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Abstract In the present study, we investigated whether a mixture of fucoidan and Crepidiastrum
denticulatum extract (FCE) had the potential to improve the therapeutic efficacy of cancer treatment.
The results demonstrated that FCE significantly reduced cell viability and induced the release of
LDH (lactate dehydrogenase) and DNA fragmentation in HepG2 cells in a dose-dependent manner.
In addition, FCE treatment also increased the protein expression level of p53, the release of
cytochrome c, and the loss of mitochondrial membrane potential. Moreover, FCE dose-dependently
increased protein expression levels of Bax, and cleaved caspase-3 and -9. However, FCE decreased
the protein expression level of Bel-2. These results suggest that FCE inhibits cell proliferation and
induces apoptosis via the mitochondrial-mediated intrinsic pathway. The present study demonstrates
that FCE can be used as an anti-cancer agent for liver cancer based on apoptosis mechanism.
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1. ME

[ S

=

Fe A AAZCcR g2 THED APES 7L ol A% 4% EAR AAXL ot
(Choi, 2021). b2 A9 BIZAFARI F4l0f| 95l YAsl= AEoE olF XFEs7] 9Tt YA =
ot B2 714E Sl AlE B 9 4] 9A, AHHQI Al A (apoptosis) FEE &4
AA|ZE A AT Kawabe, 2004; Kim, 2018). 71 &, YA|ZE2] apoptosis FE=5 HEXOZ dH= A
< FAA Aol SlojA S8 71F g AR QUth(Fan &, 2014; Kim <5, 2016; Luiz-Ferreira
5, 2023). & ARE Yol Fe 7Y TUA SOl ARSE L QAN FAAY FAHCE Qs oF
Az EgE opdet, A4 Ao JgFS v|A ohefst 78-S op7Istal Qith(Gao 5, 2017). whakAl
F24-80] IS £ol7] Yafl kAol ASH HA AAE ol8sto] apoptosis FEE HAOE
ot AAIZ AAC SlojA EIE U &4 AES A3 d+Eo] IPEHI ltHAn 5,
2019; Ryu 5, 2021).

3ok tpAutel v 55 Eilols ARFo|A EEE IEAS] FI} AR AL 3
T, PPk, FHPolEls, A T TR LS 7H AL Qlof olE E85l] Y3 Tt =0l
o]20]x]1L QIth(Fitton, 2011; Fitton 5, 2015; Kan 5, 2017; Krylova 5, 2021; Mabate 5, 2021;
Wang 5, 2012). 3t F30ch2 7HoF, EHSt, it 4 59 UAIZ W apoptosis E/d3},
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i)

A B A4 oA At o] s o AR
st &8 7IsAo] AAEATHAle 5, 2011; Atashrazm
2015; Kyung 5, 2012; Nagamine 5, 2009; Senthilkumar
2013; Zhang 5, 2013). 7127 ol e} BEAZA 43 A
ol 37149 o WS oushd] ATE e Aoe
HIE

o| 5|7 (Crepidiastrum denticulatum (Houtt.) Pak &
Kawanoyt= %8H% Z3jio] 434 4482 Joinsu)y|
2 $27]% o0 ofel 22} glo] £ A8 A4 o4
3! Qltk(Lee 5, 2014). & 3FHE2 hydroxycinnamic acids,
caffeic acid, chlorogenic acid, chicoric acid, 3,5-di-O-

=2 2

=
O>

=
O>»

caffeoylquinic acid, luteolin-7-O-glucoside 5= E3oh= ot

IS A =4S Zell )loH, E3E S{Eo ofjt A
S A, 2] ot 7+ &4 A B A, AA
of ot w4 oA, HiYFSA AT 9 7Hg ARAL, At
4 AEd| 20| O3t W &4 o7 BT 5L AT Qe A
o= I#A rk(Ahn 5, 2014; Kang 5, 2011; Kim 5,
2015; Kim 5, 2017; Lee &, 2014; Maeda 5, 2006: Yoo 5,
2014). o]a1EH7|o A E2]H 3FHEQ youngiaside A, B, C
7} =849 quinone reductase?} CYP1A1S S E5lo] 4
A2 o]& 7ol disl EilEo] A9, apoptosis =0
tistol A= AekslA g v gtk (Yun 5, 2010).
AAEZ o8 5 24le Fa40] e o8 280l &
FA o7 o|FojZl FAolBR TRt A5 UEd 4 9lo
, = oIy 23t HlEol Wb msol gAY 7]1EY
a3} e A2 F5ads vehd 4 Qlo] B3 2A41E o8t
FAA o] UY=L Ak (Kong 5, 2023; Park -5, 2015;
Song 5, 2023). oo & AFAE 7|IE AFE &9
apoptosis©] OJ3F FAIZ AFE & A3 ASH T30
apoptosis F=5 & ¥4 AHE Ut Hed aRHE
chlorogenic acid, caffeic acid, hydroxycinnamic acids,
luteolin-7-O-glucoside 5& X5l = ZO0FE HIH O]
TEU7)E o} 83te] Folgo|nEulY] EPES AEST
ojiEH|7] FEE 93l 7|EY FIo|T T= A HT &
A2} 54 A 2 apoptosis 1= A5 S 75 ZAUst
7] 918 A 7HF M ZFEQ] HepG2 MZE AR Al =4
7} apoptosis®] = X ¥ D] I WIS FA5IGIH.

—_

H,

2. Mg & Y

2.1. &g &

Minimum essential medium (MEM), bicinchoninic acid
(BCA) protein assay kit, enhanced chemiluminescent substrate
+= Thermofisher (Waltham, MA, USA)O| A £5}o] A85
%t} Fetal bovine serum (FBS)2 Welgene (Gyeongsan,

https://www.ekosfop.or.kr

Korea)ol| A #+43to] ARSI 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT), radioimmunoprecipitation
assay (RIPA) buffer= Sigma-Aldrich Chemical Co (St. Luis,
MO, USA)OA £{J5to] AR&-513iT}. Mitochondrial membrane
potential assay kit+= Abcam (Cambridge, UK)O|A +5}o]
ARE5FT}. Cytotoxicity detection kit@} cell death detection
kit= Roche Diagnostics (Mannheim, Germany)ol|l4 7-915}]
ARESFQIT). p53, B-actin, cleaved caspase-3, cleaved caspase-9,
Bcl-2, Bax, cytochrome ¢ 2 anti-rabbit IgG-HRP conjugated,
anti-mouse IgG-HRP conjugated+= Cell Signaling Technology
(Beverly, MA, USA)?} Santa Cruz Biotechnology Inc (Santa
Cruz, CA, USA)IA F45to] ARE-sRGit

2.2. SH0[E/0[IEHZ| 2ElF MZE

A o)A HHe vFAREEH 23t FHo|H(ek:
93.3%, A7]: 35.0%, =9 $=F: 32%)2 Biocorp (Goheung-
gun, Korea)ol| A L4ste] ARGSHRIT. o] 15H) 7] &5 A
ZE 93] A% 35 kg2 AA & DW 350 LE 71512 100T
oA 3AZE B T3] FE5IUTE FEHE ARt & o
< %Z7](Tokyo Rikakikai, Tokyo, Japan)S ©o]-&35}o] 55C
oA B2t o nEH] BHAS BE Azstelrh o1
SHl7] 552 8.89 kg U] 254%9] &8 Ve &
Fo/o| NEH7] SE2 B AJH| 9] S0tk o] SH]
7] FEEE 47 111 HEE &85t ghE § 20T o] Hst
o Ago] ARESHIH

2.3 &0/l ¥ 5420/ 25 SE

ol EH|7] FEE9 FET s TFZ Folin-Denis2]
Hol| w2t =45t ch(FolinZt Denis, 1912). A|& 1 mLo]
Folin-Ciocalteu reagent 5 mLE 7}5fo] 38 =0} HFSA]7] &
10% Na,CO; &9 5 mLE 7I5l3itt. 1417 5 HHAIR] &
spectrophotometer (Molecular Devices, San Jose, CA, USA)
£ ol&3t] 700 nmolA FBES SASHIUH. EEEER
tannic acidg ARSI oY, EEEAY] HFAT} vlwsto] g

% o

2.4. HepG2 AIE Hfgf

2 AFo] AMEE HepG2 A|Z= A ZF-23Y(Korean
Cell Line Bank, Seoul, Korea) 2. 2 ¥ Hofdto} ALE5}9 0
™, 10% FBS2} 1% antibiotic-antimycotic®] $-35 MEM Hj
A& AR5t} 5% CO,, 37C 2 2EH ZZNA vigstAct.

2.5. MTT assayldl 95t ME =4 24
HepG2 MZE 96 well plateo]] 2x10* cells/well2 Zt wello]]
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BRI 1642 59 Aget A1 5, Faoldkol nSul] £
29 SEa Akt 2442 59 Wt 3, Wi 514
3} 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT, 0.5 pg/mL)E Z} wellof] 100 uLA H7}5t0] 4A17F 5
b g MTT7} Z3He HiA|E B A|ASEL dimethyl
sulfoxide (DMSO)E 100 uLA Z} wello]] o] A= formazan
£ =91 5, microplate reader (Molecular Devices)Z 540 nm
A FF=E S48 AZ BEEZ ALSIT

2.6. LDH activity &4

HepG2 A|ZE 24 well plateo] 1x10* cells/well2 E35}11
16A17F 53 FESIAX] &, SFo|/o|EH]7] EdeE &
THE 2447 ALyt AF] & HiRE 3]4sto] 250 xgo
A 5E7E AAEESIT 1 %, AFAe 35k 96 well
plate2 %71 & cytotoxicity detection kitE ©]-8-5}0] kitof| A]
Alagt Ao ot Agstict. A4S5H 100 pLe} reaction
mix reagent 100 uLE &3lst GZANA 3087 HESAZ]
3 stop solution 50 pLE 7}olo] W& A AJA|71 & microplate
reader2 490 nmo| Al SFEE £45to] LDH E4& A4bst
At

2.7. DNA fragmentation 241

HepG2 A|ZZ 24 well plateo]] 1x10* cells/well2 E35}11
16A17F &< QHYSIARI &, F3o|dh/o] 154 7] ERtEs &
THE 24A7F AE5}9th 8] & cell death detection kitS
o]-g-sto] kito]l Al At A Hof wet APttt A
20 pLe} immunoreagent 80 nLE &8sl R AoA 287
HESAIZ] 3 ABTS 100 uLE 7FsHich ¥H8-2 AAIA1717] €
5l stop solutionS A 2]5}3L microplate reader® 405 nmoj|A]
54T E &%35lo] DNA fragmentation A5 AALSl 4t

2.8. MMP 24

HepG2 A|ZZ 96 well plateo]] 1.5x10" cells/well 2 B33}
16417 B9 RSN 7, TR0l nEu] THES
SLEHE 24A4)7F 423t & mitochondrial membrane potential
assay kit ©]-8-sto] kit A A|5et AHHo| wt x5St
Ut PBSE A|EZE Aol ¥, JC-1 solution 100 unLE #2
B3 37COIA 1027 MEAA AES AT IC1
solution A|ASHIL AZE PBSE AZE Hoj& &, Y4l=
gJ3lo] P& AFEMo] reaction mix 50 pLe} 4 mM DEVD-
pNA 5 pLE et 37CoA 1AZF Bt REGAIH T
Fluoroscence microplate reader (Molecular Devices)=
excitation 485 nm/emission 530 nmoj|A SFJEE =75k
mitochondrial membrane potential-& AAFS} Tt
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2.9. Caspase-3 activity 241

HepG2 A ZZ 60 mmof| 1x10* cells/well 2 £-3:5}11 164]
7F &< MYSAIK] &, S3o|d/o 1 EH) Y] TAES 5
2 24A|17F A2t & caspase-3 assay kit (Abcam)S ©]-&5}0]
kit A Al52t Aol wEh Xgstith. A2 2 %, 3
235t A|EE lysis buffer 50 pLE A5t 1087F ¥HFSA|71
T YA BTl AL AJEMof reaction mix 50 uLe} 4 mM
DEVD-pNA 5 uLE &35l 37Co)A 147F S< ¥hgA1A
. Microplate reader2 400 nmoA TZEE =% 5|0
caspase-3 Z4S AT

2.10. Western blotof 93t EFYE Et5! 241

So|ek/o| S]] SES 24417 52t A3 F HepG2
HZZ PBSE Aoj& &, RIPA buffer 150 uLE 2087t 4T
oA A=ttt AEES SJ45al 4T, 12,000 rpm =2 2087F
ArlEeste] TS Hejoigiey. T d F k= bicinchoninic
acid (BCA) protein assay kit (Thermofisher)E ©]-8-5}o]
microplate reader2 562nmoj| A S =g ZA )] AASIH
t}. 10%, 12% sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE)Z ©o]-&sto] Thiidg 37|87
23t &, polyvinylidene fluoride (PVDF) membrane (Sigma-
Aldrich Co.)o]| transfers}t}. Everyblot blocking buffer
(Bio-rad, Hercules, CA, USA)Z o]&3}o] 4204 108 59t
blockings}al 1&} 3A)(1:1,000-1:5,000)8 4204 2417 ¥-5-
AZTh 13 22 FA(1:1,000-1:4,000)2 AR A 247 kS
AlZ1 &, enhanced chemiluminescent substrate (Thermofisher)
£ Ag5to] PVDF membraneo]| YERE protein bandS
Microchemi 4.2 (DNR, Neve Yamin, IS)Z 2ol 7F ¢l
Aol g J=g EA4s5oh

2.11. EA/x2/

BE A3AT= SPSS statistical package (17.0 version,
IBM, Armonk, NY, USA) T2 133 o] §3fe] 57 245k
o], BAEA(ANOVA)S A5l 7+ Axlo] Sol4e A=
sttt BAIE S8 p<0.05 S04 Hlm A5
3. dup & n#
3.1. 0[ZSH| £SEY SENS HZ

A EA0] ZA5l= Ed]Hls SIS flavonoids, anthocyanins,

tannins, catechins, isoflavones, resveratrols 5= X 35}= 22}

AF AFEE 24} o] = E47](-0M)E 7HI T Yo, F
ofut GAksie} ot AIE AT G Bk ohet i,

https://doi.org/10.11002/fsp.2024.31.2.276
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ZHAHES ;qg]. AL =0o] LS 7HX Uk
(Kim 5, 2012b). & AFol|A A3t o]1EH|7] 2EE9)
Z2Z3)9% L 42142.50 mg/100 g0 & LpERgT) o)1

Stf7]ol= HlsA SHEQ chlorogenic acid, caffeic acid,
hydroxycinnamic ac1ds luteolin-7-O-glucoside 5 EFF 0]
o o3t EAEL 2 st gt oyl apoptosis

£ fr=ste] el ?J Hpo} A1R}o} 2}ZAEOL Sof o5t
FAANE 7T Y= ACE HuH v 9o B AFoAE

o|1EH|7] &=l A3t I A= olef I Sl A
o7 ZAEcHChang 5, 2010: Chuangs, 2005; Ho 5,
2021; Kaneta 5, 1978; Wang &, 2019; Zeng &, 2021).

3.2. HE F4 X =80 0/x/= et

HepG2 Ao tjgt F3o|d/o| 57| SFE9] X =
AL Blsh] Qo) SAES FEER 24417 B Asia
MTT aSSﬁY‘a— S AE =492 B7rekA. FIolH/0lE
7] SFE2 0, 10, 30, 50, 100, 150, 200, 300, 500 ug/mL
SR 24*11} &}t Azt A, Fig. 1A0]A HojF= vt
9} go] FEEE 105, 101, 99, 91, 86, 77, 62, 41%2] *@—Eﬁ
S yehion 5x oE&H oz X F4g JATS s}
A

/ol 58 7] E3HE2] =400 2T HepG2 A
2lst7] ste] B wel £Ajsk= LDHO| /<
= Fig. 1B} 2t} S3o|gh/o| nSH)y| SFES
200, 250, 300 pg/mL FEE M3} 24A7F 59t vHgA 7

< o YEhd LDH /& eIt A3}, FAe fiv] 5=
2 119, 131, 12%Z 5k & og F71st9on, F30]

=
-

o?i '101'

sold
s
5
4

JlN' o

O_u

kel
2

(A)
100

=1} ©
(=] o

Cell viability (%)
8

20

0 10

30 50 100 200 300 400 500

FCE
(ng/mL)

ot 300 pg/ml FEE ASHAS W 136% SVt S
29] 90| o A kg SIsilch. AR £4do] 2l
o A ZAo] Aok §4Q] LDHE AZ 982 9&Eo] =
7} 27k ol 9I5| LDHS] 27k AIE $49) AER

o] AATHKim 5, 2016). Apoptosis E3F A E £ Y07
o LDH 717} YEPE O 24 apoptosis?t LDH7} Al E A=
I AFEE Ak H YHsH AeE] jlon Fagt
St A08 AR UTKKim 5, 2012a). TE}HA]
ol 57| EokEo] ofsf UEhdt Al F4] A7 Al E &
goll I3t apoptosis F=o 23t AYUS I 4= AU
Guo 5(2016)9] AF-o|A X kaempferolo] ]3] HepG2 A=
WEE 74 9 LDH B4 2712 AL, ol B
kaempferolo] AE 24 94 @ AZ &2 Z7h7]0
=R B st

T 935k
==

= _{7_0]

apoptosiss

3.3. DNA fragmentaionty O/x[= F&F

SFFold/o|a5H]7] E/FHE0] HepG2 AlZ U DNA
fragmentation®] 7]X|= JIZ gl 9o ST A=
Fig. 29} Zt}. ZFo|dd/o|EH]7] E3HEL 200, 250, 300
ng/mL FE& At 24A17F 59t ¥HEAIFE o vEhd
DNA fragmentation= 3H1et 21}, Fx{g] tH] s E=Z 89,
173, 309% Z7}oto] E3HE A 2jof| 98l DNA fragmentation©|
dojt A %ﬂo}ﬁzﬂﬂ, S Fodhdt 300 pg/mL FEE A
2ol9lE de FAETE tiH] 212% SV Y, E'kEl
9]3t DNA fragmentationo] © 735HA] UEhES &1ttt
Apoptosis7t Dol AlZoA] UEt= 54 F 34l DNA
fragmentation> 3 2] endonuclease”} EAJ5}E] 0] chromosomal

(B)

LDH activity (%)

160

*
*

140 | *
120
100

80

60

40

20

0 . . .
0 200 250 300 300

FCE
(ng/mL)

Fucoidan
(ng/mL)

Fig. 1. Effects of mixture of fucoidan and Crepidiastrum denticulatum extract (FCE) on cell viability and LDH activity of HepG2 cells.
Cells were treated with various concentrations of FCE for 24 h. (A) The cell viability was determined by MTT assay. (B) LDH activity

was measured by cytotoxicity detection kit. All values are meantSD (n=3).

https://www.ekosfop.or.kr

"0{0.05 vs. non-treated group.
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DNA fragmentation
(Arbitrary units)

*
*
3 N *
*
2 L
| J I
0 L L L L
0 200 250 300 300

FCE Fucoidan
(ng/mL) (ng/mL)

Fig. 2. Effect of mixture of fucoidan and Crepidiastrum
denticulatum extract (FCE) on DNA fragmentation of HepG2
cells. Cells were treated with FCE or fucoidan for 24 h. The
DNA fragmentation were measured by cell death detection kit.
Al values are meantSD (n=3). "p¢0.05 vs. non-treated group.

DNAZ THRSHA710 24 el P29l FolchYoshida
S, 2006). o]& B FFoldk/o|iFHly] EFEo] ot
HepG2 AJ2£9] 541 oAz apoptosisol] 9f3f theht 7S
& & 33Utk Chao 5(2019)2] AFoIA % peiminine #|2]o]
O] Al apoptosis7t IS Al A YEtt= E4 Fof sht
9] DNA fragmentation®] LEFE O™, apoptosisol A 541491
S 5= caspase-39] &4 JA|of 2J5] DNA fragmentation
o] ZAAHE 310 2 A piminine©] apoptosis & FIE
7 QS Bk

3.4. 0j=EZEE/0f 5 X7 H2f9f cytochrome ¢ &
S0 O/xl= ZsF

F-Fole/o| iLEH]7] EHE2] HepG2 Al Y] apoptosis -f-
L7t vEZE o} &40 93t rlEZE o} Bt A9l i
= AE o] U=AE st flste] MMPE] HskE S4
o A3, FAZE iy SFojd/o|EH7] EHEE 200,
250, 300 pg/mL == A FolA= AYsE S7tol o
2t MMP7} 9, 18, 37% {AES gQlstglon, SFojgqt
300 pgmL FE2 A5HAS e FA 2T thH] 24% Fa
7F Ueh £l 9Jgt DNA fragmentation©] o &7 e
g SHRISISItHFig. 3A). ESE, H|EZEEof Yol &5t
£ cytochrome ci= PIEZE0} 7|5 &40 QIgH 9 X ¢
HolE Qlsf Alzd & WEo] FUISEE  AlZEoA
cytochrome ¢2] W& 3= 301gt A}, T3 o|gh/o| nEH|
7] &3 200, 250, 300 pg/mL FE2 AT FoA= A
g5k 57t et FAEE diH] nEZEotoflA THS
267, 414, 427% Z713FS 221519111, S o]dhdt 300 ug/mL

280

SEE AT FolAs FAZL HH] nEZEgotoA &
2 322% F7Feke 15t ith(Fig. 3B).

MMP+= H|EZE o} Hjute] 7|43l ¢} Zfo]& e
H, HEZCZol 759 F83 AHE AR Qitt
(Kunnumakkara 5, 2007). Apoptosis Z7|°] MMP2] Z+47}
UEl} ™ o]& QIg] permeability transition pore?] 7| &
9F5}o] cytochrome cBHF ofYgt 1 @] apoptosis AR
9] HkZo] dojUuthQi 5, 2017). <4 cytochrome c=
H17) 59491 apoptosomes F4J5H0] caspase] E43S SV
Al7IH ZFHOE apoptosisg B27]= ATZ KL 5,
1997; Riedl 5, 2005). o]o] w2} MMP2} cytochrome c=
apoptosis@} D SHA A¥+E|o] 12 apoptosisE FHoH=H|
Fa Q42 B 4 Ol weH 2 978 B9 F2o)ehol
57| BY20] <5 MMPY] 74 % A 1 eytochrome
¢ HH F7FE RISt on ol SFo|g/o| 7] £
£o] HEEE o} 7|5 &4 FE5to] apoptosis7h Yofd
A0 2 HolZth Qi 5(2015)9] AFollAE IAH] FEE A
2lo]] 9J3] HepG2 A|E Y MMP #4¢} cytochrome c¢2] A&
A Yl Wdo] F71, caspase B F7HE FRlstloH, olE &
S|4 AR FEE0] 23St apoptosisZ} mitochondrial related
caspase pathway?] &/J3s}o] 98 F-LHTtil XI5}t

3.5. p532f bel-2 family EHYE BISio) O/x= st

HepG2 A|32ofA F-Fof/o|15#)7] EgH&Eo] ©J5t apoptosis
=7t p5332F bel-2 family W@ 24 ofFo] o3t ZRIAE
Zelst7] 918l HepG2 Al3o| SFoldt/olEH7] EdES
200, 250, 300 pg/mL 5T 2 ATt & western blot2 0]-8-5}
of T Tl Il AL E ZRIskint. p533t bel-2 family?l
Bel-29} Baxo] wiet ds gRler A3}, ps32 FA o] Hl
o F3o|d/o|aEH 7] EFE AT 149, 331, 669% T
#o| 27151913, Bel-2& 22, 48, 50% WEo] Zrastglon
Bax: 63, 116, 103% ¥rdo] Z715 ch(Fig. 4). FFo|dqt
300 pg/mL FEZ AT £ 423% WHo| FUIEIAL,
Bel-2= 30% 2do] 7445k o1 Bax: 72% wdo] Z7Fst
k.

HEAQ FF AR ps3E A% AFO= dlsf A
I &4 37 DNA &430] et Bel-2 familye] B %
AE B9l apoptosisy Aok AoE LA It} Bel-2
family©f|+= apoptosisE =5} Bax, Bad, Bid, Bak 59 &
W=7} apoptosisE A5l Bel-2, Bel-xL, BelxL 59 ©&
Wz Eo| IstHETH T £ Bel-2= Bax@ dimer FE|Z A9
o] A5 apoptosisE AASHAITE, p539] H F7H= <I5|
Bel-22 £8]% Bax+ U|EZE=EotE 0]%55}9] permeability
transition pore®] 7fHFE REsith o|Z QI Alxd Y=

https://doi.org/10.11002/fsp.2024.31.2.276
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(A) (1))

*
I I *
* [
200 250 300 300

FCE Fucoidan
(ng/mL) (pg/mL)

MMP (OD 485 nm/530 nm)

Cytosolic s«
cytochrome ¢
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N S R w——
T - -
B-actin "“ '
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*
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Fig. 3. Effects of mixture of fucoidan and Crepidiastrum denticulatum extract (FCE) on mitochondrial membrane potential (MMP)
and expression of cytochrome ¢ of HepG2 cells. Cells were treated with FCE or fucoidan for 24 h. (A) The MMP was determined
by fluorochrome dye 1,1',3,3'-tetraethylbenzimidazolylcarbocyanine iodide (JC-1) staining. (B) Cytochrome ¢ expression level was
determined by western blot assay. All values are mean#SD (n=3). 'p<0.05 vs. non-treated group.

cytochrome c¢& WEA]A apoptosomeS FAJ5}F0] caspasel]
2SS F=dl HFHLR apoptosisE LT Kim &
(2012)9] A+to]l ofstd HF ofghE F+EE<S HepG2 A2
2ot W Bax®t p539] WAL F7IANE Bel-29] Hd
2 7AASIHS W cleaved-caspase-39] Wdo] F71814 A,
Kim 5(2016)2] AFofAE 7|F% F55F HepG2 Al 29
Aole o v EZE ot BE53 Bax®} p539] HH
Z710AT Bel-29] AL 7145} 9S o cleaved-caspase-3
of wrglo] Z7}eke] AT Apzo] Z71BAC. olelat TS B
o] 3lo|gh/o|1EH|7] EES HepG2 A|ZEUW p53, Bax,
Bele] W@ 242 B9 nEaselote] S35t W caspase
2 BHOA apoptosisE HESFS A0 e

3.6. Caspase Z&0 O/xl= &t

HepG2 A|Zo|A F3o|d/o]al5H|7] E3HE0] apoptosis
-3 5= initiatorC] caspase-93} effector caspaseQl caspase-3
o] drdlo] ujlE YIS RIsH7] Yo HepG2 Ao F30]
/o] IS 7] ZFHES 200, 250, 300 pg/mL ST A3t
% western blotS o]&sla] T thlA Wy AL E 3ols)
9t}. Cleaved-caspase®] ¥d WIS &It A1}, cleaved-
caspase-9] ¢ B2l 2ol va] FHolRHo| 1EH] T3
& A2 185, 204, 249% Td o] 7FATIH L, caspase-3+
81, 204, 289% o] Z71519Ith(Fig. 5A). TToekt 300

ov L Ao mfn
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pg/mlL 5= A3 #oA= cleaved-caspase-9-2 166%,
cleaved-caspase-3+ 108% L3 o] S7151%t}. ESE, caspase-3
activityE colorimetric assay kite ARg-slo] 73t A u}o] A
T A v FHold/olsH]7] EFE AT LA
19, 34, 65%= &/do] S7lotlon, S3o|dqt A3t 19
e 49%E BA4o] F7Iste] F3io|d/o| 7] EE A
2o Hlsf W &S YEthFig. 5B).

Apoptosis H4] T|7HA=Z aspartate-specific cysteine related
proteases®] AR caspase= M|EZ7} FFH 0z BE U T4
sk ¢ols HlEAskE Aol procaspase FEIZ Ht
mitochondria®] @J2tof| Z25}t}7} apoptosisE - Edk= THOF
St A=o7 918) EAISIEY active protease FE|Z FEAE] o]
aspartic acid 2992 HEH 0 Aeksto] AT f ZASHE
A =S Bt apoptosisE FE3H;. Caspases 5
caspase-9-2> AN|EZAZ HEH cytochrome cof] 9J3f] WHE0]A
apoptosome©] 9J3f EAJS}E o] effector caspase?] caspase-3
£ ZA A7 &A5HE caspase-3+= PARP, lamin A/C I
MEKK % T2 caspase 52| Teido] 2-8-5}0] apoptosisE
FEotA Het o]2gt ZAE RO E caspases] Z4o WA
+= F3lojch/o|EH 7] SHES] FFS AR A3}, initiator
caspaseQl caspase-98Tt o} g}, thH A9l effector caspase®l
caspase-3%= T3 o|h/o|1EH]7] ERHE Ao Qs &4l
S7HEe gRlstglo, o= F3old/o|nEH)7] E9hEo]
caspase?] &4 SVl 8% TS s, p539 LAY
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Fig. 4. Effects of mixture of fucoidan and Crepidiastrum denticulatum extract (FCE) on p53 and Bcl-2 family expression of HepG2
cells. Cells were treated with FCE or fucoidan for 24 h. The protein expression levels were determined by western blot assay.

All values are meantSD (n=3). 'p<0.05 vs. non-treated group.

Bcl-2 family9] WSkS $%5}9] caspase-9, -39} #HH F=
£ 74-f-9F= intrinsic apoptosisE FEoh= 2102 WHET)
Harakeh 5(2023)9] <o 9J5HH trans-Anetholeo] 2|t
apoptosisOf| 4] HepG2 A|3o]| 2|5} W] p531} caspase-9
9 30] B4l S7Heke SHRIsISAon, Ee He 52023)°)
T A= AFAFQIA] 9] peptide fractionS #]2]of| 9]3F apoptosis
£ QI3 A3}, p53 ¥ Bax9] T F719t Bel-29] HE A4
£ YUEFH O, caspase-9, -8, 39] A E3 5k oE&ZFoF
FolEe slsisick

old9] AIEE HepG2 A|Eo]A] F3o|dh/o|LEH|7] &
= o] gt AL 24 24 2 DNA fragmentation 271,
MMP 714 2 AZA WY cytochrome ¢ Z7}= apoptosis &7}
oF A= o] 1o, o2t apoptosis T7h= ps39] T 7t
9} Bel-2 family ©HiAE9] ¥ MM} ofyz} caspase] &
4 5718 9] ool 21& RIS, Ee Folg U5
Helut Saolehol nEuy] TEEOIN UAES HepG2
Alze] S5 JAlske a7t o #A Ued e ol o|is
) 7]7F v]QIFR, A}k, Al AR SollAl apoptosis
SEsle Aow U8R He 38HEQl chlorogenic acid,
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caffeic acid, hydroxycinnamic acids, luteolin-7-O-glucoside
52 BT o, Falolgt BYRL Azslel Heig 4
% o|aEH7|7} 7HALL = HeA SFEEC] s AUl
AL YeRw T3 0|eke] apoptosis = EI7F S7FoR= A
o2 gt wEkx SFog/o|1EH]7] EFHEO] apoptosis
FEE S7H7IE BHE 7HA1AL 3o, o] = Qls| THA
AFEE st S4e AN 4 e ALE AlmdEH:
4. 9%

=

2 AT A= F3o|d/o| L5 7] £-FE0] HepG2 Al
9] apoptosis©] "|A= Y= Eelstal ojETl

ERILAE 2AI9IT, FH0lRo] nEMY] £8Eo] HepG
HE9) 2L ATt AE S4L Lepgct. olelet HepG2
A|ZZo] SA41 A & A|3E =-do] apoptosisol] 23t BIRIAE
golst A1}, DNA fragmentationZ} mitochondria membrane
potential®] A5 dOo7]= AS LUsH. of2et ARE
HFFO® HepG2 A4 FFold/o|nsH)7] E3HE]
apoptosisE Fr=ots 7]410] Hofshe wde] dd 2 &
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Fig. 5. Effects of mixture of fucoidan and Crepidiastrum denticulatum extract (FCE) on caspase expression and caspase activity
of HepG2 cells. Cells were treated with FCE or fucoidan for 24 h. The protein expression levels were determined by western blot
assay. All values are meantSD (n=3). p{0.05 vs. non-treated group.

OISt A}, intrinsic apoptosis =22l p53S F7FA7]1L, Bel-2
family?l Bcl-29] A 2 BAXQ] $71& SdllA] cytochrome
cE Z7MAA caspase-9 BATISF T, caspase-35 EAITHA
A AILH 02 apoptosisE FEotct. T3 ARt{oz o5
ojct/o| 57| E3-E9] apoptosis = A= FHo|whTt
A2t AEG B 22 AIE YEY O, ol o] SH|7] &
SEHY] EFE AXE oA T30 apoptosis = &
7t FE= AoE wdE o|23t it FFo|d/o| 1
SHf7] E3=0] HepG2 A|Z£of| A apoptosis T 7322 ¥
A 240 9fsf et BIE YERH, o]z FFo|g/o|aEH]
7] SRS T ALY 714 A5t B ofd e, o]y
e 71 AFE v o2 AFAR] 1t ARAZA Y ARG 7t
573E ERlsp] AahAe 78 B4 4 9 in vivooll Al 7}
AY 5ol HFstA sa=ojor & Ao wetET
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