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This study examined the antimicrobial, antioxidant, and tyrosinase inhibitory activities of bioactive compounds ex-
tracted from two starfish, Asterina pectinifera and Asterias amurensis, using solvent extraction after Protamex™ hy-
drolysis. Methanol and acetone fractions collected by stepwise extraction from specimens were subjected to silica gel
column chromatography (SGCC) (200 mesh and 400 mesh), followed by high-performance liquid chromatography
(HPLC). Two fractions (7:3 and 5:5 chloroform : methanol ratio, v/v) eluted using silica gel column chromatography
from the two starfishes showed higher antimicrobial activity against Propionibacterium acnes and dermatophyte fun-
gi (Epidermophyton floccosum, Microsporum audouinii, Trichophyton ferrugineum, Trichophyton mentagrophytes,
and Trichophyton rubrum), antioxidant activity (EDA,, mg/mL), and tyrosinase inhibitory activity compared to the
other fractions. The final fractions obtained from Asterina pectinifera (RT 7.53, 8.93, and 10.48 min) and Asterias
amurensis (RT 5.02 min) by SGCC (400 mesh) and HPLC from two SGCC fractions (200 mesh) showed 8.94 and
15.59 mg/mL antioxidant activity (EDA, ) and 46.89 and 40.19 % tyrosinase inhibitory activity, respectively. Ex-
tracts from starfishes are potential cosmetic basic material.
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W B7lAl2(Asterina pectinifera, A% 9+2 cm, A=
49+ 5 g)9} o} = 2 E7}A}2|(Asterias amurensis, A4 22+ 4
cm, A5 137410 g)= e YAl Z1AH Lol aigk7oll A
% A1) ice chesto] Hol AR 1417} o] o] 21kt
of, £ o] FFS AlAsIAL 7Tt AR F O &7
£ AASH] f18l ALEA floll 1AIZE = AR vhs w37
(Waring blender Co., Winsted, CT, USA)2 Zroba] A48 A
22 ARSI, ARE 70T 2] 4l 52 31(lIshin Biobase,
Dongducheon, Korea)of| 4] # A5} L.
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Homogenized raw starfish + D.W (1:3 ratio, w/v) — Agitation for 5 h with Protamex™ (0.5%, w/w) at 50°C — Centrifugation (17,500 g, 10 min, 4°C)

| v
Supernatant Residue — Agitation with solvent (methanol and acetone) (1:3 ratio, w/v) at 4 °C,6 h and vacuum filtration
|
[ |
Methanol fraction Acetone fraction Residue
|
[Step1] === e e - = J'— ————————————————
Silica gel column chromatography | 200 mesh) [Chloroform (A) : Methanol (B)]
Fraction 1 Fraction 2 Fraction 3 Fraction 4 Fraction 5 Fraction 6 Fraction 7
(A:B=10:0)  (A:B=9:1) (A:B=7:3) (A:B=5:5) (A:B=3:7) (A:B=9:1) (A:B=0:10)

Silica gel column chromatography Il (400 mesh) [Chloroform (A) : Methanol (B)]

| ! | |

Fraction 1-3 Fraction 4-6 Fraction 7-9 Fraction 10-12 Fraction 13-15 Fraction 16-18 Fraction 19-21

(A:B=10:0) (A:Bi=9:1) (AB=7:3)  (AB=5:5)

(A:B=3:7)

[Step 3= F === ——m -~
Fraction (RT 5 min peak) by HPLC

Fractions (RT 7, 9, and 1 0 min peaks) by HPLC

}

Bioactive extract obtained from Asterina pectinifera

(A:B=9:1) (A:B=0:10)

Bioactive extract obtained from Asterias amurensis

Fig. 1. Procedure for extraction of bioactive compounds from starfishes Asterina pectinifera.
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Al HPLC (HP 1100 series, Hewlett-Packard Co., Palo Alto,
CA, USA)E olg3to] thal mzi0] g4o] S4at £8l8 &
Flok3iek. HPLCE 2] AAA] column C18 (HP Eclipse
XDB, Hewlett-Packard Co, Palo Alto, CA, USA) (0.94 mm
i.d, 25 cm length)& ARE-814 0, H<7]+= UV 254 nm, ©|
B2 acetonitrile:methanol 81| 4(80:20), 442 4 mL/min

AddF2 e 95 WAGS, Epidermophyton floccosum
(KCTC 6586), Microsproum audouinii (KCTC 6346), Tricho-
phyton ferrugineum (KCTC 6351), Trichophyton mentagro-
phytes (KCTC 6316), Trichophyton rubrum (KCTC 6345)
S 55 97|14 =84t Propionibacterium acnes (KCTC
3314) 152 xgsto]| F 65 ARESHIT MAT T viAl =
Sabouraud dextrose agar (28°C)E, o Ee+& A= GAM
semisolid (37°C)E& AlE-5}3t}y. @7]Ad+t2l Propionibacte-
rium acnest= @7187](2.5 L £, Oxoid Co., USA)°| An-
aerogen 7o) WL ui st glet. Fat/d 572 disk diffusion
method 2 petri disho]] Z} #j A& B5}o] sl A A7
3, N2 7} petri dish B 0.1 mL #5507 34 viA] o]
dstA ekl ZF B7HAR] S FEE(1,000 pg/disk)
HatrH disk (o 8 mm, Toyo Seisakusho Co., Japan)of| &<+,
ZAA 77} = plate | &85 $ incubator©]|
a1, v Fste] disk 9ol A8/ A A|2H(clear zone)2| 217
(mm)© 2 3L 255k,

SHALEHY O DjHE T A3

o Y o M4

Akt &k Al Blois (1958)2] "ol =ste] DPPH
(2,2-diphenyl-1-picrylhydrazyl, Aldrich Co., USA) radical 2~
AeS A5ttt = 2AISE DPPH €94 0.8 mLoj| ofghe:
3-4 mLE 7kskal 102 52t ZskA| Xgste] 23 F=A 9
L2 3401 0.95-0.997} == of|eh-& 0] & 24T o Al
& 0.2 g& FIoko] shollA et A4 o] ofg-&3} DPPH-&
N 0.8 mLE 7}ske] 102 59 ZFoHA gt 5 102 59
Z|5}Fal 525 nmof| A S4 =5 =435}, DPPH radical &~74%
(Electron donating ability, EDA%)S -5152.™, ZF A|=2 9]
o}A| 7} %=+ free radical inhibition®] 50% ¢4 5 =(EDA, )&
F-5}o] B| Wkt Z12] a1 v 3= Chen and Kubo (2002)
o] ¥FH-S- M3 3} tyrosinase A 8|24 (inhibitory activity)g =
Attt =, 5% (w/v) A& 0.1 mL, 0.1 M sodium phosphate
buffer (pH 6.8) 1.8 mL, mushroom tyrosinase 0.1 mL (125
units) & 2.5 mM L-DOPA | mL 5 % 4.5 mLe] 7H-3-91-2- 10
22 7% 5 25°C of| A 10427F B Rt $= 475 nmof| A S5}

ch.

o
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8 BohAelel ofn 2 Eralele] SulEEW(Fig. 1, Step
2 gt yol A A, Ak 5 22 g
J5o] 93t B0 2 ¥he] %l(Jung, 2002) methanol % ac-
etoneE=& 715t 2 AdollA 52 22 A%t dE
2 34t Fig. 1 (Step 2)9] Silica gel column chromatography
I (200 mesh)o]|4]+= chloroform : methanol @] H]|-&-1| o] wh2} 7
7He] Bl Atk nRWMAREF 55 @714 AA=E+t
150 il ' E7MAREHE dojzl £2E(1,000 pg/disk)
=43t Z3H= Table 13} 2t} 3 9 43 53] 9]
P A7} B oA Aol UElgen thE 28Eof
714 %9kt 53] 39 2] 5 2.0] 1]7) Stoll 4 ZAJ5}0]
o ==9] t| 24 Q1 wH(Propionibacterium acnes) (Choi et al.,
1999b)x} Wi X Epidermophyton floccosum)ol| A Z¥Z} 14.0
mm ¥ 16.5 mm9| {2 /32 Holch §hd ofn 2 E7}
Aol A &3 E8E(1,000 pg/disk)e] &t (Table 2)2
7t ol A ek mE bR = 31 9 4 28] 59] gFFed
o] 243193 S =ESH(P acnes) Y WX TH(E. floccosum)Ol]
iRt et 22 39E21(12.0 mm, 12.5 mm) % 49:22]
(12.0 mm, 16.5 mm)of| 4] ot o€l &= ] 5=613 o, 1 E7FAF
2l BlaA= g A o &2 Wl
Choi et al. (1998)2 P, acnesl| 3t 3ht-Ad =2
1}, 14K Sophora flavescens)F=2=(A A2k 26.5 mm)o] 1fj-L-
gk S A AAEE Hrhelelen, 17 (zingiber
offici) ¥} 2~ (Perilla frutescens)®] MIC (minimal inhibitory
concentration)7} o] EE 2| 54| 2] )% 2] A9 azelaic acid
FrARRE el Barskle 217 (A A2 13.0 mm) E 4
o] =t/ (A A1 11.0 mm) ¥} ¥l arsto] = uff, 3470
uje} A A gke] 7] 7 e B2 A Q] Bl Al jl =L
oorgo] opd o EF w R 7S 917t PR 754w
020] o] FHs A Fasteh Ame ek
20iFE U column chromatographyoll 2/§t £
=9 et g5
H B9 ol 2 E7FA}E] 9] methanol ¥ acetone &
9|(Fig. 1, Step 2) Z}Zt o2 RE £33E 7520l thgh 4k}
5(DPPHY] radical 2275, %)& EDA,  (mg/mL)S.= $hit
&o] Table 30 UERISITh B E7HAH] €] 79~ methanol
acetoneE=o| A 4H E3E0] 2+ 4.04 H 4,94 mg/mL
(EDA )= gAkslsol 7Hd &8kom, ofn = S7kake] o) 7
2 methanolF=&&E0) A& 3HE3]0] 10.66 mg/mL, acetone
FEEolAe= sHEE0] 10.06 mg/mLo 2 71 240 £k
o ey et/ A5 (Table 1 B 2)3} FoflA Ae v
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Table 1. Antimicrobial activities of fractions obtained from methanol extract of Asterina pectinifera by silica gel column chromatography I

(200 mesh) (Unit : mm)
Clear zone on plate (mm)’
. Gram (+) Fungi
Fraction
Propionibacterium  Epidermophyton Microsproum Trichophyton Trichophyton Trichophyton
acnes floccosum audouinii ferrugineum mentagrophytes rubrum
1 11.0 -2 - - - -
2 11.0 - - - 9.0 -
3 14.0 16.5 10.0 11.0 10.0 12.5
4 12.0 16.5 12.5 1.5 10.0 9.5
5 1.0 10.0 - - - -
6 10.0 - - - - -
7 10.0 - - - - -

Detected by paper disk method (1,000 pg/disk).
2-: Not detected.

Table 2. Antimicrobial activities of fractions obtained from methanol extract of Asterias amurensis by silica gel column chromatography I

(200 mesh) (Unit : mm)
Clear zone on plate (mm)'
. Gram (+) Fungi
Fraction
Propionibacterium  Epidermophyton  Microsproum Trichophyton Trichophyton Trichophyton
acnes floccosum audouinii ferrugineum mentagrophytes rubrum
1 10.0 -2 - - - -
2 10.0 - - - - -
3 12.0 12.5 9.0 9.0 10.0 11.0
4 12.0 16.5 12.0 10.5 10.0 12.0
5 - 12.5 9.0 - - 9.0
6 - - - - - -
7 - - - - - -

Detected by paper disk method (1,000 pg/disk).
2-: Not detected.

Table 3. Antioxidant activities (EDA, , mg/mL)' of fractions obtained from solvent extracts of starfishes by silica gel column chromatogra-

phy I (200 mesh) (Unit : mg/mL)
Activity (EDA,,, mg/mL)
Fraction Asterina pectinifera Asterias amurensis
Methanol Acetone Methanol Acetone
1 87.7110.092 15.20+0.06 18.3810.07 14.71+0.05
2 10.84£0.05 7.1340.03 13.30+0.03 12.95+0.08
3 8.42+0.05 8.4110.04 10.66+0.02 20.0040.04
4 4.04+0.01 4.94+0.02 12.59+0.04 13.30+0.06
5 5.92+0.02 4.77+0.01 11.66+0.05 10.060.01
6 7.63+0.05 3.05£0.01 11.55£0.04 13.59+0.03
7 7.44+0.03 3.94+0.02 12.8210.04 16.23+0.04

"EDA_: Median dose, that dose that has an effect in 50% of antioxidant activity.
“Mean value+SD (n=3).
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5(Table 6) ¥ F+ZEZTE 3|45 = 557(Table 4)2 118
Shm, AlJH O 2 T BRAL Aelste] B3 3 W 4Ng
HH 510 o2 GA|(Fig. 1, Step 3)¢1 silica gel column chro-
matography II (400 mesh)ol|A] 2170¢] E& o2 = Halst%
ot olufjof] s5-&(Table 4)y& H SHESo] ¥ E7FAR] o
A 2.628 gkgo| AL, ot 2 B7kAME 9] 7= 2.775 glkg
olglom, A= & 1.0 golstyieh. et #5227t
ol#] 9] ¥ E7pAE|ol| A= 4, SHE-ES Z343te] HPLCE A
H.351510] Fig, 20 414 & RT 7.532, 8.929 2 10.478 min] 37)
o] 21 QIgich. Te)3 o2 BrhAlelol Al SHETeS
X5l HPLCE A £3]5}o] RT 5.018 min®] 17 &3 ¢
Stk o]H3t 9352 TLC (thin layer chromatography)= &
sto] Thelnl 28 Sfelsielct.

8 Bopatelo| A HPLCRYE 4] B33t 3e] Be(A)
olmz Boblelzre 23 17 2HB)OR Fits

Table 4. The yields of fractions obtained from methanol and ac-
etone extract of starfishes by silica gel column chromatography

T (400 mesh) (Unit : g/kg)
Fraction Asterias amurensis Asterina pectinifera
1 0.074 0.047
2 0.175 0.154
3 0.864 0.102
4 0.810 0.764
5 2.628 2.775
6 0.085 0.191
7 0.167 0.218
8 0.615 0.710
9 0.157 0.026
10-21 -1 -
Total 5.577 4.988
I-: Not detected.

Wavelength = 254nm

MAU

300
600 4
400 4
200 4 @N

& 5
0 M |

T T

A A - AN - e

filo

=43t A3H= Table 59F Zth @ 1Al o A= 8.94 mg/
mLEA] o}EE £7FAF(15.59 mg/mL)e] Blsf =& &4
LEFY A A9, Table 32] methanol Y acetoneF=Z-5-9] H| 3} 4]
= Rkt o] = A& &P} Hke] 7|3t whE 7|54
=40 Abete] Aits A EH, o3t EAl= AFYSkE tE
A FA Y] A Ate] g o= AFA ] EAHES 6
Ast £ 9oty Abg =} E3F L-ascorbic acid?] aFAFsha v}
(EDA,=0.65 mg/mL) (Cho et al., 2001)2} H] w3} H £}
Atget ot = E7kAb] 9] SRS oF 1/10-1/208) A=
o] Wittt
Carotenoid#| M 477} SAd4A 2 HE YA A2t =4S
Hosh= 202 odA qlof(Rau, 1985), AHax7of gHAk} 2
AL AR S 7L Qs AR FE 2 AY
oM E ¥ E7IA 559 FAlSHso] ofRE ETkAE] K
Sotel, ol A2 ¥ ETRALE 7} ol B2 EAME| Hot
total carotenoid grefo] W AT} AHbo| Q1L Ao 7 =AH

Table 5. Antioxidant activities (EDA,, mg/mL) of fractions sepa-
rated from Asterina pectinifera and Asterias amurensis by HPLC

compounds (Unit : mg/mL)
Compound Activity (EDA_, mg/mL)’
A2 8.9440.235
B® 15.59+0.50
L-ascorbic acid* 0.65

'EDA_: Median dose, that dose that has an effect in 50% of anti-
oxidant activity

*Mixed compounds (AP1, AP2 and AP3) separated from mixed
fractions (4th, 5th)

of Asterina pectiniferaby HPLC.

3Compound (AA1) separated from 5th fraction of Asterias amu-
rensis by HPLC.

“Reference; Cho et al. (2001)

*Mean value£SD (n=3).

[1]

o
[
-~
o

8 10 12 14 mih

Fig. 2. HPLC rechromatogram of mixed (4th, 5th) fractions obtained from Asterina pectinifera by silica gel column chromatography II (400

mesh).
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Ch(Jung, 2002). A1 E2] =8hA]9} o] 2.& AL 52
7H HALA AL 7154 SR Rolo] 3 7]oie 0
2 4z, O 2 ofoh 28 AYel )54 9] FA} e 2
of o] Bk AT ASH O 2 o] FolAof T A O Wik
= 9iek

20fFE L column chromatographyof 2/gt £
=9 0¥ &5

H Bk of ol r 2 E7hA] Q] methanol 2 acetone 23]
(Fig. 1, Step 2) Ztzto 2 Re] B33t 7520 tfgl vl a5
(tyrosinaseZHd A8l 5, %)< Table 6] YEF T} & E7FA)
2]9] 30| ot = E7FAR o H]3] tyrosinase@d Aol
o] =gkton, &= A& H% methanol ¥ acetone+552] 31
E8Eo] thE 289 Hlsto] 7MY =& Adles HER I
W BrlAE] o A= acetoneFEE(94.96%)°] methanol:3:
E(43.28%)0l| vl 2.28) F&= A A L0 QoL ol
=7 A= 2.35]8 methanol3=E&+&(33.12%)¢] acetone

Table 6. Tyrosinase inhibitory activity of fractions obtained from
solvent extracts of starfishes by silica gel column chromatography
1 (200 mesh)

FEE(3.58%)°l vlal &zo] 9.3 = o EQkeh Leuh i
kA4 e] SE TR ez Ae] Sael a2 BAsh
T AtgA o ® FA o Hel S aLesto] 3-4HEE =S F
51921, silica gel column chromatography IT (400 mesh)©f|
A ThA] -5 E(E BT SR g Bl 2 B}
2)& Floto] HPLC= A 233t A9 tyrosinaseZHd A3l &
(%)2 Table 761 LYER Ae). B(A) W o} 22 B7iale) 3255
(B)&] v]l & k= 22 46.89%2} 40.19% = =2 tyrosinase S
AA s et ek o ngdRo s de| o] 8l §)
+ hydroquinone, kojic acid, arbutin 5] tyrosinase €4 4]
52 Z+2F 99.4%, 87.5%, 67.8%%= Rl om(Ji et al.,
2004), Kim and Lim (1999)< tyrosinase A 3f &4 o] v-¢- &=
< kojic acid®] - =AE MEA F/dsto] SEF R A9 of
87154 S AEstenh 910 AnER 2 0 2710 oo}
be g7 589 i anrt 7)E npiey JEER

S4Bl A oAt ofoko] obyl Al 7|54 SRS
298 4 e A0 R

Table 7. Tyrosinase inhibitory activity (TIA) of fractions separated
from Asterina pectinifera and Asterias amurensis by HPLC com-
pounds

Inhibitory activity (%) Compound TIA (%)
Fraction Asterina pectinifera Asterias amurensis A 46.89+0.09*
Methanol Acetone Methanol  Acetone B2 40.19£0.05
1 2.52+0.02! 2 3.98+0.03 - Kojic acid® 87.5
2 8.92+10.06 2.49+0.01 2.08+0.03 5.10+0.01 Hydroquinone® 99.4
3 43.2810.07 94.96+0.08 33.12+0.07 3.58+0.02 Arbutin® 67.8
4 2.05+0.03 - - 3.45+0.05 "Mixed compounds (AP1, AP2 and AP3) separated from mixed
5 1.93+0.01 - - 3.39+0.02 fractions (4th, Sth)
6 i i i 3.08£0.01 of Asterina pectinifera by HPLC. . .
2Compound (AA1) separated from 5th fraction of Asterias amu-
7 - - - 1.59+0.01

"Mean value+SD (n=3)
2_: Not detected.

Wavelength = 254nm

rensis by HPLC.
SReference; Ji et al. (2004)
“Mean value+SD (n=3).

mAU ]
600 4
500 4
400 4
300 4
) o [ '
- S %2 g8 2 g8
100 Q @ A Qg w N @
- = NN M - -
0 . —C " T T 4
LE LAN B B N S S S B LI S S S e . L A e S E—
0 2 H 6 8 10 12 14 mh

Fig. 3. HPLC rechromatogram of 5th fraction obtained from Asterias amurensis by silicagel column chromatographyll (400 mesh).
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