100 mg/kg Folol vl TNF-a 2
[L-18 S Bol ZaAF ol& Ankl T3
Abgh ol AT 7h 51194 IL-6% gtel Hl&l LPS/
oF 9nf) F7telgith. STk E =
100 mg/kg W -8F< 5—3— Z7Fet IL-65 THAAI7]1X] &k

A9k 200 2 400 mg/kg Folv2 o H oz TaAA A
gt B F9 FARE 335 B9 thn=8 , /X0.05, Fig.

HGA AFANE) ATU8NAM FFF o] dar I

8 o 55l o3 3k 7)e W3t

l (_)] REY
o oA & FEFE T Ao HEA IF&FS AL
th #F FEE I Ao HEAE FFHT 152 Yok
Hla) A3 1254 34 GGT #x7F Fol4 o= 7hA4s)
Qovnz =& FEE &3A 1A HHE AFAAt
£ ol U Efo] fvka Busgith Hur 5(24)2 27}
Tl Eol A7HE nA HolE Folg AHE
vl g3 9 3 e BLstEA A &40} catalase B3

o] 7 ek, ole S7He S| =S A Es i
e sakst G490 4ol FUke Ao FAEqitt
Zhou 5(43) = @il FEEo] Algsiebie] 93] =
H M5 mdlol 7k A9 A connective tissue growth
factor(CTGF), transforming growth factor B1(TGF-31)
% NF-xB 23S Ao owm 3t ne G35 el
31 3T LPSE Folgh g a2l Ao+ IL-16, IL-6
% TNF-a 59 954 Aol EFIQl ko] F7lstsl=r
ol = ZudA wold o3 FoHom Ao,
ol2]gh A¥k= LPSell o8 Fimd HREw o] gloA
2 ZUA $dF5 gl og AoR By uk 9l
(39). Park 5(26)2 Z7lFE3E0] ofA|Eotv| gl fi
HepG2 AT &40l dojA 1Al A8 Z Al v gl
o &9 ALT ¥ AST &84 74 59 F s gysE 717
g gy, Tt 2UEESES tacrine %= HepG2
A APE S A7 &2E BYUTH49). AgdT 4
FEol A B upel o] Tt E A E A 54
ENE A7, Ao FE] 8H B A E
Al gikst 35 B o e AT AdeE 2 AT
Ao A HAE F7hEEEAEe] dAkst a3 9 3 &4
AA &35 7= AF FAFeoh v 2 Aol A
ool A ™ LPS/D-GalNol| og dZ 3 4ksl~ Eli I
o3 frEE 1 &4 TERGDAA F &4 e aE B
B —O
<

O

ol ATt A= gtk IV EAEY] =2 stsl A g
9% g4 & LPS/D-GalN %

\_]_— p
Aol Jledal Aoz AztEr 2o o ofulwtel
H9AG0E FaeA 148 A7 2UG) D 1A/

S=="0
Y= Ao]2 Folak AAE mul(52)0 4 7HAEZe]
WS AT B9 B AFEY AR F2
AHEEE OFES E o8k FhA| 8] AbE A E
dl=s gAst, Fag 2% FE TAA A
X5 BIEtH5G3). Bhd It AR e ¥R = di-
ethyl nitrosamine®] 2|3l Fx2% 7t 3F ZdoA HH
IL-2 ¥ interferon-y(IFN-y) %S Z7FA7]3 a-feto-

2 E(triptan)dl



668 FAE - 71&4 - Chengliang Xie-Marie Merci Nyiramana - Adrian S. Siregar- #FA13F. 259 - £01d - 94 - J9 5 - 445 240

protein(AFP) @ a-L-fucosidase(AFU)E 744
Tk opel 7k 22 9] FEjstd wets gda A
02 FEAATHGY). & AFE EF3 o] AF

ooy

00{1 mﬁl F.?E ;ﬂ/

®
ofN M MN M2

i rlo
of
M
ol
i
N
i
o
e,
i
N
v o

oft r-{m
:z,>1:4
o
o
o2t
2
ot
e,

N
N
S
%
it
flo
S
_|>i
o

W e
N
B
%
o,
g,
aN
o,
ol ofr
» =
o
i ol ox o9

£
i)
N
N
By
a
=
w
N
N
-
M
:%

"
ot

N
>

2 M

oo

2 b b 2 o

-
)
HE,
off
o
a4
of\
-
©
ox
o
f
f o
=

i
£
4l
)
=
oy
1o
)
et
M
:OIL_"
BN
o,
o
2
s
W,
o
2
ol\
]
oX,

o

Lol 7+ B3 gafol = A of

oot
s

o

ox

N

I o

o
o
rl
~
N
M
=
i
o
-
o,
ob
s
N g of

T

:,1:4

il

lo

rt

ox

e

hu

[

=

10 o

o fo
~
f
}O{l

o

i
w2y ol
(o
o
P
)

Ks}

il
1'5 03\_1‘ :‘o
i
R
i
L
&
ML
P
L b 10 o

[«0

ol
K
__>~|_“
L
SE
)

B

ox

(>

3@ ol A e
A A o
4 f
Y
e
by
wg
=
~
BN

wy ¥ o
X,
>
_O‘
b
_VH_{
(o
ﬁ <
'
_\"ll
il

ol Hr
1x
o
o
R

o
=
Z,
2
1o
2
Ho
H
o

H

o,
=
rpr A
o
oz,
Y

oy
2
X
=
o
fol

.
Jo
v
i
L
o,
N
o

o

B

Ll

Ll
i
52 I
lo, &

¥ -
RS
e

de ol -

4

N
N

A

N

N,

i)

1

ol

£ 4

8
e
ﬂl{
Wi
~
e

(
=

d o rO{' 10
-
lo,
-
BN
off
ol

S R
HE
Ho
o
ox
M
Lo
o

L
ok
o
N o
1
N
)
o
M
:Czl:l
i
flo
moox

S

( _lN,

it -1011
e
1l

oy 2

[e]

oo

fol

o
¥ A2 fo
Mo o X o iy

o

N R T

o

O
oo
i)
e

N
b
0%
©
Al‘
il
X
)
e
<
°

[0 off o ox Ob i
N

o> o

o
o

L b
ot
=
=
ez)

>
oty
[>
[
1:>
o,
o2
olN
rlo
M N
02{1’4
i)
o
ofy
ko
Lo,

=
~
ek
2
1=}
et
oft
-
18

L

fo ng o
o ox

o N

o2

o
5y

olr
o
N
)
<

Hoy
i)
-
ol
oX,
N
SUE

0 g

)

= 2ol %

g

=

oo
ol X oX
O>"' ffol l_ﬂ
) E
b
oy
ox
AN

o !
N
o
Hr

2 1 M o
M2 e o omy X

fol
K
T
1
o
e
re
4
iih)
Jo &
(LA e A

(
i

Lot e = X
o
2

ro
9&
N
B
:?{:4“
o
o
X5}
32

o)

S g x=FAY A 9S5), LPS/D-GalN 7+ 4, LPS/D-
GalN¥} 2715381 E(100 mg/kg, 200 mg/kg, 400 mg/
kg)el WetFol+ 2 LPS/D-GalN¥# silymarin(25 mg/kg)
WFAdTFo = At 54 1 &4 222 1 ng/kg?
LPS¢} 400 mg/kg®] D-GalNeZ F=E et WA A&
o] gitst 2 FAT B4 B A 2t E

FE oFEZX 07 %o DPPH ¥ ABTS &tz 27 &4
wRow, 9zt 44 FHEF(Chang)oll A Akt 40l
ojgt M v FAakAhe] WS Fo)Hoz A Zh

T3k 27 EdEs v gEFor =2 CoxX-2 ¥

tlo rlo

o

5-LOX Al5E o, LPSe| o) &4dstd A o
2V EF RAW264. 7914 == TNF-q, [L-6 % [L-1a
o] AFA Alo]E7H619] mRNA A ES A AT 27}
& Fof & LPS/D-GalNel| 9]3t &3 ALT % AST

FNETRE
B AT sty Aoz S FAEE s E N EA
(FAMZ PIT200671) AT-71d8] X Lol o) =35

X
AHFH Tk

REFERENCES

1. Bernal W, Wendon J. 2013. Acute liver failure. N Engl J
Med 369: 2525-2534.

2. Escorsell A, Mas A, de la Mata M. 2007. Acute liver failure
in Spain: analysis of 267 cases. Liver Transpl 13: 1389-
1395.

3. Bower WA, Johns M, Margolis HS, Williams IT, Bell BP.
2007. Population-based surveillance for acute liver failure.
Am J Gastroenterol 102: 2459-2463.

4. Kumar R, Shalimar, Bhatia V, Khanal S, Sreenivas V, Gupta
SD, Panda SK, Acharya SK. 2010. Antituberculosis therapy-
induced acute liver failure: magnitude, profile, prognosis,
and predictors of outcome. Hepatology 51: 1665-1674.

5. Ichai P, Samuel D. 2008. Etiology and prognosis of fulminant
hepatitis in adults. Liver Transpl 14: S67-S79.

6. Lee WM, Squires RH Jr, Nyberg SL, Doo E, Hoofnagle
JH. 2008. Acute liver failure: Summary of a workshop.
Hepatology 47: 1401-1415.

7. Galanos C, Freudenberg MA, Reutter W. 1979. Galactos-
amine-induced sensitization to the lethal effects of endotoxin.
Proc Natl Acad Sci U S A 76: 5939-5943.

8. Eipel C, Kidess E, Abshagen K, LeMinh K, Menger MD,
Burkhardt H, Vollmar B. 2007. Antileukoproteinase protects
against hepatic inflammation, but not apoptosis in the re-
sponse of D-galactosamine-sensitized mice to lipopolysac-
charide. Br Pharmacol 151: 406-413.

9. Neihorster M, Inoue M, Wendel A. 1992. A link between
extracellular reactive oxygen and endotoxin-induced release
of tumour necrosis factor o in vivo. Biochem Pharmacol
43: 1151-1154.

10. Mayer AM, Spitzer JA. 1993. Modulation of superoxide
anion generation by manoalide, arachidonic acid and staur-
osporine in liver infiltrated neutrophils in a rat model of
endotoxemia. J Pharmacol Exp Ther 267: 400-409.

11. Yang F, Li X, Wang LK, Wang LW, Han XQ, Zhang H,
Gong ZJ. 2014. Inhibitions of NF-xB and TNF-a result in
differential effects in rats with acute on chronic liver failure
induced by d-Gal and LPS. Inflammation 37: 848-857.

12. Jung SH, Kim SJ, Jun BG, Lee KT, Hong SP, Oh MS, Jang



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

=7t sl 1 Bne g3

DS, Choi JH. 2013. a-Cyperone, isolated from the rhizomes
of Cyperus rotundus, inhibits LPS-induced COX-2 expre-
ssion and PGE2 production through the negative regulation
of NF«B signalling in RAW 264.7 cells. J Ethnopharmacol
147: 208-214.

Streetz K, Leifeld L, Grundmann D, Ramakers J, Eckert
K, Spengler U, Brenner D, Manns M, Trautwein C. 2000.
Tumor necrosis factor a in the pathogenesis of human and
murine fulminant hepatic failure. Gastroenterology 119: 446-
460.

You TJ. 1993. Source book of food. Seo-Woo, Seoul, Korea.
p 168-169.

Chung IK, Kim HS, Kang KT, Choi YJ, Choi JD, Kim JS,
Heu MS. 2006. Preparation and functional properties of en-
zymatic oyster hydrolysates. J Korean Soc Food Sci Nutr
35: 919-925.

Wang Q, Li W, He Y, Ren D, Kow F, Song L, Yu X. 2014.
Novel antioxidative peptides from the protein hydrolysate
of oysters (Crassostrea talienwhanensis). Food Chem 145:
991-996.

Umayaparvathi S, Meenakshi S, Vimalraj V, Arumugam M,
Balasubramanian T. 2014. Isolation and structural elucida-
tion of antioxidant peptides from oyster (Saccostrea cuculla-
ta) protein hydrolysate. Protein Pept Lett 21: 1073-1083.
Qian ZJ, Jung WK, Byun HG, Kim SK. 2008. Protective
effect of an antioxidative peptide purified from gastroin-
testinal digests of oyster, Crassostrea gigas against free rad-
ical induced DNA damage. Bioresour Technol 99: 3365-
3371.

Hwang JW, Lee SJ, Kim YS, Kim EK, Ahn CB, Jeon YJ,
Moon SH, Jeon BT, Park PJ. 2012. Purification and charac-
terization of a novel peptide with inhibitory effects on colitis
induced mice by dextran sulfate sodium from enzymatic hy-
drolysates of Crassostrea gigas. Fish Shellfish Immunol 33:
993-999.

Cheong SH, Kim EK, Hwang JW, Kim YS, Lee JS, Moon
SH, Jeon BT, Park PJ. 2013. Purification of a novel peptide
derived from a shellfish, Crassostrea gigas, and evaluation
of its anticancer property. J Agric Food Chem 61: 11442-
11446.

Shiozaki K, Shiozaki M, Masuda J, Yamauchi A, Ohwada
S, Nakano T, Yamaguchi T, Saito T, Muramoto K, Sato M.
2010. Identification of oyster-derived hypotensive peptide
acting as angiotensin- I -converting enzyme inhibitor. Fish
Sci 76: 865-872.

Xie CL, Kim JS, Ha JM, Choung SY, Choi YJ. 2014.
Angiotensin [ -converting enzyme inhibitor derived from
cross-linked oyster protein. Biomed Res Int 2014: 379234.
Wang J, Hu J, Cui J, Bai X, Du Y, Miyaguchi Y, Lin B.
2008. Purification and identification of a ACE inhibitory
peptide from oyster proteins hydrolysate and the antihyper-
tensive effect of hydrolysate in spontaneously hypertensive
rats. Food Chem 111: 302-308.

Hur SI, Park SH, Lee SS, Choung SY, Choi YJ. 2013. Anti-
oxidative effect of oyster hydrolysate on the serum and hep-
atic homogenate in SD-rats. J Korean Soc Food Sci Nutr
42: 1940-1948.

Kim HA, Park SH, Lee SS, Choi YJ. 2015. Anti-wrinkle
effects of enzymatic oyster hydrolysate and its fractions on
human fibroblasts. J Korean Soc Food Sci Nutr 44: 1645-
1652.

Park SH, Moon SS, Xie CL, Choung SY, Choi YJ. 2014.
Protective effects of enzymatic oyster hydrolysate on acet-
aminophen-induced HepG-2 cell damage. J Korean Soc

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

669

Food Sci Nutr 43: 1166-1173.

Blois MS. 1958. Antioxidant determinations by the use of
a stable free radical. Nature 181: 1199-1200.

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. 1999. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free
Radic Biol Med 26: 1231-1237.

Reddy CM, Bhat VB, Kiranmai G, Reddy MN, Reddanna
P, Madyastha KM. 2000. Selective inhibition of cyclooxy-
genase-2 by C-phycocyanin, a biliprotein from Spirulina
platensis. Biochem Biophys Res Commun 277: 599-603.
Lyckander IM, Malterud KE. 1992. Lipophilic flavonoids
from Orthosiphon spicatus as inhibitors of 15-lipoxygenase.
Acta Pharm Nord 4: 159-166.

Park HJ, Jeon BT, Kim HC, Roh GS, Shin JH, Sung NI,
Han J, Kang D. 2012. Aged red garlic extract reduces lipo-
polysaccharide-induced nitric oxide production in RAW 264.7
macrophages and acute pulmonary inflammation through
haeme oxygenase-1 induction. Acta Physiol 205: 61-70.
Gough DR, Cotter TG. 2011. Hydrogen peroxide: a Jekyll
and Hyde signalling molecule. Cell Death Dis 2: e213.
Aebi H. 1984. Catalase in vitro. Methods Enzymol 105: 121-
126.

Jeong YY, Ryu JH, Shin JH, Kang MJ, Kang JR, Han J,
Kang D. 2016. Comparison of anti-oxidant and anti-inflam-
matory effects between fresh and aged black garlic extracts.
Molecules 21: 430.

Kim SB, Yeum DM, Yeo SG, Ji CI, Lee YW, Park YH.
1989. Antioxidative effects of food protein hydrolysates by
protease. Korean J Food Sci Technol 21: 492-497.
Bertolini A, Ottani A, Sandrini M. 2001. Dual acting anti-in-
flammatory drugs: a reappraisal. Pharmacol Res 44: 437-
450.

Santos CMM, Ribeiro D, Silva AMS, Fernandes E. 2017.
2,3-Diarylxanthones as potential inhibitors of arachidonic
acid metabolic pathways. Inflammation 40: 956-964.
Horrillo R, Planaguma A, Gonzalez-Périz A, Ferré N, Titos
E, Miquel R, Lopez-Parra M, Masferrer JL, Arroyo V, Claria
J. 2007. Comparative protection against liver inflammation
and fibrosis by a selective cyclooxygenase-2 inhibitor and
a nonredox-type 5-lipoxygenase inhibitor. J Pharmacol Exp
Ther 323: 778-786.

Yin G, Huang J, Ma M, Suo X, Huang Z. 2016. Oyster crude
polysaccharides attenuates lipopolysaccharide-induced cyto-
kines production and PPARy expression in weanling piglets.
Springerplus 5: 677.

Lee SY, Kim HJ, Han JS. 2013. Anti-inflammatory effect
of oyster shell extract in LPS-stimulated Raw 264.7 cells.
Prev Nutr Food Sci 18: 23-29.

Chung K, Cho SH, Sin EN, Choi KH, Choi YS. 1988. Effects
of alcohol consumption and fat content in diet on chemical
composition and morphology of liver in rat. Korean J Nutr
21: 154-163.

Reddy MK, Reddy AG, Kumar BK, Madhuri D, Boobalan
G, Reddy MA. 2017. Protective effect of rutin in compar-
ison to silymarin against induced hepatotoxicity in rats. Vet
World 10: 74-80.

Zhou J, Liang Y, Pan JX, Wang FF, Lin XM, Ma RJ, Qu
F, Fang JQ. 2015. Protein extracts of Crassostrea gigas alle-
viate CCls-induced hepatic fibrosis in rats by reducing the
expression of CTGF, TGF-B1 and NF-xB in liver tissues.
Mol Med Rep 11: 2913-2920.

Shi X, Ma H, Tong C, Qu M, Jin Q, Li W. 2015. Hepatopro-
tective effect of a polysaccharide from Crassostrea gigas



45.

46.

47.

48.

49.

50.

A4 43

on acute and chronic models of liver injury. Int J Biol
Macromol 78: 142-148.

Zhang C, Li X, Jing X, Zhang B, Zhang Q, Niu Q, Wang
J, Tian Z. 2014. Protective effects of oyster extract against
hepatic tissue injury in alcoholic liver diseases J Ocean Univ
China 13: 262-270.

Bhaduri BR, Mieli-Vergani G. 1996. Fulminant hepatic fail-
ure: pediatric aspects. Semin Liver Dis 16: 349-355.
Kwak SD, Kim CS, Kang CB, Koh PO, Seo DL, Yang JH.
2000. Apoptosis of livers induced by D-galactosamine and
lipopolysaccharide in mice. Korean J Vet Res 40: 213-220.
Osaki K, Shimizu Y, Yamamoto T, Miyake F, Kondo S,
Yamaguchi H. 2015. Improvement of liver function by the
administration of oyster extract as a dietary supplement to
habitual alcohol drinkers: A pilot study. Exp Ther Med 10:
705-710.

Park HJ, Do HJ, Kim OJ, Kim A, Ha JM. 2012. Hepatopro-
tective effects of various enzyme hydrolysates from oysters
on tacrine-induced toxicity in human hepatoma cells. J Life
Sci 22: 117-125.

Moon PD, Kim MH, Lim HS, Oh HA, Nam SY, Han NR,

A - Chengliang Xie - Marie Merci Nyiramana-Adrian S. Siregar - 24 3.

51.

52.

53.

54.

55.

EESEIE N [ (R ARE L o PA S S|

Kim MJ, Jeong HJ, Kim HM. 2015. Taurine, a major amino
acid of oyster, enhances linear bone growth in a mouse mod-
el of protein malnutrition. Biofactors 41: 190-197.

Wu G, Yang J, Sun C, Luan X, Shi J, Hu J. 2009. Effect
of taurine on alcoholic liver disease in rats. Adv Exp Med
Biol 643: 313-322.

Chang YY, Chou CH, Chiu CH, Yang KT, Lin YL, Weng
WL, Chen YC. 2010. Preventive effects of taurine on devel-
opment of hepatic steatosis induced by a high-fat/cholesterol
dietary habit. J Agric Food Chem 59: 450-457.

Fard JK, Hamzeiy H, Sattari M, Eghbal MA. 2016. Protective
roles of N-acetyl cysteine and/or taurine against sumatriptan-
induced hepatotoxicity. Adv Pharm Bull 6: 627-637.
El-Houseini ME, El-Agoza IA, Sakr MM, El-Malky GM.
2017. Novel protective role of curcumin and taurine combi-
nation against experimental hepatocarcinogenesis. Exp Ther
Med 13: 29-36.

Kristinsson HG, Rasco BA. 2000. Fish protein hydrolysates:
production, biochemical, and functional properties. Crit Rev
Food Sci Nutr 40: 43-81.



