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Elastase and Hyaluronidase Inhibition Activities of
Phlorotannins Isolated from Ecklonia cava
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Abstract — Six phlorotannins were isolated from Ecklonia cava, a brown alga belonging to Alariaceae, collected offshore Jeju
Island. Among the phlorotannins, dieckol showed strong elastase inhibition and hyaluronidase inhibition.
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HPLC= ODS columne] 28 LC-9104(JANE AME-31
t}. NMR2 LA-400(400 MHz, JEOLYE AR&-3}3it}.

Phlorotannin@| E21&HM - 78] AT 4.0keS 80%
HERE 16 Lol AH3te] A-20A 244|7F Bt wwksie] 3
=3 F(33] uhE), AHXL At FHI] FEE 1.0keE
AAh AR FE2ES FHFFA L) EES T, ethyl
acetate® 2|3l {71E F2 LA} LoIF ethyl acetate
IS celite columnel] A2 5, 80 M2 823} diethyl
ether =8& At} o] (139 g)S sephadex column
chromatography = #-2lste] 11709 &85 Adch ZH
£Z 8= chloroform ¥ metanol EFE2 2/1, 1/1, 0/1
H &2 eAH o2 2dste] ARSI o] F IHE 1
(660 mg), 2(142 mg), 3(463 mg), 4(221 mg)E A HE
43 Eesiuh. @ AAE 34 2E (@ 23, 514
mg)S ZHE weeS o|FAAC R & Prep-LCE ©]&3}
o} 3= 5(160 mg) 2 6(30 mg)S AUtk doixl 31
22 'H 2 BC NMR data® F%} datad} H] w24 5]
B85t

Phloroglucinol (1) — 'H NMR (400 MHz, methanol-d,)
§5.78 (s); °C NMR (100 MHz, methanol-d,) & 160.0,
95.5.

Eckol (2) - '"H NMR (400 MHz, DMSO-d,) 5 6.14 (1H,
s), 5.96 (1H, d, 2.7 Hz), 5.79 (1H, d, 2.0 Hz), 5.78 (1H,
d, 2.7Hz), 5.72 (21, d, 2.0 Hz); °C NMR (100 MHz,
methanol-d,) & 161.8, 160.1, 154.5, 147.2, 147.0, 144.2,

143.3, 138.5, 125.6, 124.8, 124.5, 99.8, 99.3, 97.6, 95.7,
95.3.

Eckstolonol (3) — '"H NMR (400 MHz, methanol-d,)
86.14 (1H, s), 6.01 (1H, d, 2.8 Hz), 6.00 (1H, d, 2.8 Hz),
598 (1H, d, 2.8 Hz), 5.95 (1H, d, 2.8 Hz); "C NMR (100
MHz, methanol-d,) 154.8, 154.4, 147.2, 147.0, 143.8,

143.5, 141.4, 139.3, 133.1, 127.9, 124.9, 1248, 124.5,
100.0, 99.9, 98.9, 95.8, 95.7.

Triphlorethol A (4) — 'H NMR (400 MHz, methanol-
d,) 86.05 (1H, d, 2.8 Hz), 6.00 (2H, m), 5.93 (1H, m),
5.89 (2H, s), 5.75 (1H, d, 2.8 Hz); "C NMR (100 MHz,

methanol-d,) & 162.4, 160.3, 156.4, 156.1, 153.7, 152.6,
152.1, 125.7, 124.6, 98.0, 97.5, 96.2, 95.4, 94.9.

Dieckol (5) - 'H NMR (400 MHz, methanol-d,) & 6.15
(1H, s), 6.13 (1H, s), 6.09 (1H, d, 2.9 Hz), 6.06 (1H, d,
2.9 Hz), 6.05 (1H, d, 2.9 Hz), 5.98 (1H, d, 2.8 Hz), 5.95
(1H, d, 2.8 Hz), 5.92 (3H, m); ”C NMR (100 MHz,
methanol-d,) & 161.8, 160.1, 157.8, 155.9, 154.5, 152.4,
147.3, 147.2, 147.1, 146.9, 1443, 144.1, 143.4, 1433,

138.6, 138.5, 126.5, 126.2, 125.6, 125.5, 124.9, 124.6,
1245, 99.9, 99.7, 99.5, 99.4, 97.6, 962, 95.8, 95.7, 95.3.
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Phlorofucofuroeckol A (6) — (400 MHz, methanol-d,)
§6.63 (11, s), 6.40 (1H, s), 5.97 (2H, d, 2.1 Hz), 5.94
(11, t, 2.1 Hz), 5.92 (1H, t, 2.1 Hz), 5.88 (2H, d, 2.1 Hz);
3C NMR (100 MHz, methanol-d,) & 161.9, 161.8, 160.20,
160.17, 151.7, 1512, 148.3, 148.2, 145.9, 143.9, 138.4,
135.3, 128.1, 125.0, 124.7, 122.3, 105.3, 105.2, 99.9, 99.4,
97.8, 97.6, 96.2, 95.4, 953.

Elastase Xa{&4 £ — Elastased] A &3+= UV/
Vis £3FEAES o]&3to) 243G TE? 02 M TrisHCI
(pH 8.0) 350 el 32 mM] Suce-Ala-Ala-Ala-p-nitroanilide
125 wl, sample 20 W& 4137, 1.0 pg/m/e] Porcine Pancreatic
elastase(PPE) 5 w2 go] EE0] 4{o] 25°CollAl 15587+ §E
2117l Z penitroaniline®] A3 FS 410 nmoll A &4 gt
Elastase®] #1882 o 2ol wie} At 1,2 <4
2ElAl2] 718E 50% Asfishet] SEE AR E%(ny
m)E FAEA

Elastase mhibition (%) =[1— {(B - C)/(A -D)}] x 100

A A B 255 BT A4S FArbete] vhest 59
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B: 24E H7IelY gt 3] A8 FE%

C: 52 U SHFE H7ist] e o A5e] &

s
D: A8} fa Al 27 SRS F7k wked o
3=

Hyaluronidase Xall &4 24 — Hyaluronidase 34| &
= 718 2A hyaluronic acidE AHE-Sl HREAIZ 3 A4
¥l N-acetylglucosamine®] %2 24813t 0.1 M acetate
buffer (pH 3.5)°1 3¢ hyaluronidase (7,900 unit/ml)<]
50 wE M9 s FHE 20 we] AE AR ol §
A EZANZ F 37°C 252004 2087 B FA AT O
Z7-e 225 YAl puffers B3 2 WHOZ wYst
A}, o) vl hyaluronidase®] 43S $13i 12.5mM®] CaCl,
100 W= 37 27181y Ca*'oll 2J8) 24319 hyaluronic
acid (12 mg/5 ml) 250 u= A7isle) oA e 2o 40
B uj %A ATk 0.4 M potassium tetraborate 100 /2 HE
2 LB Arisled e FxolA 387 A 3 9
Z¥AZT}, o370 dimethylaminobenzaldehyde 89 3 mi(4 g
9] p-dimethlyaminobenzaldehyde S 350 m/] 100% acetic
acid®} 10 N hydrochloric acid 50 m/e] &NHE Wk &9
Eo F71e 3 37°C d2polA 2087 viekete] EF
FSAZ 585 nmolA 2743199}, Hyaluronidase #13€4g

2 thE A9 st ALt
Hyaluronidase Inhibition (%) = [(OD,— OD,)/ODc] x 100

714 ODge tZ&22] 585 nmolA 9] ODel5L, ODE Al
22 585 nmIA¢] ODelt.
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Fig. 1. A| 54t ZEl(E cava)°ﬂ/\‘] £2] & phlorotannin A £ 7%

i & 0F

Phlorotannine| £22|&N] — 7)o Here 2289 &
& & (hexane, ethyl acetate, butanol, water #8)3 2 3},
ethyl acetate SoI4 E4-& HERNRAT). Ethyl acetate £3)

< 24 ARrtEasuE Eelsly SEE 162 49Ut
(Fig. 1).
Phloroglucinol(l)2 HAF 9 1,3,5-trihydroxybenzene
S 243 3121, hydroxy”|9] Yo 3l WA e
«] H NMR &HEH 337} upfield2 FA| o]5% o] 5.78
ppmoll A Yehtz it} Be NMR°ﬂ}\‘]‘“ F7he 9 =27t
downfieldZ ©]5 & 160.0 ppm ¥ upfield® ©] &3 95.5
ppmollA FEEo] UEFF O ZA Akl WA 135-9)%)
o AF= U & < ). Phlorotannin 2= 43}
g7t e F2E A Q7] fE, 'H 5ok B
NMR ¥=9] o B2 HRE A & 9}‘:}. Phioro-
glucinole] 322} 2% triphlorethol A(4y= “C NMRoA]
14719] g=Z7F AFgP oz, Al 719 WA vy F TA7t
e AL 98-8 & 4 ok T3 5, 152-157 ppm
oxel 7ol BAE 1,2,3,54kXg WAl w4 13,5-
S92} wAl ghaell Yehdes F=d) s ‘PE} Eckol(2)
e 16719 PC NMR =7} #2590} )AL triphlor-

ethol A°ll H]&}ed Wil 2je] A 3
o gie}, T3 § 152-157 ppm X2 5427} 17Hi 501
B3 138-147 ppm X&) H =7} AEA JEFFLEA 2
37t A =lo] s/l Atav X EE WA EAE
< YeER T itk Eckstolonol3)ell A= 18719 “C NMR
=27 yebg e 24 i3S zhs WA vErt 9le-g vEt
Wk 13,5402 A8 wlAlo A et 160-162 ppm 3
A7} AR ZA A dAle 13yt FAEIS
2 4= T} Dieckol(5)91ME PC NMR ¥)=29] sele &
25 eckolo] 70 A¥ = e FeHYS €A 7TEY
%1t} Phlorofurofiicoeckol A(6)2] 7d-$-ol% eckol 7%
7} SR8k, = £249) phloroglucinole] ¥ ZA¥E o] 22
S & 5= ok ol2E 'H 2 °C NMR HlolHe 28
Ze] dHolBe} Hlste] 71x)9] 3FEUYS #HE F
giq_ 6,7)

Eckol2y2 E. kuromed) X -5 ¥€]5 o] anti-plasmin
A Az g4 Ach.” Eckstolonol(3)& 2 ZW(E
stoloniferax| E2)5o] 727} AYsA #E= v Yok
a2y SFE 30] ZEjellA] RejEo] Had gL o]
2}&olt}. BEgF Triphlorthol A@)E E. kuromedld 219 &
& oW E cavadll X EElo] Bu® e o). e,
Y& phlorotannin B SIRHE 4= EA90) tidt 7t B
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Table I. Elastase and hyaluronidase inhibition activities of phlorotannins isolated from E. cava.

Compound Elastase inhibition activity 1C, (ug/m/) Hyaluronidase inhibition activity ICy, (ug/m/)

Phioroglucinol (1) 53.0 -

Eckol (2) 437 36.1

Eckstolonol (3) 44.7 71.9

Triphlorethol A (4) 29.8 28.9

Dieckol (5) 14.7 14.9

Phlorofucofuroeckol A (6) 51.6 63.3

Standard 12.5 (Ursolic acid) 12.3 (DSCG)
28 vt A gk Dieckol(S) =2 phlorofurofucoeckol ZEg ojf e xlshee} #Ho] Y-S FE5L 7 Uk E
A6y WA 2 EAFE A eckol FEARAM o 7} 2lElE Y9 ERRE0] o 71X AT HES o
A GAo] vl %’L‘V% e FEF whd Aol Erhe ARe & deiA QohY autd o ghdgre §

Elastase Xali@4 — Elastaser= 5330l A8 ) 2B vAE A AANES Foto] EAEAEE A
1) Ve fA5H dekadle Balehs fdelth ) RsAel 9ok B Al AnEe BAs7 Al

o EEE AE EEL HAFE ek EH(PLE)Y
thste] thekst smellM A ZAE FAskd 50% A8 Fe =

F%E Table ol QoF319c).

Table [PX 2™, dieckol(5)2] T4 A3 E4d0] 14.7 ugy
m/E 202 AM-H ursolic acid®] A8 T3H(12.5 ug/
m/)ot W53k 0 R wA| JEhdTh VA SekEE

oA triphlorethol A(4)2] 4% 29.8 pg/mlE Blx4 *\:%

A vrehon| 313ME 2(43.7 pg/ml), SHEE 3(44.7 pg/ml),
SIBHE 6(51.6 ug/ml), 3 1(53.0 pg/ml) 22 B 9
Al ZaHE VERAATH

Hyaluronidase X{afi &4 Z4 — 7refellx E2€ o7
o] & ikl il 9%t o] Sl Hyaluronidase
o] Al &3 S5t dxwozE dguEr] ofE
Q1 sodium cromoglycate(DSCG)E AF&3I o™, ZF Al &
= 9] FEE FHIsIA 47t 3wy Aste] Fdae
Tk, B S 50% A eke FEE el 1C,,S
2 Yepfich

Elastase A3 ge} mpzb7iA =z 222 g1d2) dieckol
(5)°] IC, %k 149 pg/miz 7P 58 45 Jepile
H, 202 AM-E DSCGY &4 A8 2434123 ug/
ml)# FARE FXE VeI S5HE 4(28.9 pg/mi), 3t
& 2(36.1 pug/ml), 3FFE 6(63.3 ug/ml), 3HE 3(77.9 pg/
ml) o2 a4 A3l A T+ 4 STk N (Eisenia
bicylis)olIAl E-2]3t 3}5HE 2, 5, 69 tgh hyaluronidase A
A2 B vt glom, B A Avjel KA HES
g gl

Zeaehdo] od wylgEor F284S A3 s,
oA g o]-fF dieckolollA 71 F-& Ergo] ERbE A
o tigt g WA Lt @A, Al ARS-E ghd
< dieckolo] 7P EAke] & A0 Hol, ¥hdo] g4t

AFEo A QF T ZENE cava)S ©]143+Y 657
phlorotanninS w2313 ‘:]' 2 Ao Feld sgEs B
T ZzFolM EE Ho] = EZolRT, eckstolonol(3)
2 triphlorethol A@)YE E. cavellFe XS0 2 Feledd
Aol

Elastase @A) & 7= #2]3 6712] compound & &A%
o] 71 £ dieckol(5)A 1Cy, 14.7 pg/mi=E TlZ&AO 2 A}
€9 ursolic acid(ICq, 12.5 pg/ml)o} FARH &4 oA &3}
£ Jepllo} HA 75 AAANEA AU S BRI
}‘/\}\/\q‘

Hyaluronidase 4] & 71= dieckol(5) (ICs, 14.9 pg/m/)°]
gjz2erE2] disodium crornog._!,lycate(IC50 12.3 pg/mi} FAF
g g2 vehlo] A GFAA 9 =8 AAAEA A
& 7Fs8 S RAFdTh

olate] it Axke= 7] ZlvlE A4 FuRAel &

#E LPEMM Fa ok wEbe, B A7 A3 s
HA WA 5 #d Rolojlo] 89| 7|2 AFEEA ol &HF
2t *@Z}f&t}.
Al Al
B =5e 2002d% AFsiy gkedre] X ¢
sled AFE o, oo FRAR=YUT
CIEEH
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