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This study was performed to investigate the possible use of Eisenia bicyclis (EB) ethanol extract to inhibit activity against lipase.
In tests, the lipase inhibitory activity of EB ethanol extract was noted as being 43, 27, and 24% at concentrations of 5, 2.5, and
1 mg/ml, respectively. Isolation was carried out by liquid and liquid extraction, silica-gel column chromatography, and HPLC.
The results showed that the lipase inhibitory activity of the ethyl acetate (EA) fraction from EB ethanol extract exhibited the
strongest lipase inhibitory activity with an ICsq value of 1.31 mg/ml. The EA fraction was separated using silica-gel column chro-
matography and we obtained 22 sub-fractions. Amongst them, the EA1 fraction showed the highest lipase inhibitory activity
with an ICsq value of 0.54 mg/ml. Eight peaks were obtained from the EA1 fraction by HPLC. Fraction 5 also showed a strong
lipase inhibitory activity with an ICsq value of 0.37 mg/ml. The fraction 5 was identified as dieckol and the inhibition pattern ana-
lyzed from Lineweaver-Burk plots revealed a non-competitive inhibitor. These results suggest that EB has potential as a natural
anti-obesity agent.
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N = A gafoF & Ao QlASIL Ith[32, 33]. HITHE] A&
Heg= Aojay W 5o 7B AAg Wyolut F

H T2 o] tfAte] EdF el ol AFRAgA A Zos ALGAA, E Fi XA, FFAAA Fo] o] &
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AE A& Lo YAY DTS FHe F4Y JH D Asste] AF Y 23 9 F5F AfSk= pancreatic lipase
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Fe Aoz dEA el orlistate -rlﬂ’%H RE, '

FEHl, 2184 vEY F4oA 59 #AE[181F A ME

UL oz delA qlol Aol Hago] gt AR oS (Eisenia bicyclisy= SN AAsA G2 7}

2 ¥ pancreatic lipase inhibitorS 7|&stuA}eH= AL o] A H3 & TAAZR dto] E47](DA282-2, Deasung
7 2ds] AYET ok 2 AEY d % B9 F8  atron, Seoul, Korea)2 A £HA71 F -20°Co| A #1733t
J£<l saponin 3+3HE, A4S} 2Hg-o] FHoJd polyphenol — WA AFo| AT

SHE 2 terpene 3HHE 50| lipase A3|84& vehditt

£ S44Ee o 977 £2 olRoigon AT 28

gt A= vEE ARoItH3]. FAES HxFe AF LY Az 108 FY oTES 7Hste] A2 A
oy 2 vl 9 Afd, gid Fol FESHA FrEol  24A%t Bt IF FEIAT FE2EL Y4EH7(UNION
AL Bk obyat 19k, A2, AL 1F 59 EE%E 32R, Hanil Co., Incheon, Korea)2 3000 rpmoi| Al 1087k
73 &olA AAst7] o] SAEETRE oE dAAY A AR F ST FHetgloh ke o9k FYg B

AFAAE 7ML e ALz A Qo] FH(26], F& o2 23] §HE 223513t} o] F o]2A] (Advantec 5A, Toyo
Aol[23], FEZ([16], 1XEZ W g oHH{14, 271 D Roshi Kaisha, Tokyo, Japan)2 oJi}3F & rotary evap-
datd A AGA[16] 53 22 oot AP E 4= & orator(RE200, Yamato Co., Tokyo, Japan)S ©]-&3}lo] 7
AES Tt vk HS(Eisenia bicyclis)E ThAuHE  QF HF31L 37°Co| Al AR TE 0] & -20°Co| A B3s}
(Laminariales) W] & ¥}(Alariaceae)oll &3t= ot A= o AP ALt g HE FE2ES 100FY F
2 2R3 d2Y B Aeld a8 AAs k. Fo dEe ¥, $7F Y n-hexaned 718te] 180 rpm o2
tj3te o2 2z F 9 &7l Y fucoidandt B8] §3EE 24 7FHE¢H shaker(Dongwon Science Co., Busan, Korea)o]
l laminarang okl Jom FH oA tiAIEd A wEEIAY o] & BAAA FFAE Fet oI, FY

phlorotannin derivatives< antioxidant[6], antiallergic[34], =23l9 n-hexaneZ 2 AQct. 7L HiHozm =9
a-glucosidase inhibotor[30], anti-hypercholesterolemia[24] chloroform, ethyl acetate, butanol2 SujE33t t}g, =
% antivirus [36] 5 o8 714 AHBHS AL AOE o] 47 B82S Ao AFHo T BURS 99
dHA e *Hi—‘% 71648 2A2A 2% 7HA7F Aok thFig. 1).

2 AFolM = R oS FEE0] 7HA= lipase A3 &
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Fig. 1. Solvent fractionation of Eisenia bicyclis ethanol extract.
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Table 1. Operating conditions of HPLC for analysis of
lipase inhibitor compounds from Eisenia bicyclis.

Instrument Glison 321 pump
Column uBondapak C18(3.9300 mm), 125 A, 10 um
Solvent Eluted from 20% ACN to 50% ACN

for 10 min
Injection Volume 20 ul
1.3 ml/min
Glison UV/VIS 151

Flow rate
Detector

acetate®| Al methanolZ WA E GAZOZE FA4HS &9
7} slica gel column chromatographyE A A|5le] B3 &

2 9tk &A3tE slica gel(230-400 mesh, Merck Co.,
Germany) 50 go] ethyl acetateE 7}8} 9 slurry® THE1
glass column(5065 mm, 120 ml)o]] &A1 3 & o] & 3] 9]
ethyl acetateZ A| A3} th. )3} ethyl acetate £ & 1 g
< methanolZ ¥ %7} 500 mg/mlo] HEE o3 3000
rpmo| A 1087 YA T ASHE 5t columno
loading3} % t}. Ethyl acetate®} methanolS S| 2 314
(10:0-9:1—8:2—7:3—6:4—5:5—4:6—3:7—2:8—1:9—0:10)
£ 02 100 mI¥ EEste 227)9] BIES Aith(Fig.
1). Slica gel column chromatographyS ©]&3}e] 225
EA1 8822 34311 0.45 um membrane filter2 o] 73t
T 20 ulZ F3}o] Table 13 22 2A S 2 HPLCE AA|5}
gt HPLCZ £33t £33 LC/ESI-MS(Nanospace SI-2,
Shiseido, Tokyo, dJapan)ollA] C18 column(LUNA 5
micron-C-18, 1501 mm, Phenomenex, Torrance, Canada)
= o &35t BAFS S4stg e dite LCQ Deca XP
mass spectrometer(Thermo finnigan San Jose, CA, USA)
2RY 4t NMR £3 9 3%, 1H spectrat= JNM-
ECP400(500 MHz, JEOL Co., Tokyo, Japan), *C spectra
= Avance II 900900 MHz, Bruker, Karlsruhe, Germany)

spectrometers 242} o5t 435It

Pancreatic lipase X5l &t

Lipase A3j¥4 42 Kim 5[20]19] W& AMgsto] &
A5 Th. Porcine pancreatic lipase(triacylglycerol acyl-
hydrolase, EC 3.1.1.3, Sigma Chemical Co., St. Louis,
MO, USA) 0.3mge]| 10mM MOPS(3-[N-morpholino]
propanesulfonic acid)®} 1 mM EDTA(pH 6.8)& E3§sl=
bufferE 30ulE& Y3, Tris buffer(100 mM Tris-HCI,
5 mM CaCly, pH 7.0)5 850 ul & 7}3}9 enzyme bufferS
4|3} . Enzyme buffero] A|& 100 ulE 37}ske] 37°C
oA 15E87F ¥-SAF T ®B-E & 10mM p-nitrophenyl
butyrate(Sigma Chemical Co.) 20 ul& 37}l thA] 37°C
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ol A 1587F HF-SAIF T p-Nitrophenyl butyrate?} p-
nitrophenol2 7}4E3E AHE=E UVivisible spectro-
photometer(GENESYS 10 UV, Rochester, NY, USA)Z2
400 nmo| A SFE=E 545 Lipase A28 (%) o
=3} Zo] Aitstitt

Lipase A& (%) = [1 — (B-C)/A] X 100

A NBE A718HR]) @& T3
B: A28 Whd 5%
C: 542 AvletA @&

I

k1

T=

Flo
ot

Lipase XaH Ef

Lipaseo]| tigt A3l 7|25 doti 7] 98 7149 55
5, 10, 20 mM(Stock concentration)Z ZE|3tH 2™ AR 2
=2 0, 04 ¥ 0.6 mM(Stock concentration, & FE+=
LO/ESLMSE B8 92 2422 ol§3io] AHh sief 9
o] Aoz A%l XY 3 T Lineweaver-Burk plot
2 olgalol EATYT,

SAH 2|

Z- Ago] gt Fox HAAL SAS software(SAS
Institute Inc., Cary, NC, USA)o| A T 2713 % general
linear procedures, least square % gt= EAMEA 3 &
p<0.05 =Z 9| A Duncan's multiple range test® of w2}
A5k
Za g A
E. bicyclis O[EtE FEE9| lipase Xl &d

GAEAS Bty At A gL FEES -
hexane, chloroform, ethyl acetate, butanol ¥ water®] =
BAAE o] &sto] A4 B85ttt I 5 ethyl acetate F
o] 1, 25 % 5mgml F=NA Z+Z 38.35%, 58.54%
2 65.91%2 1.31 mg/mlQ) ICs TS B =& lipase A
&S B Hth(Table 2). Ethyl acetate &8 & silica-gel
column chromatographys ©]-&3}¢] 2| 3}o] 22709 sub-
fraction2 AT 2271 sub-fraction?] lipase A3 &A=
2243t A1}, EAL, 2 of|§2-fraction 0] =2 lipase A 3|1&
S et 9l e 1 £ EA1 sub-fraction®] 2.5 mg/mloj
A 82.55%%Z 0.54 mg/ml2] ICsy 7t Ho] 7F} =2 lipase
AN L& veb et 227 Ascophyllum nodosum [2]
9} Ecklonia cava [21]9] o€tE FEEZHE 2|3 ethyl
acetate &8 HA| e Ht; 2 lipase A &/dS Uet
Y o] & silica-gel column chromatographyS A A gt
Z 3}, crude ethyl acetate 8 H} &4 0] =32 8913}
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Table 2. Lipase inhibitory activity of solvent extraction fractions from Eisenia bicyclis ethanol extract.

Yield (%) Inhibitory activity (%) ICso
5 mg/ml 2.5 mg/ml 1 mg/ml (mg/ml)
Ethyl acetate 8.41 65.91 + 2.52 58.54 + 1.73 38.35 + 2.41 1.31 + 0.09
Ethanol 18.95 4348 + 235 27.58 + 0.55 24.89 + 0.99 5.76 + 0.31
Orlistat 100.00 + 0.23 99.23 + 0.85 96.39 + 1.18 0.0001 + 0.00
o 2 A4 AR A23E YeERWSITh wetA ethyl  Table 3. Lipase inhibitory activity of HPLC fractions of

acetate 239 EA1 sub-fraction®] ZA|& ¢l
20
=22

lipase A3} &
EZ3etAL 1S ALz AR E ot Bitou F[4] i
Z 29 ethyl acetate &L tannin?} Z-E polyphenol 2
dreFol wohal sty oH o= AATN A} 7etA Aitet
of A9 BE Asfettiar Rttt Moon 5 [30]2 o
2} ethyl acetate £80] =& protein tyrosine phosphatase
1B A 84S 7R a-glucosidase A &A= YeEHTH
1 3kl e o= th¥o] 7HAl= phlorotannin f2 E2<1
Ao 2 g3 A} o]F E3 )39 EA1 sub-fraction®]
ElU= lipase APSAAL Zx2F S 9 phlorotannin
Zo] BEL A%H 2

- T

derivatives T+ ethyl acetate®] &
A9 Ao= Algd

Lipase inhibitore| £2|
L lipase A A S E 2l EAIL sub-fraction® Z F g
%isﬂ°ﬁﬂ4ﬂH&ﬂHmﬁ— QAT B4 S
3 8719 98 peakE 3t o™ ZF peak?] lipase A
e =45 7§J_]-— Table 33} Zt}. 5, 7 2 8 fraction
o] 0.5 mg/mlof A Z+Z} 66.85%, 62.77% % 61.93%%] =
L lipase AFEALS PO 1 = fraction 5 ICs Gt
0] 0.37 mg/mlo 2 EA1l 28Rt} =2 Jipase A SAS
H A th(Table 4). 13 positive control?l orlistat(ICsy =
0.1 pgmhEth= F2 AsfdS Uetligith =2 A
4& B2l fraction 59| 3] LC/ESI-MSet NMRE 4 Al 5}
o 225 393}t LC/ESI-MS(negative mode, [M-H]*
at m/z 741.1)°] 93t BEX} 2A-L C3Hy032 YEMYTH
'H-NMR spectrum-2 86.14 (1H,s), 6.12 (1H, s), 6.07
(2H, s), 6.06 (1H, d), 6.03 (1H, d), 5.97 (1H, d), 5.94
(1H, d), 5.91 (3H, m)9| signalE Ve ¥ty 13C-
NMR-Z 6162.03, 160.30, 157.96, 156.15, 154.68, 152.55,
147.50, 147.45, 147.28, 147.06, 144.45, 144.29, 143.56,
143.46, 138.79, 138.62, 126.61, 126.34, 125.80, 125.74,
125.02, 124.78, 124.72, 100.01, 99.89, 99.63, 99.53,
97.80, 96.36, 95.98, 95.90, 95.50 signalS L}EFU Qlth. o]
23t AHE E3) fraction 58] F2E dieckolZ EH15}¥Th
(Fig. 2). Dieckol2 Tt %2l phlorotannin 3}3H&E 2 A
phloroglucinol 7| 24T R ot= EjdE SjtEolH

o

EA1 isolated from ethyl acetate fraction of Eisenia bicyclis
ethanol extract.

Yield (%) Inhibitory activity

fraction 1 7.00 25.14 £ 3.85
fraction 2 10.00 20.84 £ 3.31
fraction 3 5.00 31.64 £ 1.99
fraction 4 11.00 37.68 + 2.65
fraction 5 5.00 66.85 + 2.52
fraction 6 3.00 51.50 £ 0.11
fraction 7 4.00 62.77 £ 1.71
fraction 8 4.00 61.93 £ 2.36

EA1 14.43 46.06 + 3.97

*Concentration : 0.5 mg/ml

Table 4. Lipase inhibitory activity of fraction 5 from ethyl
acetate fraction of Eisenia bicyclis ethanol extracts by
HPLC.

Inhibitory activity ICso
0.5 mg/ml 0.1 mg/ml (mg/ml)
Fraction 5 66.85+252 20.26+1.58 0.37 + 0.00
EA1 4660 £2.96 19.34+210 054 0.04
HO. OH
OH o
OH
[e] o]
HO, OH OH
OH [e]
O, OH

OH

Fig. 2. Structure of dieckol isolated from Eisenia bicyclis
ethanol extract.
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AAANA AHFAE, 3] ZARFoIA LA Yot =
= 59 phlorotanm o gAESH19, 31], AET AE HS
15], @utol (1] ¥ tyrosinase A& [19] 5 ThYEt 7]
AL 7R M% 52 48 A 3lth Polyphenol 33t

QA 3L oL ARl Hold Ao o
514 ] 849 hydrowyl groupsh 49| AYRII7E 5
4 o] 2A4%S F3f E—’-\—ﬂ' A% BEFAE FATLEHN
253} v 4EA AUHSS oto] m2ol FHS A9
Aoz Azsolety, 28]

—

e}
o
—

[e]

bk b X o

-

Lipase inhibitore| X3l E}

Eab SRR 74e] TR os Agstel B o
o7k 7|AE Y AT AAL B4 AL 9
o A E o 2t WS AstH AAE FH &
4o B0l mao] B4 R AT Relol AsA el
AJEAS 9= 4= 9 }[8]. Dieckol?] lipase A3 B¢
= A9st7] sty & 7138 5%, 10, 20 mM)2} A 3
A &%=, 0.4, 0.6 mM)| A Lineweaver-Burk plotsE ©]
£3to] AXBHTE 1 A(Fig. 3), Lipaseo] that dieckol
9] A3 kinetic2 non-competitive A AZ YEFGTH
(Vmax =2 uM/min, Km =0.2 mM, Ki=0.04 mM). Non-
competitive A A= &0t 7] A 9] A3E WafstA= &
Ak Hg& o FFS Fo2H BAE Adfste EHYol
o AL BARSTE ok e Aj2le] ARt A &
2R F2E WIAA 712 249 BT
A% & 2= Yot FAHoR FEoHE EelA et
kAl AsjA et 7] Fo] FAlo Bt AYdste AR &

20 -
,/’
e
4 ~ -
s o A2
~ - -
’,/ P
T_. A
£ e
E ~
1.0 - g
> P -
- R e
,./‘/_'_ Control
- G 04 mM
—¥— 06mM
T T 00 T T T T T 1
4 2 0 2 4 5 8 10 12
1[S] (mM™)

Fig. 3. Lineweaver-Burk plot for the inhibition of the pan-
creatic lipase by dieckol.

The reaction was done in the presence of dieckol [stock con-
centration of 0 (@), 0.4 (O) and 0.6 mM (A)].

http://dx.doi.org/10.4014/kjmb.1210.10003

27| AEGA 7L AA e 2T = YL S AfA 7
Aot AE AeolA 71EATE Ajtol 7]"6‘1_. FH 9 A
sAo|ct. e =25 E E]g dieckol©] tyrosinase] 3| &4

of tisf A 7|2tz vFPA Al 7HAl= AL
Y 2 [17], o-glucosidasedl] W3t #|sf 712+ HA] v
A Aefetde ety 2 A< fARE 235 B ETH28].
ALY 3 = Ei—‘?’—ﬁ 225 tannin, phlorotannind}
22 polyphenol ZFEL complex?] Fej2 theFst hld
I AFEY e ALE d#A e
derivative2] hydroxyl group inhibitory activity2 &%l
A7) Sa3 9EE gttt o9& 59| catechol2 ¥
=4 o-quinone T2 9] amino acid$} thiol groupdt &
6438 514 "t wakA] phlorotanning! dieckolE &4
o] Eo] B9o] 2% 2N ESIEAAE FA4sto] &
29 e Adst] WEEEE AT Aoz AR
o] A t}22, 28]. o2 HE E& 3t phloroglucinol 5=
7} lipase A 884 7HthL B E gl ov11], #3712

o o AT ofY NATA Yoleh. heky oz
lipase A& 7H2l dieckol 3HgH=9] £ U A7) =
1L I 77 =& Ao R wddt

H] phlorotannin

ol

2o

3}t ethyl acetate 82 ICs5 £4°] 1.31 mg/mlO 2 9
G2 FEEETY 2 lipase A3B4HS UEH . Silica-
gel column chromatographyE ©]-83}4] ethyl acetate &
o ZEHE AL sub-fraction ¥ EAl fraction®] ICsy Gt
0.54 mg/ml2 7Hg = AE4E Bon o Yozt
HPLCE o|&3}l49 8719 sub-fraction® 2 X 35}Fct.
HPLC fraction % fraction 57} ICsy 3 0.37 mg/mlZ =2
lipase #] "6]13'2“Hi E“E‘r o] fraction 5= EAZF 741.12
C36H0015 3}8HE 2] phlorotannin derivative dieckol® 2
55122 lipaseo] B3} 21348 Asfet & et sl
o|Ato]l Amz 3} et 2EEZRE 283t dieckol?
lipase A3l &4 2 Al ety &S T3l AF Aol 3
gk 22 A 8T o AS ALE AREXIT

T XR=
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