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Antioxidant Activities of Five Melania Snails
of the Genus Semisulcospira in Korea
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The in vitro antioxidant activities of five melania snails in the genus Semisulcospira (S. coreana, S. forticosta,
S. libertina, S. tegulata and S. gottschei) were tested in detail. The total phenolic contents of the snails
ranged from 32.3+£1.0 to 87.9+6.9 mg gallic acid equivalent (GAE)/g dry sample. The ECsy values for
the 2,2-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging activities were 2.245+0.179 mg/mL for S.
coreana and 9.319+1.276 mg/mL for S. gottschei and differed significantly (P<0.05) among the tested
species. The superoxide dismutase (SOD)-like activity was highest for S. gottschei at 67.2% and lowest
for S. forticosta at 4.7%. However, no significant differences among the species were recognized for the
peroxynitrite anion scavenging activity. Comparing the correlation coefficients between the total phenolic
contents and the DPPH radical and peroxynitrite anion scavenging activities, there was a low level relationship

between each activity.
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coreana (&), S. forticosta (F-5&E7)), S. libertina (TF
&71), S. tegulata (FT-EE7)), S. gottschei (ZATE7)E
S22} Aoe) saelA] AAehs A AR A1gs)
Aot =, =HAHNA 8. coreana} S. gotisheei, 73 %] H ol
X S. forticosta®} S. tegulata 1231 FA| G X S. libertina
oF o] 7t A eA] o s AF 7hee thEr]E o83t
Ak

B 2go] Al&-% 2,2-diphenyl-2-picrylhydrazyl (DPPH),
Folin-ciocalteu's phenol reagent, potassium ferricyanide,
pyrogallol, gallic acid, L-ascorbic acid+= Sigma-Aldrich Inc.
(Saint Louis, USA), peroxynitrite?} dihydrorhodamine 123
(DHR 123) Cayman Chemical (Ann Arbor, USA)°ll A -3}
o, 1 9o Aok SFAeks 57 AAAA §lo]
AL8-31SI . Al ©]-8-% UV-visible spectrophotometeri=
Thermo electronA}2] Bio-Mate 5 (Waltham, USA)S AF-&-3}$1
31, ELISA plate reader”]i= Bio-TekAl Powerwave XS
(Winooski, USA)Q]r Perkin ElmerA}e] Wallac 1420 (Turku,

Finland)& AF&-3F3iT).

FE5E 24 92 5
7 vs7ls AFT 5 A4S o] 7Rt sAd 8]
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3AZE st 33] WhESte] &Sy 4 Alw F
automatic multi parallel sample evaporation system
syncore, Flawil, Switzerland)S ©]-&3}o] SHbA]7]
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7t o HEe FEES 100 mgmL] Lz 245 o]
Folin-Denis 5 (Cheung et al., 2003)2.2 ZA3}A). =, 7+
FE=9 AlE 0.05 mLol|l 2% NapNO; £ 1 mLE 3 7}sta
vortex3}o] Ao A 287+ WHX] 3 t}3 50% Folin-ciocalteu’s
phenol reagent 0.05 mL-& % 7}3}e] 2-20]|A 3023F A
g 5 750 nmol A FHEE ZA3% o], blanki= 50%
Folin-ciocalteu's phenol reagent tAl ZF5T5 713t E3AS
AFgEl o, BEFAL gallic acidZ 0.002-0.227 mg/mL2]
LR zAsl] S35 Ty = 16442x + 1265 (R = 09998)2]
S o]g3te] A BE Ao P ghe YT
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7+ t}& 7] %5 2] DPPH radical 27]%5 2 Blios9]
(Blios, 1958)cll wa} SAsom, HMA3 5 (Electron
donating ability; EDA (%))2-2 YEFISI Y. = 04 mM DPPH
methanol soln. 0.15 mLol A& sx=Z 3A3 A& 0.1 mLS
H7kekaL 37Col A 30327t ¥HEAIZ] 5 518 nmoll A S35
SAH e o s 7]E9 FsAlR & gallic
acidE ©]-8-3F3om f]9} 5dg Wl 2J3le] DPPH radical
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Superoxide dismutase (SOD) FAFEA
SOD f-AFEA] S pyrogallol2] A}71:F3) (auto-oxidation) S
Asfets =2 89183tk (Marklund and Marklund, 1974).
%, pH 852 HASE Tris-HCl buffer (50 mM
tris[hydroxymethyl]Jamino-methane) 3.0 mLol A3 3 A3k
A& 02 mLe} 7.2 mM pyrogallol 0.2 mLE 3 7}ale] 25T ol A
1037F HES A7 3 dh-g-o 2= 2FslE pyrogallol®] ¥-& 420
nmo| A SA3FF T ) 27+ O 2= L-ascorbic acidE ©]-8-3)
Rom, Z A7k YERU= SOD A S Als 5=
AT FAAT Aole] FRES AolB ML (2
SENTES
SOD-like activity (%) = (20 sans — Abs
Abs
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Reducing power

7y A8 F2EY reducing powert= Oyaizu®] *'H (Oyaizu,
1986yl Wl SA3FITE WA, 7 A3 R A A=
2.5 mLel| 0.2 M sodium phosphate buffer (pH 6.6) 2.5 mL%}
potassium ferricyanide (10 mg/mL) 2.5 mLE &3}38l] 50T
A 2087 HES A7 5100 mg/mL trichloroacetic acid (TCA)
2.5 mLE 718kl o]of A, vh-g-MS 2,000xgol| A 1027t
AAEY3 SN S mLE AT FFF 5 mL, 1 mg/mL
ferric chloride 1 mLE & &35} 700 nmol A S3EE 54
S} 2T S 25 L-ascorbic acidE ©]-8-3}o] 53k vy
o2 ZAsglon, BE A¥2 33 HHEse] HA g A

3tk ECso #h2 F3 %= 0500 ti-&3k= gho= vhehi vk

Peroxynitrite anion 27 &4

Peroxynitrite anion 4~7 242 Kooy et al. (1994)2] HHol
w2} DHR 123¢] 4tsls]= J=2 SA353 Tk DHR 123 (5
mM)< dimethylformanide ® 504 2 A& purgedt Fol| -8
0°Coll B3¢ om, DHR 123 (5 um) 34 §9& ghal <)
A Aol ARG8T Aol FAlske] Abgaklt ARl
o] &%= HkE-ol (200 pL)& 90 mM sodium chloride®} 5 mM
potassium chlorides ¥ 3}35}= 50 mM sodium phosphate buffer
(pH 7.4)°ll diethylentriaminepenta acetic acid (DTPA)E 100
um= Z3Hetil DHR 1238942 5 umo] A & +
Ay F=2 348 A]RE 10 uL9} 200 um peroxynitrite 10
uLE #7}sko] ARE3FSI T Peroxynitrite anion 478402
A719] JhgAS Aol A 533 RESAIZ] S excitation 3

485 nm3} emission & 530 nm= 3Fo] AL A A3 Th
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(Perkin Elmer Victor3 1420 multilabel counter, Finland). 2} 4
o tdt positive control< L-ascorbic acidE AF-&-3}%)
negative control 3= ONOO™ &< t]4l 03 N NaOH 7h& A}-8
slom, ke FREE S48 s Alm Al Al
% SUe AbEsko] AL 7 ARk 3 WHE
A3 Fatate] Attty Aol AH8E Semisulcospira
spp. 5% ThE7] WEhE FE= 9 peroxynitrite 22752 AR
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B ol A3 A3E9 S AAs] fste] B
S A% % P<0.05 §~=°ll Al Duncan's multiple range testS
AR, ol ARg-gF EE FAIRA S Statistic Analysis
System (SAS Institue Inc, NC, USA) 4] TE 1S o]-&3}¢]
Aelstdnt. w3, 7h 3] dual= 2 244 ECs
S ©]-83}9] Pearson correlation coefficient (r =3 )& AlAF
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WAL Semisulcospira 472 5% th&7] tigt FHE &5
< Folin-Ciocalteu Wl & 5433t o592 FH=
k2 32.3-87.9 mg gallic acid equivalent (GAE)/gZ 2
%9 g&7]d JAME Fo whet H HYlA zolE
YUEFHR T} (Table 1). 5, S. forticosta, S. gottschei “L2]3L S.
coreana™ T2 FEC W3 & FFS UEHloH, S
libertina®} S. tegulata’= $19] FEol W3] 12 o]}9] W2
TFS YERTE oA 8 Y3 (P<0.05)E HEoR
2 ABol AT & 5 o] T oA P<0.05ol A Bt A

Table 1. Total phenolic contents (mg GAE/g) of 5 species
of melania snails

(Unit : mg GAE/g)

Samples Total phenolic contents
S. coreana 68.7 + 12.6°
S. forticosta 87.9 + 6.9°
S. libertina 323 £ 1.0°
S. tegulata 36.9 = 0.5°
S. gottschei 777 + 1.6®

a-c Means with the different letters at the same concentration
are significantly different (P<0.05) by Duncan's multiple
range test. Values are expressed as mean SD (n=3).
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o7 ANAHEM, S libertina 2 S. tegulata®} 2] o}F S
5% 71EFe] 1R o E ol A F dSS ¥ F duTh
71E A EAEHE dAled SRtEe FAitkst dAdd Fag
s strfa & A 9™ flavonoids, phenolic acids®}
tannins ¥} -2 #EA SHHES StksAl =4 Erte] ofuar
W, gy 3 A% 22 v AEH 84S

Ueh= Ao 2 HiEa 9t} (Chung et al, 1998).

Table 2. Antioxidant activities (ECso values) of 5 species
of melania snails

(Unit : mg/mL)
ECso

Samples  pppH radical  Reducing Peroxynitrite
scavenging power scavenging

S. coreana  2.245:0.179°  0.052+0.014°  0.706+0.027°
S. forticosta  2.890£0.141°  0.066+0.002°  0.595:0.020*
S. libertina ~ 2.545:0.179°  0.882+0.033°  0.535:0.090°
S. tegulata  6.014+0.173°  0.580+0.211°  0.661+0.060%
S. gottschei  9.319+1.276°  0.100£0.003°  0.672+0.002%
;‘;ﬁfg‘;ﬁd) 0.006£0.0007  0.003£0.0001  0.004+0.0001

a-c Means with the different letters at the ECso values are
significantly different (P<0.05) by Duncan's multiple range
test. The ECso values of each activities are expressed as mean
SD (n=3).

DPPH radical 227 &4

Semisulcospira 2] 5% t&7] F&5E9 5= DPPH
radical 227 @37 A5 v o R sto] 92 7} AlEY
ECso %t (Table 2)= W3t A3} S coreana, S. libertina 2
S. forticostar= Y7} 2.245+£0.179 mg/mL, 2.545+0.179 mg/mL
2 2.890+0.141 mg/mLE & k& YERH WA S gottschei
D S tegulata’= ZYZ} 9.319+1.276 mg/mL Z 6.014+0.173
mg/mLE FA o2 & s YEFHTE o] AL tixael
gallic acid”} YFEFN &= ECsp %k©] 0.006+£0.001 mg/mL<! ol
H] 3.5} DPPH rdical 22A &4 o] ol H o2 o} vtxqk
S'4 = DPPH radical 224 &7d 0] FoA} (P<0.05) H¢] Wl A
T 2ol A ES HoFa Qlvk 7} Al5e] 558 DPPH
radical 227152 Fig. 19 YEFH 2™ 4 mg/mLe] &=l A
37.0-67.5%% YEFALE o] 32 ECs2] Aol M E AT %
o] T Ao (P<0.05)= G H AN thx= 2 gallic acid ]
#FuEvE Ao Ui BolFa ) 1y o AL
0] 80% oleH2 FEwoll vt 18.43%%I th= Kim et al.
(2006)2] H.i1o| H|3lHA th&7] wlehE %52 DPPH radical
2A%0] 58S & = A9Th Muramoto (1998)= & e}
o]= F histidineS 7} & tripeptide Bo+= tetrapeptide s ©] &
Fol & A olE a7t A FAitses 2Tl skl
Babizhayev et al. (1994)2 -4 ol EA]3}= dipeptide ]
carnosine B+ carcinine®] hydroxyl radical& 4~ 3HH o] &

(E
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Fig. 1. DPPH radical scavenging activities of the melania
snail extracts. 8 mg/mL (H), 4 mg/mL (M), 0.4 mg/mL ()
and 0.04 mg/mL (' ) of the melania snail extracts and 0.04
mg/mL ([) of the positive control (gallic acid) were used
to determine the DPPH radical scavenging activity. a-e Means
with the different letters at the same concentration are
significantly different (P<0.05) by Duncan's multiple range
test. Values are expressed as mean SD (n=3).

histidine] =4:0]& Zo|E a3} wFolelal Haslgich
o)A B ATolM ALEE 5% th&y] & 3 histidine
2 carnosine (Lim et al., 2009) 5-©] DPPH radical 275}
Zol AT = Q&S AAFE] FaL ok 2y thET] 9]
DPPH radical 4715 ©] histidine¥} & o}m] =ik A E-o 7]¢]
= AJA = o} 7kA] e A 471 glon, o] F
T gE Aol ST oI o & Zo|th $H, Lee and
Park (1999)2 DPPHe W&t 3|25/ F&E9 it s 4
7hek A} siksl @48 UEiE A2 ojugh 9 A
o] ofye} o] o] Rz EXFozHN FJsad
T B3t yefhva, SeEsEy vddes So1s)
At adhE Aol vk BHaskglon, A5 A
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SOD A4

SOD FAMAEAS &4k AdEdolet &
superoxide anion< scavengingd}o] A Ao AA X o=
12+&}= hydroxyl radical®} #3k3l=49] XS A
A%< YeERAY AA Yol A superoxide anions A 73}
E 4 2= superoxide dismutase (SOD)&+= &4 7 AR T in
vitroo| A A E3H7] ofe& BAZ SoDF 2§74 thEx
T AA el A o] gEe] {FAFGE SOD AR & o] 83t
superoxide radical 2~ &84S #7718l Yot X F7HA] SOD
FAR Y =] gL HEA FEE (Kim et al, 1994)7}
camnosine 5% &2 5% FE= (Lee et al, 2007)5 014 ©]F
ofz 2 gsol Wk vk vk . 2 Aol A AREE 559
g&7] dee 2559 F9, 5.88 mgmLe FEAA S
coreana 9} S. forticosta’= B 5% ©18F9] W2 SOD AR
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< Yebd 9 S liberting, S. tegulata R S. gottscheit= 34.7~
65.5%% A & & SOD frAtEA o] vEbston, 1
7}l 8. tegulata®) E430] 65.5%=2 71 =% (Fig. 2).
o= B Ao X ALt Semisulcospira spp.2l 5% th&717}F
SOD fFAFEA o] Y2 1% (S. coreana 9} S. forticosta)™}
71Bte] & OF R S UEh Fth g, positive
control$] L-ascorbic acid”} 1 mg/mLe] & =ollA] 942%2] &4
< Yehd A vjashd oha w3 ddolxnk &) &
Eo] @Y FEEHo] ofd WgE FEEIS A o,
S. tegulata’} superoxide anion®] 75 H7lo| o] &€ 4 &
Qe RS AA Fo
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Fig. 2. SOD-like activities of the melania snail extracts. 5.88
mg/mL (), 2.94 mg/mL (M) and 1.176 mg/mL (/) of
the melania snail extracts and 1 mg/mL (' ) and 0.1 mg/mL
(CJ) of the positive control (L-ascorbic acid) were used to
determine the SOD-like activity.
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Fig. 3. Reducing power activities of the melania snail extracts.
1 mg/mL (H), 0.1 mg/mL (M), 0.01 mg/mL (F) and 0.001
mg/mL ([J) of the melania snail extracts and 0.0733 mg/mL
(") of the positive control (gallic acid) were used to determine
the reducing power activity. a-d Means with the different
letters at the same concentration are significantly different
(P<0.05) by Duncan's multiple range test. Values are
expressed as mean SD (n=3).

Reducing power
5% &7l WgE FEE9] reducing powers ¥obk7]

98] Fe’'-Fe’ W3S Z43H= Oyaizu] WES o] 43130k
Reducing powers 43t &4 & UEhlE X3 Foll vt =
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| FshA o] 55 15 St zlo] HEF Qv
e A (Jayaprakasha et al., 2001). 3k Duh et al.
999) &itstAl o] felHo] dntaow oz 2RI}
e gdA el B Jriar Baskgit) o] g FYA =
peroxide®] A=A ¥} WE-§-3}AL peroxide B3-S Walet
(Xing et al., 2005), A A A}3-oJol] ]38t free radical chain
breaking™ 22 #4Est Whgol e F3FE 7)1 Hvka 4 At
(Goldon and Hudson, 1990). 5% Ut&7] WEre F2E59
reducing power Fig. 33} Table 2] UYEINSIOoH AR 5%
1 mg/mLol A S. forticosta (1.31£0.02), S. coreana (1.28+0.04),
S. gottschei (1.26+0.01), S. libertina (1.25+0.01), S. tegulata
(0.9240.04)°] FF%= (700 nm)E UEFHOH S ZolE A
A deRA gkeh et 01 mgmLe] FEE AR S A9
S. coreana®}t S. forticostaoﬂ B LE}e] S libertina 9F S. tegulata
o] Yol FA3] #AsF oW, o] reducing power?]
ECso kel 2141 A& 71A S. coreana®] 73-9-l 747
w2 0.052+0.014 mg/mL L8] 3L S. libertina®] 7ol 744
2 0.882+0.033 mg/mL2] ECso #ko] oA AAHo ==
P<0.05°14 S8 fFolxb7t 18-S & 5 AU (Table 2).
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Peroxynitrite anion =27 A4

Hhg-Ad o] w9 =2 A AbslAlQl ONOO= T2 At
gz r vwE FgAQ] EAE "y 2 Qo] Hts)
£ §43la DNAY] Atsle} AL 548 Yo7 Ay &223)o]
Wy, Fekel s BEY, oF, e9 s 9 s 22 vy
Aghe] Fofgtta Rax o)A $hrt (Lin et al, 1997). 3} 5
A Wloll= ONOO &7l st G4aA7F EAeHA] Fo
T2 ONOO 9 &2AZAEE e B4 g2 & 297t
ATt (Choi et al., 2005). A7FA] &ezl ONOO™9] A A=
+ penicillamnine ¥} 72 4 2F3kA| 9} flavonoid, phenol’d
st 2 "AdE FH AR Fol HaHo Atk

(Aruoma et al., 1997).
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Fig. 4. Peroxynitrite anion scavenging activities of the melania
snail extracts. 1 mg/mL (H), 0.1 mg/mL (M) and 0.01 mg/mL
(™) of the melania snail extracts and 0.04 mg/mL () of
the positive control (gallic acid) were used to determine the
peroxynitrite radical scavenging activity. a-c Means with the
different letters at the same concentration are significantly
different (P<0.05) by Duncan's multiple range test. Values
are expressed as mean SD (n=3).
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Fig. 4= DHR 1239] Atsl=|A BE3hs 43S SHT
2 AR Semisulcospira spp 5% Th&7] WEHE FE5EY
ONOO 2A AaNE 54T Aot 7} &) Wge
FZE 1 mgmLe sXN4 ONOO £A%S L 64.1~71.1%%
e O, S gottscheis A28l T 2AEA] 2] 2ol
= 3 YEA] &gtk 338 0.1 mgmLe] sEAAME 2E
AlZo 23 ONOO 2AZA o] FA35H Asdlels 2d4E
UelW o, o] ONOO £7% 0] & 9EF YL AALS}
31 9o} Table 291 A %= & = Ql5%o] TR foake A H
A ekokth. A, FANZET gallic acid®] HE F%=7F 0.04
mg/mL 1 93.8%°] ONOO 7} 27]1¥ & Aol Hatd 5% o}

Table 3. Correlation coefficients (r or rz) of antioxidant
activity values (mg GAE/g, ECso) of 5 species of melania
snails

Peroxynitrite

DPPH radical ;
= reducing anion
TPC SCaVenaing “nower~  scavengin
activiy ~ P Activity
0.118 -0.930 0.293
TPC (0.014)  (0.864) (0.086)
DPPH radical
: 0.118 -0.164 0.358
scavengin
ety 9 (0.014) (0.027) (0.128)
. -0.930  -0.164 -0.615
Reducing power (o'g64)  (0.027) (0.378)
Peroxynitrite 0.293 0.358 -0.615
anion scavenging (5'0gs)  (0.128)  (0.378)

activity

The data in parentheses mean the correlation coefficients (rz).
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