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ANWFFE H iR G EE S R e (Sargassum hemiphyllum) ~ #5%55% (Undaria pinnatifida) FIyg%s
(Laminaria japonica) 7KZE¥Z HTAALELREEE M o —REREBK YIRS - SPHER R iR RIS S
TRESAR & R R SR AR - HAFSER R /KA YIRINEE > 8L < 504 Da Jp - - —fd
R Y HTABIE R LU T ~ 16 Fk DPPH H HISRES) ~ B G REsBE7-AEJ) S SOD-like 1514
VYIS MIE » TS s R TA L HBACS J J774.1 MM T » AESREUR © PR RESKZr Y
TEHUAALREJJE S A E T AN /K2 - HRSER R ~ #BAT AR 7K 24T 500 pg/ml IKFRE
I3 HB4ACS MAMUREEIEME (135% ~ 115%57 129%) Fil IgM Hi%50u (133% ~ 129% 7 126%) &k
el o PEERRBUKEYICE 250 pg/ml TEERIEL J774.1 MRS AIE 1 RAAWERETT (142% K 138%)
e E - A SRR /KZEYIAE 500 ng/ml "NRERIEL J774.1 HEBIGAETETE (119% F1121%) K
HIRREST (112% FI 118%) i mfH - AT FTHRE Rt am 5 S BUK 2 ELAG B R 1 Ry S s

A < P T -

RIEST | FERER « 5% 8% - BT« 2RE%

[T
AP S - HEAEEE

526 1 - Hrp{ERy R A ~ B SRR BRI 30
HE - HopR A RBEE Y (Laminaria
japonica) ~ BKEEFTY (L. angustata) ~ Kig7 (L.
Angustata var. longissima) -~ # #F % (Undaria
pinnatifida) -~ SHIEAR (Arthrothamnus bifidus) £
(Fleurence, 1999) - [ HMh#EmE  WEEREB
(Sargassum) fEB&gE YR EAR LT HEREHR
(Nardella et al., 1996)  FHA 4= RIREAIIRIZE > s
o EbE FEYIAARIRR SRS (55, 1997) 0 1E
WA TARRRE )~ TR~ TIREEAE

K TR ) S RS B AR AR A TR
SRITIHCHK o Forh - fEREE Rt EENERE (Fucoidan) i
Ty e e B T B A B RS B - Pl
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RS IR 2 1 e S — SE A HEB Y (W1 gl
B2 e AR R E RN S s
Ry EERERAIZRER (Li etal., 2008) - H HiTtH e
B uEE AP - Puis - JiEg - bR
~ AR AL DI (Jhamandas et al.,
2005) -

AT B HH S B UG R RS R ~ TH
MEIE ~ VEEIESEDRN - iR A R - R
RELHEIERARR - MR SE R -
FAEL H A A HIB R - BEEE{EH
JRGESEER B M B A48 - 5 [#E A Re i
T BRI D RE R - HhAYIRE ANy IER
St~ FERERRIELLRAE A FRA ~ HEAERCHIHEA:
FE12%5 » S rFEHE iR A A E R R %))
AR (Knight, 2000) - FHRHSCERTE H A S R
# (S. polycystum) ~ #fi[H]TEE (Laurencia obtuse)
FERESE (Hizikia fusifome) FrzEE BAHIAL
gk A REEE T UCR (Anggadiredja et al., 1997;
Nagai and Yukimoto, 2003) - Xue et al. (1998) FHf&
BRI B 10% RRMAR AR > - HEBeiiig -



TUAALT IR SRE » SO aed s T e
KR - HZMmE i - nIEEh iR bEE
&7 (Heo etal., 2005) - 7R ARETIAHRRIASE S
o fEEEE (S, thunbergii) Kif55EREHE (S.
fulvellum) FRrZEHLC # i lEE vl iELaiRe C3 - i
fili e B A b B2 2 S s (LA e -
T T 35 T R A e R A R 5 i A R 1 e
(Palkama et al.,1991; Shan et al., 2000) - A H 2 A
L HeHR (alginic acid) RTINS 18 KEH
(Edwardsiella tarda) JE&4Lrv Ml fa .2 OHE EWEHTAY
HRRRE ST » Vi ie = B fATG 3R (Fujiki et al,
1994) - 534 BESE (1999) /NI AT
%P (laminarin) F] 852554 0/ B S AT HY ECRRAHE
M - IR EHAARAE T - SFERHIH/NE S180
(sarcoma 180) [EEEFAINEA: RAYIER] -

G B 15 1 A PR AR TS 4 B B M T 1
TR BN HERZRIEAEE TEAR e
Bheakt o FEARERIHBGIRGL T - H IS -
/Nl R ) R NMEE R KA ME
WIRE T RAREW - KL - AT LAGE E L
JSEEBE (S. hemiphyllum) Ko i 85 487 SEAI Y By
JFORE - EITHUSA L S R ThREREAL - LT
e B R B e B R B i AT T

FORHEL 5 34

R
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AFBERT O P RS R EAR IR H G R
Ve HRTE S S I AR TR R - BRI K
e LIEFS (RISEN Co., LTD, RHD-602D) 50
°C HZEE » LU (D3V-10, YOUQI, Taiwan)
TR TR 0.5 mm FLRERHEERLEEH © 16
fEiR R B g 2 FEA 2 DINER ~ WA Bk AT 20k
o TAE B Ry B (e rh 2 2 225 20 - #L
BUKHEITZEEL - HL 100 g ~PIERGRER - #iTK
AR IA 50 f5RIERETF/K (viw) > [R121
°C fin#& 30 mins> £2 L1 5500 rpm~ 10 mins B0 »
15 EIERLLEEZH (EYELA, FDU-1200) BRFZfK
B o BUREZR AR LA L /K EC%E 1.0 g/ml 38

AR R SRR TR IAT T SOl 1.0

2.5~5.0~10.0 Ff1 15.0 mg/ml SR > i1k

WA o 59 DU 2 R R 2R AR Bk
125 ~ 250 ~ 500 ~ 750 1 1000 pg/ml ZEEREE - fit
g -

(Z) #HpRER

A5 P i ] 2 HBACS S % il i) (Human-
human hybridoma, HB4C5) Jz J774.1 E. G il Hd
(Mouse macrophage-like cell, J774.1) » BB TR
mn LR SE T B L -

(=)
(LB HT 45 Sigma (St. Louis, USA) »

fuEtEmgE i H GIBCO BRL (Grand Island, N. Y.,
USA) -

= EEE
(—) BRI DI

21 Dubois et al. (1956) J5ik - {5 AR
EAETTHENE S RHE - DEEYI B A RS
e R - HEEE SR - 2/ Blumenkrantz (1
Asboe-Hansen (1973) J573% » i /| Blumenkrantz
EAETTHERENG & RS - DEHEY B A A R R
it e - HRENERENG & & - 22 Dodgson
(1961) Jjik (o FREENRZE TR & B HE
DAY ERREE ST 1S L AR HE AR - BT ERAR
o -

(D) BRoFEDM

214 Shu and Lung (2004) JiEMIEAMED - LA
Pullulan (Shodex Standard P82; Showa Denko K. K.,
Tokyo) JtHEd » AFHE L 78 H R F/ MK
by 788 ~404~212-112~473~22.8~11.8~59~
1.32KDa J 504 Da- DI sREMAHE HT#E (High
performance liquid chromatography; HPLC) (Pu-
2089 plus, JASCO Corp., Japan) » Fo&HT5=R{E3H]
7% (Series 200 refractive index detector, Perkin-
Elmer, Norwalk, C. T., USA) > ¢ f OHpak SB-G
REEEFE (6 mm x 50 mm) ~ OHpak SB-802 HQ
(8 mm x 300 mm) Jz OHpak SB-804 HQ (8 mm x
300 mm) ‘& #E (Shodex, Showa. Denko K. K.,
Japan) HRIGHSEITRERE Y T BT o AT IRRAE
KEEE R BBk TE Ry 0.8 ml/min o RHARHE
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AR AREL 0.45 pm JEEGERER > AL 20 pl LT
Y REZHGE - STk ZIEREELL EC 2000 GPC
#HE (Analab Corp., Taiwan) FTEHIFEAEM> T
TR IR A AR R o FERRERR A T 25 e T
BRI ARRHE R R 78 > W AR HE R
fRanh T EWERT G AT

(=) MSEEERE
1. B HE

Z:[Oyaizu (1988) Fbfayk - HU 1 ml AR50A
A1 ml 0.2 M BEFBFEMEVAYK (Phosphate-buffer
saline, PBS, pH 6.6) » HiIA 1 ml 1% §a b
(Potassium ferricyanide) » & 50 °C 7KIRJE 20
mins » FUERAL - FHA 1 ml 10% =&EE%R
(Trichloroacetic acid) VAW ZIRE » MBI
ml JRER IIAL ml EEEF/KK 02ml0.1% &
{t#5 (Ferric chloride) YAR * IR G2 ==L
¥ 10 mins %% » JE 700 nm WA - BOEEAR
o on 2 I JJ R 58 o 100 ppm ffE A4 #EC
(L-ascorbic acid) /i kB » ST AKELFLRE
mi R PZERIAH -

2. {&kx DPPH (a,a-Diphenyl-B-picrylhydrazyl) H
HiEkREJHlE

£ HShimada et al. (1992) Hfayk « Y 1 ml
S A 1ml 22 0.1 mM DPPH (& 95% Z.
B > JRHEEE I E30 mins £% > HIE 517 nm WS
1H - BOBEH KR RIEFRAES TS - WEEREEST (%)
= [(HEHIFHBOEE — B RO E) / ZEdilRHIk Y
fE] x 100%-°1L 100 ppm ZHEAEZRC VE Ry
DAEBE /KA R PR
3. BA e

211 Boyer 1 McCleary (1987) J7ikhnblE
o e B 0.25 ml A4 > A 3.7 ml HHPE R 0.1 ml
Z 2mM H9E[LEESE (Ferrous chloride) YW * IR
&19% 30 sec % 0 FHAIA 0.2 ml 25 mM JEE
[ (Ferrozine) [ZJfE 10 mins %% %€ 562 nm [
WEAE - OGBS 2 & e BT RE ik
o o BEOTRSRBETREST (%) = [(HERIRHIROEE —
Skt IROGIE) / PERIRHBOEAE] x 100% - LL 100

ppm EDTA  (Ethylenediaminetetraacetic  acid

disodium salt) {ER ¥R - DIZREET/KEUCRR S,
TR R 2R

4. SOD-like (Superoxide dismutase-like) %M HIE

22 Yamamoto et al. (2003) L1 SOD Assay
Kit-WST AEHIE - S, 0.02 mbs A 0.02 ml
F#tT-7k8k 0.02 ml Enzyme working solution » Jz
0.2 ml WST (Water-soluble tetrazolium salt) JR&
#1237 °C FFE 20 mins> J{E 450 nm WEAH -
SOD-like {51 (%) = [(An—Ag) — (As— Ap)] /
( An—Ag) x 100% = L 100 ppm ZHEAEZEC Eky
I » DLEBE /R EU R L A R el -

An Rl (R EfRAL > & Enzyme working
solution) ZWKOGAE 5 AcRZZ HfH (A& B
Enzyme working solution) ZWOGH § ARt ihil
(&1 5L e Enzyme working solution) ZIEGIE 5 Ay
BZEAM (EhN » & Enzyme working solution)
CIREAE

(0) HEfRRER:
L 111k =
(1) HBACS#BiRIZE (S LB

¥ HB4C5 fifull& 5% FBS (Fetal bovine
serum) ZeRDF EZEEHA37 °C » 5% CO, E7% -
HB4CS e 2 —fE AJER S e aetiork - gk
PRESERANG - Ry — IR R - HEA 3
PLBSAYTHRE (A0 : 1gM) (Ramesh et al., 2002) e

(2))774.11BIRIBE (B2LBR)

17741 i LIDMEM (Dulbecco’s modified
eagle medium) fz MEME (Minimum essential
medium eagle’s) EERFY 37 °C~ 5% CO, E5E4H -
J774.1 e — AR BB B I Y se et
R HP BRI E R IRE — R e R R - AT
DG A RS ARG e - s e
JF % (Masuda et al., 2006) »

2. R A A

20 Ferrari et al. (1990) J7i&HIE < AHILEE O
LSRR 2 % 10° cell/ml > DL 100 pl/well A
96 well B AGIA 20 ul AERRE (125 -
250 ~ 500 ~ 750F(11000 pug/ml) F9EES, » 237 °C ~
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5% CO, 527 48 h % > A% well 23HIIIAS0 ul
MTT  [3-(4,5-Dimethylthiazol-2-y1)-2,5- diphenyl
tetrazolium bromide] #1 50 ul YLP  (Yolk
lipoprotein) » B 37 °C & 4 h > A 570 nmiH]
TEROGHE - M43 (cell proliferation) (%)=
(BRI O E — 22 FAHIBOGIE) / PEHIRHBOGE]
x 100% o DARE Z R HUARR S /F R il - il ks
100% » S22 R R S R bt B2 -

3. HBACS it IgM $ifte s il e

2 Shinmoto et al. (1986) Aty iEHIE
¥ HB4CS fIEF%ER 5 x 10* cel/ml » L 100
uliwell fILA 96 well B5gsfg » i AZEEJeRDF
BB EREERE (125 ~ 250 ~ 500 ~ 750F0 1000
ng/ml) AYRES, » 237 °C ~ 5% CO, K53& 24 h 1%
it OB RN B3R - S3HX 96 well B5Efgsr 51
A 100 pl F5%E 1000f%:2Goat anti-human « light
chain Ab J; Goat anti-human A light chain Ab » B}
4 °C [F&-LL TPBS (£740.05% Tween 20 2 PBS)
IBUERR - FRESEAEPIIA S0 pl llft E3s e B
37 °C XHFE 1 h - JIA100 pl #kE 2500 %2
HRPO (horseradish peroxidase) conjugate goat
anti-human IgM Fif% > A 37 °C K& 1 h L
TPBS E¥E > fIA 100 pl ABTS [2,2-Azino-di-
(3-ethyl-benethiazolinesulfonate) diammonium salt]
B BN 37 °C [JE 15 mins » A 100 pl
1.5% B (oxalic acid) #%1F[JfE » A 410 nm 3]
SEWOEMHE - 1gM filig/rihg (IgM secretion) (%)
= (B ARG E — 22 FAHIBOBTE) / ZERIREBOE
{E] x 100% o DIAIIAR fluZ 2R 1M Filie i
FF5100% o DI EIRHLAEAL T E R el - iy
100% » S22 R R S R bt B2 -

4.J774.1 REARERE T ]I E

LLCytoSelect™ 96-Well Phagocytosis Assay kit
(Cell Biolabs, Inc. San Diego, CA, USA) {#HIE -
J774.1 HUMEERE R 2 x 10° cells/ml » L 100
w/well A 96 well B8 > 58 24 h il
NIRGR 2% - B 2% B FRINASE &R DMEM £
BEBIREAFEEE (125 ~ 250 ~ 500 ~ 750 FI 1000
pg/ml) FUREH, > BFEL 24 ho JOIA 10 pl BEREEREE
(Zymosan) - 237 °C fEFd 2h- [l 4 °C DMEM &%
BIEVER - IAL00 pl (Y 3.2% i HMIER

(Formaldehyde solution) [&E BN =X E 5
mins > L1 PBS ¥k oA 100 ul #fE 100 52
FHETERE] (Blocking reagent) EAZIRIER 1h -
LA PBS 35%E - fHA 100 wl k¢ 10 5. Z5@EE
#& (Permeabilization solution) B A ZE {5 2 S mins »
LU PBS &%k - spAlimA 100 pl 7k 25065215
IR (Detection reagent) FAEIRAEL h» DIPBS
EHE o IAS0 W EBJFFESE| (Detection Buffer)
A TRCE 10 mins » FAIAL00 pl 867
(substrate) E* 37 °C [ 20 mins % > 23RN
A 50 pl #& B (Stop solution) #%IFJZJE » A
405 nm JHIERICIH - FMEAEST (Phagocytosis)
(%) = [(ER A FH IR — 2% AR IO E) / #EdfilRH
WEAE] < 100% © DS BRI AR S Re 2R -
ik 100% » 5322 B AN Sl Sk i 15 2
e
h) HEtDHF

URBRMELL SPSS 12.0 FSSSHHE( TR T
BFHOMT LB RSB (Duncan'’s

multiple range test) JHE R FEHAH 2252 - B
7KH#EET Ry 0.05 -

2,
1]

i e LY

JL

— ~ W KA BB E S TR S A

BT BT 2 B R - 1A SRR
TS IS = - Horh > 15l B-1.4- SEASHY
HEE bR (D-mannuronic acid; M) & o-1,4-845
(T REREEERR (L-guluronic acid; G) ARl EHE
53 TIRIEEEAEREA A AN F] R A AL BRI RS
A #H =M. GG-MM-MG- Hith&X M/G
J:[:W'J/TIZJ MEHIBHEREEGATAF (Dragetetal.,
1997) « W 2 W2 A A R FTAE R - A by
B-1,3-#j %M (Glucan) » Tyt ¥l < REFEY
(Bal‘l’y, 1941) - #EEREIE L I 2R =U R iR LAY

RN - TTE R S B AT SR S
@ﬁ-a‘%’fﬁ I3 F R RRERALAZ RS - SR RIBEIT
H7=E (Berteau and Mulloy, 2003) o K AE L
SITEEERG R ~ SR PR L IR 3 B
iﬁﬁ?iﬁﬁﬁZ%ﬁ
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Table 1
pinnatifida and L. japonica'

Compositions, molecular weights and weight percentages of water extracts from S. hemiphyllum, U.

Species Total sugars Sulphates Uronic acids Molecular Weight
P (mg/g) (mg/g) (mg/g) weight percentage
750 KDa 11.7£2.8%
S. hemiphyllum 483.2+5.78 513.04+40.99 54.01+1.73
<504 Da 88.3+3.2%
630 KDa 84.7+4.8%
U. pinnatifida 292.6+1.80 397.10+£20.50 62.92+2.07
2600 Da 15.4+3.1%
540 KDa 9.3+£1.5%
L. japonica 268.0+0.72 404.35+51.24 20.10+0.87 2100 Da 50.3+3.5%
<504 Da 41.0£3.6%

"Each value was expressed as mean + SEM from triplicate independent experiments.

T EENE I Ry S A MBR RNV 2 - H A EE
RHRC T B 5 ~ BRI RV EE (D - F
FLIE ~ A ~ HEEVE - ®EFES) (Li, 2008) - [X]f
HU-EEEIG R ~ #7 S8 SORT /K Y HEA THE N -
TR ERAR R I 2 S 5T - ARV (Table 1)
JE R B /K ALY AERATE ~ BRI S RS & 5o A
F%483.2 £5.78 mg/g ~ 513.04 £40.99 mg/g F754.01
+1.73 mg/g » W SEKFEY Ry 292.6 + 1.80 mg/g ~
397.10 £20.50 mg/g K 62.92 +2.07 mg/g  fsk
ZEWRI R 268.0 £ 0.72 mg/g ~ 404.35 + 51.24 mg/g
Ko 20.10 +0.87 mg/g - ARWFFE = FRAEEE T LIEBE
SRR YT &8 BIRENE SRR AR E s -

REEERG R ~ #7 SE BOR /K3 2 VSR
FOEJEERAETT HPLC 5347 4047 788~404~212 -
112~473+228~11.8~5.91.32KDa J 504 Da
S0 R BRI L - 15 B AR i i R PR ]
SRRy 11.12+11.49+11.92~12.60~13.33~14.17
14.79~15.41~17.11 J% 17.51 mins- FELL EC 2000
GPC #R 85T H v B4 IR [ ¥ 26 W 4 1 R 2 AR
HEAR - EREXE > T RO REIR RN EELE
HKZEY) BB ST F B E2EAE 17.81 mins
PLABRE RF I S Tk <504 Da By #r5
88.3 £ 3.2%; AT SE/KZEY A EAE 11.16 mins
HYH 78Dl 630 KDa B3 » #7584.7 £ 4.8%
i YA K 22 W) oA EEEAE 17.09 mins [z 17.63
mins > EEFELDL 2100 Da & < 504 Da By
¥ RIKIE 503 £3.5% K 41.0 + 3.6% (Table

1) fGSREER SIS R B /K ) E B DU S
TRRBT - MR RKEYRICES &R -

Nardella et al. (1996) 4> #7 0 TE 3
(Ascophyllum nodosum) #&RElEE .~ fEHE ~ TRESIR
KR o o3k 313 mg/g~261 mg/g K 57
mg/g > 55 Rioux etal. (2007) LIPFEZEHGHEER .
HREEIEIE - FLRENE - TRERAR - MERERE S B AT
& AR 454 mg/g~ 221 mg/g ~ 99 mg/g & 417
kDa ; AL 0.01 M BRSNS fEreig -
FOHANE - TRERAR ~ BERERE S B oy T Al
465 mg/g ~ 223 mg/g ~ 93 mg/g Jz 1323 KDa - {i§
Rioux et al. (2007) FL RN [AIHYEEAE ~ AR RN I
BRI IE 225 U S g B A ~ TR - s
WEWE Ko o1 SAHRK - iR EE iR 2 1 &
KNS HIREEAR & B G B HIEEME (Qietal,
2005; Zhao et al., 2004) » fr DUARRFSE#E—D PRES
TERS B ~ S SO K EEY A BT T B
H RN AR DI RERT S -
=~ YiRdbiE s

KBRS R ~ #RAY SR B K 2D TIY
IEHUSALRE I AT - BFERIET ~ kR DPPH H
FHEERE ) ~ B G i s T REJ S SOD-like TH 1 -
FEAREUR - JA 15 mg/ml JREES - SPIEFGER -
TR SR /RN RIE )53 ARy 2.50 £ 0.11
0.22 +£0.02 J 0.25 +0.05 » H o PEEEE E Rk EE
VIbEE v AR L AR N - HOR R Tt 3
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Fig. 1 The dose-related antioxidative activity of water extracts from S. hemiphyllum, U. pinnatifida and L. japonica
was evaluated by reducing power (A), DPPH free radicals scavenging activity (B), Fe** chelating activity (C) and

SOD-like activity (D) tests. Each value was expressed as mean = SEM from triplicate independent experiments.

K BHERBRERENE - BT KZEYAE
B TIPSR - SR PSR R EEY)
HAERMIRIE ] > MRS Ry
JRJI394E 025 LUR (Fig. 1A) > ¥4 100 ppm
MEAEFRC ZEIF )Tk 1.76+£0.12 -

1EIERR DPPHE HHELRE S fTal  FIEE R
KFEYIE 2.5 mg/mBRET > {HFx DPPH H A
REJIRIARHIY ICs » 3£75.3 £ 1.4% > M{EAHRIERE
R R A R 28.1 £ 1.5% R
32.0 £ 2.4% o =FEAKZEYIF 5 mg/ml DIy
HiEkx DPPH H HIERE )8 (LEg A% - 1A 15
mg/ml JRENPERELEEIKIEY) « TR I
KEEYEER DPPH HHERESI3 Ak 1075 +
4.1% ~ 53.6+2.4% J 52.1+2.5% (Fig. 1B) > %
& 100 ppm FEAESRC ZiERR DPPH H FHEAE

JIEy 98.7£3.9% -

A RSB RETRE ST 7T » FIE R Rk EE
YIE 2.5 mg/ml JREEN - BEREREEFREJIRIR
& 1Cso » 3E75.1 + 3.1% - MAEHEFRRE T
B AU iRy 432 = 1.2% J 535 +
1.5%°4F 5 mg/ml JEEZEIE AR fR15 mg/ml
TR NI R - SR R KA AR
PR THIRE 143 B 971 £3.2% ~ 73.6 £2.2% K%
78.0 + 2.8% (Fig. 1C) » &4 100 ppm EDTA &
BOTSERETRE Ik 952+ 1.4% -

1t SOD-like ¥ J7THI > ~FHER /K ZEYIE
1.0 mg/ml JREF > SOD-like JEMERIAR 1Cs
F#62.77 + 3.2% MACHEIFRREE N #7245
B i s 14.0 £ 1.6% k2156 £ 1.5% - [EEERA
5 mg/ml JRERZBIAE Y 15 mg/ml JRE R
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TE R R M BRI K EEY) SOD-like 1514453
AE102.0 + 4.3% ~ 45.7 + 2.0% J 53.8 + 2.3%
(Fig. 1D) - ¥ Ki#H 100 ppm #EEFE C &
SOD-like 7&Ky 91.8 £2.9% - ¥ LRET 15347
IS SE RS BRK AR AR T S Rl /K2 L
BRIFITISEILRE

Wrgefa 2.0 mg/ml [EHEE (S. horneri) Z£
I R S L EEHRE I TE 90% DUk
(Heo et al., 2005)  [fii 25 pg/ml 1 BB RS ZEHY
WEIEA 90% DL Lr9iEkR DPPH HHHARE
HiERREBRENSER L B G IREREE (Park et
al., 2005) » (HFAREE 1.0 mg/ml ZIFHFEEIWILE
TH R B 5 BGB R TR SR ERT 19 ~ 50% K
0.079 ~0.106 Z[% (Wang et al., 2008) - 53 LifishH
R 2 e AR T 2K ZE Y et E bR TR
S3AEy 54% FI 31% BRI K ik
RE TR SR/K W) (Ismail and Hong, 2002) »
SRR SR B AR T AL AR AT EEHE]
HRERBEARYIELTT - 55 iKY
SrFERE AT ATREVR 8 - EsaTYEE
2.2 N ARG R E A REHE T R X EERRIRE
71 HEAA N E it Frs AR B R E A
IRz A EIER] (Zhao, 2005) - MR ERARAY & ik
ELERREE Al HA TEAER (Wang, 2008) < 55
Qi et al. (2005) ERESAIFEIRERIR & &AL EZHE
PEMLRES] » REREURIREIR & 2l - HARE
Bk S8 H R R B A R SR TR RE J thlnd > 22
ER R OEZEEAETIELNEE)] - 2RHS
BEEERRERR - HHE P A S AN
TRERIREE - HIFTE(LRETTRIBE(E - RIFLE R
PRI B SALRE TR BASREL SR - T DAHERII

P /KR AR 3T B WERE SRR AR & B %

Fir ABE LTS LRE T © BR T S HRERAR LL IR
A 2 BEYYE S B UAALRE AN - )
LA LRE L K2 AR A 22
T AR 7 SR RS 22 L) I R DU S8 B RE T IRy
3% Jz 57% (Ismail and Hong, 2002) - 54} » #8785
SRS s RS RS 2 U YIAE TG B DPPHE HY
FREJI AR 51% K 36% (Yanetal., 1999) »
I HES A TS H A (o R A 7K 20T 2 et e 5%
B K ZEYHET TR LRE S IR BAANEE -
BRItz fh - SCRRTE R R G

siliquastrum) FYZEEY)AN B A TS FRDPPH H F %
AEJ) - L A HIRIALIMERSIIEA ~ IR E®A(L
e R BRaE A b 3 ZESERES) (Lim et al,
2002)- iR s RS A o SRR R E -
FIREFHEETHUSA LR DUHE R 5 R L S 2
HE R - AT S RN 2 B R ]
/INERT B AR BRI SRTG M » PEMTEEIRTEER (TCA
Cycle) FHUHESA(LIEALRER - WAL ERER K
FEPTRA LR B H T A LR ATE Mg A -
HibEbIEE A A HIERE > K] ] g
{EPrEf i iyiEY; (Raghavendran et al., 2005) &
R AL HIAE RS B e A ER R g RE R B L
PIEALRETT -

=~ I

TEI e 2 WE D A B D RERFFE - DAGATETE
B A o e R B+ E R X AR R BT ST i
EZE A (Yamamoto et al., 1974) - 55— H1a > —#%
PR ERAE T EE B AR e < s > B
BB b TA ALY E AT LIRS v BR H H B 3
Hitay% )] (Knight, 2000) - HCARTEE—2 LI RE
MRV E R R Al IE R R ~ #RAT 2R SURTT /K 2EY)
T B EIIREZ ATTIREAL -

R EE RS R ~ #h S BOR /K243 B
HBACS Fziitth R EE 24 f 48 h BigEE
SRR ~ T SE BT /K Y% HBACS BY4E
PR - R RBURAEIREE 125 ~ 500 pg/ml ZfH -
BEEZEHVYIRIREE RGN - ¥ HB4CS Bg4:JH Mt
5 HRIERETS HY 500 pg/ml JREEE
HfE HBACS MR TERA(E - {HE5E 48 h
A TR RIELEE RS 24 h IR VE MR -
FigE 24 h Ko AE 500 pg/ml R T FIER RS
ZEVIRIE HBACS WAETE TRy 135% » L 1gM
DUHGIIWNE 133% - #RFF /K ZEYIHY HBACS B4R
MR 1gM JURS s AR 115% fe 122% » 1
B /KZEYI) HB4CS B4R g K 1M fifgssy
Wik 129% ke 130% (Figs 2, 3) ° A5REUR
FIE RS R SO K Y ERIIR B b - BRATRY
e KRRl sEgE T - HEARET R
ZIIRE » IREE A /K ZEY)E n] e EE TG 0 - 2
AE 3 RN SRsE8 35 T 7 T B PR I e A2 B -
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Fig. 2 The effects of water extracts from S. hemiphyllum, U. pinnatifida and L. japonica on cell proliferation in
HB4C5 cells for 24 (A) and 48 (B) h. Each value was expressed as mean = SEM from triplicate independent

experiments. The
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Fig. 3 The effects of water extracts from S. hemiphyllum, U. pinnatifida and L. japonica on IgM secretion in HB4C5
cells. Each value was expressed as mean = SEM from triplicate independent experiments. The”*” means significant
difference (p < 0.05) when compared to the control group.
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Fig. 4 The effects of water extracts from S. hemiphyllum, U. pinnatifida and L. japonica on cell proliferation in
J774.1 cells for 24 (A) and 48 (B) h. Each value was expressed as mean + SEM from triplicate independent
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experiments. The

FUCEEES BB ~ 0 S2 SO /K253 1
Bl J774.1 EORGHINGLEIRGEE 24 B 48 he i
7N 0 48 h ZIGAETRIERIELESEE 24 h (2G4 iETE
FERAK - H5EE 24 hiKp > PEERERUKEYIE 250
ng/ml JFREEHIE 774,10 BEAEMSERAME - H
FIBEGAETEMSE 142% > FWREEJ3E 138% #7157
KM KR ZEYHIAE 500 pg/ml 25N
J774.1 BEAVEME R AME > 70k 124% kK
128% » HAJBERIERE JI43AlE 115% K 126%
(Figs. 4, 5) « SUEKFEHILL10 ~ 100 mg/ml #5352
B G FIRE 2R > v ARSI RV E IR RE )
BB o3 TS (Choi et al., 2005) - T#A T 5
7R ZE AT LABG N/ 1N B B AR R it e v e

means significant difference (p < 0.05) when compared to the control group.

AE JJ B Tl i 1 # F& -y (Interferon-y) 1Y 72 /&
(Maruyama et al., 2003) - 7E#E PIEABR P HEE B Ei%
ISR (S duplicatum) KpEHERGEE S
fusiforme) HYZEKZLEUY A2 T FHERRE I BREL ~
W LBERTE M ~ WPIRREE (respiratory burst) ¢
FHEHES T IMm A INERRZRES) (Yeh et al., 2006;
Huang et al., 2006) - SSHEIFFEFEHHIERE - #7
Y (Laminaria spp.) FT2EHUZ 18 #ERERE AT
PR AR e T P SR T I B - R R A
B B 7058 S B B iS4 (Ttoh and
Hitoshi, 1995; Teas et al., 1984) o [K|FLHEHIEEERE
R ~ T SR IR KAL) mT #E AR R 5 e
B AR R n AR RE T T S B2 = se e/
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Fig. 5. The effects of water extracts from S. hemiphyllum, U. pinnatifida and L. japonica on phagocytosis in J774.1

cells. Each value was expressed as mean = SEM from triplicate independent experiments. The
difference (p < 0.05) when compared to the control group.
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PEEkSZ S (pattern recognition receptors) | (401 :
TLR-4) » HEMIHALIE R R SE - th4h » Ferra'ndez
et al. (1999) fRHIN-ZRREEEERE ~ A4 32C
MeAE REFEPIA LR AT I L2 BRI sEiE it -
5 Yuan et al. (2009) fFSEHEHIRE 7Kg fLE
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TEERE ST AHBITE S - UL A DU T2
922 15 1 Sl A 1 B BT SR AL R 3R - AL S 1
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FAE S EABRREAG S EE S R ~ M ST
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TG RERKAEYHEN A LRE IR

uxy

means significant

TR KA > o R ZE R R Bl k2K
VIE R HBACS SayZeilftaid A4 K piae e fe
- BRI J774.1 EWEHERIG AR R AR 1
BRI SOKAEDPBOR A AR - IRARDTFERE R
HER~FZE IS R BRI B BAE U y S R T
iy < AT

W

% Sk

BT (1997) GEANEEEIR AN, Sy, 15:
76-87.

BEFDE, BIFE, BRIZSS (1999) 2R NEEE
EWg I SE R . o e i SRS, 18:
23-25.

Anggadiredja, J. R. Andyani, Hayati and Muawanah
(1997)  Antioxidant
polycystum (Phaeophyta) and Laurencia obtusa
(Rhodophyta) from Seribu Islands. J. appl. Phycol.,
9:477-479.

Barry, V. C. (1941) Hydrolysis of laminarin: Isolation of

activity of  Sargassum

a new glucose disaccharide. Sci. Proc. Roy.
Dublin. Soc., 22: 423- 429.

Berteau, O. and B. Mulloy (2003) Sulfated fucans, fresh
perspectives: structures, functions, and biological
properties of sulfated fucans and an overview of
enzymes active toward this class of polysaccharide.
Glycobiology, 13: 29-40.



—RREERK A A LB RS TR 105

Blumenkrantz, N. and G. Asboe-Hansen (1973) New
method for quantitative determination of uronic
acids. Anal. Biochem., 54: 484—-489.

Boyer, R. F. and C. ). McCleary (1987) Superoxide ion
as a primary reductant in ascorbate-mediated
ferritin iron release. Free Radic. Biol. Med., 3:
389-395.

Chen, D., X. Z. Wu and Z. Y. Wen (2008) Sulfated
polysaccharides and immune response: promoter
or inhibitor? Panminerva. Med.; 50: 177-183.

Choi, E. M., A.J. Kim, Y. O. Kim and J. K. Hwang (2005)
Immunomodulating activity of arabinogalactan
and fucoidan in vitro. J. Med. Food, 8: 446-453.

Dodgson K. S. (1961) Determination of inorganic
sulphate in studies on the enzymic and
non-enzymic hydrolysis of carbohydrate and other
sulphate esters. Biochem. J., 78: 312-319.

Draget, K. 1., G. Skjak-Braek and O. Smidsrod (1997)
Alginate based new materials. Inter. J. Biol. Macro.,
21:47-55.

Dubois, M., K. A. Gilles, ). K. Hamilton, P. A. Rebers
and F. Smith (1956) Colorimetric method for
determination of Sugars and related substances.
Anal. Chem., 28: 350-356.

Ferra’ndez, M. D., R. Correa, M. Del Rio and M. De la
Fuente (1999)
antioxidants on the natural killer function of aging
mice. Exp. Gerontol., 34: 675-685.

Ferrari, M., M. C. Fornasiero and A. M. Isetta (1990)
MTT colorimetric assay for testing macrophage

Effects in vitro of several

cytoxic activity in vitro. J. Immunol. Methods, 131:
165-172.

Fleurence, J. (1999) Seaweed proteins: biochemical,
nutritional aspects and potential uses. Trends Food
Sci. Technol., 10: 25-28.

Fujiki, K., H. Matsuyama and T. Yano (1994) Protective
effect of sodium alginates against bacterial
infection in common carp (Cyprinus carpio L.). ).
Fish Dis., 17: 349-355.

Heo, S. J., E. ). Park, K. W. Lee and Y. J. Jeon (2005)
Antioxidant activities of enzymatic extracts from
brown seaweeds. Bioresour. Technol., 96:
1613-1623.

Huang, X., H. Zhou and H. Zhang (2006) The effect of
Sargassum fusiforme polysaccharide extracts on
vibriosis resistance and immune activity of the
shrimp Fenneropenaeus chinensis. Fish Shellfish
Immunol., 20: 750-757.

Ismail A. and T. S. Hong (2002) Antioxidant activity of
selected commercial seaweeds. Mal. J. Nutr., 8:
167-177.

Itoh, H. and I. Hitoshi (1995) Immunological analysis of
inhibition of lung metastaseases by fucoidan
(GIV-A) prepared from brown seaweed Sargassum
thunbergii. Anticancer Res., 15: 1937-1947.

Jhamandas, H., M. B. Wie, K. Harris, D. MacTavish and
S. Kar (2005) Fucoidan inhibits cellular and
neurotoxic effects of B-amyloid (AB) in rat
cholinergic basal forebrain neurons. Eur. J.
Neurosci., 21: 2649-2659.

Knight, J. A. (2000) Review: Free radicals, antioxidants,
and the immune system. Ann. Clin. Lab. Sci., 30:
145-158.

Li, B., F. Lu, X. Wei and R. Zhao (2008) Fucoidan:
Structure and  Bioactivity. Molecules, 13:
1671-1695.

Lim, S. N., P. C. K. Cheung, V. E. C. Ooi and P. O. Ang
(2002) Evaluation of antioxidative activity of
extracts from a brown seaweed, Sargassum
siliquastrum. ). Agric. Food Chem., 50:
3862-3866.

Maruyama, H., H. Tamauchi, M. Hashimoto and T.
Nakano (2003) Antitumor activity and immune
response of Mekabu fucoidan extracted from
Sporophyll of Undaria pinnatifida. In Vivo, 17:
245-249.

Masuda, Y., N. Kodama and H. Nanba (2006)
Macrophage J774.1  cell s
MZ-Fraction  (Klasma-MZ) polysaccharide in
Grifola frondosa. Mycoscience, 47: 360-366.

Meydani, S. N., D. Wu,, M. S. Santos and M. Hayek
(1995) Antioxidants and immune response in aged

activated by

persons: overview of present evidence. Am. J. Clin.
Nutr,, 62: 1462-1476.

Nagai, T. and T. Yukimoto (2003) Preparation and
functional properties of beverages made from sea
algae, Food Chem., 81: 327-332.

Nardella, A., F. Chaubet, C. Boisson-Vidal, C. Blondin,
P. Durand and J. Jozefonvicz (1996) Anticoagulant
low molecular weight fucans produced by radical
process and ion exchange chromatography of high
molecular weight fucans extracted from the brown
seaweed Ascophyllum nodosum. Carbohydr. Res.,
289: 201-208.

Oyaizu, M. (1988) Antioxidative activities of browning
products of glucosamine fractionated by organic
solvent and thin-layer chromatography. Nippon
Shokuhin Kogyo Gakkaishi, 35: 771-775.

(1991)

production by ligands binding to the scacenger

Palkama, T. Induction of interleukin-1

recepter in human monocytes and the THP-1 cell
line. Immunol., 74: 432-438.



106 JEABjE - shE4 - Lilifly

Park, P.J., S. ). Heo, E. J. Park, S. K. Kim, H. G. Byun, B.
T. Jeon and Y. J. Jeon (2005) Reaction oxygen
scavenging effect of enzymatic extracts from
Sargassum thunbergii. ). Agric. Food Chem., 57:
6666-6672.

Qi, H., Q. Zhang, T. Zhaoa, R. Chen, H. Zhang, X. Niu
and Z. Li (2005) Antioxidant activity of different
sulfate content derivatives of polysaccharide
extracted from Ulva pertusa (Chlorophyta) in vitro.
Int. J. Biol. Macromol., 37: 195-199.

Raghavendran, H. R. B., A. Sathivel and T. Devaki
(2005) Antioxidant effect of Sargassum polycystum
(Phaeophyceae) against acetaminophen induced
changes in hepatic mitochondrial enzymes during
toxic hepatitis. Chemosphere, 61: 276-281.

Ramesh, H. P., K. Yamaki and T. Tsushida (2002) Effect
of fenugreek (Trigonella foenum-graecum L.)
galactomannan fractions on phagocytosis in rat
macrophages and on proliferation and IgM
secretion in HB4C5 cells. Carbohydr. Polym., 50:
79- 83.

Rioux, L. E., S. L. Turgeon and M. Beaulieu (2007)
Characterization of polysaccharides extracted from

brown seaweeds. Carbohydr. Polym., 69:
530-537.

Ruperez, P., O. Ahrazem and J. A. Leal (2002).
Potential ~ antioxidant capacity of sulfated

polysaccharides from the edible marine brown
seaweed Fucus vesiculosus. J. Agric. Food Chem.,
50(4), 840-845.

Shan, B. E., Y. Yoshida, E. Kuroda and U. Yamashita
(2000) Immunomodulating activity of seaweed
extract on human lymphocytes in vitro. Int. J.
Immunopharmacol., 21: 59-70.

Shimada, K., K. Fujikawa, K. Yahara and T. Nakamura
(1992) Antioxidative properties of xanthan on the
autioxidation of soybean oil in cyclodextrin
emulsion. J. Agricul. Food Chem., 40: 945-948.

Shinmoto, H., H. Murakami, S. Dosako, K. Shinohara
and H. Omura (1986) Human-human hybridomas
secreting 1gM-like immunoglobulin with o and p
heavy chains. Agric. Biol. Chem., 50: 2217-2223.

Shu C. H. and M. Y. Lung (2004) Effect of pH on the
production and molecular weight distribution of
exopolysaccharide by Antrodia camphorata in
batch cultures. Process. Biochem., 39: 931-937.

Teas J, M. L. Harbison and R. S. Gelman (1984) Dietary
seaweed (Laminaria) and mammary carcinogenesis

in rats. Cancer Res., 44: 2758-2761.

Wang, )., Q. Zhang, Z. Zhang and Z. Li (2008)
Antioxidant activity of sulfated polysaccharide
fractions extracted from Laminaria japonica. Int. J.
Biol. Macromol., 42: 127-132.

Xue C. H., G. L. Yu, T. Hirata, J. Terao and H. Lin (1998)
Antioxidative marine

activities  of  several

polysaccharides evaluated in a
phosphatidylcholine-liposomal  suspension and
organic solvents. Biosci. Biotech. Biochem., 62:
206-209.

Xue, C. H., Y. Fang, H. Lin, L. Chen, Z. J. Li and D. Deng
(2001) Chemical characters and antioxidative
properties of sulfated polysaccharides from
Laminaria japonica. ). Appl. Phycol., 13: 67-70.

Yamamoto, I., T. Nagumo, K. Yagi, H. Tominaga and M.
Aoki (1974) Antitumor effect of seaweeds, |.
antitumor effect of extracts from Sargassum and
Laminaria. Jpn. ). Exp. Med., 44: 543-546.

Yamamoto, T., S. Hsu, J. Lewis, J. Wataha, D.
Dickinson, B. Singh, W. B. Bollag, P. Lockwood, E.
Ueta, T. Osaki and G. Schuster (2003) Green tea
polyphenol  causes  differential  oxidative
environments in tumor versus normal epithelial
cells. J. Pharmacol. Exp. Ther., 307: 230-236.

Yan, X., Y. Chuda, M. Suzuki and T. Nagata (1999)
Fucoxanthin as the major antioxidant in Hijikia
fusiformis, a common edible seaweed. Biosci.
Biotechnol. Biochem., 63: 605-607.

Yeh, S. T., C. S. Lee and J. C. Chen (2006)
Administration of hot water extract of brown
seaweed Sargassum duplicatum via immersion
and injection enchances the immune resistance of
white shrimp Litopenaeus vannamei. Fish Shellfish
Immunol., 20: 332-345.

Yuan, C., X. Huang, L. Cheng, Y. Bu, G. Liu, F. Yi, Z.
Yang and F. Song (2009) Evaluation of antioxidant
and immune activity of Phellinus ribis glucan in
mice. Food Chem., 115: 581-584.

Zhao, X., C. H. Xue, Y. P. Cai, D. F. Wang and Y. Fang
(2005) The study of antioxidant activities of
fucoidan from Laminaria japonica. High Tech.
Lett., 11: 91-94.

Zhao, X., C. H. Xue, Z. ). Li, Y. P. Cai, H. Y. Liu and H.
T. Qi (2004) Antioxidant and hepatoprotective
activities of low molecular weight sulfated
polysaccharide from Laminaria japonica. ). Appl.
Phycol., 16: 111-115.



—RRERK Y A LB RS PR 107

Evaluation of Antioxidative and Immune Activity of Water Extracts
from Three Brown Seaweeds

Yu-Lan Hung, Pai-An Hwang" and Chwen-Herng Wu

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

This study was aimed to examine the antioxidative and immune activity of the water extracts from brown
seaweed Sargassum hemiphyllum, Undaria pinnatifida and Laminaria japonica. The water extract from S.
hemiphyllum was characterized by higher percentages of total sugar and sulphate, and low molecular weights
(<504 Da as major). The antioxidative activity of three water extracts was evaluated using four different methods,
including reducing power, DPPH free radicals scavenging activity, Fe'* chelating activity and SOD-like activity,
and the immune activity was evaluated using HB4C5 and J774.1 cells. It was found that antioxidative activity of
S. hemiphyllum water extract was higher than U. pinnatifida and L. japonica. In immune activity, HB4C5 cells
showed the maximum cell proliferation (135%, 115% and 129%) and IgM secretion (133%, 129% and 126%)
at 500 pg/ml of water extracts from S. hemiphyllum, U. pinnatifida and L. japonica, respectively. At 250 pg/ml,
J774.1 cells showed the maximum cell proliferation (142%) and phagocytosis (138%) of water extract from S.
hemiphyllum. And at 500 pg/ml, J774.1 cells showed the maximum of cell proliferation (119% and 121%) and
phagocytosis (112% and 118%) of water extracts from U. pinnatifida and L. japonica. The results suggested that

water extract from S. hemiphyllum may be used as a new substance for immunomodulatory.

Key words: Sargassum hemiphyllum, Undaria pinnatifida, Laminaria japonica, antioxidative activity,

immune activity
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