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Abstract

This study was designed to investigate the protective effect of the combination of fucoidan and lutein against AAPH-induced
oxidative stress in THP-1 cells. The combination of fucoidan and lutein existed significant antioxidant effect on AAPH-
damaged THP-1 cells by using lipid peroxidation and cellular antioxidant capacity assay. Fucoidan(l pg/ml) and lutein(10 pg/
ml) did not affect at all the viability of THP-1 cells, but protected the AAPH-damage of THP-1 cells at the same concentration.
The viability of THP-1 cells was 0% with 1 mM AAPH alone, the protective effect of fucoidan(1l pg/ml) and lutein(10 1g/ml)
was 37% and 36%, respectively. The combination of fucoidan(l xg/ml) and lutein(10 pg/ml) exhibited significant inhibitory
effect of lipid peroxidation using TBARS assay and cellular antioxidant capacity using DCFH-DA assay. In lipid peroxidation,
the TBARS value of 1 mM AAPH alone was 0.8+0.03 nM MDA, its of the combination of fucoidan(1 rg/ml) and lutein(10
rg/ml) was 0.2+0.05 nM MDA. In cellular antioxidant capacity, the combination of fucoidan(l xg/ml) and lutein(10 wg/ml)
exhibited significant cellular antioxidant capacity of 76%, whereas quercetin(10 M) as positive control exhibited the cellular
antioxidant capacity of 32%. These results indicate that the cotreatment of fucoidan and lutein protects against AAPH-induced
THP-1 cell damage by inhibiting lipid peroxidation, increasing cellular antioxidant capacity.
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AAPH(2,2’-Azobis(2-amidinopropane)) dihydrochloride:= 4=
|4 A4 IRMEEA IS A} A EFO) BE A
TolA A6 erlze] YO de] ARGET Sirk AAPH
7} BSEE Wk BAeh = Ao S ehrizie] AN,
S TS Ak BASH A8 B B 2e BET,
olgA WHEolR BT ehrige A WA Belsfea
W3 9 AE 242 Aot wehd, AAPH o] ofat
AE 4 BRSPS} ofR) B20] B4 WAk B4

SR ANager fgsittar & 4= QAT o] in viro EEo|
A AHEStE AlZ2E A 93t A2l THP-12 AAPH
frieo] o3t Absha] AEg| Ao viztste dHitst @4 24
of At Mlz=2 defA Uck(Yokozawa F 2000).

A AEY AE AW olA AdEE B4 AT 3
of 93] 28-S W= Ao R o]t &4 ARAF-2 Ox(super-
oxide anion), HO - (hydroxyl radical), 'Ox(singlet oxygen), H,O,
(hydrogen peroxide), HOCl(hypochlorous acid)E & 4= Qlth
SHATE Aol ALA A7) olT B4 AtaFE Al
Ast= A G AA|(AE £ superoxide dismutase, catalase,
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glutathione peroxidase, glutathione reductase)} o2 FAts} S}
rE(vitamin C, vitamin E, uric acid, bilirubin) S-o] Zx]gto
B2H B AT AT AA Atolo] Bz Al
EZ 715 FASEL Utk SRRt &4 AbaFo] Y wWol
AAEAY FASA 2] 7]50] AstE= AdelA Al
EE B4 bl o8] o) A8-2 wob AT, o 2
e3tel 2 o7 7HA] AR % e 4= ATHAust 5 1985;
Bodaness & Chan 1977; Fridovich 1978; Trush 5 1982; Valko
= 2007).

FE| 2 carotenoid A9 Y M= ZpAA 0| de] E2
H31 glom, 0|3t carotenoid A9 MAE duiF oz &4
AAE AASH= £9] 3HiE ga50] 9= Aoz AdHA 9
o], =3} Ao FFE A= EF= EHA Utk Chopra 5
1993; Jacques 1999; Jarvinen 1995; Khachik 5 1995; Rapp &
2000; Snodderly 1995; Sommerburg 5 1998).

Fucoidan& of| AH| 23} S-S FAE SR $F BXEF 20
gro] A R, thniel vl 5 2xge 2 24
St Chevolot 5 1999; Chevolot S 2001; Chizhov 5 1999).
Fucoidn®] 2@ 02 asd|s fah, 29282 4
3} 2 golt BEF 2482 e AL o] SHAe] mas)
6] QIthBrunner 5 1998; Del Bigio 5 1999; Piao & 2004).
Qoo AFo] AEEE WA 2ol Be Sehol
=7 shgBol FaEol glof Fueh H%e AUm glom,

ol59] 279 7]5 g0l gt B At7h BarE]o] $rk(Shin
& Lee 2005; Park 5 2009).

2 Aol 2 AFolA o] o} §5x] 9k fucoidan
I} lutein®] gl o5t AAPH 5= A|Z &4to] 93t &
& o] aatE EAst, o5 o|8F B 4k 7154
2729 o] 7HE FIAIZ| AL s

VTR

1. M2

FHS SISt E FARE AF F7He8 FH|UE Yixin
Pharmaceutical(Zhejiang, China)of| 4] 73R, FTH0|TH85%
sulfated polysaccharide)2 &l Hlo] 2 H| F(Y=, Korea)ZE
B 3Jske] ARE3ITE AAPH(2,2'-Azobis(2-amidinopropane))
dihydrochloride, MTT(3-[4,5 dimethyl thiazol-2-yl]-2,5-di-phenyl-
tetrazolium bromide, TBARS(thiobarbituric acid reactive sub-
stances) & quercetin-S Sigma(St. Louis, MO, USA)Z €|, DCFH-
DA(2',7-dichloro fluorescein diacetate)> Molecular ProbesZ
Re 2esigr.

2. MIZE HHSF
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QAUA| e A3z 0] A A7 =] THP-1 A|ZFHATCC
TIB-202)% RPMI 1640(Gibco BRL, Gaithersburg, MD, USA)
iz o] 10%2] $ejo} &H(fetal bovine serum: FBS, Gibco
BRL), 100 pg/ml A2EZEuto]Al, 100 Umé HYAHAE 7}
3w R 2 wjeFstt. wlFe 37T, 5% CO, Bjg7]olA &
A5+ Atk

3. A-"J.LAHZF.%

AN|3E O] &L SHL2 MIT assayS ©]-85 tHCarmichael
5 1987). THP-1 A|3Z& 24-well cell culture plateol| 242} 5 x
10° cells A E3lo] Agol ARgatAT A& A2 A2
Hj x| o] MTT(5 mg/m)S Z}F welld 100 ¥ T o3t 3 447k
ot %) Wjkste] formaznd FAHAIZ) 5, PBS SO
13] A& & dimethylsulfoxideS Z+ wellgd 300 WA Ho] 3
A= formazang &5¢] 33T = A (model 6405, Genway Ltd.,
England)Z 570 ol Al FF=5 S48} ol Az A
£ AEE AU 1S k% AU o e dazel
M2 o] wEgE eyl

M

4. N[& nHitst N 2o

Lipid peroxidation®] A& SAL A|2& <A A7t 59
Aeleh THP-1 A22) o} A2z HE 51 he] TBARS
(thiobarbituric acid reactive substances) &4 0.2 3}% thH(Fraga
= 1988; Oh & Lee 2008). 24-well plateo]] BJoFa} THP-1 A|E
(5% 10° cells/well)ol] 1 mM AAPHE A7}ste] 24A7F S 3=
7} 8ok = ufjoF Al=ol 200 02}t TBARS €90 400 S
95Col| A 3087t ¥k-g-3lo] 532 ol A S 4 =5 A5tk
249 FUES 7|08 RETMH] whe} TBARS 2 ng
malondialdehydes/kg A|22 AHAFSIS T

O_u

5. M LHQ| &t A

MZ ) WA AAES 2A5H7] 93} fluorescent probe
(2',7-dichloro fluorescein diacetate, DCFH-DA, Molecular Probes,
Seoul, Korea)Z ©]-&3}HtHWolfe & Liu 2007). 37 Cof| A 1
mM AAPHE 6A]7F Z9 A X3 & 3087 DCFH-DA(10
£ M)E BHSAIZiTE DCFH-DAS] A stoll A BAE &%
9] H3}= excitation, 485 nm 2 emission, 530 nmoj|A] 30E-7F
Fluorescence Microplate Reader FL500(Bio-Tek, Singapore) 2. =2
=7stsict

EfA AR A

6. SH A2

HE AL REES 132 o] 23] o)Ak vhE A5
t}. B4 2] SAS version 9.1(SAS Institute Inc., Cary, NC,
USA)E o] &dto] Bt FE A5 31th
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1. NE =M
F0lg 9 2ejele] B Aejof olg Ax 54 ATE
in vitroo| A &33}FtHTable 1). THZO)H-2 10 ug/ml2} 100
ngmbo A ZHzE 96% 2 87%2] ME FEELE YERHIL F
HOle $ SEoA 212 9% U &%) AE YERS L
Bt} &, $aoldat FHII2 100 pg/mlof| A FE THP-1
AZS] HERo] JFL u]X7] MRS o2 vebeith
F3oltty} FH|Qlo 93t AAPH & Al FA4of thgt
B35 guE =33} tHTable 2). THP-1 A|3Zof 1 mM AAPH
£ AAYstaL 247t Fof] T30} FHAS 0.1, 1 E
10 pgm 2 A7t -, 24A|17F 7} vjFsto] AAPH = A
E 540 gt e ans S 243 F AR 2R 5=
JEron YEgo| Z7Iekth 2 FHoIT | ugnish 10
ngmt] oA 242k 37% D 40%= e, FE QoA
£ 5Y s=A 27 25% % 36%2 Uehgek

2. XI& BpAHEF O] BN

THP-1 A4 AAPH $-5 A% S0 that 212 kst
oA ETHE ZstArkFig 1). FIoldT} T P&
A7) BEL HE EE2 27 pgnle} 10 g} RS
a1tk A1 TA8E TS ImM AAPH BHE 2] A]2] TBARS

£ (.840.03 nM MDA el 2ith 1 mM AAPH A= g
®, F3olg @ 2ejele] 27k thE Ao oI5 TBARS
L 77} 0.6£0.05 9 0.5+£0.02 nM MDA JElygjlon, &

Table 1. The viability of THP-1 cell line by treatment of
fucoidan and lutein

% viability of the each concentration(yg/mé) at

Sample
0.1 1 10 100
Fucoidan 100+0.2 100+0.3 96+0.2 8740.5
Lutein 100+0.1 100+0.2 99+0.1 82+0.4

Each value is expressed as meantS.D.(n=3).

Table 2. Protective effect of fucoidan and lutein on AAPH-
induced THP-1 cell line

% viability of the each

Sample concentration(xg/ml) at
0.1 1 10
1 mM AAPH alone 0.0+0.2
Fucoidan 1240.5 3740.7 40+1.2
1 mM AAPH +
Lutein 1340.3 2540.5 36+0.6

Each value is expressed as meantS.D.(n=3).

A=A Fetal

+ + + +

TBARS(nM MDA)
= R R e =)
LAk} £y o o

=]
]

0

A&PH -
Fucoidan 5 = + - +
Lutein = % = s ©

Fig. 1. Inhibitory effects of the combination of fucoidan and
lutein on AAPH-induced lipid peroxidation of THP-1 cell line.
The final each concentration of fucoidan and luetien is 1 pg/
ml and 10 pg/ml, respectively. Each value is expressed as
mean+SD(n=3).

Folckat £619] -8 A 2jof J3t TBARS Zk 0.2+0.05 nM
MDAS Uetlo], T30t & 29l zkzt v A2 wch
g Ao ot N HiE A a3t w4 YEbdTh

5, T AR B Ao oste] HAFAE 4222] TBARS
el 75% FE7HA] 3)Eo] JEEH I

3. MIE LHQ| kst AEFA N EA

THP-| ALES WleFt ¥, F30lg 9 2eeS 247} | g
n¢ 910 pgml FEZ A2Jste] FASHES S 5HGI T Table
3). A J2FoZ 10 M9 querceting ] |3}o] W] w3}
He U B AR BE goHOR o PSS Y3
o} SFO|H] AL HASFEE 40%0] L, FHIIE 56%E
UERH ST 10 M| quercetini} 22 A= 0] FPAkSHE-S
Bl 52 2H6IES o, 30|19 9= 0.8 ngmio]
A, 2L 57 ugml AE=Z FA iR A|ZQ quercetin
o Hlste] #& Al AsS YEHSITE F AR HE
Aof o3t M| FAteEs2 76%E UEHT ©]9 Atz
E o, & A=Y HE A ot A d kB a5 F=
2l 9t Yehtbe AL ® AlRETh &, AAPH =
o oJgt NEZ Z4 B3 aitof oA, FHo|et 1 pgml E
FHIQL 10 pg/meo| A Z12F 37%2} 36%= A2 vk, A
A Tt oA EHE Y BRI 242 06 nM 1 05
nM MDAS Uetjo] FE|Qlo] =4 Yehgta, Al Hitst
T 9Al TY FxolA= 42 40%2} 56% = FH%1o] =4
Uepgtth et = Az Aol JloA AA| A QL FHitst
T2 = Fof A Hop 24 YEon, 83 Mskeo
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Table 3. Cellular antioxidant capacity(CAA) in THP cells

les equivant
Cellular antioxidant "© S PeS edurvan
to CAA of 10 1M

capacity(%)l) . 2)

quercetin
Quercetin 32+£1.5 -
Fucoidan(1 g/mf) 40+2.3 0.8
Lutein(10 xg/ml) 5643.3 5.7
Fucoidan(1 pg/ml)+ 76439 )

Lutein(10 xg/ml)

Y The combination of fucoidan and lutein or quercetin 10 1M were
applied to THP-1 cells for 1 hr. Cellular antioxidant activity
unit(%) =100—(J SA/[ CA) x 100.

% ug of extracts equivalent to CAA of 10 1M quercetin = sample
dose g x (CAA of quercetin/CAA of the sample of each dose).

Each value is expressed as meantS.D.(n=3).

HEsts 242 H1E F30lg o 108 Ax &7 A2
qlog Az,

SH|9le] Ak} B2 o] A A2A ol F o] 8T 7%
Ao B AT 2 THA YA (Rosenthal 5
2006, Fao|ke] TS} AL HZof otelshy fko] &
HA)7] AL, 1 55 22 FA]S Tk of)
wAtolut 34710 ol Ao AFRET tk(Zhang 5 2003)
T2y o] £ AXE ol wike FHAA gol, B AW
o) ZE o)F olgd B3 7|54 2729 olgo] 7|24
Q Auea AmEt ety & Age] Auks 0|8 ol
23 754 229 olgo] 7|24 At AmEH,
3% ait)zZ 279 o3t TAISE o] 747} DNA 2 RNA
W] ofmat Fae nlA LTl et 2A4H 9 A7) 2
astee} AmE,

£ AT fucoidan} lutein] ¥-gof ©J5ke] AAPH £
= THP-1 ALZ] Aol O3k &4 ol AnkE 4 Bas}
oA L AE FASHs ZPUE ol §3te] NS ARG
o} Faolgit 2e2le] W e Heo] o5k AAPH H= AZ
o] et BB ENE 2 Ak Tl 1 ugnle}
10 pnt®] SO ZH7t 37% W 40%z LpeRda, Sl
He B9 SEolA 2k 25% U 36%2 UERgtch. THP-1 A
Zoll A AAPH §z0] )3 212 FHaket JEE | mM AAPH
o= 32| A2 TBARS ZHe 0.8+0.03 nM MDA©| ¢3!, AAPH
AXe) F, Falolek U Reole] 2z B Hejo] oIk TBARS
Zr2 Z+Z} 0.6+0.05 9 0.540.02 nM MDAS YERf%lo, &
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Folgkal 2H| Q19| -8 Aol &g TBARS Fh2 0.2+0.05
nM MDA YEt itk $3ojd W 2H S 2H2H 1 ng/ml
210 pgml =2 A5t FiksteS 8% 21, A
222 10 £M9] querceting A 2|5t v 3lES o
F AR BF foHo R 22 PSS et &2
o|ho] M E 42 40%0]| L, FE| Q1 56%2 LR
At} 10 £ M2 quercetind} Z-2 AJ &= 9] A& UERY
£ TEE SIS o, $2olTe H= 0.8 ugmlol 3
3, 2E|21E 57 gyl AEE A =R A|E 2 quercetin®]]
H|gto] w2 A 3Hibsteo UeE itk F Al & A
glof] o3t M| AL 76%E et webd 2 AY
o] A= o] & o83t B 7|54 229 o8] 7|12F
Ql Axpetar Atz Eh

ZHAle| =

2 Q7 2000dE Aot s AL 23 o
Fol3 Aolm olol A=Y
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