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ABSTRACT

Induction of apoptotic pathway by Sargassum spp.

extracts in oral cancer cells

Jung Seo Yun
Advisor: Prof. Kim Chun Sung, Ph.D.
Department of Dentistry,

Graduate School of Chosun University

The main cause of oral squamous cell carcinoma with smoking,
drinking, eating spicy food that irritates the tongue lining. Treatment
options for oral squamous cell carcinoma today are surgery, radiotherapy,
and chemotherapy. Among seaweeds such as the Sargassum spp., it was
reported that concentration-dependent proliferation was suppressed for
human liver cancer, colon cancer, cervical cancer, and gastric cancer cells.

The Sargassum spp. used in this study were Sargassum confusum (S.
confusumy), Sargassum nacrocarpum (S. macrocarpum), Sargassum siliquastrum
(S. siliquastrum), Sargassum thunbergii (S. thunbergii), Sargassum
horneri (S. horneri) and Sargassum fulvellum (S. fulvellum) and oral
cancer cell YD-9 and normal oral cell PDL were used as cell lines. 6 spp.
of Sargassum were extracted with methanol, and as a result of analyzing
the vyield, S. fulvellum was the highest at 9.8%. In addition, the total
polyphenol content was high in S. macrocarpum (250.39 mg GAE/mL) and
S. siliquastrum (223.982 mg GAE/mL), and the total flavonoid content was
also high in S. macrocarpum (27449 mg QE/mL) and S. siliquastrum
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(165.366 mg QE/mL) was high. Oral cancer cell (YD-9) and normal cell
(PDL) were treated with the extracts from 6 spp. of Sargassum.

As a result of analyzing cytotoxicity and cell viability, YD-9 cells were
inhibited by 80% at a concentration of 400 ug/mlL, and normal -cell
viability was over 90% in all concentration. Based on the above
experimental results, an additional experiment was performed by finally
selecting S. siliquastrum from 6 spp. of Sargassum was finally selected.
The apoptosis mechanism of S. siliquastrum extract (SSE) against oral
cancer cells was verified by MTT assay, live and dead assay, DAPI
staining, H&E staining, colony formation, wound healing assay and
immunoblotting. As a result of analyzing the cytotoxic effect of SSE
through Live & Dead assay, significant results were confirmed at
concentrations of 200 and 400 ug/mL. The result of analyzing the cell
morphological changes of oral cancer cells by H & E staining was
confirmed that the cytoplasm was condensed in the concentration range of
100 to 400 ug/mL. In addtion, colony formation and cell proliferation of
YD-9 cell were decreased at the concentration of SSE of 50 and 100
ug/mL. As a result of analyzing cancer cell metastasis potential through
wound-healing assay, YD-9 cells lost wound-healing activity at 50 and
100 ug/mL of SSE, and it was confirmed that this was mediated through
inhibition of MMP-2 and MMP-9 activity. In addition, as the
concentration of SSE increased in YD-9 cells, many nuclear changes such
as cytoplasmic condensation and nuclear fragmentation were observed,
indicating that apoptosis was induced. The SSE affected the activation of
PARP following protein division of caspase-3 against YD-9 cells. SSE
increased the expression of pro-apoptotic protein Bax and anti—apoptotic
protein Bcl-2 decreased. Thereafter, decreased MMP-2 and MMP-9
through phosphorylation of PISK/Akt. As a result, it was confirmed that

the S. siliquastrum extract inhibits cell growth and induces cell death in
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YD-9, an oral squamous cell carcinoma cell, through an endogenous
apoptosis pathway.

The above research results suggest that it is necessary to separate
active substances from S. siliquastrum extract through additional research,

and that S. siliquastrum can be used as a natural material to inhibit the

proliferation of oral cancer cells.

KEY WORDS: Sargarssum spp., Sargassum siliquastrum, Squamous cell

carcinoma, Apoptosis, Anti—cancer, Cell death, Cancer cells
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AA AhZFF(macro algae)®} WA ZF(micro algae) &
wRE, AdEFE 954 "o xR, 525, FXFE SR THI0L
ol dwkAow Z4 wiaMls, FU1Hol v ool AAAEL
2 4#A A1l gl AA st dAlxzFE uirhe] oy Aol 2w
7d; EF3 A2 sl or Qe olERFEEH &3 EXE gdAsr] 9ok
A A FEska ATH9L

B2 (Sargassum)S AZ A Eao &b daF AxAEE dy 2
obdr st A HFelA &3] & 5 dom, °of 400Fc] e Fol XL

ATHI12], FEAEE A o) E gk FAu) =gk whal) 7] E gk ek o] Bk
g 18F0] A4 2R FE ol&HAoH, ol ¥E
15 B A% 9% aAl® AMRHol2 FoltH13] B
HE-2- Eﬂiiﬂ‘—ol‘:(terpenmd )[14], = 2 8] 29 +- o] = (meroterpenoids)[15], =
g i o] =(flavonoid)[16], &4Fst thd#(17], #2]9 = (polyphenol)[18], &=
28 (phlorotannin)[19] & A &4 diA} 2b&Eo] thafF gf= o] <
=[20-22], &ntole] (23], dute ob[24] B Wepd A4 A|[25] SRt
olye}l wlolo AR[26], 715 AE, At F sAE A E st
S8k Eapte] gEA FEAREQ vl ZH 29 0] = (meroterpenoids)
= HER EoF Ao R ufg WHste] ekl EfF AR &4kst 9 g
A AEAds deidle AeR duA Jlow(27], APFAErks(sargachromanol)
< NF-kB % MAPK Asd9 AA &4 JAE Sl dAx S F
Ast | H3] AdfolA oA zFe] A 2]3k reactive oxygen species (ROS),
matrix metalloproteinases (MMPs)¢] &4 & JA o] 3 w35 ot}
A RBaEoe]l AoH28] I RAwke] vk 3hiE A& A(low molecular
weight) 3ol &2 Aol® Qs A FF&c] Fol L&A F30]

ol wlal] whE ofe]EIE W ITH29] AA7FA EAEE 4EsH19,30,31],
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1.1. Al

o) R AMK Sargassum  confusum), ZAu R AN Sargassum  macrocarpum),
ol 7| EARY(Sargassum  siliquastrum), *|%°l BAH(Sargassum  thunbergii)~<
20173 sHATE Ta FolatAdnh. WA o BAk(Sargassum  horneri)
2017d At oA FAS AL, FRANHSargassum fulvellum) 202234
A SEo A FYAT 2 AES 7Y F FA WE A dES
Huojgk AAT & 60 CTolA 48A12F dFAxste] 3 & JdraA s
6% EAE Alze] W, YA, FAYS Table 1o Aelste] YeR Sl

Table 1. Information on Sargassum spp.

=57 Scientific Name Korea Name Extraction  Purchase ~ Sampling Date
Sargassum confusum A Z0| 2 RHE NEIYES 2017.04.10
Sargassum macrocarpum SHH DK retml = 2017.02.26

Sy Sargassum siliquastrum BHEROISXHEE Methanol Ttk 2017.02.26

ST Sargassum thunbergii X&0I2 e 40T, 2hr  TiRbHE  2017.02.26
Sargassum horneri A0 2 KBt ot 2017.12
Sargassum fulvellum DIt 2T 2022.02.21
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1.2. AeF & 7171

Ao ALg3 BE Aokl guj= EF A 2k(extra pure grade)¥} HPLCH
o7 FYaArt. Fa45 £4E A8 & ZFEZ] Euwopean Reference
Materials (ERM)-EC681K (Geel, Antwerpen, Belgium)#} ICP-MS Multi-element
Calibration Standard 2A-2 Agilent Technologies Inc. (Santa Clara, CA, USA)
oAl FFAE F vl S 98 ¥4 ZFEZEQA Arsentie [As(I)],
Arsenate [As(V)], Cacodylic acid (DMA), Arsenobetaine (AsB)< Sigma-Aldrich
Co., Ltd. (St. Louis, MO, USA)ollA F+L3 2 monomethyl arsonic acid
(MMA)E Santa cruz (Dallas, TX, USA)olA F4Ath 5% 24 A
g Al AFEE = 69 % Nitric acid= Merck (Branchburg, NJ, USA)o A +
atlal, & EYusEd & SRl #41S 91d Gallic acid, Folin-Ciocalteu’s
reagent, Sodium carbonate, Quercetin, Aluminium chloridex= Sigma-Aldrich
Co., Ltd. (St. Louis, MO, USA)dA F+detAqtt. +ALAxEe] AEES &
¢13}7] 13k 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT)9} 4'6-diamidino-2-phenylindole (DAPI)%= Sigma-Aldrich Co., Ltd.
(St. Louis, MO, USA)°A F+43FAt}l. Colony formations $3%+ Crystal
violet- Junsei chemical co., (Chuo-ku, Tokyo, Japan)olAl <138F%daL,
Live & Dead Cell Imaging Kit (488/570)= (Thermo Fisher Scientific,
Rockford, IL, USA)olA +48tdth H & E A2k Abcam (Cambridge,
UK) A 438t th. Phospho-PI3 Kinase p85/55 (Thermo Fisher Scientific,
Rockford, IL, USA)E A3t =& 1z A MMP-2, MMP-9, Caspase-3,
Caspase-9, PARP, Bcl-2, Bax, f-actin, PI3 Kinase p85, AKT, Phospho
AKT+= Cell Signaling Technology (Danvers, MA, USA)°lA %353t}
Rabbit anti-mouse IgG Abcam (Cambridge, UK)olA F+d3F o,
Mouse anti-rabbit IgG< Santa cruz Biotechnology Inc. (Dallas, TX, USA)
AN FetAh AE o] 23 Roswell Park Memorial Institute 1640
(RPMI-1640), Dulbecco’s modified Eagle’s medium (DMEM)¥} penicillin/

streptomycin solution<> WelGene (Daegu, Republic of Korea)olA %3t
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o1, Fetal bovine serum (FBS)2 ATLAS Biologicals (Fort collins, CO,
USA) A 438kt

B U 2SS 9dl DMA-80 evo (Milstone S&T, Seoul,
Republic of Korea) 71715 o]&3&to] & g3 48 oy, F=25 A
Q3 8F FTHEHSE T EXS  Inductively coupled plasma-mass
spectrometry (ICP-MS) 7900 (Agilent technology, Santa Clara, CA, USA)
71715 AHgste]l &4 T vl A& FrInlAst frl8lA EERAs 9
3] ICP-MSel liquid chromatography (LC, Agilent technology, Santa Clara,
CA, USA)E d4ste] A8 & Z8Hsd & Fdieols IFE
SpectraMax® ABS Plus (Molecular devices, CA, USA) 7]7]1& A}&3lo] &

439
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I Weigh the sample I
| |

Put the Boat in the Auto sampler
Enter the weight

Decomposition 650°C , 150s
Purge 60s
Program
Amalgam 12s
Record 30s
I Measurement I

( B ) 0o Posorbance [A

090| A= +0.00479632
+0.04322902 * Hg
0.80 +0.00007708 * Hg*

070 R*=10.9998

Hglng]

Figure 1. Mercury analysis conditions and calibration curve for mercury standard
substance (A) Mercury analysis conditions, (B) Calibration curve for mercury

standard substance
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+%(Cr, Fe, Ni, Cu, Zn, As, Cd, Pb) ¥4 AF3Hd 7
A AT Ao met AT BANE 659 AR 02 g o 69 %

4 mLE 715 v 2329 a 24X (OMC-300, Ctrl-M - Scientific,
USA)E Abg3le] A8 3, 185 mm filter paper® ©]#3&te] DIWE 3
T &%l 50 mL7F HEF A& AS £ EHoR AT HE &
Al goho (045 uM syringe filter® o3 ¥ EAlo) o] &ttt 72 FF3E
542 ICP-MS Multi-element Calibration Standard 2A 10 ug/mLE 5 %
HNO; ©fl 10, 20, 50, 100, 200 ppb2] & sl &te] eddgaAs 24
a9 th(Fig. 2).

3]

(A)
Parameter Conditions
Instrument Agilent Technologies 7900 ICP-MS
RF power Forward 1.55KW
Plasma Ar 15.0 L/min
Gas flow rate Nebulizer Ar 0.7 L/min
Auxiliary Ar 0.9 L/min
Acquistion relicates / total acqusition time 3 times / 68 sec
(B)
52 Cr [NoGas | 56 Fe [He]
/ A /f
- /'/ /
' L 4 ‘f.r
; "I__.-"' & 4
/ /
Fs
rd o
2 -
/ -/

=
=

T
) 2000
Concippb)

200.0
Loncipphb)
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60 Ni [ NoGas | 63 Cu [He |
«10 04 108
Eral (7.1
= 14 lie]
0.5+
0 T 0= T
2000 200.0
Conc{pph) Cencippbl
66 Tn [ MoGas | 75 As [ NoGas |
x10 8 PR
14 1
L N
] 5]
0.5 0.5+
LE T 0-F T
200.0 200.0
Cancippb) Cancipph)
111 Cd [He ] 208 Pb [He |
x 10 ™7 w108
o
3 £
L L
24
(1] . o T
20000 200.0
Concippbl Concippbl

Figure 2. Heavy metal analysis conditions and calibration curves for heavy metal
standard substances (A) Heavy metal analysis conditions, (B) Calibration curves

for heavy metal standard substances
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213. v A&3terF 2SS AT AR =24 2 P4 =3

BEAEE] FH A T IRl Aok Rl Ao EeEAs fs AlE 1 g
1 % HNOs; 5 mL& ¥ F 90 CollA 90%%r 7 F=stdth. DIW= 25
mL 48 ¥ 3,000 RPMO.= 10%3F d4lie & Z5ds 493d] FHste] v
Al 107 dAEE A A5 045 uM syringe filter2 o 33} F-4]
of AF&-EFAATE F71HA EFEZHS Arsenate [As(V)]9} Arsentie [As(IM)]E
ARG o F7H] A EFEEAL Monomethyl arsonic acid (MMA), Cacodylic
acid (DMA)$} Arsenobetaine (AsB)& AFE-3I9 T 72 52242 1,000ppmo =
gy Eftete] EFAETAAS A AtkFig. 4. FrIRlA 2 f7I8A 3
ALt peak WAES gl A&3dte] As (M), As (V), MMA, DMA,
AsBe F=E st v A wel EAE 659 24 WA e AR

s tH(Fig. 3).
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(A) The content of Arsenic (mg/kg) = A * V/B * 1/1000 * C
A: Concentration of Arsenic (ug/L)

B: Mount of sample (g)
V: Volume of extraction solvent (mL)

C: Additional dilution multiple

The content of Inorganic Arsenic (mg/kg) = As(Ill) + As (V)

®)
O o) OH
| |
o—-as—o | HO— As— CH,
Il O—=As—= 0O I
0 0

arsenate, As(V) arsenite, As(III) Monomethyl arsenate, MMA

C?B CH, e}
I I
HO—As—CH, H.C—As—CH,—C
Il [ I
0O CH, O
Dimethyl Arsenate, (DMA) Arsenobetaine, (AsB)

Figure 3. Calculation formula of arsenic content and structure of arsenic species

(A) Calculation formula of arsenic content, (B) Structure of arsenic species

_11_
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(A) Parameter setting

Methanol
Sodium 1-vutane sulfonate
Solvent A Malonic acid
Teteramethyl ammonium hydroxide pentahydrate
10% Nitric acid

Osaka Soda, Japan

Column
Capcell pack C18, 4.6mm L.D. x 250mm, Sum
Flow Rate 0.75 mL/min
Autosampler Flush Solvent 20% Methanol
Sample Injection Volume 50 uL
Total Analysis Time 20 min
(B) ¥105
6 Z E
- =
3 (=1
B
4 <z
=
S
24
0
50 10.0
RT(min)
(C) i m ME28040816 e P4 5102041 ol
Pz e .
b A -
i e A
® '/u/ P &
/ " A . P
= ; /// 3 //’
= P o
//‘ ,-/. s 5 i
/ /
o s s
P P A
04 0 g 0.0 2 000
a0y = s = s
J o8 p PR s
4 =
. e
S rd
P s
,//’ / i
/'./ /.
y S
s g
A e
; o P
Conclepb] Conclppb)

Figure 4. Arsenic species analysis conditions and calibration curves for arsenic
standard substances (A) Arsenic species analysis conditions, (B) Calibration curves

peak, (C) Calibration curves for ansenic standard substances
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50 g EAEe] 20u) 4 W EES 7Fste] 40 ColA 2417F Fot 3FFE35)
S Y & I HATYEF7(Eyela, Tokyo,
Japan)E o] &3l FEAS FFIAY. olF, 80T TAAERE AHEdlY

8N TS A2 F HFE FELEe 55

Z Z9 9= 92 Folin-Ciocaltue’s reagent WS o] &3le] #2933t}
EARE W g S-FE5E 200 ug/mLe] 10 ul, Folin-Ciocalteu’s reagent®] 10 ul,

DIW<] 130 uL$} 10 %, NaxCOs9] 100 ulL& H7}ate] Ao A 9087 wks
A7l & SpectraMax® ABS PlusE o] £39 750 nMol A 358 =439

g F ZYdE 24 Y3 £5E52 LS Galic acidE 25, 50, 75, 100 ug/mL
TERE sNste] REHdEFASs 8o mg GAE/mLE YER ST
(Fig. 5).

o

=]

~
'

o

1] 0.02 0.04 0.06 0.08 01 0.12
Gallic acid (mg/ml)

Figure 5. Calibration curve for total polyphenol standard(gallic acid)
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24. &

S

= g 14

il

g R

T FdrRwols I A4S S AV MEEFEE 200 ug/mLe
200 uL, Ethanol®] 800 ulL$} 2 % AICl; ¢ 1000 ulLS &33sk H 2ol A
60 ZoF WS A17l & SpectraMax® ABS PlusE o] £3}o] 415 nMolA] &
FEE FAATY. T FgEwolE #A4S 9% EFEZES Querceting

10, 25, 50, 75, 100 ug/mL == X3 FFAFFAS AT oH
mg QE/mLZ e S tH(Fig. 6).

0.4 Yy =3.461x +0.04
R?=0.9995

Quercetin (mg/ml)

Figure 6. Calibration curve for total flavonoid standard(quercetin)
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25. Forary #A
25.1. Al v g

T AAME PDLLS SeouLin Bioscience (Gyeonggi-do, Republic of
Korea)oll A1 -9t o, 4 #AFZ9S Alx YD-9= = AEF &3
(Seoul, Republic of Korea)oll A T3ttt PDLY YD-92 37 C, 5 % COz
7b A= Al vjE7]el A phenol red A A]efo] XEFHE x| E o] -3l

u ¥kl b
252. AE =A B

T AAAE PDLY F4U4AE YD-95 71ZF 12-well culture plateol] 2
X 10° cells/well2 5A3aA EF3 & A F 22S 98] 2423 v katsiv).
2o AK(S, confusum), G R AEH(S, macrocarpum), el 7] EAFEH(S,
siliquastrum), X]iolEX}H}(S. thunbergii), 328 | ZAHIK(S. horneri), ﬂ_‘?—’_X}

HH(S. fulvellum) WEHEFEES 0, 50, 100, 200, 400 ug/mLo 2 23 %
24A 7F 7T ) oké}%x‘i} H %, 5 mg/mLe MTT solutione 100 uL %7}
$A171 ¥ SpectraMax® ABS PlusZ ©] €3¢ 540 nMej Al

o

off
S
e
i
>,
)
rE

TREE FAgt] AE AETES AT A4 FEEA A AE AE
&2 5o FAE olgsto] Adtsidon txde AEES 100 %= 8
At

Cellviability (%) = Means Abs. of the sample — Means Abs. of the blank X100

Means Abs. of the control — Means Abs. of the blank

_‘]5_
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2.5.3. Live & Dead assay

Live & Dead assay®| calcein AM=2 2tolol= AEZ 9| esterase Tiel <
) =4 d3S Hu) ethidium bromided =& Ao doxw FHEslo] 2
A GRS YElhge e, dolde AlEe & Axe nE WitE ¥
oz B £ 9 FAAAME YD-9E 8 well Chamber silde (Lab-Tek
I Chamber Slide, Thermo Fisher, Rockford, IL, USA)ol 2 X 10° cells/well
T EFT T AE FFS 98] 24413 wi ek Bl 7] 2 ARk
B2 FE55S 0, 100, 200, 400 ug/mLo.z Ak = 24413 F7F wj ek
th Wi E AAZ F DPBSE 23] A3t calcein AM¥}  ethidium
bromide® %-& s oFE A&olA 168 wHEEATE g = AAS A
A3tal DPBSZ Alx & gAE A e A & 3dn A (Eclipse Ni-u,

Nikon, Melville, NY, USA)°. & Z 3} t}.

b
il

2.5.4. Hematoxylin & Eosin assay

Aol Fejsh wstE #Asty] Y8 H & E 948 sy, 7+t
AZ YD-9E 6-well culture plateo] 4 X 10° cells/well 534 253 =
AE H-2e glel 2427 vkl By At g =S58 0, 100,
200, 400 ug/mLo. & A& s+ T 24A17F F7F wgstdtl. DPBS® 13] Al %
< hematoxyline ¥i 5% &9 ¥H§3tt. DPBSE 23] A& ¥ bluing
reagentE 15% W23 S DPBSE 23] A9t Ethanol® 5% F<oF
174 ¥ eosin Y solutiong 23l 3% F WSSt DPBSE 23] A% &

oAl o A & 3d ] 7 (DS-Ri2, Nikon, Melville, NY, USA)°. & &3}t

_l

oft

_‘]6_
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2.5.5. Colony formation

TAEAE YD-9] A T2 8 et Pl ek whalr] At vk
FEE9 9FS FAstr] 9dl colony formations Tt T4 IE
well culture plated] 4 X 10° cells/wellS FdaA £F3 3 A
3E RS SlE 24417 ke Atk AR YD-9l A ME SA4E vE
E 210, 25, 50, 100 ug/mLe A gdto] 24X 3+ vigd 5 F=
o] xgHA Ze Ax wjgdom whate] 3UFet wdstdrt. Colony
A5 g8 MgFAS AAZ S DPBSE AlF % ethanols AF&-3le] 10
= Ak 14 F oA s Hdxddoem, 05 %
5

s 2
oF A% § DIW= A& & AP #Zg3h9r

2.5.6. Wound—healing assay

T7AAIE YD-99] o]s/dol gk @y A WeEFEE] TS
gtolsl7] 918l wound-healing assay% TRt 24-well culture plate©l
2 X 10° cells/well &Lat7 & ME F-2E 9l 24417 v Bl
Cell scratcherg ©]&3t4] wound& ‘g 33k th& DPBSE A3 & =
< YeEhA &+ %<2 0, 25, 50, 100 ug/mLES 24A13F A & FEFE9]
Sl mMgdoz wAste] 35k vjFst Tl Wound-healing> EVOS XL
CORE (Thermo Fisher, Rockford, IL, USA)E ©]-&3}o] #2313t}

/(-" E =X

_‘]7_
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25.7. DAPI stain

DAPI 942 DAPI 27} DNA®] Zgk 3sES Yepe AE4S o &
sl Aow W HPE EHIE £ 3 701’%}‘113 YD-9& &-well
Chamber sildeol] 2 X 10" cells/well L&A E53 5 A E BZL 94
24X 2r vkl w7 R ARE wlgeE =555 0, 100, 200, 400 ug/mLo.
2 Aggk H 24Azr Fr7 o wiketglvh. DPBS®E 13| AlFH & 4 %
paraformaldehyde (ThermoFisher, Rockford, IL, USA)®} 0.1 9% Triton
X-100 (Duksan, Seoul, Republic of Korea)g& ¥ i 5% &< 143 &
DPBS® 13] A% 3tk DAPI (lug/mL) solutiong %2 % o]F& A9
A 154 &< WHEek T DPBSE 13] A3 & <t 333w 7 (Eclipse
Ni-u, Nikon, Melville, NY, USA)2e.&2 24 3}9ch

-

258, dwlA Mol of A

B 7| A e FEEo ] TRUAE YD-99 MEAE 2 7)1 H
= ety s dHd de AN VIHE Tt —_rLﬂoUﬂE YD-9&
6-well culture platec] 4 X 10° cells/wellS& HdaA H53 & A 7215
el 24A17F whgstdh #uj ] RApRE wEkE —%%%% 0, 100, 200, 400
ug/mLo2 24A17F A3ttt @ild FE& 913 cell lysis buffer (Cell
Signaling Technology, Beverly, MA) 100 ulL #7}sle] 20% Voltexing T 4
°CollA 5 WHESH71E & 63] Aldstaith 12,000 RPMO® 1537 ¥4
g ¥ %—Z’;—%‘é ME2L 15ml FE2 &4 99dE 5359 D‘r. BCA
protein assay reagent kit (Pierce, Rockgord, IL, USA)E o]&3}lo] oA S
A5k v} Loading 5X buffer (LPS solution, Daejun, Republic of Korea)
of @& 15 ug® DIWE &35tste] 90 °ColA] 10% &<+ Hbgshsitt WA
FH @A S 10 % SDS page geloll A A7|gFsigion. A7jdHz By o

Y=
o

o

94 & polyvinylidene fluoride membrane®. & A &% 1t} Membrane 5 %

BSA blocking solution®. 2 12} 34 9] non-specificg o3t 5, E4 v

_‘]8_
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Ay} EolHow Agst= 12 FA(MMP-2, MMP-9, Caspase-3, Caspase-9,
PARP, Bcl-2, Bax, G-actin, PI3 Kinase p85, AKT, Phospho AKT,
Phospho-PI3 Kinase p85/55)¢t 4 °Colld 24417+ Hkg&tict. o] 1X
TBS-T= 10%& &<t 43] AlH3 v 110,000 ®l&= 34d 22 A
[Rabbit anti-mouse IgG, Mouse anti-rabbit IgGl&® 224 60% FoF Wt
$3l49th. ECL solution (Merck Millipore, Massachusetts, USA)& ©] &3} ¢]
Imaging systems (UVITEC, Cambridge, UK)& E3] @l wi=%5 7}A| 3}

A=

259. AdAE FAA AA

A3 A 33 wHE AJdgsilon Ayt + WA (MD + SD)E UE}
ok zZ 23 fo4 HAL Microsoft Excel 20132 ©]€-3F Independent

t-test® YEFRA S p-value’} 0.05 0.01, 0.001 wvte] ZHAS$ EAAHO=R

o8 Aoz pFaA

_‘]9_
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ANEFv ToHe Tt Ad-o] doermz Ao RANKS. confusum),
w2 AIH(S. macrocarpum), FREI 71 R ANK(S,  siliquastrum), A Z 0] BA};
(S. thunbergii), 3|2 AWK(S. horneri), ZFEAH(S. fulvellum)d] tH3F
F=gd oy BAS #3241 A= Table 20 Yepiglon &)
dxzFol AAE Fa& 7Ie FPbe AS vgdEdA E23hew 05

mg/kg °letz AAH glow, Jt=E(Cd2 A(End 23 v (1]

oy

7 EZ3) 0.3 mg/kg °olst= AAE St mEA, 659 EAHE BF W
(Pb)3} 7}=H(Cd)o] 7154 o]tz <tAZ 39 Aow EAHJAY. T+
& T U A(As)9] AS 659 BAE BREol dAR H2 dHES e
t}(Table 2).
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%
il

itz
Mo

1.2. v &3}t

ol 02 mg/kghth =4 Y& BF Frivie g

3}
=

P

o1 AalA Wk gleu,

A Jepemg LC-ICP-MS 7171

il

=
=

=
=

3ol

] e

Ao 2 23, 540 gl

836‘

7Inl & ko] = A yeEbsk e, 57kek 37}

N, =
T

o
A

o

S 2 YelgtH(Table 3).
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2500 €97 9869 5691 5150 1652 (msv + (Wsy
6000 5200 900 1200 2000 1000 gsv
$000 2000 €600 €100 pLO'D Y00 via
000 £200 p10'0 pLOD 100 800°0 VI
5100 al'l 219 5880 120 bSE'L (m)sv
LE00 £80°L b2e's 180 0 eh7'L (Wsy

winjaany s LRUIoYy S nbiequniyy s wngsenbipis s windiedosew 'S WNSAU0? 'S

(63/Bw )

‘dds wnsspSipg Ul JUIIUOI JTUISIL JTULSIO pUR JIUBSIOUI JO SISA[BUY °€ Qe ],
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Aebde e 3 AlFoA FaE dol Ayt AR mhul 7] &

N
r]I.

N
ofy
o,
ko
B
e
o%,
o
o,
il
>
=
i
ko
N
sl
o
g

=2 A AH g &

el 2001721 100 Le] wlgh&S H7beto] 40 TollA 2413t $HF F=313
th ol wagt A ARt gl 7] RNk A Fo] ARk A o] KAk
FRAke] weeFE &2 72447 89 %, 7.2 %, 6.3 %, 6.7%, 86 % 181l
9.8 %°] At} (Table 4).

N
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16431 9mg GAE/mL, <4
22398 2mg GAE/mL, AFolRAuk 162362 mg GAE/mL, 4 o] X x}ut

121.282 mg GAE/mL, #E A4k 105634 mg GAE/mLe| 3H&Fo = elylt,

iy

= O
3T -

SavmAte] b B FEe UElom, athe shuvlm Ayl

gFoz e th(Fig. 7).
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Total phenolic content
300

18039

L 3 B AR sl <
221,082 DRy N S
200
ﬁ e 162363
ﬁ 1%
© 121282
g 105824
100
_q:|.
i

—

5 confusum S mucrocarpum 8. siliguasirnm 8 fhanbergli 5 horneri 8 fulvellum

Figure 7. Total phenolic content of Sargassum spp Total polyphenol content in

Sargassum spp. methanol extract was analyzed using the Folin-Ciocaltue’s reagent

method with a gallic acid calibration curve.
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ANF MEEFEE F EFouwols WS BAW A, dFolm
ZdE 164319 mg GAE/mL, vl 22 27449 mg QE/mL, #hul 7] A}t
165.366 mg QE/mL, A|Zo]lEAt 25522 mg QE/mL, Aol =2k 70.693
mg QE/mL, #FXEARF 156409 mg QE/mLe] &&o s yetyltt o & &4
WEAwre] 4w FHS vehdlon], agg s RAuel B §

o 7 e HH(Fig. 8).
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Total Flavonoid content

400

N 344,602

3m
'-E; 150
M,
o 165366
oh 156,408
H 1%

100

70.693
» 1449 2851
' . L]
S confusum S, macrocarpum 8. siliquastrum S, thunbergii S, horneri S fulveilam

Figure. 8. Total flavonoid content of Sargassum spp Total flavonoid content in
Sargassum spp. methanol extract was analyzed using the AICl; method with a

quercetin calibration curve.
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5.1. 77l

el

A2 YD-9ell

)

,?_

YD-9ell 244 7F2} 48

A

A

%

I 0, 50, 100, 200, 400 ug/mL®] == +

9]

9

YD-99]

hYA
s

FAT 24413 A7l A

At Ags

=
(e}

A7

o] AR whul 7] gk 33 A o]
Fo] 7Aastgdon, whul 7] R Apulo) A

hYA
s

73-%- 200, 400 ug/mL FENA F7FA

W, SRk g 7] Rk A o] RS 400 ug/mLe] FEolA A

.~

A

of Wl = &4

A E
O] RLAHko|| A = 244 7F

24XZE AR T

YD-99] 75

A E
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ki3
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YD-9 Cell viability 24hr

0 oy ol 1 G - - -
] o1 1 < IT -
& =

80
WS. confusum
B S. macrocarpum
wS. siliquastrum
S. thunbergii
S. horneri

- S. fulvellum

S I

0

Con Stug 10y 20tug. 400y

Concentration (ug/mL)

YD-9 Cell viability (%)
2

YD-9 Cell viability 48hr

H

2 o
< i =

w0
£
= wS. confusum
= BS. macrocarpum
) oo
e 8. siliquastrum
3 S. thunbergii
=S S. horneri
g‘ “ . fulvellum

]

100ug 200ug. bz

Concentration (ug/mL)

Figure 9. Cell viability of YD-9 cells after treatment with Sargassum spp. Cells
were seed into an 12-well culture plate at 2 * 10° cells/well, and then treated
with 50, 100, 200 and 400 ug/mL of the methanol extract of Sargassum spp. for
24 hr and 48 hr. (*p<0.05, **p<0.01, ***p<0.001)
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52. BA3AE PDLA dig RAwT FEE9 AX A

=z O =)
=& 74

4 AHAE PDLA ofd RARF W@eFEEe A 4Es 2AS
A3 THYAL YD-9% FUF BER UNZ F AGstdn. ggoln
Aukst FEAl A BE Edon AL YEEY FaE BgoH, 29
A, sh ) A, K el wA, WA mAml A g ARAER

PDLS] AE&o] G w4 EackFig. 10)
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PDL Cell viability 24hr

H

L I = -k o &

WS, confusum

WS, macrocarpum
WS, siliguastrum

2

8. thunbergii
S. horneri
S. fulvellum

PDL Cell viability (%)
&

Soug 200ug.

Concentration (ug/mL)

Figure 10. Cell viability of PDL cells after treatment with Sargassum spp.
Cells were seed into an 12-well culture plate at 2 * 10° cells/well, and then
treated with 50, 100, 200 and 400 ug/mL of the methanol extract of
Sargassum spp. for 24 hr. (¥*p<0.05, **p<0.01, ***p<0.001)
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6. Fu]|7| AN F=E5E9 FAYAE YD-99 Al
a3

6.1. TZLAE YD-99 AE 54 &34

o
o
(o
2
N
N
2
il
=
N
(o
=,
=4
iy H
o,
= i
p‘L
I
b
>,
ok
o
o,
i
)
g
o
S
o |
i)

200 ug/mLolA A o] s F718S Akt Eak 400 ug/mL
oM A gFo] Fastslon, w4 FFe e

Hol o= FEEo o& Azt Faste]l Yedes d4dS & & dd
(Fig. 11).
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Live cell Dead cell

MeSS 100 ug/mL Control

MeSS 200 ug/mL

MeSS 400 ug/mL

Figure 11. S. siliquastrum methanol extract exhibits cytotoxicity in YD-9 cells. Cells
were seed into an 8-well chamber slide at 2 * 10° cells/well, and then treated
with 100, 200 and 400 ug/mL of the methanol extract of S. siliquastrum for 24
hr. Live & Dead assay was performed and stained cells were observed under a

fluorescence microscope (X40).
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6.2. T7ALAE YD-99 FH A W3t

B 7] A HEE FEEo] YD-9 7AYAIES] FuEH ®stE

7] 91l H & E

A2 WEtgom 400 ug/mLl e AMELo] $d3 SHH AL

(Fig. 12).
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CHOSUN UNIVERSITY

Control MeSS 100 ug/mL

H&E stain

MeSS 200 ug/mL MeSS 400 ug/mL

Figure 12. S. siliquastrum methanol extract changes the cell morphology of YD-9
cells. Cells were seed into an 6-well culture plate at 4 * 10° cells/well, and then
treated with 100, 200 and 400 ug/mL of the methanol extract of S. siliguastrum
for 24 hr. H&E staining was performed to observe cell mophological changes.

The stained cells were observed under a fluorescence microscope (X40).
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6.3. TZ2LAE YD-9° F=2Y FA oA =5

B 7| ARt & o] FHAUAME YD-99 AE #H dA 2 AE F2
FH GAe mAE TS Lotry] A AE 54 YERA €= 0, 25
50, 100 ug/mLe] FTE= 24413k A3t colony formations 33}t
s 7| AR e EE 5L 0, 25, 50, 100 ug/mLe FEZ 24A17F A g

o= WAZ thE 39 < F7F wigEsdh 05 %

T FEE0] g gy
crystal violet A& F3to] IAHE RS B4 Ay dF2T3 v aste
25, 50, 100 ug/mL& =AM FAIAE YD-99 3 A3 AE 2 &4

o] #adhE AL e vhFig. 13).

)
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Control MeSS 25 ug/mL

Colony formation

MeSS 50 ug/mL MeSS 100 ug/mL

Figure 13. Methanol extract of S. siliquatrum inhibits colony formation of YD-9
cells. Cells were treated with 0, 25, 50, 100 ug/mL of methanol extract of S.
siliquastrum for 24 hr. After cultured for an additional 3 days in growth medium
without extract. Cells were stained with 0.5 % crystal violet. Images of the cells

were taken with a camera.
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6.4. 173 A¥E YD-92] wound-healing & A &3}

Wound-healing> ¢HAIE 9] o] FAHe B71E + e 4o, A
X W 7AS FeletdA olEdth B EA vEgFEEo] A
SAIE YD-99 wound-healingol] WA= F&FS L4187 fal AlE 54
YER A g+ 0, 25, 50, 100 ug/mLe == A3t wound-healing
assays T 1 A3 AE Aol gl wLdd Xk EFSta w7l
B 3552 YD-99 wound-healing 52 & AAAIA oW, o]
AA FHE= GA¥xe FE VA I §49 MMP-29F MMP-99 &4 o
s 3l vilES SRt (Fig. 14).

—_

o
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0 day 3 day

(A)

MeSS 50 ug/mL MeSS 25 ug/mL Control

MeSS 100 ug/mL

(B) MeSS 24hr (ug/mL)

Control

100 200 400
MMP2 - .|

actin | e w———

Figure 14. Methanol extract form S. siliquatrum inhibits MMP-2/9 of YD-9 cells
and wound-healing. (A) Cells were treated with 0, 25, 50, 100 ug/mL of
methanol extract of S. siliquastrum for 24 hr. After cultured for an additional 3
days in growth medium without extract. Images of the cells were taken with a
EVOS microscope. (B) Cells were treated with 0, 100, 200, 400 ug/mL of
methanol extract of S. siliguastrum for 24 hr. Inhibition effect of methanol

extract of S. siliquastrum on MMP-2/9.
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¥ YD-99]

6.5. T3 Al

0, 100, 200, 400 ug/mL*]

Fch 7 AT s A v

5]

ey

PR
-1 =

tel DAPI 94

S

FEE 2447 AY

SERCERC

4 JH(Fig. 15).
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Control MeSS 100 ug/mL

DAPI stain

MeSS 200 ug/mL MeSS 400 ug/mL

Figure 15. S. siliquatrum methanol extract changes the nuclear morphology from
of YD-9 cells. Cells were treated with 0, 100, 200, 400 ug/mL of methanol
extract of S. siliquastrum for 24 hr. Thereafter, DAPI stain was performed to

observe the nucleus. Images of the cells were taken with a fluorescence

microscopy (X40).
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6.6. T4 ¢AE YD-99 AXAE %

Caspaset M XAPE S Falste AR G422 o5 A oAF &= A
AtE S HrbshEd g Fegh A kot Z'Jrﬂﬂﬂ Ak FEE9] M EZA}L
T5 Qe & FALAME YD-9 0, 100, 200, 400 ug/mLe] &

b xg]l3k S western blot assay® F3stgct. 1 AT

ol 7| B2 WE2- S5 5E0] caspase-99 JFEEHE FEEd o, Auw
caspase-9- caspase-39] 7FrEdE RS THFig. 16A). w5402 &4
¥l DNA® &E5 ¥ PARP7} 7t slo] AlxAbde] fieds S2s
AchFig. 16A). T, WEZ=gol oute] EAdte] AxE
Bel-2 family & 3-AlZARE Q1A Bel-29] & o] A4S

o

W HaelAel Baxel wdol freld o F/hHe SIScHFig. 16B).

U
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(A) (B)
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Figure 16. S. siliquastrum methanol extract from the regulation controls the
activity of the protein in YD-9 cells. Cells were treated with 0, 100, 200, 400
ug/mL of methanol extract of S. siliguastrum for 24 hr. Thereafter, the expression
of apoptotic-related protein, caspase-9, caspase-3, cleaved caspase-3, PARP (A),
Bax and Bcl-2 (B) were assessed by western blot. and G-actin was used as the

loading control.
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6.7. T7FA X YD-9° AlEAE 71d 4

PISK/Akt A AGA A= AMEQH, &3t 2 AxAE 5 st Az A
g8 dsteE vlg Fo3 AsdGH 2ot wpebA, w7 Rk WgkE

AUME YD-99] AEAMH O] PIBK/Akt Z2E F3l w7l

A EAE AT 1 AR, gyl A dgESFEEc] PIBKS p8&set

po5el AtstE JAEH o, Akte] serd739] <lAtElE folFom oA )

AH(Fig. 17). o2l Aate #u 7] mAgk Wg & 555 o] PIBK/Akte] A%

A A28 T3 AxAES WS = UASS AAL

>.

rol
=
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MeSS 24hr (ug/mL)

Control 100 200 400

p

p-Akt(ser473)

Akt(serd73)

B-actin

Figure 17. S. siliquastrum methanol extract affects PI3K and Akt expression in
YD-9 cells. Cells were treated with 0, 100, 200, 400 ug/mL of methanol extract
of S. siliquastrum for 24 hr. Thereafter, the protein expression levels of PI3K
and Akt were assessed by western blotting, and Gactin was used as the loading

control.
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3 HAEAR mEZE=ole] S F2Hd = Baxs MEHAA MEFEE=
gol= o]F3tH Cytochrom Ce wHIE Fxlgte] AEAIES do7|i,
Bel-2% Bax7b H|EZEgolR olFdl= AS A MEAMES A3}
A B5152]. o5 QA ol mEZ=gof vt 9 E3A S ofy|Ea
cytochrom C W&S FX8te] MxEAIES 4As A27F sz A EAE
-8 A Bel-2 familye] #3832 wl$ FLoH[5354]. &% cytochrom C
o 23] initiator caspase?]l caspase-97} A 3}F 1l effector caspase$]
caspase-32] 7Fr R/ FEEHOZN MEARHO] FtE T o]F DNA &
A& 91%] 8= PARP+= caspase-3° 2J& 7FrEEaE o] DNA & 7] A
AR el FFHeRE AEAPES] HF AXE T ATH1,55,56]. Fhl

71 B A g 5o 9a] pro-caspase-93 pro-caspase-39 WS 7+
29} caspase-39 7FEIT FREHJSH, Aoz PARPY #do] 7
2 ol e AnE ohddt HAE 93 dd s1Hd FAGE dog,
%58 HAFEELS Tpo3/caspase s T oAz MFEAES

3 3 |
=39 21 Mitrephora chulabhorniana & F3%-& caspase-9<£4 A=
£ T3 AT BF dANE] AXEAIEESE FETS B s oH57,581.

PI3BK/Akt AlsdgS Aol A4 Od, &3 5 vds Agddd &9
= w9 T8g 9% Asdg AAolt. PIBKE Akt SlAikstel] ofs] &
st Akto] Q4= kAo A MEY FAF A Sl wolst
I uH59]. ey BAE weksFEE o] AxEAMEo] PIBK/Akt A=l 9
& wilE =R e Ay, PIBKeF Akte] QlAtstE Bdd] TAAIFATE o
213k A3= PI3BK/Akt A9 AAZE #uf 7] gk WghS5EE00 o3
T7AAE YD-99 A EA ot &S AAFETH
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A E YD-9o A #hull 7] mApEE FEEEo glol2 Eale] ATAIEL

nNEZS
FEdteE AL Qs o) in vitrodl A 7| Bxul FEE ojgk &
dEdE st webA, FF &5 Aol A= w7 ARkel| ok F &
% Sargachromanol A€ &< o|83te] 27l b& A4 FHg
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