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Isolation of Eckol from Ecklonia cava via Centrifugal Partition
Chromatography (CPC) and Characterization of
it’s Anti-inflammatory Activity
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You-Jin Jeon*
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Phlorotannins and marine algal polyphenols, including dieckol, 6,6-bieckol, phloroglucinol, phlorofucofuroeckol-A,
and eckol, were isolated from brown seaweeds. These compounds have beneficial bioactivities, and Ecklonia cava
has become widely used for the extraction and isolation of phlorotannins. Eckol, in particular, has been to shown to
have antioxidant, anti-inflammatory, anticoagulatory, and photoprotective properties. However, due to its low abun-
dance in weaweed, the isolation and purification of eckol are difficult. Its limited availability renders the isolation and
purification of eckol labor-intensive processes. Centrifugal partition chromatography (CPC) is an efficient technique
for the isolation and purification of eckol. In this study, eckol was isolated from the ethyl acetate fraction of the 70%
ethanol extract of E. cava using CPC with a two-phase solvent system of a n-hexane:EtOAc:methanol:water (2:8:3:7,
v/v) solution. The purity and anti-inflammatory activity of the isolated eckol were verified by high-performance lig-
uid chromatography and by assaying lipopolysaccharide—induced inflammatory responses in an immortalized murine
BV2 microglial cell line, respectively. In conclusion, CPC is a useful technique for simple and efficient isolation of
eckol from E. cava.
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Fig. 1. Chemical structure of eckol from Ecklonia cava.

9] eckol 9] - AR ETol A 35.5 mg/kg O & - 1]
2Fo]th(Moon et al., 2008). el 212] 70% methanol (MeOH)
FEE9 Z) vl g5Fo] 35.5 g/kg (Lee et al., 2006) 2.2 7}
A ERS o SFHES TR alaL QL olef vl 5132
eckole] B 54 sHak2] 0.1%0] Baksict,

719 eckol®] 2] WS AxH e U3 MeOHE At
Sofo] &3 T, T FEEZ5H ethyl acetate (EtOAc) £
22 5310} 5 BOAC REE S 2283 5510l di-
ethyl ether 28 E-& Y11, Sephadex LH-20 A2 A Z0LE 1)
IS AMgsto] 28 Ee W F AFAH 2R TLC 24& ol
5o eckolZ E-2]3tH(Moon et al., 2008). o] 2|3t Ea]HlH-o
ZH A = AR O] A o] dold 4= Hiof| glaz, Aol &
SHstehar AR E | Al7to] mie- 22 ARith= Aol §
th. o] Ao A= ol 23t A s Esk] 13l centrifugal
partition chromatography (CPC) & A3}t

Centrifugal partition chromatography (CPC)+ counter-cur-
rent chromatography (CCC)2] 3t 2ofo] 7] &2 A -gujj A| 2 H)]
= ofgsto] ZHo| Az AolA| A 2719 o= E2T F
52 O F R, thE T 55 A2 = Sfo] A A AA|
=242 2 AAE 4 gl Alaglolth CPCE ol-8-5t
one-stepyHY S 2 1= 90%2] EHS el ¥ 4= glom,
AL Bdfivl= 7189 Bl BT asg]ol wet wEA
2 7S E 4= th(Lee et al,, 2014).

o] AFoAl= CPCE ]85t HE=HYH eckols &
31441, HPLC2} ESI/MSE £381o] 548 3t 7, eckolo] 7}
A chekt IR SN RS E 0] o A ES)
BV2 microglial cell lineof| A SA43}% Tt
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A=z
= el A ARS-E HEN(E. cava)= 2014 6ol #5319k

ZEf AlZQ| XM=

Az% (20 g)= Lee et al. (2013)2] HHof whe} 1 LY
70% ethanol (EtOH)E AF&(25°C)ol|4] 223} Bajo] o3 3
AIZE EQF FEE R, 33] W =2 Eo At FEE2 F
2715 AFESHY] 25 o)A 1L, EtOAc (1:1, v/v of sample)S
ArgSEe] EEE|ojFlek 12fal vhA] 2 EtOAc #3&2
CPCH2E Sfsto] Wik mabelojzick.

ZEf FE22| HPLC &AM

Gradient acetonitrile-water -21j] A|~8l-S- A-2-5}0] Atlantis
T3 column (3 pm 3.0 X 150 mm column)®] 5 mg/mL2] sam-
ple 5 pLA 2342 © 2 =¢J3}3itt. o] 542 acetonitrile-i=
2 th23} Zo] v H3lE 321t} 0.1% formic acid”} 3
3= acetonitrilex} 0.1% formic acid7} ZgHE £ 0—405
(10:90—40:60 v/v), 40—501(40:60—50:50 v/v), S0—60%
(50:50—100:0 v/v)2.2 SHFL, 7452 0.2 mL/mino| ¢}
o1 UV %= 290 nmof| A 2738 tHKim et al., 2014).

ZEef =&=2| HPLC-DAD-ESI/MS &4

HPLC-DAD-ESI/MS 412 Hewlett-Packard 1100 series
HPLC A|2#]-2- autosampler, a column oven, a binary pump,
a DAD detector, Z12] 3 a degasser (Hewlett-Packard, Wald-
bronn, Germany)E finnigan MAT LCQ ion-trap mass spec-
trometer®} Z2| oA A ARESEo] EAISHIEE A RAMED
ool AL HPLCY A3 731, HPLC-DAD-ESI/MS
9] 242 th21} Zrh(flow rate 0.2 mL/min; 100-2,000 m/z;
source voltage, 4.5 kV; capillary temperature 250C; capillary
voltage, -36.5 V; interoctapole lens voltage, 10 V; sheath gas,
80 psi; auxiliary gas, 20 psi) (Lee et al., 2014).

Tow-phase S0fA|AEID} A= ZH|

CPCAE-L n-hexane:EtOAc:MeOH:water (2:8:3:7, v/v/
vIV)Z2 /4% two-phase SUjA|ARS ARESo] 23] QiT)
(Delaunay JC et al., 2002). Two phases= #3721} 7] ¢to] &
rEo] 2hHs] oS ol Fofl Eel =oAL, 1% f714
& o R AHEELon, oljEe] ol olEAtoR
A AREE AT
el F==2| CPC 22

A5 dAA CPC columne F7]| A 02 7H= AA
A1 1,000 rpm 2.2 =31E| o] % 31, 0] 5ARS descending mode
ol Al E2]2 98] 22 942 mL/min) 2 & columnQto & &
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Ao F et ol 5Ao| column BFO 2 L2 wf f-A4] W S 2013). £3] t}2 k50| H|a)A] phlorotannin A2 Z2]9]
O] th(HlSY; 420.5 psi). 7FENS] 70% EtOH F+&==25-E & L 33 EEo| ER3A 3FoE o] Qlo] 7|54 AFZe] Yag
£33t =% EtOAc fraction (500 mg) two CPC -&ufjA] 2 A Z2E wby 31;}. ZEo] 20 Zaluis shalE 2 dieckol,

€ phases7| 1:1 (v/v)2.2 &3H% &1 6 mLoj 0] Rheo-
dyne injection valveE 53l AUt CPCEHE Q| wj&
0.0 290 nm 4] UVE 2L & 11, 6 mLe fractionS
fraction collectoro]] 23} 8 mL FEof =3 I ch(Kim et al.,
2014)

S B NS U8t MT Y

=
FET S 24 skl F9 ATl BV2 cell
lineo] AMEFEQ11, A= American type culture collection
(ATCC)ol| A H-oF vigk o v, Dulbecco’'s Modified Eagle Me-
dium (DMEM) 8 Z]¢f| 10% fetal bovine serum (FBS)¥} 1%
penicillin-streptomycing Z3t5}o] 37T, 5% CO, 271 A]
sosaic
Eckol?| MZ =4 =7H

24-well plateo]] BV2 cell2 1 x 10705 £53}13L, 16417+ 5
o]l eckolZ 10, 25, 50 ug/mL2] 5= 2 2|5t 3 24A]7F Fo|
Nz EEE 57517] 18l 2 wellatet MTT-E-94[3-(4,5-di-
methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; 0.2
mg/mL}e A7Fsto] 37°CoA AR uiefet & B4 H &8
Al A4 dimethylsulfoxide (DMSO)Z 73] =<l Fof
ELISA readerE ©]-8-510] 540 nmoj|A] S =5 274314
CPCE ArZ3t0d 22|58t eckol? EHE &M £F

24-well plate] BV2 cell2 1 X 10°70& £33, 1647t H
o] eckolZ 10, 25, 50 pg/mLo] H= & x%ﬂl?ﬂ 3 1A|7F Hojl
lipopolysaccharide (LPS)E 1 ng/mL2] =2 % 2|3} T} 24

AJZE o] nitric oxide (NO) /%2 S45H7] Hlsf 45
100 uLE- Griess 8-21(1% sulfanilamide, 0.1% naphthylethyl-
enediamine dihydrochloride in 2.5% phosphoric acid) 100 pL
oF eksto] 1027t 2ol A BESAIZL 7 540 nmof| A 23
T2 24819t} AZEAS Z24517] Y8) A 50 uLe
LDH kit AH8-5t0] Bl& 2hchgh 5 Aol A 3023t HEE-A] 7]
11490 nmoj| A &34 57513t Prostaglandin E, (PGE))
o WA 718to] ELISA kitE A-8-51of S5t
et 242+ SAE 3 o]-8-sto] nitric oxide (NO) AJ/J =, Al

= &Qls

HA
EE4, PGE, 4% gHelst it
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9| HPLC/Mass &4

e FE=

ZFefjofl+= fucoxanthin, fucoidans, phlorotanins 5 TFeH Al
2|2y =d50] =] kil &#fA Jltk(Balboa et al,

phlorofucofuroeckol A, eckol 5] 424 et Z2u eckol
7+ Aoof| L Aa|ghgo] - HojupAuk, ZHElY gheFo] of
© A Balshs 9pAo] A1 BEAEA Sk =8 eckolQ] B
27} A o o ek o/ o] -2 o] Aol A= 2 J—VA
= GSAA A7 ST A 2BF F0)1, s
SRS Bl W 4= 9l CPCE AR5 CPCE /\P%O}Oq
eckol®] £2]7} 7153HS gkels}7] 918l Zhe¢] phlorotannin

A FHEELS B 07 70% EtOHS AMgsto] 3235 7+
o & E HPLCS A8 tel 2aet dat ot 525
peakS UERHACHFig. 24). thgst 8 EAE9| peakSS
massS £5ko] BEx}ekS 3015t A}, 27-28 retention tlme.J
peak”} eckol2 2] 2H1 = 2l th(Fig. 2B).

Yel &=9| CPC 22

CPC9| 2|4 7h5 2715 2t7] 918l two-phase &1 A| 259
BiE9] vlEE AL 5F AL, K-value®] 12 A4t 511 TH(Ta-
ble 1). ©+= =253 eckol®] K-value 3t H| 1 3192 0 n-
hexane:EtOAc:MeOH:water”} 2:8:3:72] o] 7} G484

ot AlmE|o] o] 2710 & CPCE %133ttt Eckole] Z|of
K-value7} 12} @2 33 Uelfl oo 2 CPCE descending
modeZ ATt CPC7} AHE5)= £t coilQte] T HARS
75%%2 SR =%, 4828 39 MPagitt. CPC2) chromato-
eram & Fig. 3A0] UEP9ie}. 9] o] 5-8 H20] eckol?]
< HPLC 2412 §5to] ghelskqich(Fig. 3B). Fig. 3BofA] tf
= peakgrol H|3f eckol] peakflo] ERAC R =2 7107 B
0]— 70% EtOH 71e] =52 EtOAc & _,%i—[—lﬂ CPCE 9]

B5k0] 90%01/d 9] xS eckols wefsh=t| HE5HlS
2 1 & 4= Qlrk o] Aol HJrEEH_, 7*EH 2l EtOAc frac-
tion (24.87 g) .2 5-H silica gel chromatography$2} Sephadex
LH- 5 0.234%)0] &
2] 9L O LH(Li et al., 2009), E¢1 7o) | CPCE AL&-5}0] 7]
2R eckolS £ 3192w, 500 mge] EtOAc fraction©. 2
FE 3.1 mg9 eckolZ H2] & AT, &L 0.62%2 L
B QlTt. o] 9} 22 o] fr&= CPCE ARE-So o] A o] Z4 &

Table 1. K-values of eckol from Ecklonia cava as solvents for CPC

separation
Solvents K-value
H:E:M:W Eckol
3:7:3:7: 0.16
2:8:3.7 0.62
2:8:2:8 1.52

H:E:M:W = n-Hexan:Ethylacetate:Methanol: Water.
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Fig. 2. HPLC chromatogram (A) and ESI-MS spectra (B) of the 70% EtOH extracts from Ecklonia cava.
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CPCZ £2|st eckol| BV2 celli|A2e] H&AX| St

CPCE £-]3} eckol®] 9% 1A E3}= Fig. 4A-4Co|| et
WATE MTT assay©ll 4] Alze] tigh S/ UefliA] =5
%21 50 pg/mL (Fig. 4A) o]8lol|A] HEH = NO Y4 o4&
35 57433} Eckol 2l NO A7 A 23S S4517] flst
of A|3zof LPS®= A=-& 3L AW H58H3-2] 2] 3291 NOL}
PGE, ol tigt 44 A& SAsk3ich

NO A4 JAIZAL 10 ug/mL, 25 pg/mL, 50 pg/mLojl A

A
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Fig. 4. Cytotoxicity (A) and inhibitory effect (B), of the CPC frac-
tion from Ecklonia cava against NO (B), and PGE, (C) production
in LPS-induced BV2 cells
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¢

Z¥7}+ 22 3%, 40.6%, 54.4%%= NO2| AL A5t H=9
£7j0]9 00, HEAH] 2| LDHO| Huliz 2= 2700
A 0%z Al o] T3t 2242 uhals] A R9ITH(Fig. 4B). PGE,
o 444 IAIZA-E 10 ug/mL, 25 pg/mL, 50 pg/mLeA] 212}
14.2%, 38.4%, 91.2%°]%]1 o, PGE, A A GA T = 9]
L2072 HIthFig. 40).

LPSE flet= G5RHe-2 A 7 7HA] WlAYZE2] path-
ways &ofl dojdt. o] dA-tollA St ASHRE-9] A%
NO2} PGE, 9] &2 717} A| 2230 1 9] inducible nitric oxide
synthase (iNOS)&} cyclooxygenase-2 (COX-2)7} -3l & of u}
g} Z71s1A| Fek iNOSQF COX-29] ¥3 8- MAPK pathway
2} NF-xB pathway 53] 57Fe il H g o)A Ith(Kim et
al., 2010).

A 02 o] Aol AFHHES] 13142l 7|52 NOS}
PGE 9] o] tigt JAI2/dvtS 545134, CPCE &
2]3t eckolo] LPSZ =%+ MAPK pathway2] JNK, p38,
ERK 2} NF-xB pathway 2] p50, p652} 22 iNOS& COX-2
o] Hadof Tofsh= A= HAS AAIsks aabE el 24
= 7HA AL Aekar 7| o=, S A5 vl AU S gt
A AAZ ol dsfiA= 712 A glo] Fasie)

o] Aol A= ] %1 €] eckol®] H41gt 2eRRio] obd CPC
£ A8} one-step 22 eckol 9] —Eﬂ% A =5t 1 Ay}

oo} FeiHol vlal] W AlZHT Q1S HoFsto] eckol

& 2] 8 4= 9190, eckol®] ARBA F AEOA BA E
ZAalolet s T SRR 71E 98 Lot Al

T EAE B o 2e2she Aol AEE B Al 4|8t

Al He. 3R CPCE 8831 o] 2] 2ol Blsf vj

%“* MRS AeF g 4= Qo] Aol Jlof 2 =&ol Ao
2 7]diE

Al AL

o] E=R(AA)E 2012d wS5e} FATLA G A<

FARJNHFIAIAY APe ol 3E AFUY(NRF-
2012H1B8A2025863)
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