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Abstract

Styela plicata of large (9.82~11.66 g) and small (0.93~2.21 g) sizes harvested at different times was extracted
with 4 different solvents (methanol, ethanol, acetone, and water). DPPH radical scavenging and reducing power
was the highest in acetone extracts of small ones (38.98% and 1.724, respectively) harvested in November. The
lowest radical scavenging activity was found in water extracts of large ones (12.03% and 0.114) in December.
On the other hand, large ones harvested in September showed significantly higher inhibition rate of DNA damage
(water, 56.54%; methanol, 55.83%; ethanol, 48.63%) than others. Overall, the water extraction of S. plicata tended
to show a higher antigenotoxic effect. In addition, water extracts of large S. plicata from November showed
the highest angiotensin converting enzyme (ACE) inhibitory activity (64.38%), while that of small ones from
December exhibited the lowest (51.33%). Overall the results indicate that antioxidant and antihypertensive activ-
ities S. plicata are variable depending on harvesting time, size, and extraction solvent.

Key words: Styela plicata, antioxidant activity, antihypertensive activity, harvesting time, size

N OE 2 o] &AW 1 o]} AL

vege & vy gro , AA4-e v
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T8kt B2 o] 8% 11-diphenyl-2-picrylhydrazyl
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Al #2171 (Mixer HR 2870, Philips Electronics)E& ©]-83}4
B Z vHEo] 27 meshe] A& A7 Bde] 2715 IA3F
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B}AL 33 HHE3le] &Elo|=EE AZXRAIZTE 20 uL/mL =
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Table 1. Solid contents of Styvela plicata according to har-

vesting time and size (unit: %)
Size!! Harvesting time
Aug Sep Oct Nov Dec
Large 7.30 8.13 6.52 6.18 7.44
Small 6.34 13.02 7.18 6.71 8.10

”Large size, 9.82~11.66 g; small size, 0.93~2.21 g.

Table 2. Extraction yield of Styela plicata according to har-
vesting time, size, and extraction solvent (unit: %)

»  Solvents for Harvesting time

Size extraction Aug Sep Oct Nov Dec
Acetone 153 142 166 200 240

. Ethanol 1675 1191 1543 1868 2152
a8 Methanol 3251 3234 3896 49.16 37.42
Water 5533 5580 6533 8572 63.70

Acetone 146 180 190 150 116

g Ethanol 920 1380 1937 1625 1652
A Methanol 1506 2238 3735 3545 32.60
Water 4466 5004 4760 2210 4538

"Large size, 9.82~11.66 g; small size, 0.93~221 g.
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Table 3. DPPH radical scavenging activity of extracts of Styela plicata according to harvesting time, size, and extraction

solvent (unit: %)

Size Solvents for Harvesting time
extraction Aug Sep Oct Nov Dec
Acetone 30.03+1.08° 35.94+1.22™ 28.41+1.12" 44.59+0.73* 40.93+0.94"

Large Ethanol 34.32+ 0.81': 27.00+ o.74‘;y 20.46 i0.7lzw 2278+ 1.97‘: 16.03+ o.70:
Methanol 25.3240.10% 18.85+0.73% 16.81£1.18 13.64+0.31% 22.98+0.53"
Water 40.01 £1.01* 24.05+0.18% 18.71+£0.36% 16.67+0.35°" 12.03+0.58"
Acetone 25.49+0.69" 33.26+0.73™ 27.3340.74% 38.98+3.92" 35.24+0.52"

Small Ethanol 37.99+0.87" 35.81+0.62" 32.93 io.sojﬁ 30.37+ 0.65"1"' 32.34+ o.32‘f‘f’
Methanol 32.1340.44 26.91+0.96 20.06+0.43% 21.96+0.87" 30.08£2.87%
Water 32.98+2.56™ 24.93+1.54% 29.66 +8.23™ 38.42+0.83" 18.22+1.18"

1)Large size, 9.82~11.66 g; small size, 0.93~2.21 g.
DPPH radical scavenging activity in this study was carried out at concentration of 10 mg/mL of sample.

Different letters within a column (a-d) and a row (v-z) indicate significant difference (p<0.05), n=3.
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Table 4. Reducing power of extracts of Styela plicata according to harvesting time, size, and extraction solvent (unit: O.D)

Size! Solventg for Harvesting time
extraction Aug Sep Oct Nov Dec
Acetone 0.24940.01%" 0.908£0.01™ 0.987+0.01" 1.097 +0.03* 0.998+0.01"

Large Ethanol 0.714+0.02" 0.629+0.02" 0.504+0.02™ 0.547+0.01™ 0.565£0.01"
Methanol 0.612+0.01% 0.364+0.01° 0.201 £0.04°" 0.158+0.01°" 0.334+0.02°
Water 0.643+0.06"™ 0.141+0.01% 0.151+0.01*™ 0.117+0.01% 0.114+0.01%
Acetone 0.355+0.01% 1.131+£0.01™ 1.111+0.04™ 1.724+0.02™ 1.021+0.01

Soall Ethanol 0‘597i0.01f)’2 0.65610.01?*’ 0.569io.01‘ff 0‘717i0.01'fvv O.560¢0.01*f”f’
Methanol 0.644+0.01* 0.433+0.01° 0.307£0.01°" 0.33840.01" 0.441£0.01%
Water 0.313£0.01% 0.173£0.01%" 0.220£0.01™ 0.333%0.01% 0.179£0.01"

1)Large size, 9.82~11.66 g; small size, 0.93~2.21 g.

Reducing power in this study was carried out at concentration of 10 mg/mL of sample.
Different letters within a column (a-d) and a row (v-z) indicate significant difference (p<0.05), n=3.
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Table 5. Antigenotoxic effect of extracts of Styela plicata according to harvesting time, size, and extraction solvent

(unit: tail intensity %)

Solvents for

Harvesting time

~ . 1)

Size extraction Aug Sep Oct Nov Dec
Acetone 12.95+0.45" 13.48+0.09"™* 14.74+0.49™ 13.96+0.38™ 20.84+1.88"

Large Ethanol 13.84i0.702x 12.34io.65;‘“’ 21.25i1.5322 17.43+1.15% 17.86+ 155"
Methanol 11.69+0.31™ 10.61+£0.78™ 15.04+0.35™* 16.61 +2.56™ 14.22+0.14™
Water 11.90+0.65" 10.44+0.67 16.25+1.8" 14.66+2.312"* 11.9440.34%
Acetone 12.54+0.99" 15.93+0.77 15.60+0.47* 11.95+1.24% 16.56 +0.20

Small Ethanol 13.38+0.74" 14.36+0.37™ 16.20+1.36 12.22i0.11‘:: 10.25i1.212x
Methanol 13.81£1.67% 15.55+0.31% 9.4340.78 14.43+0.05" 7.86+1.11%
Water 10.69+0.71™ 12.87+1.54 13.19+0.50™ 12.99+1.68" 13.57+0.89™

1)Large size, 9.82~11.66 g; small size, 0.93~2.21 g.

Different letters within a column (a-d) and a row (w-z) indicate significant difference (p<0.05), n=3.
Tail intensity of DMSO-treated negative control and 200 pM H2O:-treated positive control was 6.40+0.20 and 24.02+0.33%,

respectively.
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Table 6. ACE inhibitory activity of water extract of Styela plicata according to harvesting time and size (unit: %)
Size! Conc. Harvesting time
(mg/mL) Aug Sep Oct Nov Dec

1 17.15+0.05% 5.41+0.01% 31.01£0.01% 3.65+£0.04" 1.5240.01%
Large 5 23.45+0.08"" 5.49+0.01™ 31.50+0.01™ 48.78+0.01™ 33.19+0.01™

10 35.00+0.03™ 10.75+0.02" 50.88+0.03" 64.38+0.01* 45.77+0.01%

1 9.55+0.04~ 1.9340.04° 0.41+0.01¢ 14.61+0.03% 6.73+£0.01
Small 5 13.04+0.10" 9.31+0.05"Y 5.11+0.01" 32.24+0.01" 37.88+0.02"

10 17.47+0.01" 10.29+0.01% 20.39£0.01™ 39.79+0.03" 51.33+0.03"

DLarge size, 9.82~11.66 g; small size, 0.93~2.21 g.

Different letters within a column (a-c) and a row (v-z) indicate significant difference (p<0.05), n=3.



o
Hir
%0,
=
o
o

FE vHY(Styela plicata)S 8258 1297HA W€ 1
3] AQF s =)o Wt 2 A9.82~11.66 g Z& A
(093~221 g)o. 2 73 & ) 7}x] &rj(d &S ogts,
olNE, B2 47 F Al z=3 AT,
7t FEE9 it G4 Fudet E48 DPPH Sz
2ASH Y, 1

g

U

U

e

k)

o

1Y
K
kI
>
o
=

B
At
olr

oMl = FEEo| 7HE

o oA E FEEo] 7h

Y kt(})r rlo
-~

o
Hi
x2
oo

ot 14
fo
%

o
2
o=
o
Jo
)
it
ox
e
3
2
:?‘:"4
ofr
1o
2
)
N
N
X9,
[o
, 2

ARl =

S R e MEL R e
Az 20080105)00 o8] 3 = AF T

SERERIE]

A
ot

1. Kim JJ, Kim SJ, Kim SH, Park HR, Lee SC. 2005. Antioxi—
dant and anticancer activities of extracts from Styla plicata.
J Korean Soc Food Sci Nutr 34: 937-941.

2. Lee EH. 1985. Lipid components of sea squirt, Halcyntria
roretzi, and Mideuduck, Styela clava. ] Korean Soc Food
Sci Nutr 350 289-294.

3. Park SM, Seo HK, Lee SC. 2006. Preparation and quality
properties of fish paste containing Styela plicata. J Korean
Soc Food Sci Nutr 35 1256-1259.

4. Lee EH, Chung SK, Jeon JK, Cha Y], Chung SY. 1983. A
study on the taste compounds of an ascidian, Styela plicata.
Korean J Food Sci Technol 15: 1-5.

5. Tincu JA, Menzel LP, Azimov R, Sands ], Hong T, Waring
A]J, Tayor SW, Lehrer RI. 2003. Plicatamide, an anti-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

355

microbial octapeptide from Styela plicata hemocyte. J Biol
Chem 278: 13546-13553.

. Cavalcante MCM, Allode S, Valente AP, Strausi AH,

Takahashi HK, Mourdo PAS, Pavao MSG. 2000. Occurrence
of heparin in the Styela plicata (Tunicata) is restricted to
cell layers facing the outside environment. J Biol Chem
275: 36189-36196.

. Pavao MSG, Aiello KRM, Werneck CC, Silva LCF, Valente

AP, Mulloy B, Colwelli NS, Tollefseni DM, Mourao PAS.
1998. Highly sulfated dermatan sulfates from ascidians. J
Biol Chem 273: 27848-27857.

. Kim JJ, Kim SJ, Kim SH, Park HR, Lee SC. 2005. Antioxidant

and anticancer activities of extracts from Styla plicata ac—
cording to the processing methods and solvents. J Korean
Soc Food Sci Nutr 34: 937-941.

. Lee BB, Cha MR, Park HR, Lee SC. 2007. In vitro cytotoxic

effect of extracts from Styela plicata. | Korean Soc Food
Sci Nutr 360 1099-1105.

Seo BY, Kim JM, Lee SC, Park E. 2009. Antigenotoxic and
anticarcinogenic effects of Styela plicata. J Korean Soc
Food Sci Nutr 38: 839-845.

Seo HH, Lee BB, Lee SC. 2009. Antioxidant and TNF-a
inducing ability of Styela plicata extracts. J Life Sci 19:
462-466.

Kim JM, Park HR, Lee SC, Park E. 2007. Ethanol induced
leucocytic and hepatic DNA strand breaks are prevented
by Styela clava and Styela plicata supplementation in male
SD rats. J Korean Soc Food Sci Nutr 36: 1271-1278.
Park SM, Seo HK, Lee SC. 2006. Preparation and quality
properties of fish paste containing Styela plicata. J Korean
Soc Food Sci Nutr 35 1256-1260.

Jung ES, Lee SC. 2007. Preparation and characterization of
liquors prepared with Styela calva and Styela plicata. |
Korean Soc Food Sci Nutr 36: 1038-1042.

Joeng EJ, Cho W], Cha Y]J. 2008. Aroma active compounds
in Omandungi (Styela plicata)-Doenjang (soybean paste)
stew. J Kor Fish Soc 41: 414-418.

Lee DW, You DH, Yang EK, Jang IC, Bae MS, Jeon Y],
Kim S]J, Lee SC. 2010. Antioxidant and ACE inhibitory ac—
tivities of Styela clava according to harvesting time. /J
Korean Soc Food Sci Nutr 39: 331-336.

Jeong SM, Kim SY, Park HR, Lee SC. 2004. Effect of far-in-
frared radiation on the activity of extracts from Citrus un-
shiu peels. J Korean Soc Food Sci Nutr 33: 1580-1583.
Oyaizu M. 1996. Studies on product of browning reaction
prepared from glucose amine. Jap J Nutr 44: 307-315.
Cushman DW, Cheung HS. 1971. Spectrophotometric assay
and properties of the angiotensin-converting enzyme of
rabbit lung. Biochem Pharmacol 20: 1637-1648.

SAS Institute. 1995. SAS/STAT User’s Guide. SAS Insti—
tute Inc., Cary, NC, USA.

Bondet V, Brand-Williams W, Bereset C. 1997. Kinetics and
mechanism of antioxidant activity using the DPPH free
radical methods. Lebensm-Wiss Technol 30: 609-615.
Mier S, Kanner J, Akiri B, Hadas SP. 1995. Determination
and involvement of aqueous reducing compounds in oxida—
tive defense systems of various senescing leaves. J Agric
Food Chem 43: 1813-1819.

Diplock AT. 1997. Will the good fairies please prove to us
that vitamin E lessens human degenerative disease? Free
Radic Res 27: 511-532.

Ostling O, Johanson KJ. 1984. Microgel electrophoretic
study of radiation-induced DNA damages in individual
mammalian cells. Biochem Biophys Res Commun 123:
291-298.



356 BAY - FED PSP 0B - AT AR - WeF - ol5

25. Singh PN, McCoy MT, Tice RR, Schneider EL. 1988. A Food Sci 65: 564-569.
simple technique for quantitation of low levels of DNA 27. Corvol P, Jeunemaitre X, Charru A, Kotelevtsev Y, Soubrier
damage in individual cells. Exp Cell Res 175: 184-191. F. 1995. Role of the renin-angiotensin system in blood
26. Fujita H, Yokoyama K, Yoshikawa M. 2000. Classification pressure regulation and in human hypertension: new in-
and antihypertensive activity of anagiotensin I-converting sights from molecular genetics. FRecent Prog Horm Res
enzyme inhibitory peptides derived from food proteins. J 50: 287-308.

(20101 129€ 159 A5 2011 3€ 19 A=)



