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Antioxidant and Antihypertensive Activities of Solvent Extract from
Styela clava Tunic, Fishery Waste
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Dae—Youn Hwang, Young—Jin Jung, Hong—Joo Son’

College of Natural Resources & Life Science, Life and Industry Convergence Research Institute, Pusan National
University, Miryang 627-706, Korea

Abstract

Syela clava tunic is generated in large amounts as a waste from S clava processing plants and leads to environmental
problems. It destroys the beach scenery and causes a bad smell and pollution by trashing on the seashore. Therefore, purpose
of this study was to investigate antioxidant and antihypertensive activities of different solvent extracts from S clava tunic for
recycling of fishery waste. Antioxidant and antihypertensive activities of al extracts were concentration-dependent. Of
extracts, hot water extract showed the highest DPPH radical scavenging activity with the lowest effective concentration (ECso)
value (0.733 mg/ml). Chloroform extract exhibited the highest metal chelation activity with the lowest ECsy value (2.696
mg/ml). Autoclaved water extract showed the highest NO radical scavenging activity with the lowest ECs value (0.491
mg/ml) and n-hexane extract showed the highest reducing power (A700=1.897 at 100 mg/ml). And n-butanol extract showed
the highest SOD-like activity with the lowest ECso value (19.116 mg/ml) and ACE inhibition activity with the lowest
inhibitory concentration(ICso) value (0.149 mg/ml). These results indicate that extracts obtained from S clava tunic may
potential candidate to reduce diseases caused by various oxidative stresses and hypertension.
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ITEE 2R B AEAES AdoMs 453t
AT A EICE ydroxyl 2}t]Zt, peroxides I
superoxide®} - 2V rkag it ez A W
of| ZAf5l= Tl l?\:l, DNA 55 &6, 415} =
HAAZ | A Alzake gk 5o 4Bk &4 =

mlo

Yoz =315 SHlsk(Vako 5, 2007). ¥ut ol
g} o|Eo g ry el AR yAod ul oF & okt

A onksl 2olo] B7|w FhHFrliche} Riedere,
1995). weha] Egakaol Sajalr)de AAE 4= Q)=
Hibst 4o digt A+t7} 2sH OlTOVlJL A

(Shon %, 2003; Miliauskas 5, 2004). &), A=, 3}
& 5 o] AllEerollA T4 2 A HEHA7E 3
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HABA AREELL Qi) E3], butylhydroxyanisole %
butylhydroxytoluene S} 28 M BRAISIAI= AR
W=7} 38 S0 ANE 71 {Pd/dol| digt EAIF A
SN AN AV 2R otk Hettiarachy 5,
1996). wHepA] QIAlo] FafistiA] Hiteksol 7t A
Ao Tt o] s @l gl
WHO2} ISH (International Society of Hypertension)
9] 7lol=glelof w2 140/90 mmHg 2 130/85
mmHg~140/90 mmHge] Feke waigtolat 5, 21
AIAA 2 217} 6 Hof o] E A= HEZql A
ot Chalmers, 1999). &> 11 XA = Y s 24
o]7|Hh= AFde HEF, T 5 TS0l TS
a0l AAkeo] me- S7IRITAL AA JloH=(Lee
5 20143) = SHAOIA Y 1ot thiE ARk
W Rk At s ofolAw ik
¢} 2hAlofl+= renin-angiotensin systeme| Q31 &g+
£ 3= anglotensm I converting enzyme (ACE)©|
angiotensin [ & @3 4==%180] 9Ji= angiotensin 11
= MR DS FEdCD s ek
(Sun 5, 2009). wehr] ACES] BE-S Aok Aol
AL AR 7P koA Fel Wio]o),
A A= captopril, quinapril, enalapril, benazepril,
lisinoprill -50] -85t Qo S 74, 7] o]
A& Bzkgo| By vf 9)7] wjEe)(Cha &, 2006;
shin 5, 2014) P LS 71 AR B
o] AlEslth
SPEES S/PYEONA Foks & fle 502 df
ARFARE 7L Qlof S E e HRE A= A
A Aol ZIdiEar Qick. webA sifES dd
o2 3 Ayt A= S0l gt A7t 2dsle
o] 7KL Q= FAllolH, olE= e -8 dEe FE5t
of T AEjAdS WL, 71sAd A=A Y] B8 Tk
/H o ];4.;(]0]_3151] ke ?ﬂ?—ﬂ- J}Alo] xl Q—l oh;].
(Ngo 5, 2012). njHY(Syela calva)= o=, e
23t A AA sl ol B QIsHA 2k =R
H, %ﬂ g} o] Q7] wfiZol AlFAER de] AR
E31 QltHLee 5, 1995). 28y g Q] ok 40%E x|}
Aok AR 72 o uleY 7FEEA F
wolt spuizlell Tt WABORA o 5 S
Q)= BAR 7151 ek webd mlee 23

o m&?ﬂ: i ofr

3
im 5, 2005; Ko 5, 2012; Lee %,
2009)+= @ol =30 AR wlee o] et i+
+ AA=5E glycosaminoglycan, FHEEE=RO[E S+
Z & 4go] EalsltHAhn 5, 2003). o] el 418 &
TAES vHY AE 3559 tyrosinaseo] digh
inhibitory concentration (1Cso)S AR 24 tjey
A =250 ajil uj ARAL] 715AS Hast

i} Sick(Lee %, 2014b). 1 344 5 vels] 4 S5
o] bk} T BTt TS THITkE AMLS 3

Ikt Wb & dAtolas F/dol AR T 2 &

H— o83l n|ey HAL &3 5 22 B0t}
e At} f2] ehefol thgh IS 2t
Tt S effective concentration (ECso)Z} |1Cso
oA AR = A7 =] AZHgol gt 7]
AR TEskaLAt skl

J

A1gel] g3 mIEIE (4ol A3 AR
SR 4Bl 7] AR F, 791 9k
A F71510] 4 C YR BSEA A8

22, 0|H=3H FE2 ME

BAT VY UE 12 om ol T 5,
o] A2 T2 Z+ gujje} 1:102] v|&2 S5kslo] &

Bloie) €< 22(100 C, 3 h), 1A 23(121 T,

3 h), methanol ¥ ethanol =&(80 C, 3 h), 1 ¢ Y+
] g2l n-butanol, acetone, ethyl acetate, hexane &
chloroform =%(30 T, 24 h)2 Z} 33] Hk= =351
t}. 7} Ze ojulkx)(Whatman No. 1)& oja3t &,
g sEsto] SuE AlASIL SAARAAA YEE
IS,
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?1 E49<1d), Blois (1958)2] g o wigsio]
ZARIALE tfkst =9 A& 0.5 mloj] 200 mM
1,1-diphenyl-2-picrylhydrazyl (DPPH) 0.5 ml& 7}
510f 37 T, 30 ZFRESAIY] 2, 517 nmof|A] S3=5
24519}, DPPH 2tojzh 27152 A|2 T4l DMSO
£ Wi xe] FAEE 24 H, et A
| B AolS WreR Lrehfglom, ARMAe
che} gk,

DPPH radical scavenging activity(%)

=100

_ [1 _ “sample - Asample blank }

control Ao(mtrol blank

E3}F sigmaplot 12.0 program=- 3} 50%2] 2tz
2SS Y= AR 52 effective concentration
(ECs0)& AbEslglom, ojuf ARRE 412y = min +
(max - min/1 + 10[I0g EC50-x] hill gope)ols,iq_ oJ7) 4] x=
FZ25 =9 2717 maxs 100% A4, ming 0%
2745 Upehdick. ECs0] We4+2 DPPH ght]zh 47
50| Flofeg jufsle. Cateching: oo A}
gaiqik

Metal chelation €g-2 Dinis -5(1994) 2] BH-& A}
g5jo] ZARIICE TRk FEe] AR 1 miof 2 mM
ferrous chloride 100 ul2}5 mM ferrozine 200 ul& &
URE T, A2ollA] 102 71 A TR 562 nmof|A] &
P2 24519tk Metd chelation &4 DMSO=
AR iz Al Aol MR g Lkl
on, Akl chaat g,

Metal chelation activity(%)
A

1 =100

sample Asample blank }

:[17 1

control — “*control blank

dojzl ZAiE vpgro = sigmaplot 12.0 program-e
&3l ECsoxr 4FE31310H, A tixdt == EDTA
£ ARSI

Nitric oxide (NO) gltjZdt £7%-2 Marcocti 5
(1994) 2] HHo] F=ato] =3sleirt. ThefRt o] Al
= 500 pl2} 10 mM sodium nitroprusside 500 ul& &
URE 5, A2oflA] 150+ St HAAIFH: 1 %, 1%

-
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e

sulfanilamide 500 pl2} 0.1% N-(1-naphthyl)ethylene
diamine dihydrochloride 500 ul&- 7}5}1¢] 546 nmoj|
A FEES SIS NO 2758 DMSOE AR
ottt Addiael 2lol S wlga Yepfglem,
ApebAle th2a Aok

NO scavenging activity (%)
A A
A A

_ [1 _ “Tsample sample bl(mk} %100

control — “*control blank

dojzl A= vpgro = sigmaplot 12.0 program-e
E3) ECso2 AFE319.01, oA gjZ2to 2= catechin
= A&

Superoxide dismutase (SOD) -G-AF 242 Marklund
2} Marklund (1974) 2] ®lo]| oJglo] ZARIITE theF
3F 310] A]E 200 plof) 50 mM Tris-HCl 3 mi2} 7.2
mM pyrogallol 200 ul& #7181 25 TolA] 108 &
QF A3E %, 420 nmojlA] FEEE S751%ItE SOD
SA2h e DMSOS AMg 2 et Asate) Aol
S Ees UEhlgled, AlkAle ohaat At

SOD—like activity(%)
A -4
A A

sample sample blank
=[1- ! F ] 100

control — “*control blank

3}, Au}E vlEko & sgmaplot 12.0 programS: o]
43}10] ECso AFE319. 00, FAItIZL O 2 ascorbic
acid= ARSI

2lE(reducing power)-2- Oyaizu (1986)2] Hitol|
oJsle] ZABILE =, AJ& 1 mioj 0.2 M sodium
phosphate buffer (pH 6.6) 250 pl¢} 1% potassium
ferricyanide 250 plS &3lsto] 50 CoflA] 20 & =]
3 5, QARSI AFENo] ZF4= 250 ul9}0.1%
ferric chloride 50 ul S H7|51o] ARLofA] 105 71 H}=]
gk %, 700 nmojl =S SISt S8 giol
Bom A|ze] B9l ol e oujitt
(Oyaizu, 1986). 2|zt 2 butylhydroxytoluene
(BHT)L AR83kct:



oJAha] .

920

24, Oo=3d F220| Sugy & FAL
ACE AJ3}] @42 Cushmani} Cheung (1971)2] v
Hol| Z310] ZARBICE HA 50 mM sodium borate
buffer (pH 8.3)9]] rabbit lung acetone powderE 10%
H7ISKIL 4 Colx] 24X KR b, alei(acC,
12,000 rpm, 1A|7H3l0] ACE ZaAole A|z51dck
A& 50 plefl 7183} 345 100 ul4 7R %, 37 C
of|A] 305 ukx|5lgi). 18l the 1 N HCI-S 250 ul
7¥ste] Rkg-& FAKNZ|AL, 11 E3kEol 1.5 ml e ethyl
acetateS 3471s1e] 12,000 rpmojlA] 102 52t 24l
SJBHALE. A5 S B4510] 90 TolM A=A, 5
22215 mE 718k 1 AIZF Flofl 228 nmojjA] T3 =
£ 24319tk ACE Al A& thil DMSOS A}
510 AP At 23t AR Aolg W
(%) =2 YeERIcE =3 sigmaplot 12.0 program2-
o]-835}0] 1Cs0 2 T313ALE AT ETLe == captopril
< 283

ﬂJ

3.1, DA FE29| st &y
AN BE F7)4 AR Aol ATt
A==, o]a—]rﬂ- AL URSAo] e Z17]

o] Aol Akshe] S fslo] Qo =3}, E3t
As £ zasls Hloz *g et &4 g Akt
A7t gakas 7 FH 08 ARG O‘XM%@J 3
Al Z710l] FA=Ql 50 7tk A-aTet o
bRl gt =0l b7 wiel] ﬂ@%% ikt
40| gk o] S5k It Choes} Yang, 1982;

Hettiarachy %5, 1996). wbA] njejeldd 250
teof| W 2 afriz 4715 2ARE 3, dolxl 4
£ i o & ECsoS AkEatolT) 7t 21“4 “steof wh
£ A= YR Wfsto] B vEhfA] k=t 15
25 2o tigt a7)so] 7P w 2att AlEsto]
Fig. 1] Uepiglom], 7} 253} o duize] et
Z 245 913t ECso Table 1of] A2J5}3irk Fig. 1o
A Bz el o] AgE 7k FEEE0 e A &
3e B Fie S0l et e Zle= Uelith

DPPH radical scavenging activity (%)
Metal chelation (%)
.
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Fig. 1. Antioxidant and antihypertensive activities of the selected Syela clava tunic extracts.
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Table 1. Effective concentration (ECso) of Syela clava tunic extracts on antioxidant activities

Extract or'ControI sca?epn?ng:adalciiln ty Metzlcticcietalyation scav':nogl ;Zdiaccatlivi ty SOD-like activity
(Polarity) (ECs mg/ml) (ECso mg/ml) (ECso mg/ml) (ECso mg/ml)

Hot water (10.2) 0.733 38.890 15.280 31.165
Autoclaved water (10.2) 1.356 36.730 0.491 36.746
Methanol (5.1) 21.373 27.600 2135 22.206
Acetone (5.1) 5.705 17.592 1.409 0
Ethyl acetate (4.4) 1.444 32.324 3.852 34.208
Ethanol (4.3) 2.270 23.010 12.107 0
Chloroform (4.1) 31.060 2.696 8.196 0
n-Butanol (3.9) 6.070 52.820 1.481 19.116
n-Hexane (0.1) 44.509 36.250 11.456 0
Catechin 0.012 0.1582
EDTA 0.054 -
Ascorbic acid 0.706

uleE7d $&E0] DPPH 2tz 475 =
olEH o7 ZTIsIon, U4 35520 ECxo] 0.733
mg/ml2 7 3okt 1tdes 25 1.356 mg/ml,
ethyl acetate =5 1.444 mg/ml, ethanol F&&
2.270 mg/ml &] =42 =2 DPPH 2]zt 27%-S
EFIYIc(Table 1). FAddj=at2] catechin®] ECso
0.012 mg/ml = LEbgt]. Aol S4% a0l 2
Fsio] Aol WiEe 4= YA o 21 Sist
of neE A 25 0| metal chelation T4 AR
AT}, BE 20| i EH0R BYS FIMIY
= &9 AU oS vE g FEEl vl
=2 ECsoS UERHo] metal chelation BHdo] Whe A
o=z ek chloroform FEE2] 7%, 2.696
mg/mle] v]wa w2 ECsS VFERNGITHTable 1). %
/Jei 2?1 EDTA 9] ECso 412 0.054 mg/ml &2 LRyt
o). guipd $EEEC| NO Zrizt 4745 oA BE
E=7F S7Rbl wet 47 Bdo] S7IsIRAL, a9k
FE=2| EC0°] 0.491 mg/ml = 71 a2 Ql 427 &
3& RISl o 7b e 47 S mel A
259 ECso= 15.280 mg/ml 2 vjeh} T} 2hojzh &
7ol HIsh NO eftjz a7so] AR o2 = 3k

Hc(Table 1). Aozt catechin®] ECs2 0.158
mg/ml 2 YeRdt] 31, ethanol, acetone, chloroform,
n-hexane %52 SOD AL Ve A8] UeRfix] o
et yHA] il FEEES S HEIcK(Table
1). & vy 5229 SOD A+ 232 n-butanol
Z22510] ECx0] 19.116 mg/ml 2 71 Yok ooz
21 ascorbic acid®] ECs 452 0.706 mg/ml = LFERG
o} BE nEEgd fisaES Shles Vel GIct
(Table 1). $hl=fe o2 ghils} Sdut Jef S35 ¢t
A7t 212 LERR= A|3to|eOyaizu, 1986). 100
mg/ml &] ‘=94 n-hexane +&5°] 1.897, 5+ 3=
Ho| 1677 =2 SIS UeRfiglon], n-butanol o]
05173 7Fg Uhe 21122 UehoickFig. 2). it
%7101 BHT= 200 mg/l ss-=of|A] 1.3602] shlede 1t
ERfSIch

Zh nje g e =5 ket 244 7o) A A
5] QAFHA e & 4 9levl], o]ZLe Diplock
(1997)7} Hi1gh Hlo} o] 58 Yol EAJshs a4t
s}-ge) SRe} 1 v} hesl, e e} B
o] Z5oll whet gl A 713bo] A& th=7] wheel
Aoz Aok njEge QA7) wet et &
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Fig. 2. Reducing powers of Styela clava tunic extracts obtained by different solvents.

gol Az JolRt Aom A Ql=t], 3¢ U 4o
AFRE ey sd3 HAe] & F+55(10 mg/ml)>
Z}Z} 76.78% X 53.02%, 9.01% 9 22.43%2] DPPH
et 47 s Uehli)icdung 5, 2006). 3,
Hjely $29] oplE EE(10 mg/ml)<] Shele>
1.224%1°0m(dung 5, 2008), SA7A% nltly S22
UﬂEPi FEEoA 7HE 2 el ES UEIEHKIim
5, 2006). o5 HEi1E-2 ECxoof| tigh TS AAEHA]
oro £ 47 Zalel aisbA) Hlms b ofeigich,
gglofl= astaxanthing: 32315t carotenoid £2lo] £+
EM o, o5 ARt Hrizt a7 5S Helvar o
| ItHEl-Agamey 5, 2004). ©}2}A] carotenoid A
ou o] Z0%} Gk} Bolela WE|Aq /et

0] ZAfE 7H5 9 oA A 1k

3.2 O|C{4ZE F=29| gugy
Renm-anglotensn systemollA] ACE= &%-S 245}
Z-Q5F Ao, 10719] HE| =2 41/g% angiotensin

I ©] reninoj) 2Jaf Halj=]™ ACE”} C-terminal of] £
sh= HHE| =(His-Leu)E Zeffo] 7t @ 5=
Z¢] angiotensin T 2 HSHA |71} SAof] St SFabo]|
FoJ5h= bradykininiz Eaj5h0 24 T} Ao 7|9
3 Cha 5, 2006). w}A ACES A|8lisl= o] 1d
RS HFR| 3= Gakz| Q] Hiolo] | J= glom = njrd
A F=29 FEY S ACE Adlls= AR
o 2y gelslitiFig. 1, Table 2). njEE 72

A
o

@ w

=1

mNﬂl

| ==
T

O] ACE Aéfle-2 57t 37Fr5 oAl =
Hoj=lok 81l 55 5 7H =2 ACE Asls= =2
o1 Z1-& n-butanol FEE2A4], 1Cs0©] 0.149 mg/ml o]
et o]7k2 n-butanol F=ZE0] Y Jh=+2] captopril
(ICs0 = 0.214 mg/ml) 2t} & W& oA ACEE &

T}H o g Aafsith= AL ojujgith Acetone =EE=
1Cs0°] 0.989 mg/ml 2 LEL} ACE Aslis0] Hold
a4 9llon, 4 2552 2.144 mg/ml, ethanol
FE52 2.209 mg/ml, chloroform 552 2.142

Table 2. Inhibitory concentration (1Cso) of Styela clava tunic
extracts on antihypertensive activity

ACE inhibition activity

Extract or Control

(I1Cso mg/ml)
Hot water 2.144
Autoclaved water 4578
Ethanol 2.209
Methanol 6.245
Acetone 0.989
Ethyl acetate 9.946
Chloroform 2.142
n-Butanol 0.149
n-Hexane 8.037
Captopril 0.214
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mg/ml 2] 1Cso 71 & 5= ATk AFHA7 10 wH=
njoy 2559 JarEet G2 tha Aolgh AoR
Harxlo] 9=, 11¢7} 3€of| AHgt viod $42
B 2250 10 mg/mle] E=of|A] 212} 63.38% (Park
5 2011), 65.22902] Aol L/ Lehliglom, 4o
AFEE vlely Ao & 3552 45.77%2] ACE A3
IS ehligitLee 5, 2010). THH, TRt w25
F=E2 ACE Al 24& 2Rl gheol ¥l
=t SlHfT]gAo] M, e, uRelEE, Y,
5, thAuke] E 2EEELS w2 ACE A4S 7t
23 9lom, 1Cx ZHF 0.0200, 0.1576, 0.1226,
0.1377, 0.0285, 0.1059 mg/ml 2 ¥ 11%]o] QriCha <,
2006). EgH F-Zo] ek FAlE?] Aaruul 2t Eezgii
= 717} 2.59~5.30 mg/ml 4 4.82~28.04 mg/ml 2]
ICs0 7= A o2 Harxle] ¢t Bayarsaikhan 5,
2011).

4 A=

=2

Silct mlejele] 4n) Z718k Zhed vieEe)
ZAndaolut Aol TRt A= lE BE Lo,
H7| 28 2 £AE dorle vieiygde] et ot
£ Zefoll Eolxlof 52 W] Ak weba] 2
Toli ujeH RS 215 FAo] T2 Guls £33
T, 583 AeEAs BAsto] nleggdel Aekg
HokS 91t 7| 2AR S wlISkLAL Shict, vlcle7
g5 50] DPPH 2itjzh 47)%, NO 2ftjzh 475,
)il ghlEe ol Zlo® uEiton), B 5
BE FEOENOR ST 27590 SuEE
S 740) B Hol= glglont of 3 o] S
SoaiAle ol e o A4 ERol
cleret Paisk 5ES Bgaka glom, 12w
9k R BE vjEEA $EES FUE B
& Yehhgon], FEolER R ACES Asfsioirk
ACE As3f| 2/del digh 1G> n-butanol F=&=°]
0.149 mg/ml, acetone F&5°] 0.989 mg/ml, G4~
50| 2144 mg/ml = W= ZEE UERfgic) webA
nleg A 2EEe 4 Basket FuEAlE o)
Al A ] FaddA=Ae] JAA 7117F QL
etk

ih
¢

o
£

o] =22 FHTAET AR eI

o] 2| o]| ofte] =Y o, ojof TAR=R LT
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