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Abstract

This study was carried out to investigate the antioxidative and antimicrobial activities of internal organs
of Aplysia kurodai (AK). The internal organs of AK were extracted with methanol (AKM), which was then further
fractionated into four subfractions by using solvent partition method, affording hexane (AKMH), methanol
(AKMM), butanol (AKMB), and aqueous (AKMA) soluble fractions. The antioxidative activity of fractions from
AK was investigated by measuring the scavenging activities of AK against DPPH radical, peroxynitrite (ONOQO")
and reactive oxygen species (ROS). Among the various solvent fractions, AKMB showed a marked scavenging
effect against DPPH radical, peroxynitrite (ONOO™) and reactive oxygen species (ROS). The antimicrobial
activity was increased in proportion to its concentration by the paper disk method. Among the various solvent
fractions, AKMM fractions of AK showed the strongest antimicrobial activities. The methanol extracts exhibited
antimicrobial activity against all organisms tested, while the hexane extracts showed antimicrobial activity only
against Proteus vulgaris. The results suggest that the AK may be suitable for development as a food preservative

and alternative antioxidant.
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Superoxide radical anion(O:- ), hydrogen peroxide(H:05),
hydroxyl radical(OH-) &3 #Z2 ®¥h&-4Ao] & reactive
oxygen species(ROS)¢} nitric oxide(NO-), peroxynitrite
(ONOO )¢} Z-& reactive nitrogen species(RNS)+= A W
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o} Aol AFEH Ak 2',7 -dichlorodihydofluorescein
diacetate(DCFDA), penicillamine, trolox % DPPH(1,1-di-
phenyl-2-picryl hydrazyl) 2] A]2FE-2 Sigma Chemical
Co.(St. Louis, MO, USA)EZ%¥], dihydrorhodamine 123
(DHR123)2 Molecular Probes(Eugene, OR, USA)ZH-§,
ONOO + Cayman Chemical Co.Z%H T3t AL
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Lol 23] FE3H &
TEAA FAA=E 2% methanol F2&%(AKM)
S dAdg. o] F%ES hexaneZx(AKMH), methanolZ
(AKMM) butanol%(AKMB) % aqueousZ(AKMA)S. 2
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DPPH &tz £AEA & 74U 2959 AR
¥ 5 (electron donating ability, EDA) =742 Blois®] %
H(25)0] 3t z+ B39 DPPH(1,1-diphenyl-2-picryl
hydrazyl)dll 3+ 423 a2 2439t 43529
A8 9} hEF O Z vitamin CE AFE-3Fa] 96-well plateol
160 pLE ¥ 3 0.2 mM DPPH 40 uL.E #H7}3}S vortexZ
TASHA £ th A9 A 3023 HAS F,
Multi-detection microplateZ 520 nmol| A &3 =

g =743}
Aot FHEE SAY w Ao B = 4 A5 o3 F
Fx 9] zto]lE ethanol?He] % =& &35l HAs) F9
i, ojuf AAFATE A8 }-_rLg]r “1337}‘?94 $EE A

H
ol NEE(N)ZE ?0}93\2‘34 0) X
7+ A A1 71 ICs(inhibition concentration)S T3g 1 ZE
gL 33 wkE A A
ROS A A% &3 ROS AASS 543171 131 DCFDA
H(26)= AH&ste] S 3T 99.9%9 ethanolell
83§ 125 mM DCFDAS} 33} S/l &3l 600 U/mL
esterase® -20°Cel stock solution® & A Aslar, A3 Al
10 uL. DCFDA %} 600 U/esteraseS &3t ZAH 2/7' -
dichlorodihydrofluorescein(DCFH) &2 37°CollA] 20%
7 e & ALS AR GAdA WEEH AT A&
49 DCFDAT esterase =& 2F3}4 7}473] & who} W
@472 DCFH= ZotAlgs}t Hn, DCFHE 2/44k40l
o3 AkzlE o] 743 ¥ B e E 2',7 -dichlorofluore-
scein(DCF)¢] F 22 excitation wavelength 485 nm %
emission wavelength 530 nme©l| 4] multi-detection microplate
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readerZ Z43}3|th A8 10 tlLE ¥ & H0.Z 190
uL® Y1 wk$A7)31, DCFDAY) esterase® o] wH&
DCFHE 50 1t }0}04 25687 A E gl HstE B
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ONOO™ A AT &3: Crowd] WH (@27l g3 ONOO
AASTE =439t 96-well plated] samples TEEHE
#3}ar, 90 mM NaCl, 5 mM KCl % 100 uM diethylenetria-
minepenta acetic acid®} 10 uM DHR 123& -3} so-
dium phosphate buffer(pH 7.4)2 7}3tch 2831 10 uM
ONOO™ #7Igt & JFFTE o] &3} excitation(500 nm)
7} emission(536 nm)S SAFATL BE AP 33 RHE

=939,

SIS =X
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ALS-TF 2 ujA: 2 A AMES = gHE Hy)
Al Proteus vulgaris ATCC 63R0), Serratia marcescens
(ATCC 14756) 2 Bacillus subtilistATCC 6633)9} 21&F=
LAl Staphyiococcus aureus(ATCC 25923), ¥ A<l
Rhodococcus equil ATCC 6939) 57}A] #F5 A3 S
o ZF 79 S W HES 93 WX 2= ZHZ} nutrient
agar(Difco, Detroit, MI, USA), yeast extract 2 malt
extracts AH&3FATH

FEE &Y 298 oA AN 29 2 F

ZSE9] g8 AL paper disc method% AHS-SF A TH28).
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=] =)

EF3le A7 At 4F Al HE S FHFe=
A7Vl 7158 WA Yol ©A] 10 mLA 2531 o]F <]
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~2000 pg/mLE 3te] H#H disc(F7 6 mm, Toyo Roshi
Kaisha, Ltd.,, Tokyo, Japan)oll &4, AZAA dF7F &
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Table 1. Yields (%) of various solvent fractions of internal
organs of Aplysia kurodai (AK)

Fractions Yields (g) Yields (%)
Methanol ex. 23.62 23.62
Hexane fr. 0.34 1.44
Methanol fr. 1.03 4.36
n-Butanol fr. 0.68 2.88
Aqueous fr. 11.07 46.87

ex: extract, fr: fraction.

2(AKMB) 2.88% 2 aqueousZ(AKMA) 46.87% S +53}
gom 7+ A8 Luj¥ F£E82 Table 13 2t}

DPPH free radical
DPPH free radical 24 WL Fa13184 S t
o} TR WHOR Be ATAE0] o] WL o] 43}
Gatslg g S &35t vk DPPHE hydrazyl®] 44
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SAE4Y Q%"‘%ﬂﬂ} aatst e & 7hsshAl " TH6). DPPH
g AA W =4
285 AA O}E GHEA ol FsArE 9 7hsdel
At} FAWAS] 7 S 2 DPPH free radical &7 &4
S 43 A= Table 29 20 o8 £8E T AKMBZ
oA 74 =& DPPH free radical 24848 JERAAL
g2 E38 =M= DPPH free radical®] &A8Ado] o}
A YEgt & AKMB3S2 268.66 png/mLol Al 50% <]
DPPH free radical®] A2A&4S B H 2™, positive control
¢l ascorbic acid®} Hl® & HS wf B FH Fe& A2ABAS
YEPR AT, T2 2850 HsiA = F ul o]t &2
DPPH free radical Aol et mEtA FAWA
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Table 2. DPPH radical-scavenging activity of the partition
layers of AK (ug/mL)

Sample IC5+ SEY

AKMM 401.23+2.23

AKMH 568.15+3.31

AKMB 268.66+4.81"

AKMA 501.23+3.56

Ascorbic acid (control) 418+2.16

”IC:;OI half-maximal scavenging concentration, SE: standard
error, statistical significance: "p<0.05 versus control.
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Table 3. ROS scavenging activity of the partition layers of

Table 4. ONOO™ scavenging activity of the partition layers

AK (ng/mL) of AK (ng/mL)
Sample ICs+ SEY Sample ICs+SEY
AKMM 120.56£3.22 AKMM 321.65+0.12
AKMH 156.43+1.22 AKMH 21275+ 3.66
AKMB 54.73+0.08" AKMB 65.64+0.11"
AKMA 300.52+4.28 AKMA 765.64+1.23
Trolox (control) 5.42+0.06 Penicillamine (control) 751+0.03

1)ICaoi half-maximal scavenging concentration, SE: standard
error, statistical significance: ‘p<0.05 versus control.

£ BI=d A 71 =& DPPH radical 2A &84S YEMA
AN ST} FAFSFETHE3,34).

ROS MAHs

Superoxide radical(O:- ), hydrogen peroxide(I>0») %
hydroxyl radical(OH-) 52| O, thAE S 53 3l= ROS=
AR Wel A A&H o2 YAFFAT HAHA Alol=A &
ow ZH5olA BMA KA, A So] &AL o7t
(35,36), =8t7} g ol T8 4TS i dHA Uk -
2 2952 ROS AAZS 54T 2= Table 3%
Zo. Fehg B3390 AKMBS 2 54.73 pg/mLol A 50%
9] ROS AAZAE JeE ST Control?] trolox9] ICsE
%91 542 pg/mLoll s R A G 2ATA ) FFE A
7F, AKMM, AKMH 2 AKMAZ# Blushd =& A A
Aol FFHET 2 FEFNAE EF Fo4 AE ROS
AASGRNE B F gtk olds Aoe UGB ESQ] TFA
A@B7) FE2E°] it B EAA 7 £ ROS AALA
< B A¥e oE Aol Eg AA30)7 F7HAFIED
59 EFIF WS EgE 71 =2 ROS AALGES
HQl A7olr dgtom »Hlg=(38) HEEC] Rt &
g T A 71 =2 ROS AAZAHE 1Bl 2479} AT

ONOO MHsS
Nitric oxide(NO)& AlZ=jol] A gitss o2 &4
253 whg-d 4= l=H|, 53] superoxide anion radical

(O )F A ¥H-g-3he] w AF8}AI ] per-
oxynitrate(ONOO )& A4 3ttt ONOO = NO%}F O,- Bt}
=40 o A% AR oA Jom, gl x4 aejn
DNAS] 2ts}el UER S 348 T3 @8 B2 AE9
ol¢t AT 3F A3 L guanylate cyclase®] A=, tyro—
sine®] YE 23} 9|9 % lysine, arginine, histidine &2 o}
"] =Ake] W& thiol, thioether B+ o} &} peptide, T 2
] methionine 7] 4Fst 9 A A #kste] ol o7k A2
=4 Sol B3 3 nEZ=gole] 3FYA, Alxut
Hx oA, GSH 1272, ADP ribosyl transferase®] 243}k
Z A% DNA &4 9 A= oA 312, mitochondrial ATP
synthase, aconitase 22 MEXZ A& oA MIEALE
tﬂ—zs]-]:}-_ﬂ 3ok A o]2]d ONOO ¢ =4 Z8& =3}
b3l A, B, A2AE, g @S, 1¥s 1

0)\-10] uH =&

”IC:;OI half-maximal scavenging concentration, SE: standard
error, statistical significance: "p<0.05 versus control.

4% 5 o8 A3y dHHe ZoE HiHI Yot
39-41). ©]213F ONOO & #| A3}+= scavengerE selenium
2 ¥33}= D-(-)-penicillamine®} ebselen 5°] &&A A
o A Wel= ONOO & 8843 A2 4 e AlA &4
7} B A 94 oEE ONOO AARA B4 gase
AL sty gt op g} =914 Aes st 2 9
o7t ot & ¢ Aok FAUF & EEE2 ONOO
22713844 DHR 123¢ o] 83t 243 A7 Table 49}
2ot FaUAE E8E9 ONOO 9 AAZAHL dA 9
DPPH free radical &2A&4 3 ROS A AT w7 x =2
AKMBZ oA 718 =2 AALSE S YR =g
FoAlAE 794 = ONOO 9 AALLE & = s
Positive control€! penicillamine®] ICs%t 7.51 ug/mL¥} H]
WS Wl AKMBS 65.64 pg/mLow 50%°] ONOO
o AABAHG BPoH dE RYZAE BE 100 ng/
mL ©]/F9] E& FT oA Xﬂﬂﬁ“& e ATt o] e
= DPPH free radical, ROS & ONOO AAZAH =5 HEt

< 2832 AKMBZAA 7HE =4 el e 22 AKMB
ol kst &4 aHE & F Ao, s 245

el fFast A2 dE4de] 57, AKMB&O“ S

o] A& 7heAdo] FAFAAM Po2 UL 4% e AF
g B3 SHEZES sty 29 1 7]@%% GolH

A7t Qs olof Geka Yz

e

—~

9, rlm

SRUY 5
AT 2R FTLAE ALAS disce 23

o
=7} %7]'%}-?% T EHQ FgAEAd S
Table 59} 2t} Proteus vulgaris
T oE&FHo =7 I
GFEA

WE}LH }A»—tq
o A% AKMMZJJr AKMHZOM
gAJo] Yekon, AKMBS3 AKMA%— M=
= E 7 itk AKMHZ ] 4¢ 4% 289255 44
500, 1000, 1500 & 2000 ug/mL FEE AYsAe w 4z
7.3, 83, 9.3 2 10.0 mm| clear zoned] Z7]E e
AKMMZ9] clear zone2] =7]1%1 6.6, 7.3, 8.6 2 8.6 mmell
Hus A By o 52 Fa84S et Aok Serratia
marcescens®] 73-%- AKMM Zol| Aut #3Alo] YehdS
& = YA FAEUF FEE9 500, 1000, 1500 2 2000
pg/mLe] F=olA Z+z} 75 86, 95 2 96 mme| clear zone
o] ZAYUY. Bacillus subtilis®] 7ZFoNME A
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Table 5. Antimicrobial activity of the partition layers of AK

lo,

Fractions Clear zone on plate (mm)"
Stains ng/mL AKMM AKMH AKMB AKMA
500 + ++ — —
Proteu_s 1000 oy - B B
vulgaris

1500 +++ +++ — —

(ATCC 6380) 000 ot ey _

Serratia 500 N B B B

marcescens 1000 o B B B

. - 1500 e+t - - -

(ATCC 14756) 2000 i _ _ _

o 500 ++ - - -

Bda{]ys 1000 i _ _ _
subtilis

(ATCC 6633) 120+~ - -

2000 +++ ++ — -

500 - - - -

anfz;;ﬁ);lococcus 1000 ot _ _ _

1500 ++ - - -

(ATCC 25923) 2000 s _ _ _

500 ++ - - -

f;z;)]dococcus 1000 . _ _ _

1500 et - - -

(ATCC 6939) 2000 it _ _ _

DAKMM: methanol partition layer of methanol extracts of
Aplysia kurodai (AKM), AKMH: hexane partition layer of
AKM, AKMB: butanol partition layer of AKM, AKMA: aque—
ous layer of AKM.

ITreated sample was adsorbed into paper disc (6 mm, diameter)
and the diameter (mm) of clear zone was confirmed around the
colony.

Growth inhibition size of clear zone: ++++, larger than 10.0 mm;

+++ 10.0~85 mm; ++, 85~7.0 mm; +, smaller than 7.0 mm;

—, not detected.

Serratia marcescens®] 7352} o] AKMMZ oA 713 =
< ool e, 500 ug/mLe F% A2 Al 7
mm] FAEAHE HEPHAL, T Fo] T= EFHoR 79
2 Z7hshh % E59 2000 pg/mLol A 939 E& ahat
A4S B & A 283 AKMHZIA & 500, 100 2
1500 pg/mLol A &g o] Ao el A ERovt FF
F521 2000 pg/mL F=olAT 7.0 mm9] clear zone°| &
AEo] o g7y gHE B 4 dUth 28y AKMB
=74 AKMAZAA = 784 2345 J8 & 5 ot
Staphylococcus aureus®] 739X %= Bacillus subtilis2}
Serratia marcescens®| A9} 2o AKMMZ ol A7t &
e Bmylon, AKMMéPA 4= #AA Fx=<] 500 pg/mL
Oﬂ A 6.7 mme] FHEA-S B P 1000, 1500 ZE 2000 pg/
Lo XM= 47 75, 84 1 84 mmo] FTEAEE Ve
“E} a8y e BE #3590 AKMA, AKMB 3 AKMH
o B R %*—iﬁ]”\é O] YelA] kth. Rhodococcus
equi®l 73-FolA %= MZ AT Fa 84S Blom,
AKMMZ2] A$-= JVH F52 500 pg/mLol A 7.2 mmY)
S B 1000, 1500 2 2000 pg/mL XM=
Zt7r 76,93 2 106 mme] FoE4S e 43

Fgats) & gaad 1437

kO
J

At DPPH free radical 24 &4<& 243l 3
a5 gol B A3 AKMBZ©] 28666 pg/mLoll A 50%<]
DPPH free radical®] £A&ZA4& o 7P 52 48t &
ZE Yef Atk ROS AAEY 54 AFAM= AKMBZ
o] 71} =& kst aRE U loH 5473 pg/mLol| Al
5029 ROS AlA &/4E JePl AL, ONOO AAZAE A
AKMBZ-©| 7} =4 yYes o, 65.64 ng/mLol A 50%
9] ONOO A AZAAE el T3 paper disc methodS
o9 saay AAAY, Proteus vulgaris® A=
AKMHZJJr AKMMZ-9] T34 & F84S HE
a2 ¢ AREZE e TFolA = AKMMZ A 7
S U F AR o)ty A= g

= TAaUFe] Fee 283520 AKMBZ A 7}

$ =xon, gHade F2 AgE FY3520 AKMMZE

shA|, A FH7HA B 7<4°ﬂ 2 P_“‘—Xﬂ S ML 7Hsd ol

7]l = o Xt}

ot

=
[
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