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The present study was performed to examine the contraction and relaxation responses of the smooth muscles, and
search for antimicrobial and antioxidant activities in the tissues, of the starfish Asterina pectinifera. Frozen samples
were extracted with distilled water containing 1% acetic acid. Extracts from all tissues showed potent antimicrobial
activity against Escherichia coli D31. Relatively high levels of antimicrobial activity were also detected in the body
extracts. Liver, tube feet, and body extracts caused contraction responses in the dorsal retractor muscles (DRM)
of the starfish. In contrast, all tissues examined exhibited contractile activity in the esophagus of squid Todarodes
pacificus. In addition, liver and gonad extracts caused contraction responses upon application to the intestine of
the puffer fish Takifugu pardalis. Relaxation effects on the DRM of starfish were identified in most of the extracts,
while no relaxant activity was detected in body extracts. Extracts from all tissues examined also exhibited antioxi-
dant activities. The results of this study suggest that starfish are a potential source of novel bioactive compounds.
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AAAGTEREL EEAbo](Chauvet et al., 1994), %-0](Irwin
and Wong, 1995), 21+-o](Iwakiri et al., 1990), t-(Jensen
and Colon, 1992) & th¥et 57| sl == e = T
L2 Pele

T, PSS AEEANE B opfel wsel e} 4
2 F2A| 2 AFE-E L Itk Ames et al., 1993; Rice-Evans and
Miller, 1996). t)3£4 Q1 FFAFSIA| 2, tert-butylhydroxytoluene
(BHT), tert-butylhydroxyanisol (BHA) 5-2] ¢4 ahAkslA|9f
a-tocopherol, vitamin C, carotenoids, flavonoids 5] A1 &
AR 7 Q1o Kk B QEHSHAA E/do] =2 IS
Hetgw e gashs 977 Bsh] 21851 YIrkKang
et al., 2003; Kim et al., 1997; Koshino et al., 1996; Park et al.,
1991). gk gojejet 27| A 7h=E-8lE(Sampath Kumar
NSetal,, 2012), detu]o}to] a4~ 7138l = (Fanetal., 2012)
2B s} feto| Eh AR EQlom, 11 o) Ak S
UERH= mycosporin-like amino acids (MAAs)7} £ &o]
1 1% ItH(Dunlap and Yamamoto, 1995).

2L, BV FE5ES ol85to] £-83 AeE ol digt
S0 Tt AL7E o] o x| AL et oFEE E7FAME(Aste-
rias amurensis) 258 535 A4 (Kwon et al., 2007)
2l BV FEEERE WA 243 aK(Chae et
al., 2007)5°] SRI= At Lejut S7kAke] o] Aejg g
g A= g Aol kA 2 Aol A= 27 AN
(Asterina pectinifera) 535-0] 3¢, B 53} o] 2§
W Ak} 2 S ARk

ERTE
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Ao ALgst H E7IAE|(Asterina pectinifera, 217 6-7
cm)= FAE 71 ol Al A ske] Aokgle AdEioll Al 10m)
£ sfl-sto] Al 742 (body), ZHliver), A4 A (gonad), T
(muscle), $15 283 A5 (gut) Y = (tubefeet) 2S£
Sl 7 2 5E oA AR T WEAA AE LA}
A -710Cof skt
iAot

Tryptic soy broth (TSB), yeast extract, tryptone (Pancreatic
digest of casein), agarose (Low EEO), acetylcholine chloride,
carbachol ¥ 1,1-diphenyl-2-picrylhydrazyl (DPPH)+= Sigma
At (St. Louis, USA)o A 13131t
FE=9 2N

¥ EB7lAle|(Asterina pectinifera) 222 1% 24} 1:3
(VIV) o2 &3tsto] JQl &, &t 2 £ as}sto] 4T oA
305 591 15,000 % g2 94 Lefshsic. 45 oL 212} mo}

Z7}7k o] 22 o thet 2EE9] 242 ultra radial diffu-
sion assay (URDA)H O & 3#+2/d& 574351 ch(Lehrer et
al., 1991). A g of] A3t 3= North Carolina State Univer-
sity9] Edward J. Noga 22 HE] BoF vk o xjfo] F,
coli D31:& ARE-3HIT. #+E&2 5 uLs Fskalow 37C
ujok7| ol A uljoF &, clear zone2] -3+ 2 clear zone diameter
(mm)E &Rlsto] S M71E SH 83Tt

H 27IAt2| dorsal retractor muscle (DRM)OIA{Q]
SZ 2ol M =4

 B7b19] eye spot AAT F HjAs HES Hejst
o 57 T whet TS 7FEA 2= DRME mess=E 22|35}
©] 20 mmAE Y] T 2 HEYE). ZH1E 2 BHES v

Z.9] 2| A|tjo]] 2L A7) 31, Y]Z-2 isometric transducer (NEC-
Sanei, Tokyo, Japan)o] $143}¢] resting tension®] 1.0 go] &
L5 907 HH3 Al S S5 fldEl, E &
7FAF2] DRM %3] 9] tension©] 1.0 go] 3% = acetylcholine
(ACh) 10" M & Fofsto] A Th E7 A 24 =&
252 2280 % 2319 110 A8l QFshe] Sl
Hhg-Zof Fojsto] A4S SIS 5242 AChe]
Agko] 2Z2HES-S 100%2 311, =&Eof djah AFake]
5= AChHFS-2] 7)) ] mako] Lrepic.

S 7} 24 2220 ol 245 S8, 240
tension®] 1.0 go] A= 10* M ACh-S Foisto] 243} A]
AT, 152 3 10*M AChS Eojate] 89 227 &, 2
2] FEEe e Folsto] o] & ER1skelH:. ol¢t
L 104 M Ache] HTi4EHHES 100%2 sfo] At
oj¢h %=A Ykt HE IS 55 mM Mg™ Qlsf<ol
A FYstglon, ASWel 2492 v P MgCL.6H,0 55
mM, NaCl 445 mM, KCl 10 mM, CaCL,.2H,0 10 mM, Glu-
cose 10 mM, Tris-HCI 10 mM (pH 7.8).

LI AshRHOIMO =2

LAolg o2 e} ¥ ofgfj o AFE 1t = ofojA=
29RO SRS oF 7 emE HlolWo] AR S5 AR
%, aste] Zo)7k oF 1.0 em HH 2 whEo] 24 2|
ApESITt BE 3L buffero] A 519L0H, bufferd] %
A& oh23t ek NaCl 466 mM, MgCl, 54 mM, CaCl, 11
mM, KCI 10 mM, NaHCO, 3 mM, Na-HEPES 10 mM. <+
Al Ao of#i%2 2 mLo| Wk IAAI7|AL 5
physiography system (NECSanei, Tokyo, Japan)2] isometric
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transducerof] AA3}0] 1.5 go] AH & & F, 152 71402
2 514

&
Z5HS wASIHA 6027 HETsoit. =52 54
Al 2ol A HE-S-2 Yol 371E AR
10° M carbachol (Carb)& 158 7422 33] Foslo] 24|
S g3l AT 7 2L B 2519 1102 AHsto]
&0 FUT T =TS 545} physiography/del 7]

E= mo W20 st 25 By

S8 PUELE W57 915 WA FEAAL Fusiol B
B8 AN, GRORTE | om JE 9% FHY UL
°F 20 -3.0 cm o] 2 Az 3hgick. mART 2L AY 52 A
AR ¥, ] o]k oF 1.0 em7t 1w % BHS WSt

| T2 buffer’doll A dsH 0w, buffere] =44-2 of3t
2t} NaCl 165 mM, KCI 3 mM, MgSO,-7H,0 1.25 mM,
NaHCO, 2 mM, CaCl,.2H,0 1.5 mM, Glucose 10 mM (pH
7.4). v E AR EL 2 mLo] RhgRo TAA|7] I )&
physiography system<] isometric transducero]] 3143} 1.5 g
O e & 7, ISE A 02 A3 8oS wAlshH A 60127t
B AT 52 S-S AL2oA BEZxo] 375 F
AAA FHA FAEAZ] 5 10"M AChS 158 71422 3
3] Fofato] 221 BASSIE 2 3552 F 799 1/10
& ARgSto] BRg- o] Folalgith A& Ut & 52
/3 57J3to] physiography’doll 7158t ch +=52/4-2 107
MAChe|| oJ3f 12 252 Sike5 100%3 kL, ) 5
5o digt Ao vk A= AChHES-2] F7] 9} v]wa}o]
LreR Tt

SIS B0 5%

DPPH+= methanolof] o] 1.5x10% Mo| EHEE FH|3}%
on, 2t 2EEEL 3 mgs F5te] 0.01% AR |
mLel %21 F, 1 5 15042 AHgstol 24 24etsick. |
mL DPPH solution?} %53 UV cuvetteo| A] £ 5lo] =
Al 520 nmof|A] SSF =S =435kttt Z < (control) 2.2 1
mL DPPH -&¢]| 4 mL methanol& £33t -2 ARE-5FITh
DPPH radical 2~75(%)< th24] 2. 2 AAFsIAct.

DPPH radical £27-5(%) = [(O.D. of Control - O.D. of
Sample)/O.D. of Control] X 100
SAXZ

W= A 33 WS Hot A 2 YEh sl o, f-94 S
2 GraphPad Prism 5.0 for Window & A2-5}0] ANOVA test
2 7535, P<0.05 42%=0|| 4] Dunnett’'s multiple comparison
test 5 914 AF A,

Znt W o

Fig. 1. Antimicrobial activity of various tissues' extracts of the
starfish Asterina pectinifera against E. coli D31.

VS|

TtAe] FE=E2 g Y

FPALEle] 7k 2 M 0 RHE 2T 2EESY T
AkeE7] Q1sl Leha/dwt el E. coli D319} thal| 3+t
HalichFig. 1). # E7HAE10] FAREL 3842 mm
AL, TH2 1842 mm, YA AL 15+ 1 mm, 43}
4+1 mm, 252 13+2 mm, 7+ 19+3 mm9] 3+
< YeR A th(positive control: Piscidine 13.8 +1). £3]
ARFEL o2 2250 Hlsl of 2-3uf =& B4 Y
At o7& 23kl Gl AR s ol A8kl 9
= e 9 LAY YA o A FEsks 7o
tH(Seo et al., 2005; Seo et al, 2013). whetA| of7}ujo] 35}
= RS xR AR ol thE A5 g =2 S
UERd o] = ofnte gt Tl flefo| & vl T}
&t T B0l oprtuof Wol EAsto] A4 WAt
5ol Hofsto] 7]Q1gk Aut 91 A . gh, W= gk vl
2 P S UE I W52 BV 9 24U
513 Hol 5 = S "ol oo, HARE vt

7HA 2 Q7 n] g Eo] thsl YA o' HEsh= Feloltt. o]
23t ok el wf T ZoflA FllEo] FulETha o
A QJtHEdward et al., 2004). wehA] TE GA] n] P Eof tf
gk ZHA1S] Aol of] T E S2S 235k §l7] vl =
© S Uehic 1 AZhEIT) wak HRER 0| 79 Brba}
2] o] Ao A gt Tld 2 eto| =t WA E =T
(Christina et al., 2001; Martinage et al., 1983), =7}A}2] 2] 7t,
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A. The DRM of Starfish, Asterina pectinifera
2 min
t
Muscle Gut Liver Body Tube feet

B. The esophagus squid, Todarodes pacificus

:Iw'u‘ 2 min

NPTy MMM w!l e Ml Mmg

Muscle Gut Liver Tube feet Body Gonad

C. The intestine of panther puffer, Takifugu pardalis

.n.-;"«f U M!Mmg

Gonad Liver 2 min

Fig. 2. The contractile activity of various tissues' extracts of the starfish Asterina pectinifera on the smooth muscle of other organisms. A;
DRM of the starfish Asterina pectinifera, B; Esophagus of the squid Todarodes pacificus, C; Intestine of the panther puffer T akifiigu parda-
Iis. The extracts were applied at the time indicated by arrows.

A FAANE WA S0 DS S ol 2 Table 10] ekl vt 0] 10°M Carbol 13} 528 2]

B Bl AR ROl AR BANGASAL T SEUEL 100%2 513, 2 FE 0] ol 4l e A
7R B 0] 2 4 et AS JeT EAb2] - Cab 98] 2719k vlastel ehhleh oAkl 1
BHE A2 3t 22 0] FAETHH sF YAl 7k (164.3%) 9 2H103.6%) F+E=52> e =2 5982
270 9 WNERE DR 754 BER e ehilon], AAN(T1A%) F2E EE MR B2 WSS
o S Ao Az
4 =7t DRM, 2N Al 3 E59| F HE Table 1. The contractile activity of various tissues' extracts of the
20| st £ &M starfish Asterina pectinifera on the smooth muscle of the other or-

ganisms (n=3)

W 8o 24 2EES0) 28 45482 2487 9l

Al 8 27k DRM2 AR5 0, 104 M AChe] 93 & Contractile activity (%)

L5 289 2RSS 100%E 5t 28| thalk Ao Sample

4S5 ACh ¥HS-2] 27]9} u] wako] Leh9ict. Table 1 DRM  Esophagus  Intestine
© 1 27} Abe] DRMo| that 28] Z220] 2 uro-o 1} (A. pectinifera) (T pacificus) (T pardalis)

Ebdich 7h @ AR 222 E20 DRMO|| 8] 4= uL S 1} Muscle 0 9.29+4 N.T.
Ehyt) B3], AR=EE0 A 100%4 7 @4_;;4 ! Gut 0 103.6+1 N.T.
gom, 7k 2252 oF 80%2] $&uke-S Uit g, Gonad N.T'. 71.443 52.3+2
Z 22H0 AzslyO L]—E]—l}]l:]—7} Al o]eFEAS Bl Liver 77.8+4 164.3+2 36.4+1
o} ey 2SS A 2 EEES SRS Hol A (dth Tube Feet 22.243 14.315 N.T.
LA olo] Almof et 7t 2EE0| I 5242 Fig. 2B 1} Body 10021 4212 N.T.

N.T.; not tested.
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Muscle Gut Liver
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Fig. 3. The relaxant activity of various tissues' extracts of starfish
Asterina pectinifera on the starfish Asterina pectinifera DRM. The
extracts were applied at the time indicated by arrows.

Uet Sieh Ad T 3 9 IS 529 U AIT

£ 2A 50 vl A = 2 Bhe-S e Sict 53], A 5
SES oo A% HETo| tisf 5249 =2 F7HIA
A|RE, AH-8-5-9] 44573 4= (phasic contraction)&- LEFA]
o 3hA-S B QItKFig. 2A, Table 1). 31, ZE-0] Ao of
off BAA FEE2 S5 A A5 X Z(amplitude)
£ AstA7]= WA =0 (tone) 9] F7HE FEsH3leH, 1k 5
SE2 XET #0]9] ST WA 4= AU h(Fig. 20).

E7FxFe] DRMe| tigh 7t 325E9] o|¢h2/d-2 Fig. 37} Ta-
ble 20] LFEFSIC. Table 2041 Lpetl ulo} o] 2% 222
S 41.4%9] OISTAE e op], 23S 92.1%, 44]
A2 76.8%, T 78.9%, B0 749 62.5%9] ol 2=
Hlch vhH, A 2559 A, te 22 5= 2
AChe] &Jsfj UpeRt - =50 thgh o] & YERA] gh L
o 73t 5 B4 et AokFig. 3).

5of| el =5, ol S A d A1 A Eto] = TRt
A2 Zul5-59 (Stichopus japonicus)®] longitudinal
muscle?} body wall2 2] Z}A19] HalZo| tjaf $22AS
Uetl= feto]l=rp AR AL, B3t Jho g HE ol¢ket
BE FEots 2379 E4o] W E %l o (Iwakoshi et al.,
1995), H&t ol Uetli= =& (Holothuria glaber-
rima) ©] B11%th(Diaz-Miranda et al., 1995). =3]5&2l
sfiat o] @] ol Frh Aol A Alsl= &7 Ake] ¢1 Asterias rubens
@} Asterias forbesi®] radial nerve cords=ZFE] FMRFamide
T peptide?] S13} S27} A A =] 91 =1|(Elphick et al., 1991),
o] 52 27} cardiac stomachol] T 5te] o] H8HA]S- LlERY
tH(Elphick and Melarange, 2001). Z2{u @A 7HA] ¥ E7FA)

Table 2. Relaxant activity of various tissues' extracts on the star-
fish Asterina pectinifera DRM (n=3)

Sample Relaxant activity (%)
Muscle 41.418
Gut 92.14£3
Gonad 76.812
Liver 78.9+4
Tube Feet 62.51£5
Body 0

Table 3. In vitro DPPH radical scavenging activities of various tis-
sues’ extracts of the starfish Asterina pectinifera (n=3)

Radical Scavenging

Sample Effect (RSE, %)
Muscle 27.245
Gut 95.8+2
Gonad 100.01
Liver 97.342
Tube Feet 67.3+3
Body 100.0+1

FHEES Al %A ALB e that A Tt
A) o] wo] 91| ¢he AlAolch. upebA] olefat Auk chaygt
2rhake] 27 o] Ao Trofalis AA 2HEHo] A
Sk 218 VR 917] o] o] S Aoz R ofxzt
A uE A gk AR BASS WS $% St AR
2 HET 4 9SS A,

Satah

E7Me] 23] 22259 B S-S doti] A
DPPHE A3} DPPH radical 4753 ZAFSFI L a4t
3} 4 ZA o] i3t th2T-2 Vitamin CE 0.8, 4, 20, 100 2
500 pg/mL AF&-5+91 0™, DPPH radical 47 %-2 717+ 13, 19,
60, 88 2 90%E LEFYItH(data not shown).

Table 32 E7HAte] £2152] 550l tigt DPPH radi-
cal 2AGS ARE T A SS UERd Zlolth dH &
7FAFE] 9] A9 231 95.8 2%, ABAIAL 100+ 1%, 7+
97.3£2%, £ 67.3+3%2] A4S Yeffiglon, 729
78%-, 100£1%2] ¥h3-5 Yehiglet. 1efuf, 259 9+=
T2 22 S0 v|aLA oFsl 27.2% A w o] gAkst 7S Uhe}
WAk 2L, oFf-2 E7MAM (Asterias amurensis) 2 5-E 1
HEE AAEA(Kwon MC et al,, 2007), E 74 F&5&
2HE WA 3z 843} A 7HKim [H etal., 2001) 50| 2215
k. whebA, E7kabE] o thefFel 22 50| ks 2 7HA]
= =49 o] glo] F HAYE 7HK= At tdel 2
U= APAFBliETE

Al AL

o] =2 20079 % HE(ETr|ERe] MU
SATAE] A UE ot £ 7|2 ATAY AF-UNo.
KRF-2007-521-F00042)
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