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Seahorse Hippocampus abdominalis a marine teleost fish, has long been used as one of the essential materials in tra-
ditional Chinese medicine. However, the uses of seahorse have been limited due to its high cost, despite its beneficial
biological activities. Seahorse has not been widely explored for its biofunctional properties and active components.
In the present study, the enzymatic hydrolysates of seahorse were prepared by using two digestive enzymes (trypsin
and pepsin) and five food grade enzymes (neutrase, protamex, alcalase, kojizyme, and flavourzyme). The enzymatic
hydrolysates indicated higher hydrolysis yields than its water extract. Among them, the distilled water-pepsin hydro-
lysate (DP) which was obtained by distilled water extraction followed by pepsin hydrolysis, showed the highest yield
and protein content as well as the highest alkyl radical scavenging activity. Also, it provided protective effects against
oxidative stress induced by AAPH in vero cell and zebrafish. Further fractionation based on the molecular weight was
carried out to identify it’s active components, and < 5 kDa (less than 5 kDa) molecular weight fraction was confirmed
to have the highest antioxidant activity. In conclusion, this study suggests that DP of seahorse has antioxidant prop-
erties, and might be a novel and useful material from the marine origin for healthy functional foods and cosmetics.
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Aok Haslil Sshe FRoGRA AiEEm
gnathiformes), A117]3(Syngnathidae)oll 43}= 524 215
& 5ol sivt&(Hippocampus) o157 32-0] 275 dfiel
A ofgtele] B9l sfelo] BESL Qi ALz B g0l
AaL, o] T 70% H=7} E=-efsg gl ol FE3ITHMyers,
1979; Vari, 1982; Lourie et al., 1999). -2 L2}l += sijuK Hip-
pocampus coronatus), 71X TH Hippocampus histrix), S5
tk(Hippocampus kuda), At 30 Hippocampus mohniker)

T18]31 4 8ul Hippocampus trimaculatus) 5-2] 5&0] A 4|5}
1! QITH(Kim and Lee, 1995). djul= S0l Al AE24 Q1 2FA
2A AL 7 715 Aol A7 A el Al AREA L F5ll
a50] e Ao® dHA §lo] F=-g BRI FHo ot
A A=A Y] =07 g 33t Sojo A e B8t A
ZAA 7IdFoIU S5F o= AESetaL Qth(Vincent,
1996; Choi et al., 2006).

sfotel o8 QoA Wl okskd QATRE WelZhy
2005), &=3KShe et al., 1995; Zhang et al. 1994) A (Xu
and Xu, 1997), OoPﬁéoé(Ryu etal., 2010a; Ryu et al., 2010b),
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gFAFSHChen etal., 2011; Qian et al., 2008), &7 54 &K Xu
et al., 2003), A7 2 5 A-8-(Himaya et al., 2012)3} 742 @2
A7} WS A AT in vitro 12.0] A7xro] Hlof 9lof © o]
9l 77 L a st

o] & Lol A A3t vlwl 2] sul Hippocampus abdominalis)
= £7FX3L7]=(Syngnathifromes), A1317]2KSyngnathidae)
of &atn] 2ol Aol AAskaL sfuls FolA e 27
7714 A obgThe AAa AR AU gle BT
Sgob 3] B4 TAAIE A AIAE 917]7h Bt o] o] 3 d e
=, 25, s=ollAl suiefA] o] AlE=E %l (Woods, 2007), 2]
SRR PEREREERE EEBEEEBRELSER
Fagick. sHATF o] o] v AT 77} Aaps Bt
(Hippocampus kuda Bleeker), Z-FsluH Hippocampus guttu-
latus), Short-snouted seahorse (Hippocampus hippocampus)
& ol vlaf apdlejsui= Aejgyd A7t wol FE53 A
o]}, whzA] o] Aol = 43484 25 (trypsin, pepsin)}
A8 713 a4 5F(neutrase, protamex, alcalase, koji-
zyme, flavourzyme) ©]-&3t Wl el sju} 7ol =52 Al
2o} hetal fele] 7 BAe RIEE )8 A5S
FESEAL A2 W) 2215 EFAI7IH, =519 9, B, HEF,
i), AT A, g, 97, A 5o AE oplst
ez IR = A 2ol (Beckman et al., 1990;
Cho et al., 2012; Heo et al., 2005; Ahn et al., 2007; Park et al.,
2004) thet 22752 SIgre = sfjnfe] ghikel 245 H7t
3} A} gt

T2 o
MEAl 2 M2
& Ao M ARG Sfjuk= Aol AT =gl

HAIE|(CCORA)ONA] ¢F 20 cm =7] 2] ¥]#l2]ajul(Fig. 1)
Al Wkl SAAx H sfuks 24 & A= o

my

Fig. 1. The photo of different sizes of seahorses Hippocampus ab-

dominalis.
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a7l of| AR ASka A 2F(trypsin, pepsin)> Sigma
Chemical Co. (USA)OA Q5o A28 7lHs)] &
2 5%F(neutrase, protamex, alcalase, kojizyme, flavourzyme)
2 Novozyme Co. (Denmark)ol| A -4 3}$itt. 2,2-azobis-(2-
amidinopropane) dihydrochloride (AAPH), o-(4-Pyridyl-1-
oxide)-N-tert-butylnitrone (4-POBN), 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT), 2,7-dichlo-
rofluorescein diacetate (DCF-DA), sodium dodecyl sulfate
(SDS), dimethyl sulfoxide (DMSO), bovine serum albumin
(BSA)*:= Sigma-Aldrich (St. Louis, MO, USA)]| 4] +¢] 3}
AME-5)%I T}, Pierce® BCA protein assay kit+= Thermo Scien-
tific™ (Rockford, IL, USA)of| A G-¢15}to] AME-81$1 3 RPMI
1640 vl x| &} fetal bovine serum (FBS)+&= Gibco/BRL (Cana-
da)ofl Al F-eJste] ARg-8ERATE. of il M= 71 AJefe: &4
& SEA 2 ARgskaATh

Ao} Az Al=o] UUE-S AOAC (Helrich, 1990) B
of| &sko] SH AT SEFFF 105T A x7]0f 24417t &
Aste] Z7gstolon, 32 A3 o R IHI|E ol&
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afnte] kil g4 7RpREELS Ko et al. (2013)2] WHo
w2 E QL THr Rl B 7S o] 8-5to] djnte] a4A
7heEa eS8 A 2 5ho] E(distilled water, DW) S2&531} H| 1
stoict. slut S AARES o§3te] a4 of 71EHE 1:100
o= 1glom, 7t a4 A% Y pH 27| npEt 244
2 7RSS AYst 3HE TR 8-S =Y BEo
= DW 24A7F 358 WA 18 g 5 pepsin} trypsing 2+
7} 1247t 7HEell S %1385ke] DW-pepsin 7F=Z-8f=(DP)
9} DW-trypsin 7FRE 31 2(DT)E 271202 #2519} 7}
s AAAZ17] Y8l 100TCollA] 1087F 349] §he-5
EA3IA7] T pHE 7.00.2 2 A3 F9th o] 3205871 Y
AEelgt | RS Al L) S-S pore size 7 um2] o] 7}42]
£ ARgRte] 22 ES ol E AR & Euslsto] A%
Ao g 720 A §A7IEES A9

_ oo s s
G SATIARHSO 48 Y DU B &
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pS|
o
o E AR ES &2 Tl A}
Tl - Loj7l ThpeitellE ARG FAE 100T Etol oE
oA i AT U A PR AFS 7SR 5SS
stedek. 759 Bl R4 leRsEe & %
2 Pierce® BCA protein assay kitE AMg-5lo] SA4319 11,
)7 0] ko] BEEHL BSAS ALgal i),
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Alkyl radical A7 &3

7R EE59] alkyl radical 27%-2 Kang et al. (2013)<]
o] wel 24319t 2, A& 20 uL, DW 20 pL, 40 mM
AAPH 20 pL, 40 mM 4-POBN 20 uLE &3+ 3 37°Col| 4 30
BZHHES-A] 2] oh2- capillary tubeol &7 HAH243 3 7; Elec-
tron spin resonance (JES-FA ESR, JEOL, Tokyo, Japan)= AF
-&-3to] signal g2 F-oH3itE 2= AR Al 8¢l DW
2 AFgg o BA2Ae bt o] sttt

Power: | mW, Amplitude: 1000, Modulation width: 0.2 mT,
Sweep width: 10 mT, Sweep time: 30 s, Time constant : 0.03 s

MIZZHHQE

Vero cell-& 10% FBS, 1% antibioticS 3£3}+5}+= RPMI 1640
Ui 2| & ARg-sto] uj ¢ 513t} Cell culture flaskel] 2 78-5==
37C, 5% CO, 27| Al A2 defof wha} 2-3U7E Ao ulj<kst
o] Ao AMg-39iTt.
Vero cellstiMel =d Hot

Almof thgt Al Z54dE 21| 918 Ko etal. (2012)9] ¥
HE wf2} MTT assay B O &2 24351k WA Vero cells
(Ix10° cells/mL)2.2 96 wellplated] 190 pLE E5+3}al,
37C, 5% CO, 7oA 2447k Bjo)sto] A aEs & H
= AYsiet. o] 3 37T Qo oAl 24417t v ksl
©1 2 mg/mL %% 0] MTTE 50 LA 25t} 121 37°C
of| A 3A|7F v Fstal A B84 A%-S dimethylsufoxide
(DMSO)= $H15] 251 0] W& ATh|A 12413 2k
ELISA readerg AHE-510] 540 nm S F oA 43 5 4=
Fteiet.

Vero cellsol M2 ROS Hd &

RoHA AEdAE GRS o) siut AeRele olat
ROS 2752 8Hl5}7] 93l Ko et al. (2012)2] WS wle}
AAPH A=5 F=0] ROSE| ®gkS 453k |A 13 10°
M| 3E5E 9] vero cellsS TH=0] 96 wellplateo]] 180 pLE 2
SFRAL, 37T QIFtHi|olEl oA 2447 HSfSto] A REE
g Attt of 37T QlFFHlolE oA 304 ujtste]
4 mM AAPH 10 pLE A 2|5}3laL, 37T ¢l5tHlole oA 30
B7F8ESA]A 0.05% DCF-DA of|g-&-894-8 10 pL %j2)s}
I HLS APRAIXL 3 37°C Qe o] Bl ol A 1027 RESAIXT 5
ELISA readerE Alg-5lo] 24 313ct.

Vero cellsOllAf AAPHO|| 2|gh At £40] Chet 2

sg1t &4

.I

PS
o
9]

ron

AAPHE A Lo AFSHA AEHAS Fr8k S uf of sfut 7}
FEAEY] Hoamel gt 4L gelstr] ¢18) Ko et al.
(2012)9] 'S whef AAPH A5 0] Al A]e] o that Al

=] Fitet a5 447

I AEYS ST WA 1x10° Al 32529 vero cells
uk=0] 96 wellplateo]] 180 pLE seedingd} 3L, 37T ¢l
oEfof| A 247k viFSI o A RS F e HE A5tk
o] 37T I5tHlolE oA 1AIZF v kst o 4 mM AAPH
10 pLE A 2fstqitt. 71 th 37°C Q5o e ollA] 2441 7T vl
st o™ 2 mg/mL =2 MTTE 50 uL A 2|s}3ic). o] &
37°C dFtHlolE ol A 3AZE BES-A[7] 4L, 37C ol A 3AIZE Bl &
St 5 AT -84 2742 DMSOR $H43] 5o 9l ZjrhA]
7131 12417k B3t 3o ELISA reader= AH&-510] 540 nm &%
TollA A% H 3 kot

2= AlmA Y glo] ARt AE AT FEAI7] At
W4 AEYAS FEATA] 2 AT o R S5kl
=g
Zebrafish embryoO| A2 AAPH A3t HS g1 &3

Zebrafish (Danio rerio)i= 1713} 142 “45/d o] AR 2
FoaA 27EADANA Aok AEYAS FEst S
o) AzA 2ol ofgt st B o mREe] BEETE Bl
a}TA A7 o] T S WSk 245} cHKim etal,
2014). 7-9 hpf (hours post-fertilization)®]| zebrafish embryo
£ 12 well platesof] -2} 1502] 4 @ o] 5 embryo medium
1.8 mLE w331 5% 1H(25, 50, 100, 200 pg/mL) Al &5 100
uLA A2I519e) 1417t e 2A17) % 15 mM 522 AAPHE
100 L AEISHA3 o] F AEE WS BT a7
ARAe] glo] ALstal AEEARE GUEAIZ] g ALt
AEYAE FEAYIA S AB RO St

SA=EA

A AT FAA 2= 222 A7 et Hat £ EEEX
2 Yehyiolch. SPSS Z & “13(SPSS Inc. Ver. 12.0)% A5
o] Oneway ANOVA-testS A A|5lo] ZA}F JEE 710] Qo
Al %2 Turkey’s multiple range test® P<0.05 =520 A A

At

-

sfote] Qlukg R B AT Table 1o Lieion], 5, 3]
2 | ZALE AZTAE 70 2 Blal et s}
o] ZEpul o] G0 2 58.47% SHolsto] sjute] tisEol
Zepl R o] 2o & Bhelshalrt.

Table 1. Chemical compositions of seahorse Hippocampus abdom-
inalis (%o, W/W)

Moisture  Ash

Composition

Hippocampus
Abdominalis

Crude protein  Crude lipid

518  33.75 58.47 26
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siofel BT A JHEHSSY 48 U Cuw
Stk
oo

Tl 7R Al obu|Al B HEo|E SFES
UE= ado|y, Yubd o R gy 7hRs) S48 0|83
ANEE 7HEl okl o B4 gt 7hal Algte] Hl2]
5to] DW =559 vl &2 =83 o 3k Yepd S
holgl 4~ Qth(Tsai et al., 2006). DW R 24A|17F &3+ &
59| 580 1 g0 Axs|ul2RE 374.5+3.54 mg oL}, 7
To A f 4 7R E ol 8ste] A T EelES A
23 A9, S7HE 8-S ERIE 4= Uik DPo A9 o2
Tl Al f A 7RRE| o] ]3] 714 =2 786.67+15.28 mg
o] 4282 5l0l5}9) a1, DTE] A2 o] Hr} w2 520.00 +25.17
mg®| 82 9IS 4= QISITH(Table 2). A1&-& 7his] &
& 5%Z o3 A4 Ve EslEdA = ARH o R =2 4
&2 gRlIgt 4= 98It} o] 5 DPY 53 2 83 1
ol g4 7I4EPES neutraseZ 7RIS a4 7R
Z7} alcalase 2 7145t G4 7B ER ol Hglo
o, 7Fz} 783.33 £20.0 mg, 780.00+10.0 mg2] 4282 &<l
5k 4= 9)QItH(Table 2). B3t SAAZXE sju} ZA| 2 1 go g1
22 Q) Z Thl M O DWE 24A|7HS 2531 25 50|
04 mgo & BlE|gon 19 BE § 24 7}5E3|
ol A= DW= 24A7HS 553t 55 tijy] oF 28 75§
T TS AS 4 e A 0= ZR1E QItK(Table 2). 4
StaAE o] gste] 7hpEalsh A4 7k EalEol A= DP &
FeBaf o] 221.21+7.02 mge] & ThidS A8 4= 9]
SRRIE| QAL AE-8 7hrasl Bar 552 0|83
Rl Eol s AN 0 R 52 5 thilld e A s
2 3101 |9 TH(Table 2). 0|9} 72 ATt 714 Eaf s
o] =& 45 A T =2 Zlo] RlE o] DW
of v] 3l =&} Tl Al ghego] =94 H DP9t DT, A58 7F

T, el
ne -
o

Ne)
w
%)
o0
I+
w
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it

=
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NN N
A
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RSy
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o
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SRl fid SBel A 7HRal7) wo] WaEigln o] whet
BRE oF) AEA Weko] E7h 4 wlo] 94 A0 AR

Alkyl radical 2~AZ/gol| ol sfju} Thald &4 7H=EallE
E9| 5ukE Brlekgr) o] F 4% EAS T F2E2EY
IC, #H(mg/mL)& AH&3 A3t DP7} 0.15+0.00 mg/mL, DT
7}0.15+0.00 mg/mL, NeutraseZ 7}=23]|gt G4 7}4=23]
£0]0.18+0.16 mg/mL O & 91%|9) o, DP9} DT} A
7FRRE F 7P $423t alkyl radical 227242 UERY=
A& FRI5ISIth(Table 2). o] Ayb= glol| =&} Tha 2] gk
o] Aot #o] Qtk. =&t Ty FeFo| E9kd DP7}
G/ AR epo] 29| ¢fo] ol Fhfgtth= AS fhAlsH,
wheba] =&t Tl A gheFo] 1211, alkyl radical 427 50| 94
3t DPE o851 o] Aol A3ttt

DPO| MzE=d I AAPH 4tst ES gt

MTT assay H-& MTT A|¢ko] AL Y& 4% & ngER
Tajoto] LAlAFE A Ax(succinate dehydrogenase)o] 2
8 Hepdo] B84 =2l (formazan)S FAsH=1] o] &
A A f F22 nEZ=eote] 24, BAl= Al o] 24
< ofnlsta g Al o] e 9 AolQl= Ao Aol A
S5+ g2 ¢l BFiolti(Yang and Boo, 2013). DP2] A3
£/ Fig. 2A9] Y SITh Al &5 50 ug/mL, 100 pg/mL,
200 ug/mLo| F=g 787F A 2jsto] SA4o] gles 2eIskel
al, =40 §li= FEE o838 4 mM AAPHE 454 AE
25 fresto] A ZgEES SRIsHT DP= 5 =254
O 2 AAPH /t3to] o3t A2 HE a5 241eh 4= glglon
(Fig. 2B), AAPH= Al|3Lof| R}=H-& 201 A| 32 U] AAPH 4Alsto]|
O3t ROS A H =5 73 A, F=oE4 2= AAPH

Table 2. Yields and alkyl radical scavenging activity of enzymatic hydrolysates prepared from seahorse Hippocampus abdominalis by seven

proteinases

Yields (amount abtained from 1 g of raw sample) Radical scavenging activity (IC_, mg/mL)
Hydolysates contents (mg) Protein contents (mg) Alkyl
DW 374.50+3.54 93.3813.04 0.38+0.06
Trypsin 410.50+2.12 127.67+2.79 <0.25
Pepsin 445.00+1.41 144.21+3.29 0.24+0.06
DT 520.00+25.17 147.5047.14 0.15+0.00
DP? 786.76+15.28 221.21+7.02 0.15+0.00
Neutrase 783.33+20.00 222.1945.67 0.18+0.16
Protamex 670.00+20.00 156.12+6.21 <0.25
Alcalase 780.00+10.00 179.20+3.20 0.73£0.09
Kojizyme 673.3317.00 228.39+3.15 0.25+0.00
Flavourzyme 626.67+3.00 251.20+1.56 0.70+0.03

'Distilled water-trypsin hydrolysate (DT). 2Distilled water-pepsin hydrolysate (DP).



upme)sjut A 7}

o)t Al 322 ROS #4& &0 = 25 gl ith(Fig. 20).

ole} - 231 DP] of3] Tk me] AHgol it Azl Hel
Hoglo] THEAA 0 & WA= AAPH ARSt= QIgh AfjaL &
SR 9FROS B4 AR 3hiksl &g o] 32 AR ©
BAp2 07 WA AAPH:= I carbon radical?} H42 23|
E]+=4), ] carbon radical-> T}= carbon radical ¥} thA] 285}
of QA FEE oI ST e Abs) whgal
o] peroxy radical& A3 317 =™, o] peroxy radical-> A|3Z2]
SAS FSkaL, A W A, 2 Foll Al AEYAS

= aQlo & A-85HA Hrk(Niki, 1990).
DP 2 2XtZF & 22|29| SDS PAGES 0|88t 24
3 Zh 2XE 2252 Alkyl radical A7 &4
DPY| 7} EAlF HE B85S e A2 424 o& 3719
gtejof wpute: ARg-8to] U=¢ltt. DPE 5 kDa} 10 kDad] =
7] uko 2 7p=BElE-S > 10 kDa, 5-10 kDa, <5 kDa2] 2+ &
322 Hul5}9 1, Fig. 3A2] SDS-PAGE 17| 4% 271s £
3 ot A TR S TR alE ] 24 Bajard BalE
o] B F7)o) whef chofst vl sfelo] Ueh Balepd e
£320] @ HelH 2L Btk 2 HEEE F,<5kDa
3 50] 714 7t alkyl radical 2752 2Helg 4= Ui

o ¢

449

Eho| =7 S UERd S AARIT thE dF-Eol Ak o]9t
H|53E A5 2018t 4= 919l o (Ko et al., 2012, Je et al.,
2005, Ren et al., 2008, Zhao et al., 2009), o] & Ao A= A

£} BElRo] 94at BAS AT 4 gct.

DP 2Xtzf & 23|29 MZE=AN L AAPHO| 2JH At
3=l Vero cells? 251t

DP #A}eH BYE59] N2 5442 Fig. 4A9 UG
th MTT assay & §oF0] NZAYEES 575 A3 >10 kDa,
5-10 kDa, <5 kDa2] 7} 5322 50 ug/mL, 100 ug/mL2] &
T2 A 2519w, Vero cellsol] tgh A| 225782 LEpLA] 9F
ATH 4 mM AAPHO| 41514 AEAS §E619S of ZF &
=5 50 pg/mL, 100 pg/mlLe] =2 A 2|3} Vero cells
of MEZAEES 57T 2, Vero cells®] HEE0] 5% 9
LA 07 F7Vol= A gttt HAl 7R Eo] A
A} Hol| whet A|22AYEE0] S8 AR gelskela,
<5 kDa9] Fration®] 100 ug/mL 5= A& oJ3f A&
Bo| 77.17£2.12%2 Z7}515]chFig. 4B). 4 mM AAPHE
AsHe AEYAE frste] Al BEES 50 ug/mL,
100 pg/mL 5= 2 2|32 j, Vero cellsol| 4] Total ROS
Ado] FEolEA 07 st A vko] &RIE AL, <5kDa
9] #9E9] 100 pg/mL 5% A 2]o] o3} Total ROS AJ/d°]
61.01 +0.49%= 7rA3Fch T3t Al 7lRafEo] A&}
3} ol whet <5 kDa 9] #2]=0] Total ROS A4/ 7H ol

IC,, 752 0.15+0.01 mg/mL2 & 1% 9} ch(Fig. 3B).
olg} 2o Al DPO| 7} BAlpE BB 5 AEA} 27
ol Holt alkyl radical &75-0] E<1=|o] DPo] AE4} 3
120
120 Ta) ®)
b
a a
100
80
3 3 60 | E3
8 «©
> >
3 5
O (&)
40 -
20
1 1 1 0 1
50 100

CON 200 CON 0

120
(€)
d
100 ES c
b
C
g 80 [
0 =
ie]
E
2 60
o
o
8
x 40 a
20 [
1 0 1 1 1
50 100 CON 0 50 100

DP (ug/mL)

4 mM AAPH + DP (ug/mL)

4 mM AAPH + DP (ug/mL)

Fig. 2. (A) The cytotoxic effect of distilled water-pepsin hydrolysate (DP) on viability in vero cells. Cells were treated with DP at the
indicated concentrations (50, 100 and 200 pg/mL). (B) Protective effect of DP on AAPH-induced oxidative damage in normal cells. The
viabilities of cells on AAPH treatment was assessed by MTT assay. (C) Inhibitory effect of DP on the intracellular ROS generated in AAPH-
induce oxidative cells. Experiments were performed in triplicate, and the data are expressed as mean + SD. **P<0.05 indicates significantly

different in each groups.
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100

DP 210 kba 10-5kDa <5kDa

Marker

(B)

%0 m0.125 mg/mL m0.25 mg/mL

Alkyl radical scavenging activity (%)

>10kDa  10-5kDa  <5kDa
>10kDa  10-5kDa _ <5kDa
ICq values (544000 0212000  0.1540.01
(mg/mL)

Fig. 3. (A) SDS-PAGE patterns of molecular weight fractions from DP. (B) Alkyl radical scavenging activities of the molecular weight
fractions prepared from DP. Alkyl radical scavenging activities of the three samples (0.125 mg/mL, 0.25 mg/mL) were measured by ESR
spectrometry. **P<0.05 indicates significantly different in each groups.

120 120 120
(A) @50 ug/mL =100 pg/mL (B) @50 ug/mL =100 pg/mL (©) @50 ug/mL =100 pug/mL
a
a a a2 aa d d
100+ = 100 100 f +
c ) ¢
_. 80 80 < 80 ¢ .
X X b b =t c
> > b S
2 60 2 60 a E 3 S & e
K 8 + 3
= = &
8 8 0
40 40 8 40 a
20 20 20 r
0 L 0 L n 0 L n
CON 210kDa 10-5kDa <5kDa CON 210 kDa 10-5kDa <5 kDa CON 210 kDa 10-5 kDa <5 kDa

4 mM AAPH

4 mM AAPH

Fig. 4. (A) The cytotoxic effects of the molecular weight fractions from DP on viability in vero cells. Cells were treated with the molecular
weight fractions from pepsin digestive hydrolysate at the indicated concentrations (50, 100 pg/mL). After 24 h incubation, cell viabilities
was assessed by MTT assay. (B) Protective effects of the molecular weight fractions from DP on AAPH-induced oxidative damage in nor-
mal cells. The viabilities of cells with AAPH treatment was assessed by MTT assay. (C) The intracellular ROS was detected by DCFH-DA
assay. Graph showed the intracellular ROS scavenging activity. Experiments were performed in triplicate, and the data are expressed as

mean£SD. *¢P<(.05 indicates significantly different in each groups.
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Fig. 5. Survival rates after treatment with AAPH or co-treatment
with 5 kDa>molecular fraction from DP. The embryos were treat-
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