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Cytotoxicity of Fucoidan on mouse
splenocytes and HL—60, human leukemia

cells
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AZAME FEFeh =3, nEZEgote] vg E]HdetAl RHEIl reactive

oxygen species (ROS) %] AAHS WA Z T}

71E Hush= vE2A fucoidans BIZAESE HL—60A A AlE
BT weEbA fucoidane] HL—-60 Aol 3¢k @45 7HAa ivka dd
Hrh 2 AFE fucoidano] WY Aol ME=A a3E 7HAW o

d o FAAR AHEE F as Ve

e
0
ftlo

Keywords: 30|tk B]ZAME A3EAN HL-60 A, FobA



Abstract

Cytotoxicity of Fucoidan on mouse
spleen cells and HL—60, human

leukemia cells

Supervised by professor hong—gu Joo

Hye—Yeoul Yang

College of Veterinary Medicine,
Graduate school,

Jeju National University

Fucoidan 1s a sulfated polysaccharide, purified from brown algae. It
has been known to have multiple biological activities including
anti—cancer and anti—inflammatory effects. Previous our reports
demonstrated that fucoidan can stimulate splenocytes and especially
high molecular weight fucoidan 1S responsible for the
immunostimulatory activity. However, we recently found that the
activity of fucoidan can be dependent on its individual batch or
sources. 4 different fucoidans (fucoidan A, fucoidan B, high molecular

weight fucoidan, low molecular weight fucoidan) were used for this



study. MTT assay showed that fucoidan B significantly decreased the
cellular activity of splenocytes compared to fucoidan A. Furthermore,
fucoidan B consistently killed splenocytes based on the cell size by
flow cytometry analysis and the morphology by an inverted
microscope. fucoidan B decreased the MMP and induced the early
apoptosis of splenocytes. So, we tried to examine whether fucoidan B,
which is toxic to immune cells, could reduce the metabolic activity of
cancer cells and show anticancer effects. We cultured HL—60 cells, a
human leukemia cell line and treated with the same fucoidan. Fucoidan
B. The metabolic activity of HL—60 cells was decreased by fucoidan.
And also, the morphology of HL—60 treated by fucoidan was changed.
To clarify whether the fucoidan’ s effect was attributed to cell death,
namely cytotoxicity, we analyzed the size and the level of Annexin
V/propidium iodide staining of HL—60 cells by a flow cytometer.
Fucoidan consistently induced the cell death including apoptosis of
HL—-60 cells. As potential mechanisms, fucoidan destabilized the
mitochondrial membrane potential and altered the production of
reactive oxygen species in HL—60 cells. Taken together, we suggest
that different batches or origin of fucoidan may have differential
activities on splenocytes, immunostimulatory and cytotoxic activity.
Also, we suggest that fucoidan has anti—tumor activity on HL—-60
cells wvia the destabilization of mitochondrial membrane potential. The
present study demonstrates that fucoidan can be used as an

anti—cancer agent for leukemia based on its mechanism.

Keywords: Fucoidan, splenocytes, apoptosis, HL—60 cells , anti—tumor

activity
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PART 1. Fucoidan®| H|Z& MZOAM MEA FE

AFFE L A|¢F

A¥o= 7-12 39 Balb/c9 C57BL/6 PH¢-AE AME3FAt A3 AF)
St TEAISZ LI Y SAS wol AlYH A, ATy sEAE A
& #4389tk Fucoidang 4EF5E A8l 20089 493 fucoidan

(o]&} fucoidan A) 2} 2014 G938t fucoidan (°]3} fucoidan B), F3lHFH
ojgkol A A ¥WrS High molecular weight (©]8F HMF), Low molecular
weight (]38} LMF)& AFg-3t3lth. HMF2 =7]%& 130 kDaoli, LMFe] =7]
= 30 kDa°lglt}. SigmaAl?l fucoidan® I 7]= 20~200 kDa 2o W9z <4y
A AYH[12]. EE  fucoidane phosphate buffered saline (PBS, Life
Technologies, USA)°l 10 mg/mL9] &% (stock solution) & THs0o] AF&-3}S3]
.

WA FH] % o

3 BHEe] v FAAEES At vEA g ammonium

i

x
chloride—potassium (ACK) lysis buffer® £3A|Zl & A A3}t RPMI
1640 WA (Invitrogen, CA, USA)E ¢A¥iXA] (L—glutamine, penicillin/
streptomycin, sodium pyruvate, non—essential amino acid, 2—mercaptoeth
anol, HEPES buffer, fetal bovine serum< 60TCe|A 15% E&d3A10 &
AFg) 2 RHEol A ARgEtTh AlEE 2Xx10° cells/mLe FER 96—wello]tt
24—well culture plate®l] wj<Fs}3iTh.



HZAE G 34
HZAHNEZE 96—well culture plateo] 2x10° cells/mLe ¥ T2 Y,
fucoidan 4F7FE 27 A sttt Fucoidan® H%+ 0, 25, 50 pg/mL=E

3UZT wif

o

S 3—-[4,5—dimethylthiazol—2—yl] —2,5—diphenyltetrazolium
bromide (MTT, Sigma—Aldrich, St. Louis, MO, USA) assay& 2 A|slo] &
dEE 543 tH[14]. Microplate reader (Multiskan FC, Thermo Fisher

Scientific, USA) & AF£3}e] 570 nmolA 3 =5 =43

FAZ BAE ol gsto] nERET ol BAs W AXA 3

HAHNEZE  24—well culture plateo] 2x10° cells/mLe ¥%2 Y3,
fucoidan BE A &3}t Fucoidan® F%+ 0, 25, 50, 100 wpg/mLE 244
F wjeksisitt. mlEE =g ol wH 9 (Mitochondria membrane potential, ©] 3}
MMP)E =743}7] 98] Rhodamine 123 (Sigma—Aldrich, St. Louis, MO,
UsA)Z skt 3]. AlEAS] HeE F48k7] 93 Annexin V-FITC
(BD PharMingen, USA) ¢} propidium iodide (PI, Sigma—Aldrich, St. Louis,
MO, USA)E 7 @Askdth[15]. Fucoidan BE @ ake] 2417 ik %,
Rhodamine 1232 10 pg/mL= 9433t Annexin V—-FITC: 2w, Pl
0.25 pg/mLZ A Ee] Hstich. M8 AlZE FACSCalibur™ (BD, USA)

2 olgatel FAEREAS AAsl0

AR
F94 Aol ANOVA 24 F Tukey A4o% FAskairh. 0.05v%e] p
value® ool Qrka BASAOT «, wx, sssi 247 control1F 3 vt

A2 uw p < 0.05 0.01, 0.001S oJu|star, #, ##, ###+ 27 fucoidan A
9} BE Hlw3lg S oW p < 0.05, 0.01, 0.001S &n] 3k},



PART 2. Fucoidan2l AlZh &8 M| Z(HL-60)0l A 2
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HL-60 MXF ¥4 fucoidan

HL-60 A3+ human leukemia celloltf. 10% LCM &< 37 T 5% CO?
ol A 48—72A17F wiekE A tH[20]. Fucoidane part 1.914] AFE-¥ fucoidan B
7h ARG-E ST

HL-60 AZ dAEYE 53

HL-60 Al¥Z5 96—wello]l 2x10° cells/mLe %% ¥, fucoidang O,
6.25, 12.5, 25, 50, 100 wg/mL AHglste] 3Y 7t vjeFste] MTT assays Al
SFATH14].

F A EEA

HL-60 AXE 24—wello] 2X10° cells/mLe L2 YL 3 fucoidans
0, 10, 20, 50 pg/mL= Z}Z} HElsto] 72A17F vjFsFth. Rhodamine 123
7} Annexin V-FITC/PIZ z}z} A|%e] 2] ¥ FACSCalibur™ (BD, USA)

2 AR A S

AEZU ROS &%

HL-60 AXZZE 24—welle] 2X10° cells/mLY ¥E&2 Yo 3 fucoidan
0, 6.25, 25, 100 pg/mL= Z+zF AHg sttt 27 77 —Dichlorofluorescin
diacetate (DCFDA, Sigma—Aldrich, St. Louis, MO, USA) 10 M &=
Aeek F 45% wlgsigich. @4 Al ¥ FACSCalibur™ (BD, USA)E

A ZFol= ANOVA 4 3 Tukey#d Aoz 2QI3ST
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PART 1. Fucoidan®| H|Z& MZOAM MEA FE

Fucoidano] A& ¥ v|FA LS A= W}
HI %M 3ol 45572 fucoidane A Elste] 3YZE wjeksidlct. Ao SRS
MTT assay® =743 ch(Fig. 1). HMF& LMFREG 2 SHEE B,
HMF ¢} fucoidan A= 24248 ti2w (0 pg/mL) ol Hlal
£ B3tk AR fucoidan A$t B 22 3JAMCIA T RlEol =
2 AExEAA S Btk 53] fucoidan B % fucoidan A2} B -S
A

o}
W relek Al MEEAE 3
9

o,
kit

)
ol

AL omstty, A3 ATol A fucoidano] WM Ee] A= adrt Sle AHO=E
dHFAR, 54 a2 T3 el ¢ deS 1HE B 5 Utk oo B A
T-ol A& fucoidan®] WHAME F vGAEZ 3t AME5d a3s EAstE 1

shieh.

0.8

s o

—B—Fucoidan A
ok —i—Fucoidan B
—+—HMF

——LMF
HHH

04

0.2

Cellular activity (O.D. at 570 nm)

0.0

Fucoidan {pg/mlL)

Fig. 1. Splenocytes cellular activity by fucoidan. Splenocytes were setup

at 2 X 10° cells/mL in 96—well culture plates and cultured with each



fucoidan (0O — 50 pg/mL). Three days later, MTT assay was performed.
All values are represented as mean =+ SD. ##x indicates p < 0.001
compared to control; ### indicates p < 0.001, between fucoidan A and

fucoidan B treated cells.



Fucoidan®] &3 v[ZAES] A7) W3}
Fucoidan Aol &gt AZz54S EA8H7] fall FAZEA S Fall vdAEe]
7] A3E #ZSS T Forward Scatter (FSO) & FX7F AZFE A9
2717 AXE Yulstal Side Scatter (SSC)+= FA7F AAFF AL
granularity7} AQ2 oJvldth. 52 AZ] A5 Az 7|7

of A Y= AFS Bt tE(0 pg/mL) oA FHeheh 52 A|ES] B

=

o
o
2
5]
wn
O
2y

& 10% A=x<ld, 25, 50, 100 wg/mL fucoidan AHErE2 & AX2 1]
& Fxo uggt & zpolE AN HERIFETE BFE =71t (Fig. 2). &=
Y3 v 4 (inverted microscope)® A|ERSFS  #AzI AF dFLHTE

fucoidan A glrellA AN 2Ha1, 2 ME(3AR)7F o wo] Ao
Fucoidan B 100 pg/mL Aol += HEA = 95 YElU+= cluster®s &
zZH= Qo (Fig. 3).

0 pg/mL B 25 pg'mL

¢ Soweml D 100ugml

S8C

Fig. 2. Exposure of fucoidan causes the change of cell size of
splenocyte. Splenocytes were setup at 2 X 10° cells/mL in 24-—well
culture plates and cultured with O — 100 pg/mL fucoidan B for 24hr.
The cells were subjected to FACS analysis. The region of dot plots

means dead cells and the number is the cell percentage of the region.



Fig. 3. Effects of fucoidan on cell morphology. Splenocytes were setup
and treated as Fig. 2. The arrows indicate dead cells and the circle

indicates the cluster of splenocyte.



Fucoidan®] 23t B]& A £ 2] mitochondrial membrane potential MMP) &3
MZe] mEZEgole] ud 92 Rhodamine 123 fM o7 AJasle] =4 T

%= 9lt}. Fucoidan 25 pg/mlL A TelAE 2T (0 wg/ml) Kt MMP7} 7}

sttt 121y fucoidan 50, 100 pg/mL A @ TollE #asts A4S BTt
(Fig. 4).
A 0 pg/ml B 25 pg/ml C 50 pgiml D 100 pg/ml
2 156 £ 182 2 167 2 157
FL1-H i FL1-H o FL1-H i FL1-H o
Rhodamine 123 >

Fig. 4. Mitochondrial membrane potential (MMP) of fucoidan treated
splenocytes (Rhodamine 123 staining). Splenocytes were setup and
treated as Fig. 2. The number of histograms indicates geometric mean

fluorescence intensity.



Fucoidan®] &3t v AA L] MZAF &H

AEZA] Dojub ol f F AZAL ol FES FFS vAL A4 FHe

7] &3] Annexin V-FITC/PI A& 35Tt HZAEE ©
vitro’d & oA wjeksld WA cytokine FFHOZ A EAE dojF 4= it} o=

cytokine withdrawal cell death#taxl 3}+=4|[8], fucoidan®] B]ZA XS] A

Q1 Aol dial] oW FFE XA Lolr gl Annexin V-FITC/PI &4

\l—l—‘

ox %7] M3EAF(early apoptosis), 7] A 3EAF(late apoptosis), AEI]A}
(necrosis) ¥ AM¥XE 439t (Fig. 5). Fucoidan B %7} S71E4=
%7] MEAF(Annexin VT/PIN)E A3EQ 471 Z7Fdich thx2+ (0 pg/mL) el vl

3] AolQli= Al¥ (Annexin V/PIN) 2 4+ HWHA o7 gk}

A 0 pg'mL

Annexin V

Fig. 5. Fucoidan induces early apoptosis of splenocyte (Annexin V/PI
staining). Splenocytes were setup and treated as Fig. 2. The quadrant of
the dot plots indicates viable (lower left, Annexin V7/PI7), early
apoptosis (lower right, Annexin V*/PI7), late apoptosis (upper right,
Annexin V'/PI*), necrosis (upper left, Annexin V/PI") cells,

respectively.
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PART 2. Fucoidan2| Aj2h g M EZ(HL-60)0A el stetgal o4

Fucoidan®] 93t HL-60 AX¥9 tAlEAN=E ZA
Fucoidang HL-60 A3 0, 6.25, 12.5, 25, 50, 100 pg/mLe == *g
ST A 43 dieFst &, MTT assay® Alxe dAEAdE=E SHsAth

Fucoidan® %7} S71a5 AZe giatdAdo] Tas At (Fig. 6).

o

ofN

=t = Pt bt
(=] Ln (=1 L

b
L

=
[=]

Cellular activity (Q.D. at 570 nm)

0 625 125 25 50 100
Fucoidan (pg/ml.)

Fig. 6. Fucoidan down-—regulates the metabolic activity of HL—60 cells.
HL-60 cells were setup at 2 X 10° cells/mL in 96—well culture plates
and cultured with each fucoidan (0 — 100 pg/mL). Three days later,

MTT assay was performed.
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Fucoidan &%=°] &3 HL-60 M=E2 P& A3}
HL-60°l tigh A=A 2487 flal Alxe] WstE ##s3t. Fucoidan
0 pg/mL¥ 50 pg/mLe AHg3dt HL-60AXZE 2008] #j&olr #A=sodct
(Fig. 7). Fucoidan 0 pg/mLo] Ha® AYXE= AAHozw FAdsty ¥
118 BFo|tk(Fig. 7A). v d 02 50 pg/mLo] AHeld Axs xdo] Az
1, FHES Flg = Y (Fig. 7B). F sEE= AX9 Fox g

RHolia Qlth Fucoidan> HL—-60°] tal AEX=AS Hlvta ddE )

0 pg/ml

Fig. 7. Effects of fucoidan on HL—60 cell morphology. HL—60 cells
were setup at 2 X 10° cells/mL in 24—well culture plates and cultured
with each fucoidan (O — 50 pg/mL) for 3 days. Images of HL—60 cells
(A, 0 pg/mL; B, 50 pg/mL fucoidan) were captured using an inverted

microscopy with a magnification, X200.
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Fucoidan A2 &3 HL-60 MES] AZAF 2 MEAEA 57}

MxEA 58S 981 Annexin V-FITC/PI 24E& 3Fth A EEA oA
FSC/SSCZ AXa7]E #z39tt. Fucoidan 0, 10, 20 pg/mLe FHEoA+=
2 AI2Ee] Hlgo] fAFSHAl YERETE 28y 50 pg/mLe] FReA = gt
o] W&/ #HEHUG(Fig. 8). 20 pg/mLo FrolA F
71 Al2EAF(Annexin V/PI)#l Al e] wl&o] 7H8 =7 Webstal, 50 pg/mLe
ExollA AEFA(Annexin VI/PTDE AES] HlEo] 7H #9keh Aolgls
A3 (Annexin V7/PIN) & &7 (0 pg/mL) el Hl&l fucoidan A TE°] o v
A WEb Y. Fucoidan 20, 50 pg/mL A2l e] A9 Aobslis AlxEe] Bl&0|
B2, 10 pg/mL A2l tel o] dolgls AlEe] HlE R v YWkt (Fig. 9).

)
o
i
AN
rlo
Y
bl

A 0 pg/mL B 25 pg/mL

L

)

S8C-H
SSCH

S8C

SECH

8%

L FEC-H L=

EFSC

Fig. 8. Fucoidan induces the cell death of HL—-60. HL—-60 cells were
setup as setup at 2 X 10° cells/mL in 24—well culture plates and
cultured with 0, 10, 20, 50 pg/mL fucoidan. The region of dot plot
indicates dead cells and the number is the cell percentaged of the

region.
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A 0 pg/mlL B

FLZ-H

FLZ-H

Fig. 9. Fucoidan induces the cell death of HL—-60. HL—60 cells were
setup as Fig. 8 and treated with O — 50 wgg/mL fucoidan. The dots in

the quadtrant indicates Annexin V/PI stained cells.
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Fucoidan®] &3t HL—60 M ¥ mitochondrial membrane potentialZ4

v EZEgol A E 4517 & HL-60432°] Rhodamine 123 40 F
A8 2w (0 pg/mL) ¥ BIw s # fucoidan 10, 20 pg/mL A 2]
M rlEZEg ol BHA 7L otk ZFAFYE 18y fucoidan 50 pg/mL A2t
M= vEZ=gol vl dAs dAas wEsklth(Fig. 10). Fucoidan
50 pg/mL AHElelA mEZE=elol o]Fu Fx27F vl Ebg itk AR S

5 = 2~
shelat 4 9l

|

o

A 0 pg/mL C 20 ug/mL D 50 pgimlL
g 484 g 456 & 273
FSC-H o FSC-H Ll FSC-H e FSC-H ma
Rhodamine 123 >

Fig. 10. Fucoidan effects the mitochondrial membrane potential (MMP)
of HL-60 cells (Rhodamine 123 staining). HL—60 cells were setup as
Fig. 8 and treated with O — 50 pg/mL fucoidan. The number of

histograms indicates geometric mean fluorescence intensity.

_15_



Fucoidan A 2] 23 HL-60 A ] ROS A w3}

2= (0 wg/mL) el B]&l fucoidan 6.25, 25 pg/mL A& TelA ROS Aike]
7}eFAtE. Fucoidan 6.25 pg/mL A2 25 pg/mL A2t Etk ROS AAto]
ot A YERsH Fucoidan 100 pg/mL A2t thxw (0 pg/mL) el H]a)
W #e ROS A4S 2T Fig. 11). ol& AAHE ROSTE A9 g ©
Slicias

A 0 pg/mL 6.25 pg'ml 25 pg/mL 100 pg/ml

Fig. 11. Fucoidan changes the ROS levels in HL—60 cells. HL—60 cells

were setup as Fig. 6 and treated with 0, 6.25, 25, 100 pg/mL fucoidan.
The treated HL—-60 cells were stained with DCFDA solution. The

number of histograms indicates geometric mean fluorescence intensity.
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oo o A= fucoidan®] AE HAl G o thaf] <18tk Fucoidand W<
o a¥7F vt A Aok ey o] AdleA fucoidanS W AlE
al

A% AR S HRAA FUEat

f
)
B

2l Bl Ao W= A g3l 7 Fxe] i) #AleqiTh AlE

fucoidans g3 a7t Jelt=x gelst
NNAS AT} e &
B odd 287 A4S i e e B AgelME HL-60 Ao nER
telol A9E S48k ROS WHshE gotr gttt

A3 ATelA fucoidana & F7kel wel We] AlELolA W A=S UER
o, fucoidan ILZAFFOIA AEAZFRT Wl =9 FE7F AA YEET
[12, 15]. et FHZ AAIsE A¢ A E<Q! fucoidan B (2014)+ v& A3H&E
B ATh Fucoidan B (©]3} fucoidan)+ §%7F S7HS4E A2
¥+ A3t vEbgt Fucoidan 9] %7F S71845 22 54 A SA=
7h oA AlEFTE FHAsty] wEoleta e & ¢ vk whEbA
fucoidan®] MIEZALE FEAIZI=A 52 AES Vlee AsHA7IE A HATsk
ZF kT Annexin V/PI 94& sta 11 A3E #EsS i, fucoidan”} 1]
FAEAN 7] MFEAF(early apoptosis, Annexin V7/PI7)E Z7FA| AT %
ol Hl&l fucoidan A8 B oA & A2

olN

it
2L
f
N
N
N
N
N

S

Hjgo] FrbsklaL, &

nFoRy £ AEE Fods] B2 S Aglth WEkA fucoidand M EALES
TR B 5 Qo 28y FE0F olAE 48 AlEAE dojuAs ¢
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FEE HAAEZE oY T/ AlEE0] 4o 7] wWEd Zoleta

= 7 %Itk Rhodamine 1232 mlEZE=go} ofFuto] HAHtH[16].
nEEEgol w Aat SH(0]s MMP) S AlXe] AEES HgHor 54
g Qe AR HZAMAETE @A43EE F1elxs MMPZE sk
fucoidan #to] F7F&FF MEAZE dojut MMP7F fHAshs AES 2he Ao
2 HQlth,  Fucoidan 100 pg/mL FX°lA intensity peake] & ¥H+= A
#HF F F Qe F2 AERE A Hol= 3eE FA U Fucoidany W%
AL A MZAFE oA Z Y 2y w5 e A AdE AXEARE ofY]
. @3]8], 100 pg/mLe XA clusterE WA 7Im <kzto] WA=+ g3}
T YehtE ARE & 5 Ul

HL—-60 Al3°l fucoidan B(°]3} fucoidan) & A #3dle] Al =S A3}
A th. Fucoidan® ®%7F ¥old4E HL-609 tAlZAEE 55 JEFo=
askelh o] ArE A EAL] Sgt ZiQ1A], A o] FhAe] odk AA
2olr 7] f& Annexin V-FITC/PI @22 3}o] #2319 t}h Fucoidand &%

7} EolAFE £ AT MEE @ Fobivis AAS AAT F A

= PN AN
T3 Aol A} late apoptosis® AEL] B S-S fucoidan 20 pg/mlL oA
7V =9F31, necrosis® AMEZ Q] H]E2 fucoidan 50 pg/mLelA 7Fd =3kt
FETF ol R AXEALY] AIZ|E WS 4 5 T UAEA Aael Al

=

IAE F7Fe AU S Fu WEekA dotry] flE mEIZTeol w9l s
AEZ W ROSE A3t mEZEg o} o]Fute] ALAE SH sk Zo] Al
Jol AEE 2 s AR SHT 5 Qe 7ol Hedl, ole Al
Fol A7t HAst7] wigelth[17]. Rhodamine 1232 4F

o] MMP9| intensity’} FolX| &=,
fucoidan 50 pg/mLe] FEolA = thE sxe} 2 W @2 f@S Btk 50
pg/mLe] FEolA ALx7F Hol FHAE Ae B AZAPE dojd Ade A
2 & 4 S8l ROSe AZAME YEtUAl Sk=dl (6], fucoidan®] X7}
6.25 pg/mL3% 25 pg/mL 1 A5 W ROS7F WEHSAh. MMPe} 4 A7t
3 fucoidan 20 ~ 25 pg/mLEENA HL-60 A|XE= 2olgl o) oz
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&l We ROSE WEsitty 2 4 9t 100 pg/mLolAE W intensity =
Hol=H|, o= AMEZAZF YERA oju] wE M Fo] APEsE Atz A7t
AEA S Z fucoidan> HL—-60 GAXES thAEAR S FAaA7|1 AI¥EAE 5

THA FaEAE doFth

Fucoidane W9 AFEAZ vpFojA gkt a8y ¥ A= fucoidan©]
dAAFE] 5A4S B = du 1 ayrF ALY batchEE UE & QS
S gk e A Ee gl AESAS 7 FganE dEth T oA

EFolAl 54& HolARE, HL-60 AlXZoAM = kol wef Ax5do] e
ok 2 v AlZel = Al 540l YERARE Fe] wet & atolE
o] gkt o] fucoidan®] WIFAME] HL-60%FS 54 &7t vehH
Evhal e = Qvh AlE Aol AN, 22wl HL-60 AlEKt

1 543 A 7hed Aow FHHEY. 183 fucoidane] AXE 5SS 7HA A

3Lk

9k, fucoidan IEZA HAARFE doju= A S u fucoidans Y4
O 7 ARG Al Aol E FYdadE a1, HY Mixos FAERES] AEs
Aol dojubx] oks gEo] Euba AZtEY wEkA fucoidan®] A E AL

2 7b54ol R Fucoidang YHHOE AT W B ATE 53 9
A3k fE A AHEE 2oE AW, PRl A gas] A
AA G A4 Ao dE FHo] Beske JE gt F& A7t 6 Bed 3

o7 ek}
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