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Health beneficial effects of brown algae ecklonia stolonifera in liver
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Abstract

People in Korea, a peninsular, have acquired a variety
of marine food resources including seaweeds. Ecklonia
stolonifera, a brown algae, is commonly dwelling
in Korean coasts and their cultivation methods were
developed for a mass—production. Recently, studies
have revealed that Ecklonia stolonifera is a promising
material for the development of health functional foods.
In an effort to carefully review the current understating
in the effects and mechanisms of Ecklonia stolonifera on
liver functions by deduction from relevant literatures, the
effective components were identified as phlorotannins,
including dieckol, eckstolonol, eckol, phlorofucofuroeckol
A, and phlorosterol. Their aiding action on the hepatic

functions is categorized as follows. A) Regulation of
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oxidative stress by anti—oxidant capacity, B) Protection
of hepatocytes from toxins, C) Prevention of alcoholic
fatty liver and fibrogenesis, D) Regulation of chronic
disease by improvement of inflammatory responses and
lipid metabolisms, and E) indirect benefit conferred by a

personal total wellness.

Keywords: seaweed, hepatocyte, phlorotannin, fucos-
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= Axslo] AEZof &85l it AlE FExH =, 25 FHAZ(Kupffer cells)2f= o] Fo = HE2c} 11
49+ Phaeophyta(Zt=A]=-5)-Phaeophyceae(Z= Ao, Thof|A] A sl= Thefst v Agsiikg-o
7+)—Laminariales(CHA]| 0}2) ~Laminariaceae(THA] af A2 F13} o] 7F 715-9] AsFaAle] Ao, o]

3P~ Ecklonia(Zef&)ell 451 SRRA, Sl & Ao WA S22 /b0 /% Sict. thebd, @
Ecklonia stolonifera Okamura®2- A8 & A5l & A7V SAEEC| 7HY] 7153 A 7|= B4 o
Qltt. Ff siolol A BolokS FMbo @ YAS] A 2 s Qlon], AEolelEerAn e A 7}
ooz NAA7} shefEo] Ak ol AR olEekle Falol 1k AL vt 714 AlgHeR
ool elElon, 2T FA7IE] Ui A5 JA 3 29 Z2 vpo|entAE AISHAL Qlet. o, & AL
2hiks] zsgo|ct (NFRDI, 2010). M= ZdxfF w1 ¥ I [F-84ES ol8st 1+

=W A7 5AFE LY SUE Sdsto] AFeeF  ArlsAEelel 28-S S d4ERE 23S St
FH B7rdo] WSt "N FAE 7158 B7E o] nAstaa gtk

[e]

ZhlE-TF AR =S & 5 9% ¥
He AWellAl 7 2 71tolw, thefset o4 "
=9] thArzrgo] WSk Lo R PHo] s Fo] T
of Ao thefet A7lol| nlx= FaFo] 2 7)ol =19 8 7|54 JEC == dieckolZ H|RE
(A]Zo)okz o H 71 2015). 7Hoj| A A] phlorotannini#¢1  phloroglucinol, eckstolonol, eckol,
o= phlorofucofuroeckol A 5©°] 91°2m(Goo 5, 2010;
= Kang 5, 2004), ~HE 9] AR ] fucosterol
=4 o okl 7lE A gElA JeH(Choi 3, 2015). AYA|
Y= ot =820l Uit "7l sole 71osk= W Al 9 22 7F B3R A48T 549 o]
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SEEEY QYO AT - WE el 2] mE ool 99 W FAAPORY| 4
T DWW AEE B AMEAEN A% 5
L A U SEE GASHE AMPKS] o4z u]E E e elofe] Wle-413t 14
7 AR Tk S g
At A oy FESECIOR USRI 2715 AT el AL A
A B SR gz sg wy et Baase) Ay
E R R
C AEU BEA Y FREH L h
oo ron oo © 7K SFE CIALE Sl5k NADH/NAD 1% Z7to] the 4t sl 271
Th L Al = o AgHATe] 2 wha o) 27}
7 7 ez =7 - =
¢ FHASSA S ) VLDL 9H4 sl 0 MTTPS] 24 Aste] WE 244 BE o)
gmg e g SRS OIS BAee Ay
ot A e Ly * AVASHISHES) Slet AES &4 0 9y 2Rekes 1
s AAuke] Bk F7tR Qlste] WA (endotoxins) 7k THEM O & IheF (-9
AHO]E renobiotics)o] 1T ~EAS - g0l 2 B4EA0 1 99 € 54
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A5 T a50] opd EghA Zg7|&of ot @ ROS)E AAsto] AEA ool A& 9l AFsik-g-2- of
5ol tfFolth. webA, wu o 2E5E U L ARl 7Ietke §4o] Sloh Al W 4S5 ROS+= AF
ogt tpeRt A 24 7|52 =R AgtE o] 91z, 3lof| v BSR4 o] S A gt HhE-sto] A
7t 7159 283 dAst] 1 23S ohaak gol 2 AR ARsARSEE Fete] s e W UaE, g
HEZ o] A & 4= qlov, A9 Bl 59 3|E, Alew 9 AhMES ARt B44E QL Al
Zo|z] gFom A Yol A= AZ dtdoleh= 2 29 EEof OsiA = ROS= AlGZA 08 A4t B e,
opfe] ZEs e AU A] o Aolth WA= ol &S5t fITt a4 9 H|asA 4t
3} 712 FAISRAL QLo ek AlSt A B 2o 9

1. gAtor 2 of sfo] gH4lst 7)12bo] I s Afjzute] uty] 9 DNA
o] uty] o2 QIsto] Az} 222 4Rt E42 o

Az o] ABFAE A TheFeE 2%l Qlsto] i A Hrt 53], 1F 2212 A A9 H|ek-4ks) 2o o
A5, EorA3 SHAJAkA(reactive oxygen species, U 2Q3t A7 2 A XA TSR o8 AkskA

B2 7t A2 7ISH ARE St HIO|0MA(Z7 ISAIE 7154 H7t 710|=(AZ QS E I 2015)22E] 1iT8E)
o Ho|20HA
7F 71 7 ma ALT (alanine transferase), AST (aspartate transferase), GGT (gamma glutamyltrans-
vote e ferase), ALP (alkaline phosphatase), LDH (lactate dehydrogenase), 5'~Nucleotidase
- o EIRSES L]
WA A S g g il FRel, TR AL & Bad
A APE Caspase, Bcl-2, Bax, p~JNK, p—ERK, p—p38 protein
z 2 2jshA w3} H&E A
AR Ztz-2u}, CT, MRI, MRS
A
AH A v At G, S 5
oI AFA| T '
1+ 95} 2 A TE (transient elastography)
AyzshA 2% e T Zebdl
ors1e oA} FF AAL/UYF| = 42 W), AASGE
Hdas CYP2E1, ADH, ALDH
A o] & ujAd Phase I B1-8- § 4, Phase Il HH-g- a4~
RPN A5 2y, C-HElo| &, P M4
dEE AR, T Al e 3 EE olgd, ZEsla
ok oAt L oA B 522 e, 277
Aed A A HOMA-IR
H|YI A, AL, SRS, AL FR]4=BMD, 3 2E
Aehy = 2o B ma/ZAARIAL, offxyE
A e A N N
A5 244, U AEE, LDL 9| AHE, HDL ¥ AHE, {2 A4t
A4 IAERE Hydroxynonenal, MDA
a2 gAkst A A SOD, catalase
gatsl, A5 ukg HAaAZ IS AA S FFEA
R
APl E71Q1 TNF-a, IL-6
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Ee0) 20| ARSI Hebd, Be AT S
of 1] B 1 -84l A%t l‘ﬂ*ﬂi"ﬂ/ﬂ«] At
Shs= A8, AlE B sE22 9 s v
= Frehe] ok

A A]am A7ZA] Kim S (2009)0] wam, 2
v o] thefet F+EE8= AElste] DPPH 2t &

5= S4%t A7}, dieckolS 3E§Fsto] phlorofucofu-
roeckol A & dioxinodehydroeckol2] dAksl G -5 &
Qlsigen, tolrl epguzzel vkl Crrt og
ZFelet ApAksRs-S Shelshct Bt ofuje, dieckol
T} phlorofucofuroeckol A= CDFA WS- Ealo] =
Jet A3}, LPSE Fie gt A3 thAAIZ RAW 264.7
Beof| A 7}Elst A2 ROS AA%5S Rt Kuda
5 (2007)5 Ao oHOPXlOﬂ oA =2t 5 7%‘** w7

E“‘l

At € ol S Ao 5 A% 9 3
Z-5-9] superoxide anion 2}t]ZA A7 %3} A5l &
e PN ANE 27 Bastrt,

A|FE o) A9 FAKSE 7)17RRS HP;‘;]J:.
Lee 5 (1996)2 AFQ] 7tozHE Ao Ay
ol (homogenate)2 37°C 57|50l i%s}oq | A TpAF
S QAT 1 FUREE U RANES W)
of 1 mwtE Zeteich 1 A guFER of
dx4t 9l gE229e £2lo]A DPPH &7]50] 7}
A 7
=i3

A=A,

F¥ o, TBA 245 Foto] A PAIeke] 1hael
2] 2| 3] = (malondialdehyde, MDA)E =43} 2
TS =2 5E 224 A phlorogucinol &f 7
A 85 Isk AR d5= A Kang
o A ulolo] ROS A S

e

2004)& A=2] F

"7’ =dichlorodihydrofluorescein diacetate (DCFH-DA)
QAL Bfo] SRt SR 2T FEES
Helstol GArsks S 2aee An, FuFEES

st chopet s fel PAsksS Selskglon], &
5] 399 FEE5 29 ARSSE 53] dieckol
< H]E35}9] phloroglucinol, eckstolonol, eckol, phloro-
fucofuroeckolol Z¥7F ROS9] S AAIHS H YTt
zowA BuUREE PSS BIsE
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A, A o] Al dF A -} 282 Soke] 7F
o AWM =AY ol Aoz kel ik webA,
o] o]l A= acetaminopheng E7 A1 o] &
] 2 51 E 2214 A phloroglucinol S 7-%o] 3+ 2
3, 9% AQept el glon 250 F8 7
32l cytochrome P-450, aminopyrine N—demethylase,
aniline hydroxylase &AJoll«= F&Fo| ¢lS0] BHIE Q]
t} Yo7}, 59 ¢Lo)| 4] acetaminophen®] F=Alo] 2]
sto] AskE AW glutathione <=2 Y A4S F 4~ glu-
tathione S—transferase®] &4J-2 phloroglucinolS AFA
APEo] A A EAE BYoRN B9 L 1 48
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Zu|o] S FgAEo| o3t 7| E BE Fafo] w3t o
T 1 E 2 4 HepG2 7HA|E£FE @ 2] AR8-8H}. Tacrine
& g=sto|H A mA| = AREE )AL, A AREA] E
=7do] o] g glet. o] mulE o] &3t A=
A Kim 5 (2005)-& tacrine® 2 5-=3F HepG2 7HA|
EZO AEZEAS 3-(4,5-dimethylthiazol-2-yl)-2,5~
&3 574

ox,
N
=S
©

BN

_\QHJEF

>

£
[m

ol

o
o
S
)
rr

b

Ir

=}
flo
e ox

o
ox

=1 e

r
§

diphenyltetrazolium bromide (MTT) assay=
alol 18%:] Topat 25 2B HEAIE AT
sigot, 1 5 89 2Bl §Ysh nER
£ HYch o] AqtollA], F3Z5¥F pholoroglucinol,
eckstolonol, eckol, phlorofucofuroeckol A, dieckols-2]
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phlorotanning 2] A5t &4 W A5 523t
1}, eckstolonol} phlorofucofuroeckol A7} /gt 2=t
OFE-Q] silybind} FARSE $2F 02 T EZE KIS
Hr} Lee 5 (2012b)% tacrineS #| 2|3t HepG2 7+
Ajszof| Ak W M a3 2= H9 5559
phlorotannin®] 224 B &7 2] AFANES Bt
gt o] ¢d5Lo| 4] phlorofucofuroeckol B2} 6,6’ -bieck-
ol DPPH o]z AASE H PO} tacrine®]| #|]
% HepG2 AU 2] ROS A|o}'5-2 Holz] ¢kofrt. &t
9, eckol®} 2—phloroeckol-> Fas 1| 7]} 2] A|3EA} Q1A}2]
tBID, caspase—3, poly(ADP-ribose) polymerase2] 23]
2 AAI5IN S, cytochrome ¢/} n|EZE=g|ol2E
B Alxzdz §9%e 2AS AT fAF A=
A, Lee 5 (2012a)2 tacrine®] *]2]% HepG2 Al
phlorofucofuroeckol AE *&]3}al MTT assayS 5}
of NEZEAZS FRIg A, 2] BREayE B
5kt E35), tacrine A2 3 A3 Fas €} INK &
HZ O] QARSI i E o] AlEZF-IeAF QIAFR] caspase
7} &A1 3} &)= A2 phlorofucofuroeckol A7} 4] 3l &H2-
Helom, o] &
caspase—3, poly (ADP-ribose) polymerase2] ¥a 2
cytochrome C2] n|EZEg|olR HE AMEHO 7 o]
o] sl HE Bt A AFEA] Choi 5 (20152
tert—butyl hydroperoxide (t-BHP)2} tacrineS 3174 |
gloto] ASIAEGAE FE3E HepG2 7HA|22520f| A
Zu| 2 HE ==3) fucosterol®] S FgIHS 301519
th A2 © 2= HepG2 A Z270]| ARRFAEY A
HF A] A3 ROS7} Z713}aL glutathioneo] 7F43}
=, fucosterol 22| A] s A|EZ0] IEE Uk
Alanine transferase (ALT)®} aspartate transferase (AST)
= IHA|EE o) BdEA o UREA S & ARE-E= A[5E0
™ HepG2 Al|Z7-0] ASIAEY A ARG A o] 5 A3
S S7IRtt o] o, fucosterol®] #] 2= o]& A[3E
FAE tfxzatel "eutE S EAIZ -

Abed s}l A~ (carbon tetrachloride, CCl4)= H4 7+

542 dorlt BARM A 2L SR de)

ARgEE 2ol o] o8t dTMollA, Kang 5
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Fas ligand, cleaved caspase-8, cleaved

—_

i

338

qzass

A9 1293 (2018)

2013)& Atgsteb g fmd F4 (A AR Y
of A dieckol®] H& ayE HIISIGICE o] ko)A
= ApdEfEksel gt AE7kast AFYE 2717t die
eckol®] oo whet AA|lHS B ow, €5 glutamyl
transpeptidase (GTP), glutamic oxalacetic transaminase
(GOT) % MDA9| X7} Z£3ke Bt} Holrt,
x22 f gHakel 549l CAT2F GSH-px2- 57183
o, 7He] RAHPAE S5 HEeHA e o
A 2tol5 HolA| ghZo =X dickolof &J7 7HEE &
B2 sholstdn}. 9AF ATLEA, Aol eckolS 72
7 ARl ¥ Agiskeiao] olg HEAS temi-
nal deoxynucleotidyl transferase dUTP nick end labeling
(TUNEL) assayS 5-5Fo] Z4¢t 23}, eckol Fo9
A] Bzt v wsto] A6 A apoptosis)2] 1))
oA o R agto] HaEFIoHL 5, 2018). Holrk
59 AolA] £=4h 7|9 ALTE} AST 447} ¢
shejglon, ko] Wesha Wbzt oA SAE
=22 Yo gejskerd olx5-8 B3 Ay} eckol
E oo A AZ-GEAF AEZ}Q] bel-13 cleaved cas-
pase~39] W&} 2] & iS¢l MDAS] AAJo] Zha
st Wak oy, 7k ARSE % 3E<Q1 superoxide
dismutase (SOD) &4, glutathione peroxidase (GSH-
Px) &4, 181 glutathloneA oFo| I Z7}3S |
olo g 7+ A Y 3AleHs TfAALS B H|ZH T 2]
712+ 15k} g #H, Byun 5 (2018)2 AL S}et
A2 A8 39 U4 A= 2@l Gog oI
=3 M2 RS g}

. A Aok A,
Apgisheba Helo] wheh Amo) 7hen o F7ke
ALT®} ASTS] 3717k 33]2:419] Alo]gol Fatol
Hastglet. E3, 11o] F/d X (triglyceride, TG), &
= A H|=(total cholesterol, TC) ¥ HDL-Z#| AH| =
(HDL-C) H]-&(HDL-C/TC)o] S7I3to 2R Huji
o] Aolgolol A AdjAre] M IS KSR,
1] A= oz} 71e] SOD, catalase(CAT) glutathi-
one reductase(GRx) FA1} FAZFFE}R]L(reduced
glutathione, GSH)& Z7}A] 2{3,\211], A AAEHEZE 0]



MDA®} 8-hydroxy—2’ —deoxyguanosine (8-OHdG)2]
WS FAAAT. BRREE g HE 1S
Fabo] e EobE HEll2 4 Jung 5 (2014b)2 ST
o] Ax}u|oF 7| E(primary hepatocytes)S 0|85}
o} o] Aol A AxpuleF THA| 2= doxorubicin®]
712 ols}ed 7P5*40] FEE QO™ WST-1 assays
Folol AEAERS 2AT A3k 30252 9 3
oA E2]%E 6%2] phlorotannin (dieckol, phloroglu-
cinol, dioxinodehydroeckol, eckol, phlorofucofuroeckol
A, iphloroethol—A)-& SFAJ | 121 silymarin} -G-A}3k
Ao A2HT avE HQth

o] 3t 754—} TG, TC, orabd %j ] _w_(alamne transfer-

ase, ALT) 2 ofAulEAL Zo]d A (aspartate transfer-
ase, AST)2] =27} A= Qom, 7F2ZA Y TG ¢
2| AAFSHE MDA} 74319} Ltol7, Oil Red O <
0 Bojel () U sl 42 S99 43
228 Folo] uhet uio] 7
"]Q‘Zi"% T FE=9 04% @ﬂ‘%ﬁﬁi}%‘ﬁ
8 22}¢] PPAR-a$} CPT-19] WS Z7pA|z o,
TG A el 9-7#2}o] SREBP19] vH3lS
A AW A A PAE 2 4TS B9t
A2 AFeA] 2B 29k AR Yo7} 7hx
A9 AeE AA dekE Af HEsE S't A7
Aol A7 A= of7|gtt) webA], Joe 5 (2006)S
Bolo] agRol ok 3} oS AT
93t Q17F n¥ A G35} A|ZE(human dermal fibro-
blasts)2] matrix metalloproteinase—1 (MMP-1) 2F& &F

J

o

.

& ZAshich MMP-12 ekl ol i, 74
ok 3 A PA|E Qo] gke SEbile® e o
2x, 279 B85} @ F3bh ks AL 22
o o] MMP-19] e ﬁﬁ%ﬂﬂ o o] A
Zrecha 8 4 gek o] @
28 Anthol Al O % anaE 2 o
By B2 AA S eckold}t dieckole] MMP-1 &S <
Ao 5300, o= AZ) 245k HARIALS] NF-kBok
AP-12] ofAlo] T2 R9)S T

L93us LY

F NP M at

AZUG AR AHE G A 9
3 7R 2] AAA Q] Wedukg ol Ak, Aojw ] gk
HAFE chpst WA ARO R FolHo] Mtk 9)
t}. olo} patstol, ulgh, WA BZ, AEUATH T2
g2 Ay ATl hAEFRe YA
ah2] eke] A E2 AGEch 4719] B UT RS

kA © 2 AU J=A4 Alo| E7Fl(pro—inflammatory
cytokines) 9] IHEH|E of7|FO RN THIA =S
(chronic low—grade inflammation)¥} 733t AITAS
zttt, shA|NL, vlwh, DA EZE, JEUATA 9D vt
AAr o =o] dhysld AlalA U A5 IA o] s
o= T8ERE 7|4fo] HAIEX] ka1 glom, o=

Eo| A5 7+ %/gﬁ oF5IA] 7] = A

-

A
o

2 o diEm 9)
- e AAYAE Fatol A A Qut
= izgsrna, IR0 o UA YIS Foto] Al

a”y

01)1

—

2ARPA ol Tofa B of]e} Fuf 4|zl OJ5k Aol
F1ole] S Bale] AUl AeS mHoR

A, 7] gl gt nid Aol w2 ke vzl

o 2437) 9ot
3 2 FiEE A
m -5 (2009) 9] 2] ok
—?—%%% %‘*é °ﬂ ‘ﬂrlj% 2%k ¥, phlorotannin®] -3
£ NMRI} mass spectrometry S ©]-8-3}0] EA5}3 .

o] ¥, RePAE JEE] FUFES T WY
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¢l LPSE F-= 5 RAW 264.7 A|sz=0]| A 213t A1},
phlorofucofuroeckol A2] *|g]Lo|A FF5A wj7iE2
2] nitoric oxide (NO) & prostaglandin E2 (PGE2)2] A3
dol AAIE e, o5 EH] Al INOSet
COX-29] A2 W HAe A== B3tk A&
3 Abdaberae] Aelo] w2 7hede] ) gt
BoRERel RERI Ao, AesEkio] ofat
w4 2 25 A5/ ARRIE7S] tumor necrosis
factor (TNF)—a ¥ interleukin (IL)-62] £4] S71& 2+
Q5 ATHLI 5, 2018). o] m, eckolE HFIgt 2
3}, 9% TNF-u2} IL-69) Hulafo] gasigon, g
@54 AolEIel IL-109] Hu]7} Flgo] it
Stk o W AR FAZEAS Mol
GE2A 1 HeAE AER Yot AelEskl
o

3

EH[Sk= AlEZgto] Aol thefsith= A2 1Ly
oF off, M3k AlzRdES 53t 712 2 a4
= AlAFET

g5 A dutA JHAe) #et A2k ¥ ske], Yoon
o (2008)2 AwF 1ge] S| AHlE Fof i of
E2 4 AHZAA] poloxamer 4075 Fojdto] 1A
o g HE HEofA FuFEEol ot AR
IS ASETE 1 A, FyaEE B ofyet 1
25E FAAN eckoly} dieckol®] Alo]golE &
sto] A EF HEQ] EF TG, TC, LDL =4 H|
Z(LDL-C)7} Z4stglon, ditj2 HDL-C= %7}
sto] dF X AutA 9 7Aool IS Eeloh 9=
S= 11 -84 A ETAL 2T B Al
29 Ao A, Jung 5 (2014a)2 3T3-L1 A|WHA
TAIEZE AHA| 22 73)510] oil Red O HAHR =
sto] A4S Aetioh AHAE 23 =
SE25E B A fucosterolS A 2|3t AT}, A
o] A=Ao] A= glom, Al W 2EAYY
#2421 PPAR-v¢} C/EBPa2] o] A =932

¢

o
B Al of

o)

+99 A7 Yols W2 A-tollA phloro-
tannins@} phlorosterol-& 2] g A|5Fo] ©o|-g-ghd| HI5}
o], Kim & (2003)2 3] 2H€ E2|gt 2,3,6-tribro-
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mo—4,5-dihydroxybenzylether (TDB)2] F-=4|5 34
so] LDL-Ce] o}4| fake A stalch. 7 2wk, chop
3t 8- =4 =, 4-[(butylsulfiny)methyl | -1,2,~benzene-
diol (SMBD)7} 71 frieghdo] ot thak-f71gHdol
7Ve g Blon, SMBDE FH st freH A
o] B}l AR 7 €% Ze|&HE3 LDL-CO 5
T7F 242 17% 9} 36% A2 B3ow, LDL-C2]
At oAlE T A dAteke] =Rl TBARSZE 72%
Hade 2Ah

5. 716} APLs T

A3 e} o] 4Bl ofat A7) s AL T
o) 7o) obd B3kH v)ako] Az wo] Anw B
L Zlo] Bhsith weba, Tk A7l £’ 4
o2 FA%& AT AR Aejskela 84S AN
o2 7 A%l IHEH BRE E SE Qe W
15 WS thewt 2t

oL ThaRt YRR S WY S
o el : Gt 1 % 1&d oA A2d |
b= 43%]9) KK-A A5)9] 7| phlorotannin®] 3-8 2

H3EE £9& 475 27 A5 dd(hy-
perglycermia)o] £3}E|QloH, 3 XHASIE
oF Y& er Hasqth Yol Y S
o]g3lo] Bt Bal@ A<l o-glucosidasel] THA]
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