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ApE BT ORE N TR EEAI (SH-SYSY) Bl RAAL S & Zneh

SR - (KT - ABATI
(TR 325 B K BB/ L T4

W "

KIFEIREHRE (Dosidicus gigas) S RAaH (Ulva lactuca) 43 3540 RAR F R B SR 7K AL
AHEEEAR - WL 703 2R - iR A SIS LREJJRI/KER ST (aquatic formula) - FEEERY
PRERET /K ER i@ L& (hydrogen peroxide) Pt s EALEETT T » ¥ A KRS REHE NI HE N
¥k (neuroblastoma cells, SH-SY5Y) FUHREIER - MTT RESRSEBUR - /KERH (1.25~2.5 & 5
mg/ml) ¥f SH-SYSY FEMMEM: - E8BEIIT - /KEE T HESMAYE LB - F
LRBSAL NS (superoxide dismutase, SOD) ~ fifgliff (catalase, CAT) JERBEHESE(LES (glutathione
peroxidase, GPx) ZEIEMFIRKTE 44 (reactive oxygen species, ROS) HYERIRE » M E R R E
M EAILEFERROR - (RS B REUR  KEE TR EA YIS ARSI ¥ ERE

JERIVE Ry iR EAE R PR R L BRIV T -

REIEST | OF  MRKREBERKEY « KERS « AR EHBiREibiR « iR

(i

YRR TE AREERE h & B AL
FHEEEEAYE - flanE A LS (hydrogen
peroxide, H,0,) ~ HE &R T (superoxide anion
radical, "Oy) ~ §FEBEHHE (hydroxyl radical, ‘OH)
K ETERES (single oxygen, '0y)) % EIFLLYH
SR SR A YHe P B < TEBREET IR - EEAE
BRI EILEE ST (oxidative stress)  SEZHYE 4,
E A (reactive oxygen species, ROS) &Il
BAEWIBEANRE S ~ DNA flI4EYIE E 2% A
BRI D3 B8 - 1 o #8 L AH M T RE Se H 5E
(Gardner et al., 1997; Gorman et al., 1996) » ‘& iEf#H
B S AR RS R AIRE » AT RE a5 (B i MR o
L (apoptosis) [l [ #i2 = Bl 411 P 44 i R KK i
(Alzheimer's diseases) FIMHEFREGHE (Parkinson's
diseases) ZHifHGRILIELIRIVHE LR (Finkel and
Holbrook, 2000) * S3ffFFE7R 5 Hi B S BR FRFERY
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KHERZ - HrpRSE(LRE TS 282
5B RL R R AW B K .2 — (Choi et al.,
2006; Markesbery, 1997) °

SH-SYSY iy A K i %8 R} #H M #&7 #H g ik
(neuroblastoma cells) » {5 Biedler ef al. (1973) H
SK-N-SH & = RAGAFTSE] » HILER M BIE R
MRS TTARL » 5 FH IS B S e s A A
=, (Omar ef al., 1998 ; Mandel et al., 2006) -

FHL (Ulva lactuca) 28 QigkEs — &
SR AL  RALES AR SR IR~ B W
SRAEA ~ PWBSEER HEERE, - TARE
ME e ) O# A TR e, 0 TR
AR~ FME o R B B A FE R B 1R
BRI R ~ SEFRMAREN ~ [RRIMLIRR S [l [l B S5 5 -
AN FEIR G A S B A TRAERCR - BN
fLEE (U. pertusa) Pz HIRREE 2 RER A S
nE e TEER E AR R e R IFE I EALRETT (Qi
et al., 2005) ; BEAE (U. rigida) FrEEAGHIKETE
ZWE A RIEHEINIER (Leiro et al., 2007) - 5
AV s R R A 0 2 AR AR B SR
FRHYTRITE] (34, 1989) > JBMEE FIE B A Ry
AR - X 2010 -G & rHE



98 EEE - (fKIE - AT

o BEFRHC SRR RN R 15 EAWE > 1R T8
FEPRIEES 35% HIRIEY) Hoftfa i 54
B 8~ 13% (5%, 2008) o ANHFFE LAk i R Ky 1 2
FolsURE 43 S B M £ Kz I SR 7K SV AL e
VEUR 0 LA 7 0 3 BLHLE AR ER S (aquatic
formula) » DIEEE HAE B AL @S A L))
T 2% SH-SYSY B {RiERE )T - HHREMRT
BB A SRR ORGSR > WSEENE KR
TREE R S kA 7K EERIFEYE £ B -

FRLEEL /5 ik

— ~ Bhabet
(—) KERHOZ R

AR LD 0.5 M EIRAE 121°C s
10 min % » SRR ENEAR B LIRG
SR K R LG I SR K Y (RS TR
TEITEMTFZHME - BT RZEAUGR )  HF iR FURY
BRI BRI L 713 LB (VIV)
FIT S VAR Ry /K BERE T 57K BERE T S BRAZ,
Z ¥ % (Freeze drying system, Labcono AST
Instruments Corporation, KS, U.S.A.) fif (2K,
2013)

(Z) AsRmis iR REmiRR
SH-SYSY Jif§ [ S0 [ A e ity T3 R JR B 52

(=) &

(LB HTSERL A ED Sigma /A (St Louis,
MO, US.A) ; flifitBa e i H Gibco A H]
(Grand Island, NY, U.S.A.) °

=~ Hh itk
(—) HRBERENRIZE

RIS (1x10° cells/ml) DL 37C
HEEZIE] DMEM-FBS medium [ 10% Fetal
calf serum (FBS) ~ 50 U/ml penicillin Jz 50 mg/ml
streptomycin 2 Dulbecco’s Modified Eagle’s
medium (DMEM)] » E52 Y 37°C ~ 5% CO, JB

T 13 2 RE#—IOFERs AL - S bR
L phosphate-buffered saline (PBS) yiryG i fig —
Koo Wk PBS AGAHOIA 1 ml BREHES (0.25%
trypsin-EDTA) » fRFHHIRRA L FHINA 1 ml FBS #&
1B FRE I - HY 20 o MIHeRRIA R DA ERE T
R 3 RS > FELL 1x10° cells/ml SEFTHER -
HRF (B ESAHIR] (Chang et al., 2002)

(Z) MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide] (&%

228 Ferrari et al. (1990) & J5iEHIE - MTT
SRR R L E R ARHE ISR ik
—» HuHHE IR IR IR 5 S8 (succinate
dehydrogenase) 3 » & MR A'E FH I B HRF IR
PR 5 SIS Mt B o R O R R A B
By 5%x10° cells/well » A 37°C ~ 5% CO, ¥i3% » 43
HHREAE AR B AR L 24 h > EERERSLELL
PBS #E¥E 2 REHMA 100 ul/well ) MTT Jz
YLP (yolk lipoprotein)s Fufll .2 I8 A VAWK - A6
37C JE 4 h % > #k¥% 2 min > A 570 nm HIE
WOEME - METAER (%) = [(BAHBOGE — 22
FIRHBOEAE) / FEFIREROEAE — 22 FAHIEOBAE)] ¥
100% o AFABERHERIRE Ry SRR S AR S RS 8
W ARy 100% 5 22 Ry Sl sk s
HEARW

(=) WiEHRNSCERSITE

1. BEIb¥7{LES (superoxide dismutase, SOD)
Tz HIE

22 Marklund f1 Marklund (1974) Z 55
1% o #KE=Hp (pyrogallol) f£ pH <7 HYERIE T
TS (HE pH>7 RIS R4 A A LR IEE
LA EH A o WD E R A R R
FEVIRLAGEY - T SOD W[ 8 SA il 7 B R
b > 15 pyrogallol #YH EALERZEHIHE - R
BHAHIRE B A/ NI A% SOD (ZiE M - HIE S
FEAREL 10wl HIER (5 10 pl Hy0,) 2 10 pl
pyrogallol JI A 3 ml Tris-HCl #B#E AWK (pH
8.2) » IREHIHIBILLI LT O EEHHIE 325 nm
TSR Sk 1 min [N 15 sec AYBOLIE
L - BA7 (unit) SOD EF : fE—ENIHIE B
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T+ W pyrogallol [ EEERI D 532 —Fit

TR E -
2. f#&EE (catalase, CAT) 1&1E43#r

HY 2 x 10° cells/ml /A 6-well # » ) DMEM-
FBS medium i 37°C ~ 5% CO, E28 24 h > £
MRS L ERRS B - MR IR LB S R 24 h
FINA 02 mM iE%fLE (H0,) FRH 24 h 4K
catalase assay kit (Cayman, USA) J7iEHIE o DU
TIEIFAIIR 430 ¢ (4°C) HEL 15 min HesAl
fd - nA 50 uM 2 phosphate buffer (pH 7.0,
containing 1 uM EDTA solution) T LU S HG i
A > fr 430 g (4°C) s 15 min » HL 20 ul |
BIREA 96-well plate #£1 100 ul & assay
buffer ~ 20 pl HEFEEL 20 pl HO, AZER MikE
20 min > Jo A 30 pl & & L#H (potassium
hydroxide) F1 30 pl purpald (2 ]) » =R T
¥R 10 mins FHIA 10 ul 3EALEEEH (potassium
periodate) AZE TR 5 min % > HIEHE
540 nm (Dyne- exmrx ELISA 96-well plate reader)
LA -

3. BB H K ESALES (glutathione peroxidase,
GPx) EMEHIE

HIE R BFA GSH R E &/ GPx
YEFIERESEIEYIE cumene hydroperoxide 3E[F K
lE%H » L NADPH Ei glutathione reductase
(GSSG-R) # | — 2 I« JE & 4 1y & 1k R&
glutathione disulfide (GSSG) i HiEHALEFRE
PEBE® NADPH &bik NADP' - I i35 B A7 1R
A NADPH 4 bk NADP'™ [f5#=2 (340 nm
TBOCEAEMELIEE) 1541 GPx 1% 1% HAL GPx
EFE Ry 8 NADPH Fréa by E s £
JERR N 620 ul fof B 1A% BT VA R (0.25
M) ~ 200 pl GSSG-R (5 U/ml) ~ 50 ul GSH (40 mM)
e 100 pl ZMEBRGES » HiA 10 pl
NADPH (20 mM) J 20 upl cumene hydroperoxide
(15 mM) » JREEIZEIAIR 25°C ~ 340 nm ]
E 1 min NIEOGEE LR (Paglia e al, 1967) -

(M9) ;FM4S (reactive oxygen species, ROS)

SENE

227 Martinez and Moreno (2000) 2 51 © B
5 x 10° cells 7£ 12-well plate H1 (&5 2% Ifi&<Z
Brall) o RN A B ERAGRE 400 uM
Z Hy0,0 A 37°C > 5% CO, Z NIRRT EAENET =
12 h» 2 [ EFXEERT 30 min FRARDIRES Ry 20 uM
Z &t YL # 22, 7-dichlorofluorescin  diacetate
(DCFH-DA) R 85 R Hh - m FF Ma Mk ¥ B
DCFH-DA B AR » i HiiAE bR -
AT R IR et Y DCFH - £7 5E A A
% KA HO, FHMt - BEHKRELY
2’,7’-dichlorodihydrofluorescein (DCF) - [fif#EE/L
MRz ROS A i - #fifiEd DCFH-DA f2 37°C
[ 30 min > 400 g HE.Ls 10 min » £k FIEHK - 7
DL PBS &%k 2 X > LA 0.5 ml PBS @7 -
WHEE 96-well BT > DIEE/HTHE (Hitachi
F-4500, Hitachi Co. Ltd., Tokyo, Japan) {E{HI%& %<

Jf€ (Excitation 485 nm, Emission 527 nm) °
() #REtDH

T B O 1T BT LA (One-way
analysis of variance) » i DL B[ & I 2 %88 s 11
(Duncan’s multiple range test) JHIE & BRI
FEE > B /KAEE Ry 0.05 -

i S S 3 i

— ~ SEYLIESTEISH-SYSY s

A sEfa — M B Rk E) ~ YR
B A E B REMENEIR - CHEERGYR
BB~ PrEAL ~ BRI - REURE ~ (R
W ~ AR ~ PURE RIEVI BB GRS A
IffE (Wang and Mejia, 2005; Hartmann and Meisel,
2007; Shimizu and Dong, 2007; Wei and Chiang,
2009) o A B R ik f R TR SR /K ) e A RV
W o DAT 2 32 HeB (VIV) BB IKER T - S
REBUAEZRLEAER DPPH gk &
nigd ~ BIFJI K SOD-like ZEHTEALRETT (BE5E,
2013) - SHfSEtRH - B AL T3 AR RSB AR -
B & A B (microglia) 2% i (LI 53 Wb
REE K53 T FA RG34 S RE - fER IRy
BRIET - MlEREERMET - WIS



100 ZEEEH - (fikiE - itk

120 -

100 A b

——
HHS

80 A

HHO

Cell viability (%)
o
S

HHe

HH®

control 0.05 0.1 0.2 0.4 0.8

H,O, concentration (mM)

Fig. 1 Effect of H,0,-induced reduction in cell viability for SH-SY5Y cells. Cells were treated with different H,O,
concentration at 0.05, 0.1, 0.2, 0.4, and 0.8 mM for 24 h, respectively. The viability of SH-SY5Y cells was assessed by
using of MTT assay and presented as percentage of untreated (0 mM) control cells. The results are expressed as mean =
SEM of four independent experiments. The data with different letters represent significant difference (p < 0.05) when

compared to the control group.

SE{LAE (neurodegenerative diseases) (Colton ef al.,
2000; Yvert et al., 2000) - K|t B G EHTELAETIZ
F A AT RE B AT THIT Bk kR i AR AL E 2 AR L T
77 ARG EE LUK B A T R HAE S LIRE T R
¥t SH-SYSY 2 HARERET] -

H,0, Fy—TE{E AP A B FS R A AL -
RS AL )+ ST A R MR R S
EEHIMSEL (Rhee, 2006) » AGAEESC LIAN FEREE
(0.05 ~ 0.80 mM) H,0, ¥t SH-SYS5Y eI LEET)
AR HEHIIEAATESR (cell viability) 2522 - 3
Earh DA HoO, Ry #IH (control) HjKFHHH
HEAAIERI Ry 100% » & SH-SYSY HR[ENRE
H,0, $L[AE5#8 24 h 1% HiAE R R A LS
IS 23 EAHR - RENRE &S SH-SYSY fr
SR AN EAN o= Ly ey SN Pk i) R ERRR S S i
(Fig. 1) - Hr1 0.2 mM H,O, Z BREHAHAVHIIE AT
R (62.98 + 3.39%) Ed Chetsawang ef al. (2010)
ZHFFERERE ] 0.2 mM (1 H,0, Bl ] e
EEALIE ST - (BRI G 58 R - R E
Bl 02 mM (1Y H0, ERIESEIRHH (positive

control) o

T kEEGERILE T N ESH-SYSY . Z

B 95

e =3

TEANGRIN HoO0 FYBEEE T » DL MTT GREsEER
Af NEERE (0 ~ 5 mg/ml) B /K E 6 J7 #
SH-SYSY s » BBafE REUR - KEM T H
SH-SY5Y H:[aJi%#E 24 h % » MEEf SH-SYSY it
MMM (cytotoxicity) H AIRHE(EHEMIN LR -
[FIFRFAE 1.25 ~ 2.5 F1 5 mg/ml EJRAET - HfHietd
BEERS AR 114.45 £ 4.67% ~ 117.19 £+ 8.84%
K 125 + 3.83% (Fig. 2; without H,O,) » FEATRIIAE
mi B RGHI A B T TS, -

HEA AR B /K £ T B SH-SY S Y L[] 55
24h 1% ¥H0 0.2 mM H,O, FRESEE 24 h #5DUtE
TEALRET) - RERES /K EE R ST AE AL R T T ¥
SH-SYSY 2% » #EFREUR » 0.2 mM H,0, ZJR
B A =Ry 63.58 £3.28% » SR/KEM ST
TEEALEE T N B B 0 - MM TG =R
IR B 74.61 + 8.59% ~ 80.86 = 5.47% k¢
89,84 9.07% (Fig. 2; with H,0,) » /KA H1E
FALRET T N HL0, A&y S biaE i
e TSR -
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Fig. 2 Effect of cell vilability for SH-SY5Y treated with the different concentration (mg/ml) of aquatic formula with or

without H,0,. The data with different letters represent significant difference (p < 0.05) when compared to the control

group. [] Without H,O,; Il With 0.2 mM H,0,.

12 SORREE B P B s /K e e S B RE T
IR - ARG b rT 3R ARy AR BRIIRE - BiIan
BESESZ (Gracilaria tenuistipitata) K B K
KA L& [fEHY DNA 1BEHERIRER (Yang et
al., 2012) ; B kefir grain ZFEA RS BEH 2 B-
BRI (B-casein) HYREE Fr BEEIKELAG FirsIimEg
R (R, 2012) « AKIBIRAMFERTRIIITE (Z25E,
2013) FH7R - fikFR R IR /K R O A IR LA
713 BoEORTEEAE I KERST - HIERR 50% HEH
EHRBRE (ECs i) {fE#E R DPPH HH
B EAEORIFEJIEE 30 7 Bl kE
B » BUTOKER TR S AR S SR kA
TR - ] B ERIPIEALEEST - AT
ik Fr R B SR K R i #EL K » AT F & (molecular
weight) < 3000 Da FIERRE: Z#M5#E & 80.97% -
IR AS GBS HEH K AR T4 HoO, P A LR
JIT - Al S ASHE R AT =R - ATREFRAR E fik
FART ISR K YR R ERRPTEY -

= KEEGERAILBRTT FASH-SYSY.Z
faPapisa LBE R ROSEIH B L 52

HALLES (SOD)- il (CAT) FIEDEHIK
LB (GPx) 5 R ELEEFRIE ML ST

MR EA - BN SRS bR B AR B
F# > Hrp SOD Z{EHI 2Kt AR 8 bk
B Hy0, 2 O, 0 F&H CAT A1 GPx i H,0,
SRR B SIS < KAIS (Fang et al., 2002;
Valko et al., 2007) SBAE—R IFH 2 FHIRRE T » CAT
HR I S BIE AR - ARMmANEL S LRR Ty
M2 AR - H I EFAER AR S - DL
HERAE A B H R g A A S LIRSS (Turrens et
al., 1984; ZRF, 2008) ° [KILAGABEAEIRES K E
A AR HoO, B SH-SYSY S LIBEGmies

MRS R BRI A T LR
FRZIEEATEL -

#F SH-SYSY 1Efft H,0, ek iz siH
i Ky control » JHIEL SOD & - WRF AT &l
By 100 £ 1.25 % > EMAREE 125 K 2.5 mg/ml
(7K ERE TR - H SOD I 1 43 Jill g iy n 2
109.92 + 0.63% F1 112.62. + 0.52% (Fig. 3;
without H,0,) « 534§ SH-SY5Y Ei 0.2 mM H,0,
AR % - HMlA SOD % MR 81 & il
control AHFHELER » RIIFAE B 31.36 + 1.23% ; &
SRIEIAIREE 125 J 2.5 mg/ml BY7KERST
#% > AR /Y SOD &M R BIRIER0E - KRB &
SrRIEEE T A 394 + 1.41% K 54.81 £ 1.39%
(Fig. 3; with H,0,) » IS RFR/K B TR A LRE
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Fig. 3 Superoxide dismutase (SOD) activity of SH-SY5Y
treated with different concentration (mg/ml) of aquatic
formula with or without H,0,. The data with different
letters represent significant difference (p < 0.05) when
compared to the control group. [] Without H,0,; Il
With 0.2 mM H,0,.

Bah > CAT ZREIH IR H0, LIS
LG FERIEREEAH - FEE /K E IR AR - H
FEZTEMER 100 + 1.15% 4>RIBAEREN 111.26 +
1.19% J% 120.3 + 1.17% (Fig. 4; without H,0,) » &
U0 0.2 mM H,O, R3S - HIfEHIUA.Z CAT
TGS Ry 95.06 £ 0.69% 5 {HBEZE /KA T
FERTREI AR CAT JEMEFI e
FF s HAEE 103.56 £ 0.66% K 107.92 £ 0.69%
(Fig. 4; with H,0,) » Ror/KER ST ERILE T TR
EHEEHERN CAT FIHBERER -

GPx BERIZFEAERAIMIE ~ I ~ Rt ae i
‘B FEEDIRERZTH(L glutathione (GSH) - H R
WA LIEE R-OOH JEJf i l? R-OH =47 fi#
H,0, (BEH1, 2008) « FREEHAEANIRIT Ho0, IR
JKEEM T BRERAH (control) » H GPx &1 Ky
100 + 18.49% » &0 1.25 K 2.5 mg/ml Hy7k
EER T AR BEH GPx JE M2 T Ry 11293 +
12.45% K, 14224 + 27.36% (Fig. 5; without
H,0,) = 55 0.2 mM H,O, IR GPx &
BEHEER R 50.00 £2.56%  SRURAN 1.25 & 2.5
mg/ml F7KEERE 5% BN GPx 1&E 43 RIbY

W& 53.02 £ 7.13% K 67.67+21.04% (Fig. 5;
with H,0,) - #8515 > B control fHFHLHL -
Ui 2.5 mg/ml ZKEERE H#H % SH-SYSY 2 GPx
T - BREETRTRREY

Fig. 4 Catalase (CAT) activity of SH-SY5Y treated

140 A

CAT activity (%) |

P [N @] o N
S & © & o
o

N
o
1

control 1.25 2.5

Marine formula concentration (mg/ml)

with the different concentration (mg/ml) of aquatic
formula with or without H,0O,. The data with different
letters  represent significant difference (p < 0.05)
when compared to the control group. [] Without
H,0,; ll With 0.2 mM H,0,.

Fig. 5 Clutathione peroxidase (GPx) activity of

180 -
a

160 -

;\3140 . ab
=120 -

2100 A
80 -

Y

GPy act

60 - C <
40
20 -

0 T T
control 1.25 2.5
Marine formula concentration (mg/ml)
SH-SY5Y treated with the different concentration
(mg/ml) of aquatic formula with or without H,O,. The
data with different letters represent significant
difference (p < 0.05) when compared to the control
group. [] Without H,0O,; Il With 0.2 mM H,0,.
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Fig. 6 Inhibition of H,O,-induced reactive oxygen species (ROS) production on SH-SY5Y cells by different

concentration (mg/ml) of aquatic formula. The data with different letters represent significant difference (p < 0.05)
when compared to the control group. [] Without H,0,; Il With 0.2 mM H,0,.

AR AE IR A AR T E A E S
(ROS) - TEE AR ROS A LLE B AEHE
ZEIE - KZmER ROS Hilgy ik il i 1k
(Chan ez al., 1986) - SSRfFFEHEH > @SE(LEFTS 15
AR LIEE J 7 AT BEAE A S 8 5 A R AR RE g
AR (Nunomura et al., 2001) » [KHiFZEHF]H
H,0, ¥#f SH-SYSY fiti IS8 LRE ] » 52 B P AR B
MFRGRALHy— IS (Zhang et al., 1997) - K
AESTEIIRIN HoO, SoKEE#RS /2 control # - H
ROS Ak 81.60+0.08% » EHMM 1.25 K&
2.5 mg/ml WZKEERETIRE - MU ROS 445y
BIFEE R B 33.27 + 0.04% ¢ 55.07 £ 0.04%
(Fig. 6; without H,O,) °

HIRD 02 mM HyO, J2EHASHHMRE » H
ROS & =#& control #H (without H,0,) ZHEFETT
#1016 £2 (128.07 £ 0.05%) » #7x H,0, ¥
SH-SYSY n[EHFEHEARI Tz EL - RIE H0,
Fridi < AL » KERT (1.25 K 2.5
mg/ml) T SH-SYSY iz ROS ARk EiER
&R 50.8 £ 0.05% F1 73.2 + 0.07% (Fig. 6; with
Hy0,) -

i iR REUR - KA T w2 SR

{LEESTT - ¥ ROS & HABHFEIEERAES) > Hr
NEL1.25 mg/ml {2 IBEREETIBAZ A - PLASR

Bl Lu er al. (2008) ZHWF5eAH{L> BILL 200 uM H,0,
Eil primary astrocyte 2EE5#%% > 100 UM FUEREREE
mn HERR ROS HIREJJHAZELL 10 M (2 BRBERHAL, -

5 WEeisH o FR%(#hE (caloric restriction,
CR) mJEAERKEABEEIY) I ~ O ~ IR RS
&R BER  HEHERNAEERE (G
SOD ~ CAT ~ GPx) Ay 4 BL R Al — 2tk 2
#% (Gredilla et al., 2001, 2001a; Lopez-Torres ef al.,
2002) o FEAGEE R REEIR - 1.25 F12.5 mg/ml 1Y
IKERTT AL M & A ARG
HIIERRAEST - (HHAH ATt LRy R B &= ]
{#45 SOD (Fig. 3; with H,0,) fil CAT (Fig. 4; with
H,0,) H 2T rtEss -

ShikEErh REEEL 1.25 A1 2.5 mg/ml KERE S
{EIEFIRRET (without HyO,) iRGHIIEAY AT
# (Fig. 2) k¥iFfLEER (SOD; GPx) g%
(Figs. 3&5) > 7F 2 MR A AR A E M A2 5 > 5
% 2.5 mg/ml FY7K EER ST HIGlHSHEN H ROS Y
FEAE (Fig. 6) AR 1.25 mg/ml ByEEH
#H > LEEBREH DL Hy0, 35385 SH-SYSY frE4d:
& ROS i ARBE/KEETTIRE Z R - &
FESEHEENRR 1.25 F0 2.5 mg/ml BY7KE#E T EHPT
FALBEJIAE © BAESEALEEJT RS Az
GPx HyRHiE (Fig. 5; with Hy0,) JRARBEBER
J&£ i BT S ERRG HOAEES - T REI kA 7 A
CAT ZfEH - dL[E H,O, Friis s Eal
FHE > R CE B S R T KIS (Fang et al,
2002; Valko et al., 2007) - {HEMEEME » Mine
U Ho 00 HYBREH - 7K AT AE R B IR - A
HERESEREE (1.25 F12.5 mg/ml) NS TTEEEHET
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PIA(LEFSR (SOD; CAT) Z&RIE KK ROS 1Y
A - BOKE BT BT EHIE Z T

LBy » SRR 1P F LR A 7

N

+

pa o

SEHTSORRFEH - F1 ISR /K i B s
FItREMEME I A TR TIPS L BER - Bl
#& Hoki (Johnius belengerii) a7 FEEBIHY gelatin
peptides TJ$EF Hep3B fHfdP SOD ~ CAT Fl
GPx HEKIHE (Mendis ef al., 2005) ; H flounder
fish muscle FffZ£, 2 peptides RIRJHIH] Vero i
ROS Al (Ko et al., 2013) » [ AGABEFT {5 HIHY
IREETTEH 10% BIfkia B2k gy - tBd
SRS RAR DL AE R ESH-SYSY A K
HESii RIFIIHTEALREIISL - IR @S L &
FHEH BRI - el yia iR &
& MARAEREBEDEA ROS 4R
i AT SEALRES - e S A i =R
EFRGE SH-SYSY ZAEH] -

il
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Neuroprotective Effects of a Aquatic Formula Against Oxidative
Stress-induced Damage for SH-SY5Y Human Neuroblastoma Cells

Huey-Jine Chai', Hsin-Chueh Ho and Shu-Han Yang

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

A aquatic formula composed of 70% squid skin hydrolysates and 30% Ulva sugar solution (V/V) were
extracted from squid (Dosidicus gigas) skins and Ulva lactuca, respectively. The current study was conducted in
order to evaluate the neuroprotective effects of aquatic formula with highly antioxidant properties on hydrogen
peroxide (H,0,)-induced oxidative damage. In vitro data demonstrated that there was no cytotoxic effect on
human neuroblastoma cells (SH-SY5Y) when using 1.25, 2.5, and 5 mg/ml of the aquatic formula by the MTT
assays. The aquatic formula in this study was also able to protect SH-SY5Y cells from H,0,-induced oxidative
damage by increasing the intracellular antioxidant enzymes (including superoxide dismutase, catalase, and
glutathione peroxidase) and lowering the total amount of reactive oxygen species (ROS).

The aquatic formula possessed dual antioxidant activities and neuron protective abilities, which could be
capable of protecting SH-SYSY cells against H,O,-induced oxidative damage. Thus, aquatic formula may have

the potential to be developed into nutraceutics for some neurodegenerative diseases.

Key words: Ulva, enzymatic hydrolysates of squid skin, aquatic formula, SH-SY5Y, neurodegenerative diseases
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