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Protective Effects of Fucoidan Isolated from Sargassum fusiform on
AAPH-induced Antioxidant Response in Zebrafish Model
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Abstract: Objective: A 2,2-azobis(2-methylpropylimidazole) dihydrochloride(AAPH)-stimulated zebrafish model was
studied and used for investigating the antioxidant activities of a fucoidan(SFPS) isolated from Sargassum fusiform(sS.
fusiform). Methods: SFPS extracted from S. fusiform and the chemical composition of SFPS were determined. The
scavenging capacities of SFPS on 1-diphenyl-2-picrylhydrazyl(DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt(ABTS) radicals were determined to evaluate its antioxidant activity in vitro. Then the AAPH-
induced oxidative stress model of zebrafish was studied and optimized. Three phenotypic indexes(survival rate, yolk sac
size and heartbeat rate) as well as levels of cell death and reactive oxygen species(ROS) were used to evaluate the
antioxidant activity of SFPS in vivo. Results: The SFPS contained 75.30%=+1.77% carbohydrates content, 21.39%+1.07%
sulfate content, 1.78%+0.19% protein content and 1.47%+0.02% phenolic content. Compared with the crude
polysaccharide(SFPSC), lower ICs, values of SFPS for DPPH and ABTS were determined to be 0.59 and 0.69 mg/mL,
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respectively. Besides, SFPS was nontoxic to zebrafish embryos in the range of 50~200 pg/mL and dose-dependently protect
zebrafishfrom AAPH induced oxidative damage. At the optimal concentration of 200 pg/mL, the survival rate of zebrafish
embryos was significantly increased(100%, P<0.05), the heartbeat rate and yolk sac size were significantly
reduced(101.37% and 111.80%, respectively, P<0.05), and the inhibition rate of AAPH-induced cell death and ROS
production in zebrafish were up to 70.55% and 50.68%, respectively. Conclusion: SFPS would have strong antioxidant
activity in vitro, and had superior antioxidant ability and oxidative damage repair ability in vivo, thus indicated that SFPS as
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a natural antioxidant would have a wide application prospect in the field of health food and cosmetics.
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AERE . WAFRE S B4R (1:30, w/iv) T 70 °C /K
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4000 r/min 2.0, TS VB WOTEZE AR, FH#REE 4T
i 3.5 kDa BB HTIRENT3 d, A 3 fF5ARFITIE/K 4
i, T 4 °C vKFAEr LR, B O B UTE B G, EZE
FBICLEER, R TA5 2 EE SR BRI (SFPS) o
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1.2.3.2 ABTS HHEIGERGEIME ABTS H 2
V& A HE 71 (4 52 2= B8 Frattaruolo Z5:B2 (kB , JF-Fs
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P, A mple 7278 IO RE B (KR AL +ABTS
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0.3% KCl, 0.3% CaCl,, 0.79% MgSO,) . IAGI%FEm
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BE L0 R R E 5 8~9 hpf BHHEAT IR LA 25, B
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NE4H, AAPH %540, AAPH % S+SFPS 4H, &340 %
B AT, SEEAARY 2 mL, 25 EHXHEZH: 2 mL
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H 09 AAPH 5 54 (29K FF 20 mmol/L); AAPH i
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5 a42% 5 18

FWER A5 SNSRI AAPH 75504 BE 5 i AR RL ) SRV - 359 -

% 30 hpf B, XARRG I TR0 S, R RSk 1
P S BEATHA IR, I Image) FAFNIE IR # 52 R/),
MBI =R BCPBIME . BB R LA 4A 2520 D
BRI/ INS 25 G REZH DR B4 R/ N ELE O o

LRI E : FREE SR A& 2 48 hpf
B MR, AR R B AR, ot 25 ZH 4 s
Bk R T AN T, BG4 30 s, SRR 4N AT
FIRBOPIMERY GOk SR LA 25 B S
25 T REZH OB FU B RN o

BES a4l R N TS GG 5 53T #RHE Zou SE0Y
FIHGE, FHAETE S, FREE S ARG & B & 72 hpf i
W, Sr BT FE LA 4 A B2k, I AR R A28 ey
A TP Yt A LHS A T PR AG RS SR
RO BERS AR (7 pg/mL) B DCFH-DA(15 pg/mL)
BEATHEEIF T ((28.5€1)°C) . IHESERUS, FAMAGES
FEWR e Y DAYk L R A G oG, EE
5 W FAFEZSCE ART, FH 0.03% 9 =< R PR T
e, IR HE TR R A BAEE Tk A . B
Fr 2 S6Em B 5 FH Imagel #A4F3E47 . 440 ROS
AR (%) . IAET 2R (%) LIRA D 525
DG B ELIE R o
1.3 B

JITA SEYG R IR, SEENAE SR PLX £SD /R
SEEEAR MG E ST R SPSS19 AT, ilad
BAR 2 (ANOVA)S3 T, Turkey K56 2H 7] 25 F
1TEbEE, P<0.05 M HEA M2
2 HBRESH
2.1 ZHERLEER

SFPS JEAb 2420 sl bR f e Rt an 3¢ 1 oy
7R, LIS O e s s il 00 ol & B bn i th £ B
TR R y=3.5706x+0.0618, i R?=0.9990, X SFPS
1 SFPSC #HATME, A53IH S S 55302 75.30%+
1.77% F1 40.41%%0.19%. F|JHBH KK -BaCl, Lk
SRR RARPRE T Z AL G728 y=0.2959%+0.0331,
HA R?=0.9996, 114415 SFPS Fll SFPSC Wil AR & &
A 21.39%+1.07% A1 17.10%+0.42%., L BSA &
o M & 222 ) B9 B A B AR HE HR LR B E Oy B R y=
4.0167x+0.2176, H: |1 R>=0.9968, it 4. 15 SFPS #l
SFPSC MR MBS &5 0oA 1.78%+0.19% 1 2.01%
+0.17%  PATRIZE =1 ArbR v 42 il B 22 153 b i
e RIH 7R R y=22.952x+0.0412, Hh R?>=0.9991,
1545 SFPS fll SFPSC B9 £ i & 47 Hll 02 1.47%+
0.02% # 1.50%=+0.09% . 254 5 & EAR L R Ak
2 fff7, SFPS 4 B M & F kb SFPSC =il —fF . 4%
I+, AT LA SFPSC 5 SFPS # Wb 20, H&fa
BRI S, REIT R, s A
AR BT A AL TE P52, R e HEI SFPSC 45 SFPS
WHA —EPrEiE .
2.2 RIMAEILRESINIESER

DPPH 5 ABTS H i 3La BRiL P AP A O

F 1 AnifEfh AT

Table 1 Equations of standard curves
fibx il 5 R
pEbi y=3.5706x+0.0618 0.9990
TRRAR y=0.2959x+0.0331 0.9996
HHAB y=4.0167x+0.2176 0.9968
Zh y=22.952x+0.0412 0.9991

2 SFPSC 5 SFPS [fb#41
Table 2 Chemical components of SFPSC and SFPC

SFPSC SFPS

SR (%) 40.4140.19 75.30+1.77
T ARAR & 5 (%) 17.10+0.42 21.39+1.07
HEFTE (%) 2.01£0.17 1.78+0.19
L (%) 1.50£0.09 1.47+0.02

i S Y B b RIS PR R . PR RR S ARS
braA AL gE I 2 g5 AN € 3 Frow, SFPS B DPPH
5 ABTS H H3EkRRE I 58T SFPSC., Hr,
SFPS 11 DPPH [l HZERREESS ICS, fHA 0.59 mg/mL,
WEIAR T HEHH Sargassum fulvellum W TERE RS
ICs, 1H(6.90 mg/mL)™, kB SFPS HA Bk Ash
A LG TE. HET. AAPH %) 2 HE A 3415
SHHTPLEAAIEE ), HL, AR AAPH
75 S EALR O N, IiE—2 PR SFPS ZEBE L A
NI AL E ]

3 SFPSC &5 SFPS 1y [ th kiR
Table 3  Free radical scavenging activities of SFPSC and SFPS
obtained from S. fusiform

A o E BR g 1 (1C 55, mg/mL)

FEiih
DPPH ABTS
SFPSC 1.2240.02 0.9340.01
SFPS 0.59+0.01 0.69+0.01

2.3 AAPH SIS &SERMMK
2.3.1 AAPH if5 5 e FE X BT S fa IR A7 7% 38 | N2
FER/NFE AN 1 TR, £ SE 5k ) AAPH
PR RGAT IS A —E B A f2 i, B IGAFEIG R5
AAPH ¥ 5 5L 50 AR Y B3I, HLZ8 W AAPH
(30 mmol/L) 75T, BELL M IGAF- 1 R AR 50% LU
T(6.67%), ANid FH FHE— 248kl o 1 . fIRH
& AAPH(10. 15, 20, 25 mmol/L) 55 & il i 7E 1
IR TEET 50%, 0 LATH 2 5 288 PRl 2175 5
BRDPAA

B £ G BN L0 B 1 1) 2 B KSR DN v e 42
PEEFE, MANTE NSNFERBUE ST, UL IE BP 8
PER/INOTE—E R DHRIMIR & B REEEN0, ik
X B T A A I D B 2 R/ N i g SR AN E 2 it
IR, TEARFHE AAPH IS T, BEL @ ARAG IR B ae
A—EBE I, b, 5XTREZEAH L, 7€ 10, 15,
25 mmol/L. AAPH 5%, BE SRR N dr #e L B Y
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Fig.1 Effect of AAPH-induced concentration on the survival Fig.2 Effect of different concentrations of AAPH on the yolk

rates of zebrafish embryos
T FEIRIE 107 AR PR RoR B 35 1225+, P<0.05; 4] 2~
IZ;] 9 Iﬁjc

JE R EPERIAP R (111.11%. 119.30%. 123.25%), 1M1
TE 20 mmol/L 53 ¥k BE T, B 55 U 55 4% 2 3 B
Ko PIHIHIAE 20 mmol/L NEiHSHWE. 5
SEEPES SROR T B =~ 4E.(15. 20, 25 mmol/L)
AT RS LR

2.3.2 AAPH iF5 U X HE DA gl R N 4 st T
AN ROS A= sl 52 BE TS 044 PN 41 i ZE T
ROS A= B HE CRAMEHE N IE 3 FiEl 4 s, 2558
R, = AURE AAPH 15 S AT W 54 v B 1 fa 4
PZHBIAET 7K F-(P<0.05), Hirhigs ik B4 20 mmol/L

sac size of zebrafish embryos

B, g R N4 ZE T2 F1 ROS A: 1l 34351 ) 3k
221.48% Fi1 274.42%, ¥ T 15, 25 mmol/L 554k
N R IO R, 1568 20 mmol/L AAPH
e B s N7 BRE L A1 SR AN 5 SRR R T R ST
JREIPUEACTE TR o IS AR B i T AR 2 45!
FEOFFT H B A9H (15 mmol/L), {EfIG T Kang 4523
TESLEGH PR AR E (25 mmol/L) .

2.4 SFPS 4T

2.4.1 SFPS ¥JEXIBE S EIEG AT IR
50~400 pg/mL ¥R EEJE FEI AT SPFS BEMEVEHT, AN[F]
He BE SFPS X B O £ 77 1% 32 (4 52 0 W1 & Sa 7w,
50, 100, 200, 400 ug/mL A4 SFPS X} 8T & £a fF i

_ " |
= 200 1 2 2
S
150 -
AAPH 15 mmol/L 1&;11 b
100 -
=2
g
50 4
AAPH 20 mmol/L
0 T . .
=H 15 20 25

i e piE J-l
AAPH 25 mmol/L AAPHPE SYRJE (mmol-L™)

K3 R[RIVREE AAPH X B B £ 4)) 0 (A A 4RI AE T2 (1R 5200
Fig.3 Effect of different concentrations of AAPH on the cell death of zebrafish larvae

350

a
251 300+
£ 250 1
= b
g 200
AAPH 15 mmol/L ﬂ- 150 be
H;; 100
AAPH 20 mmol/L 50 ~
0
=Y 15 20 25

AAPHIE TR (mmol-L™)

AAPH 25 mmol/L
Bl 4 RIS AAPH X5 o £ )y 0 R o i P U A R 5 )

Fig.4 Effect of different concentrations of AAPH on the reactive oxygen species (ROS) production rate in zebrafish larvae
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TEEFCEEVE, RH)E SFPS 2H( <200 pg/mL) X HED
0 R ETAT SO BRI, (H 2R3 (400 pg/mL)SFPS
ARTFRSaMIGIER ZE, SE3EamE s &8
([l 5b), FIEH R ERBEINE 91.67% (] 5¢) . XTIt
At RGBS S B A 0 R SR A ARSI, A 2%
aniEl 5d s, 76 SFPS #eBESA 400 pg/mL B, 555 H
LHAR L, Yt BkER i S 2 108.26%(P<0.05),
WM SFPS MR B fa A K 2 & To ik o T )
2.4.2 SFPS X HE L th 4fta A PN S AL N 3K Sy
S ANl 6 Bz, 200 pg/mL DL TR MRS AOAE AL 2E 40
BIFET- R 525 (LR AR L%l & M2 5 (P>0.05),
T 400 pg/mL SFPS fili B &b £ &y £1 A Py 40 FE T %

B E T (P<0.05) . 5L Eanah 7, B/ T
110 1 @
1004 2
g 90 -
80 -
i
& 70
60 -
50 .
ZEH 100
SFPSﬁéuu(&r (pg: mL l)
110 - (c)
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