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Cytoprotective Effect of a Neutrase Enzymatic Hydrolysate Derived
from Korea Pen Shell Atrina pectinata Against Hydrogen Peroxide
-Induced Oxidative Damages in Hepatocytes
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In this study, we investigated the protective effects of a Neutrase enzymatic hydrolysate derived from Korea pen shell
Atrina pectinata (APN) against hydrogen peroxide (H,O,)-induced oxidative damage in hepatocytes. First, we con-
firmed that APN has antioxidant activities by scavenging 2,2-azino-bis (3-ethylbenzthiazoline)-6-sulfonic acid radi-
cal (ABTS") and H,0, and increasing oxygen radical absorbance capacity (ORAC) value. Also, the treatment of APN
increased the cell viability by reducing the intracellular reactive oxygen species (ROS) production in H,O,-stimulated
hepatocytes. In addition, APN decreased the sub-G, DNA contents and the apoptotic body formation increased by
H,0, stimulation. Moreover, APN modulated the protein expression of apoptosis related molecules (Bel-2, Bax and
p53) by suppressing the activation of nuclear factor NFkB and ERK/p38 signaling in H,O,-stimulated hepatocytes.
Furthermore, APN led to the activation of Nrf2/HO-1signaling known as antioxidant systems. These results suggest
APN protects hepatocytes against oxidative damages caused by H,O, stimulation.
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© 7 WP ARSHA] A E g A (oxidative stress)ol] &J3F gk

o] ¢ Athal AH HF lth(Heo et al., 2006). AFSHA]
2 R et opu el gy F A E s A4
(reactive oxygen species, ROS )0l 2|8l A4 % of7] HTH(Kim et
al., 2012). ROS+= ¥R3-7do] v =7] wf Lo ok ket 2
§tate] Afete] Z(free radical) 2 H,0, 52 AJAJ5HL, ol

A2 1) DNA}RNAE 4414171 AL} A AF#l(apoptosis) &
w=3}50] Alst]

A5 GERscH(Kim et al., 2012; Kim et al.,
2016). wepA] AR AEHAE Aok A 7HES o
o] FQ83F A7} d 4= Qlr}. ZLeju AA7kA] 5 7S A
Al vho|H A FAAAAIE AR ATEogter, o
A/ Aol =7t= o] Ath(Kim, 2009). UREA 0.2 o4
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WA 2 917 ol ARG glo] ol 24l AU T A4 4]
ARgo] =7tz SHAIE 7HA1 AL IEK(Yoo et al., 2007). wheh
A, e Hogh 4= Sl AR AL 4hehA] AEd A7) oF7]
St Aol thet o BeS Bt A 2419 e 11 9
o7} uj & Feha AFR BTHKim et al., 2002).

7|27 (Atrina pectinatay= AA1sE F557F AHE 7|20
ol Eoh= Uy 7z, i FAkEolu 8RRl si=E o]
$3101 713 B 24, A% 59 750 78 AT FAL
o ey, FHZole T AlFTRSOlA Hloiu 7154 2
2410] B 7P L Hola theret Ak IE L olek,
2o Brs 7l 7|27l o Ae|8A o =, et (Ar-
rieche et al., 2011), ¥ 5(Kaneko et al., 2019) W HH 2
(Arrieche etal., 2011) 5-0] At} 12U, AFSHA A E g 20 9
3ff o7l THAdoll tigt A= AA7HA] He X wprk A2 ¢l
o} wpebA] 2 Aol A= A ZEAI2E 2 hepatocytesE ©]-86
o H,0,7} fri=dhe Al &4 tigt 7|21 9 At 7132
st gk

ERTETE

PR

2 Aol A AR 7127(Atrina pectinata, AP)= o4 Al
ol Al FEdstom, Al S S3l Fat e E Al A8k -56°C
O WAl A 52 21xsto] Aol ARg-sESiTh Addof AL
4% 2,2-azino-bis (3-ethylbenzthiazoline)-6-sulfonic acid
(ABTS), hydrogen peroxide, 6-hydroxy-2,5,7,8-tetramethyl-
chroman-2-carboxylic acid (trolox) % 2,2-azobis (2-amidino-
propane) dihydrochloride (AAPH)+= Sigma-Aldrich Co. (St
Louis, MO, USA)ZFE F35te] A3}, Dulbeco's
modified Eagle's media (DMEM)+= Hyclone Co. (Logan, UT,
USA)ZFE 15132, fetal bovine serum (FBS)3} peni-
cillin, SuperSignal™ west femto maximum sensitivity sub-
strate @ NE-PER nuclear and cytoplasmic extraction Kit 52
Thermo Fisher Scientific Co. (Waltham, MA, USA)=Z €
Ystod ARg-3FA T AFof AR A= T4 Cell Signaling
Co. (Beverly, MA, USA)Z K€ F-¢]5lo] A8-814itt. 1 2|9
RE BA AR EF E1 HPLCF AR AHgalsich

IZ7H(AP) HX2| X HA=o| Uitz 2

A T AzH APE A3 Q717 20°Col|H Bl on,
ARFAEL AOAC (19909l e, 422 105°C2] 4%k 2
ZH, ZAH-E Soxhlet 241, 2022 Kjeldahl]-& o] &
ato] BAfsholt.

AP 54 JHEHE HIZ

AP9} 745 1:50 Bl &2 Y1l HCIS o]8-3o] 24 pH

\J

;

L7 -

R

(6.0)2 W& th2, Y& 4] 0.01%2] Neutrase &4 (Novo-
zyme, Bagsvaerd, Denmark)S Z7}5}3Att 50°Col|A] 244
7k 3 =5t dalEeE & F, oJ¥A|(Whatman No.6,
Whatman, Maidstone, UK)2 oj¥}5t91, ot 2&&
(Neutrase extract of Atrina pectinata, APN)-2 -56°C2| 234
Bjof| 4] &4 zsto] Aol ARESEITH APNE| -2 of2f
O] Ao wpet AlhkstSiTt.

TE(%N)(FE T AR FAE F A= F7) < 100

=
APN2| thil 2 $12k2 Lowry et al. (1951)9] W2 oF
Z

| ZHH
Fotol A3t 2 Ald o] lowry reagent 89 1 mL& ¥

3L APN (1 mg/mL)& 200 puL A&t &, 50% folin-ciocalteu
reagent 100 iL3} 93151t} 1 3, 3037k gHAlel A ¥HgA]
7111 enzyme-linked immunosorbent assay (ELISA) reader
(Sunrise, Tecan Co. Ltd., Grodig, Austria) £ ©]-8-5}%] 660 nm
MM EYEE 2ok B2 JYTHL BSAS o] g3}l
APAJSLT, APN o] Fahs]o] gl vl 8]9S AAleH
ek eheake gHkS Kang et al. (2017)9) WS ARg5}o]
ZAs1ch Al 1 mL A& §43} 25 mL 80% phenol
AloF 2 2.5 mL kS E95to] Aol A 3027 WA 7] A,
ELISA reader”]& ©]-83}4] 480 nmof|A] S48 SA3}%
of. 3 A glucose S ©]-8-5fo] 2313147, APN Wi
of ot eaalEo o Altekiich

Hlis 32 Singleton et al. (1999)2] HWH-S oF7F ¥HE5}o]
243kt A @3l APN 500 pL, 500 uL2] 95% ethanolat
2500 uLO] SH4S 233 3, 250 ul 50% folin-ciocalteau
reagentE 52l 54 57k RESAIZIT 71 %, 5% Na,CO, 500
uLE 7Fsto] ool A 6042 &<t WH--A| 7] L, ELISA reader
715 ol-838to] FF = 725 nmol A S F=E S #E
A=A gallic acidE ©]-8-5F0f 23 5F31 1L, APN o] 223}
o] gl sliso] ghee Ak,
APNe| S2/0f0|At Bk B4

APN 0.1 g7} 95% ethanol 20 mL-2- 30°Cof|4] 130 rpm o2
IAIZF &9 &3l lithium citrate buffer (0.12 N, pH 2.2)
E AREsEo] 10 mL2 48313t 48 &, sulfosalicylic acid
0.2 g& 37} 31 0.2 uM membrane filter (Whatman, Maid-
stone, UK)2 o]7}81 131, 71 % | mL& 281} ofm it 14
7] (automated amino acid analyzer, Sykam GmbH, Germany,
Munich)E 58l 24 shelch

ABTS zitC|# A7 gd =3
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persulfate (2.4 nM)E Eg5to] 12A17F 5¢F A2 A W4
o] ABTS 2|z 89 A z513lt). Al 2% ABTS 2ht)z
N2 ARG Ao 414 nmof| 4] S8 gho] 1.57} He g =
BAT(e=3.6x10* M'em )& o|-§sto] SH-2 348t
t}. 314 E ABTS 2ht]Z -89 APN 50 uLo} 2 &3}s}o]
20]| A 105 HF-2-A17] §] ELISA reader”| & ©|-8-31%] 414 nm
oA T F=E S48t APNO| ABTS 2tz 44 &de
S} =2 Aol ofsf AlLkskGIT

o 8 mot opp Ok

ABTS radical scavenging activity (%)
=[(control Z33%=-APN &4 )/control 3= ] x 100

H,0, 27 &4 &3

APN 50 pL&} 20 pLo] H,0, (10 mM) % 120 pL9] sodium
phosphate buffer (pH 6.0, 0.1 M)E 2 Zgla}o] 37°Cof| A 55
ZFRRSA1ZTE 18 thS 30 uLo] ABTS (1.25 mM)@} 30 L
peroxidase (1 Unit/mL)E #7}5lo] 714 0.2 37°Cof|A] 10
FZHHRAIR] TS 405 nmollA] S =S S50 Th APN2)
H,0,2:7 S48 thah 2 34 o ofsf Al4tatsict.

Hydrogen peroxide scavenging activity (%)
=[(control 33%=-APN &4 )/control 3= ] % 100

Oxygen radical absorbance capacity (ORAC)
=

ORAC assay+= AR S47|HQl etz 24 &4 574
MO & Zulueta et al. (2009)0] A B ofa) =85}
t}. APN (200 pg/mL) 50 pL2} 75 nM fluorescein 50 uLE
23s}o] 37°C incubatorof A 15+ &< §H3- A[71 &, AAPH
(221 mM) 10 pLE d7}5}%c}. ELISA reader’] & ]85}
excitation 485 nm/emission 538 nmoj| 4] 5& 7FA S & 1205
7t 2451 Ak trolox e} +&E9] area under the
curve (AUC)Z 27491t} APNS] ORAC 342 EZA|F
SE AUCZHY 32341 0]-8-519] uM trolox equivalent
(TE)/mg sample 2 3£ 7|3} T}
M= B

Aol ARE3E hepatocytest= 10% heat-inactivated fetal
bovine serum (FBS)Z} penicillin (100 unit/mL)o] Z3HH
DMEM 52014 B oFsSicy. AlE2 37°C9} 5% CO, 2714
FA31= w971 (Sanyo Electric Co., Ltd, Japan)ojA] s}
0w, 3neh A ehaobe Al s,

Hepatocytes?| ME=0f st APNS| &5

Hepatocytes2] A&l thgk APNO| J3F2 H71s

=

thiazolyl blue tetrazolium bromide (MTT) assay&

0&l

7t

-

"
024:5_4

7

)
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t}. Hepatocytes (2 X 10* cells/well)E 96 well plateo] 55}
7| BF310 37°C, 5% CO, 27sto| A 18417 52t egsh
A7 &, APNS E=3(125, 250, 500 pg/mL)= 2 2|5kich
247k %, 15 L] MTT A|2HAMRESCO, 5 mg/mL)< Z+
wello]] H7ksto] 4X7F FQt HESAIZAL A5 HS AlARE o
S 100 pL9] dimethylsulfoxide (DMSO)E ] &]5}o] A E
formazan A &2 SAIFCE A E AYEE-S ELISA reader
712 AH8510] ST0nmol 4 FHEE 24T, 183 2L 4]

of 2fsf Alrkaklct.

A3 AY2-E(%)
=(APN A 2] A3 &34 /control Al|E &33%) % 100

H,0, &M2|0l| ofalf At3tx £40] FLUE hepatocytes
o MZgof st APNQ| &5 H7t

H,0, A 2ol oJsf 7H4~%l hepatocytes ] =& gk APN
o] oJ3ke slolaly] $Jaf MTT assayS o|-&3ko] =455t
Hepatocytes (2 x 10* cells/well)Z 96 well plateo] 5L 35}7] &
F3t0] 37°C, 5% CO, 27180l A 184171 F<¢k HABIAIX 2,
APN 3513(125, 250, 500 pg/mL)= A 2] 5k} 1417 =,
H,0, (1 mM)E A 3zo]| A 2]s}aL 3712 © & 24 A7t v 3t of
o lofl AAlE W FAde o= Al 2SS F7st
Ak A2 EE-S Tt 2 Alof| o8l Akt

Al 22 AEE(%)=(H,0, F+= H O, +APN A 2] A|29]
545 /control A3 E33) X 100

H,0, M2|7t OF7|sh= hepatocytes L ROS A-&10f|
cthst APNQ| %Xl 25 &7t

H,0, H2]o]| /3 2712l A U] ROS Aol tisk APNS]
A 5L =A3s}7] Ysto] 2’-7 -dichlorofluorescin diacetate
(DCF-DA) assay= <283}t Hepatocytes (1.6 x 10* cells/
well)Z 96 well plated] 225101 37°C, 5% CO, Z 7151 A 18
AIZEERF HABHA 7] &, APNS ZF 5= (125, 250, 500 pg/
mL)2 Helskic. 1A17F B9k ¥hSA17] the, HO, (1 mM)
2 sl 271202 vloFs}gict. 1417 %, DCFH-DA &
H(0.5 mgmLyZ 7t welloll 7Fste] 5& 5k HREAIH AL
ELISA reader’]S =3 excitation 485 nm/emission 528 nm
oA FHHEE S 5to] Al W ROS B/ ALkl

ROS A% (%)= (control W H,0,+APN #|2] A Z2]
SFE/M,0, A2 Al F35%) < 100

H,0,7t X2|E hepatocytesOliAl apoptotic body
dof oist APNCS| X &5 Hot

H,0, A 2] 7} oF7] &t hepatocytes Ui apoptotic body 3/ ol| T
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3FAPNS| o] 53-8 7Fe7] 99l AE 7t =t
22l Hoechst 333425 ARg-5to] 3 AXS s}
A hepatocytes (5% 10° cells/well)E 6 well plate®]] T
37°C, 5% CO, 2715tol| A 24A17F F<F QP 3IA X1 $-, APN
=11(125, 250, 500 pg/mL)E A 2|aklc). 14]7F 52t
K171 THE, B0, (1 mM)E A 2lalo] 371422 12417
Hj ST Wi F 3, Hoechst 33342 AJK(2 pg/mL)S A
o] 30+ F HHSAIZ] ths, B2 Sl AAE Al
apoptotic body 2] A& &1t

H,0,7t X2|E hepatocytesld Z7HE sub-G,
DNA &0l LSt APNO| E3 &5 T7}

H,0, A 2]of| &J3f| F71 hepatocytes W sub-G, DNA gFgof|
oj 3k APN2] A3k 3t0l5}7] 93l propidium iodide (PT) &A1
S 435190}, WA hepatocytes (5 % 10° cells/well)Z 6 well
plated] 3510 37°C, 5% CO, 751 4] 24417t 52t QHA
3A17] 3, APNS &= 1(125, 250, 500 pug/mL)E 2] 2]3}]
o} 1A17E 5 §ESAIZ Th, HO, (1 mM)E A g|sto] 7}
2] 0 2 FatATt. 12417 5, Al 225 70% ol g-&ol| 4 12745}
%131 RNase (10 pg/mL)2} PI 4| 2K(100 pg/mL)2 %7151} 30
B Zol uk2-A]7l 3, CytoFLEX (Beckman coulter, Califor-
nia, USA)E AME-5}0] sub-G, $Hg-2 £4319irt.

H,0,7t  HM2|gl  hepatocytesOlM  apoptosis,
NFx B, MAPKs % Nrf2/HO-1 ASHEEZE 2435}
off cHSt APNS| B "ot

H,0,7} #|2]% hepatocyteso| 4] apoptosis®} ¥HE T3
Aol ThA(Bel-2, Bax ¥ p53)7} nuclear Factor-kappaB
(NFxB), mitogen-activated protein kinase (MAPK) ¥ nu-
clear factor erythroid 2-related factor 2 (Nrf2)/heme oxygen-
ase-1 (HO-1) Ao G7d 2.0] 2H/J3tof| thek APNO| ojA] &
IE golr7] Y51 western blot2 =335}iTh Hepato-
cytes (5% 10° cells/dish)E 6 cm dishol] £53}¢] 37°C, 5%
CO, =718tol A 2447t B HYSIAIZ] &, APNS 7} 5%
H(125, 250, 500 pg/mL)= A28ttt 1417F FQF Bhg-A|
71 e, H)0, (1 mM)= Ap=5te] 32714 © 2 60-Z(NFkB %
MAPKs) @ 12A17KBcl-2, Bax, p53 % Nrf2/HO-1) <t Hj
9F5}3it}. ©]& NE-PER nuclear and cytoplasmic extraction
Kitg AHgsle] AZERE GulAe 259 5, BCA kit

ox
2 O
Z
i) 5

Shs

-N

ool ol
o tle 2 2 n2

£ O o

Table 1. Proximate composition of AP (%)

Proximate composition Contents (%)

Moisture 3.3110.24
Crude protein 69.61+0.78
Crude fat 2.78+0.04

AP, Neutrase enzymatic hydrolysate derived from Korea pen shell
Atrina pectinata.

& - U

R

ol-gato] Akttt F&H Tl A(40 pug)S 10% sodium
dodecyl sulfate-polyacrylamide gelof4] Ex}eFH=z Has)
a1, Ba)w bR 2 pitrocellulose membrane 22 Z o] A]
Zct. o] ZolE membrane H| Eo|&Ql vhS-S
Z]8}7] {8l 5% skim milkof 4] blockingale] 12} 34| Bel-
2 (1:1000), Bax (1:1000), p53 (1:1000), IxBa (1:1000), p65
(1:1000), phosphor(p)-IxBa. (1:1000), p-p65 (1:1000), ERK
(1:1000), p-ERK (1:1000), p38 (1:1000), p-p38 (1:1000),
HO-1 (1:1000), B-actin (1:10000) ¥ Lamin B (1:1000)2} 5+
SAIAY. o]Fof 2213FA1Q1 anti-rabbit IgG conjugated HRP
(horse-radish peroxidase), anti-mouse IgG conjugated HRP
(3000:1)2} WH8-A]71 &, ECL detection reagentE- 0|85} 3%
A chald o) W S Sl

SAXzZ

HETE 35 MEo le] B+ BELAR ek
F2]4d& SPSS (23.0, SPSS Inc., Chicago, IL, USA)%}
AHEH(ANOVAYS X515 08, 7 54 Bkgte] ol
(P<0.05)& Duncan’s multiple range test= 7345}t

mzo

Mr %2
k1

AP9] UM 23 ZA%E A3} ofef Table 13} 2t} AP=
chal 21gkFo] 69.61 +0.78%2 714 = kar, A 5 3ek
KR

APNO| =& 9 &5 EA4I%F A3h= Table 29} At} APN
O] &2 76.39+0.60%% 3L, THA AJEo] 52.37+£1.99%
2 71 e BHekS LFERI 9T, BHEE1E-S 8.60+0.51%, 7]
B 630£0.17%9] s Yepigich dutaos gejg
7 A2 HEtol Bof| 7|91k 97t B2 ol HEfo|
T fdo] ot iy kel 3l A4 (Choi et
al., 2013). Neutrase:= A A 0 & & o] 8E= f4 F sh}
2, Leeetal (2016)°] 2J5}H, & Neutrase A 4F AR5}
7heEdl oFelS ol 7= F 9o, ABTS 2z &

P

Table 2. Yield and proximate composition of APN (%)

APN Contents

Yield 76.39+0.60
Carbohydrate 8.60+0.51
Protein 52.37+1.99
Total phenol 6.30£0.17

APN, Neutrase enzymatic hydrolysate derived from Korea pen
shell Atrina pectinata.
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Table 3. Free amino acid contents of APN

Amino acid il . .
mg/100 g % amino acid

Phosphoserine ND ND
Taurine 35.733 6.85
Phosphoethanolamine ND ND
Urea ND ND
Aspartic acid 6.913 117
Hydroxyproline ND ND
Threonine 25171 4.25
serine 26.656 4.50
Asparagine 27.858 4.70
Sarcocine ND ND
a-aminoadipic acid ND ND
Proline 21.222 3.58
Glycine 17.236 2.91
Citrulline ND ND
a-aminobutyric acid ND ND
Valine 38.362 6.48
Cystine ND ND
Methionine 33.592 5.67
Isoleucine 37.153 6.27
Leucine 32.434 15.61
Tyrosine 22.632 3.82
phenylalanine 32.278 5.45
B-alanine ND ND
B-aminoisobutyric acid ND ND
y-amino-n-butyric acid ND ND
Histidine 13.541 2.29
3-methylhistidine 1.318 0.22
1-methylhistidine ND ND
Carnosine ND ND
Anserine ND ND
Tryptopan 15.236 2.57
Hydroxylysine ND ND
Ornitine 16.204 2.74
Lysine 12.54 212
Ethanolamine ND ND
Arginine 15.126 2.55
Total 431.205 100.00

APN, Neutrase enzymatic hydrolysate derived from Korea pen
shell Atrina pectinata; ND, Not detected.

o

71270 & F5& W f-elobr] =4k taurine (4 mg/100 g)
ol =3 g A DAL 7L 9l B ofy gt
At AEYAE op7| g MM Z A A2 BE aakE 7
ohar Bashelet & Aol A ARE-E APNE taurine ]
35.73+0.00 mg/100 g0 2 & FEEH ) o B2 taurine ¢
& 5ol H 0,00 98] of7] =)= Akaha] &/ gt A2 B
AE 71 Ao 2 AR E cK(Table 3).
APNS| gfitst 2t HIt

APNY] In vitro 3413} 24 543 A3}, APNS A28}
P2 o Fro|EH o2 ABTS 2tz e #H L, £3| 1
FE21 500 pg/mLoYA 2F 76%2] 9-<=3F ABTS 2it|Z 47
TS B YrhFig. 1A). E3H APNL 33329.45 TE uM/mg
sample?] $-2=3} ORAC 42|15 H9Irh(Fig. 1B). Fig. 1C=
APNE| HO, 47 B/d& Yehdl 272, APN A 2]of| ofsf
oA o= HO,4A E4o] S7Iet AL gelskqint. oA
A3} = Neutrase 405 0]8ato] =58 72, leucine,
alanine, methionine ! taurine¥} -2 -2 olu| Al 3hefo] =
7heE o] At Aol g Erkal Bk v Qlrk(Lee
et al., 2016). Neutrase =20 23} A|=H APNE taurine
H| 23 of 2] frejotn|ie4te] S71HE R85, o9 A 57t
H frefotu| it Aol o gk A S Hel Ao
2 AlgEh

HepatocytesOllAf H,0,01 2lsil ZA & MES0t
L ROS 4ol thet APNQ| 55 E7t

APN A 2]o] 2]t hepatocytes®] AE& WS} eIt At
APNLE 5=H(125, 250, 500 pg/mL) 2 A 2|51 of 2o+
T} 0] 2 Q1 S Ao & HolA| ghSkth(Fig. 2A). whebA] A
S5 B SO APNO| A 5A4& Ko7 o33 g}lIstal
tt. HO,& A2jgt Al22] AEgo] ofF AL He|atA] o2
) z2of vl oF 17.20+0.60%= 7FAE 1oL, APN2S A
gRro gy gad gESO] fFoF o F7HE A RIS
T UTH(Fig. 2B). T3, SrEAIE, H,O, A 2ol o8 7t
= A3 U ROS 443 eko] APN A2jof| o]af 74 x| Sich(Fig.
20). wFetA] o] H ATk APNo| H,0,0] oJsh 2718l Al
W ROS B3-S AN RN A5 HEgtthe A& Al
Algtt}. Yamaguchi et al. (1980)2 obv]lzAlt & taurine} T
59| methionine, tyrosine ¥ histidine¢| g3} o =22
2™, methionine¥} histidine?] 73-¢-ofl+= C-Zeho]], tyrosine 2]
785 N-teko]] 9J2a uf 1 avpr} Abgsial Akshd AEE|
AF FaA7l=t Ee-g STkl Bargh Bl Qltk APN 94|,
Neutrase F2Z°] 2|3} H,0,7} oF7|8l= M3 U] Alsh2] ~EF|
2 7haol] 88 i f2lofulidto] §BEO] AE BE &
59 7Aoo AR,

A A= skl B sk bt Qi T3F Kim et al. (2019)
o
|

P

|&Z

k7
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Fig. 1. Effects of APN on scavenging activities of ABTS radical (A) and H,0, (B) and ORAC value (C). Values means=S.E of three determi-
nations. APN, Neutrase enzymatic hydrolysate derived from Korea pen shell Atrina pectinata; ABTS, 2,2-azino-bis (3-ethylbenzthiazoline)-

6-sulfonic acid radical; ORAC, oxygen radical absorbance capacity .
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Fig. 2. Effects of APN on cell viability (A and B) and ROS production (C) in H,0,-treated or non-treated hepatocytes. Values means+S.E
of three determinations. Bars with different letters are significantly different (P<0.05). APN, Neutrase enzymatic hydrolysate derived from

Korea pen shell Atrina pectinata; ROS, reactive oxygen species
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Fig. 3. Effect of APN on the formation of apoptotic body and sub-G, DNA contents induced by H,O, treatment in hepatocytes (A). The
apoptotic body formation was observed under a fluorescence microscope by examining Hoechst 33342 staining. And the cell cycle from PI
staining was performed using flow cytometry (B). Values means+S.E of three determinations. APN, Neutrase enzymatic hydrolysate derived
from Korea pen shell Atrina pectinata; P1, propidium iodide.
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Fig. 4. Effects of APN on apoptosis in H,0,-stimulated hepatocytes. Bcl-2, Bax and p53 molecules were measured using western blot.
Hepatocyte were pretreated with the indicated concentrations of APN for 1 h, and then stimulated with H,O, for 12 h. Values means+S.E
of three determinations. Bars with different letters are significantly different (P<0.05). APN, Neutrase enzymatic hydrolysate derived from
Korea pen shell Atrina pectinata.
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Fig. 5. Effects of APN on activated NFxB (A), MAPKSs (B) signaling pathway in H,O,-stimulated hepatocytes. NFxB, MAPKSs signaling
molecules were measured using western blot. APN, Neutrase enzymatic hydrolysate derived from Korea pen shell Atrina pectinata.
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Fig. 6. Evaluation of the effect of APN on Nrf2/HO-1 signaling pathway in H,O,-stimulated hepatocytes. The bars with different letters
represent significant differences (P<0.05). Values are expressed as means+SE (n=3). APN, Neutrase enzymatic hydrolysate derived from

Korea pen shell Atrina pectinata.
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