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ABSTRACT

This study was conducted to investigate the effects of nickel chloride (NiCl,) exposure on oxidative stress of the
abalone Haliotis discus hannai. Experimental groups were composed of one control condition and five nickel
chloride exposure conditions (5.9, 8.8, 13.3, 20.0, 30.0 mg/L). Superoxide dismutase (SOD) activity was increased
in the foot and hepatopancreas, but decreased in the gill. Catalase (CAT) activity was increased in all exposure
groups except 20.0 mg/L and 30.0 mg/L. In the gill, CAT activity was similar to the control group for all exposure
groups. In the hepatopancreas, CAT activity was increased compared with the control group. However SOD and
CAT activity showed not significant differences (P > 0.05).
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AR Haliotis discus hannai- 3, 3, QX Z9
A BRI 9] oA g g AakEke] Al Frlska 9l
= Ao A AAEF 1S 3 AR FA A $U1E o
A7) A3t} Aakg S U A A3 5o dedks
270t} (Kim, 2014). g=rellA] A8 ofalAe] -2 ¢
3ok Aol A3k glom, Faljekd wk Flnte] HejE
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oA BEHFE 0.254 pglg 0% TAEGOH, BEF FolA4
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1987; Zhang et al., 2009). 53|, YA A LH=F=
T TAE S Zad vgESoEA W pF0E F
=22 A LA A 2ElE] s, 227 i, UAHA] 9
A o Ak A 7] S FE S E A A
2 7Y SA4 W ukAS o)t (Costa and Heck,

(Atchison et al.,
olH H| jq_i’_g_u 94

- 3}eA AEF 2o xE2E £
A3he Aoz qlsl AE7}
- UAS ¥5E 7l=H (Cd), 2F (Cd) B 2

2424 (ROS, reactive oxygen

o]r i

species) ¢l superoxide, hydrogen peroxide, peroxyl
radical, hydroxyl radicals WAA7]= Aoz 4|4 o}
(Stohs and Bagchi, 1995; Stohs et al., 2001; Firat et
al., 2009). 4 kre QA HelA v& 243} ZAsle=
ke Absielo] ZelA AEG A ke 2Ase] Axe)

- 285 -



02
ton
c
[
il
0x
H
M
2
a
i
i
of
2
It
lo
[z
tol

>
Im
o
I
T
00

71%5 £A4/71t}h (Ferraris et al., 2002). 3+ TAPELS
superoxide dismutase (SOD), catalase (CAT) % =
FAstEAE o] &t Ak di A2 &=
= Aoz d¥A 3t} (Lopes et al., 2001).

YA Fo oEAR AAH vEESer 545}
deAldl vjsl] W A7} o] FolA QA . meEkA £

T FHAES R JHAe] 2484 HIE 3k
dstiAe] SJsids Hrlekat sgich

AT

ARl AR S S-S 47 33.86 £ 219 mm ®
Aoz o] gl 18074 AR} BAE

A A & 16T, 3 32 psu 27| 30 L A} 2]
4% (28 x 50 x 30 cm) oA 157 £x|A)7] 3 Alsle] AL

Al

OECD test guideline No. 203 (OECD, 1992)
& i) ANsigen, MAFA SANY PRE o4}
o 9617 Er Atk ABghe AR NiCL,
Sigma, U.S.A) = 1,000 mg/L & %589 (nickel chloride
stock solution) ©.Z = v, ¥ sxHT 3)43le] 14|
stk A sEE SASEAEE LR 0, 5.9, 88,
13.3, 20.0, 30.0 NiCl, mg/L. = AA3}gic}y. A&77F b
PR e AGRAT FASEE 7 xvict A E A
Azl on, 2, die® 28l pHE e 04 104 5
A3k, Agat skl (NCl) ) W7o 1) 19 1
3] w9 10400) AFe] 134 mBstgon, waa Aol
& olgelel 4 weRe) MAES A,

g
o % ku o
off N

1=
o:

2) MSIAEHASA BN BN

A3 4 xEel e TS Astredg g s &
e Yokry] 3 o opbm], TS AE3he
superoxide dismutase (SOD), catalase (CAT) % il
= LAl 2 SODS} CAT 24 42 Sialse]
8 o, 2RSS 7 2Ae) g 5
o, 24 1 mgd 27 200 pl JaEged (PBS;
phosphate buffered saline, pH 7.2-7.4) 2} 100 /1 assay
bufferg A&} &33F 3 4435 3gick 28] 4TeA
10,000 g, 5%, 4CelA} 14,000 rpm, 10% <+ 27 QA F
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Fig. 1. Superoxide dismutase (SOD) activities in the foot of
Haliotis discus hannai exposed to nickel chloride.
Vertical bar: SD.

o E#slglct. SOD &4 542 A% %4 7]E (SOD
assay kit-WST, Dojindo, Japan) & °¢]&3}31oH, X85
A 3]A3}e] 450 nm °|A inhibition curve® ZAISLL,
inhibition curveel] Z4J¢] 50% A= FEF o} At
sk CAT &4 34e A#g 7|E (EnzyChrom™
Catalase assay kit, BioAssay System, U.S.A) & o]&3}
e, H,0.5 7147 AHE-ste] 240 nm 3Pl 4 H,0,7}
o] fashs FHEE ARSIy, B4 B4 Ol 1
W2F eA 1 mg o] WHE-ste] A1 Hy02F nmol 2 U
e it

A sk=F 42 Bradfordd (Bradford, 1976) = ©]&
3l Ao, FMART = Albumin from bovine

serum (BSA; B4287, Sigma) & A&-3}5ic)

3) 7o HE

xTol gk 2E752 94 Ao] (P < 0.05) & %o
57] $138t FAIAEE= SPSS 4 Z= a3 (SPSS 20.0,
SPSS Inc., U.S.A) = ©]£3}4 paired sample t-testE A
A13}olet.

2 =

1. Superoxide dismutase (SOD)

A =38 S5 welM 541 SOD 24 5
Z= 2447F A3} F o274 175.6 U/mg protein, 2} &
£ 5.9, 8.8, 13.3, 20.0, 30.0 mg/L °|A= Z7z}+ 156.3,
178.5, 183.1, 151.8, 177.4 U/mg protein % ¥4 =|glt}.
9647t A3} Foll= T4 174.0 U/mg protein, 72 =
E7oA+ 1917, 197.2, 184.4, 194.0, 213.9 U/mg
protein© F A=) thrxTo} vl BE 2ETolA A
7ol Zgtel whet Srkehe AEe EAAN 2Tk
o)Al Ao mo]A] SkT} (P > 0.05) (Fig. 1).
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Fig. 2. Superoxide dismutase (SOD) activities in the gill of
Haliotis discus hannai exposed to nickel chloride.

Vertical bar: SD.
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Fig. 3. Superoxide dismutase (SOD) activities in the
hepatopancreas of Haliotis discus hannai exposed to
nickel chloride. Vertical bar: SD.

ol7bmlelA] £4% SOD &4 Fx+ 24417 77 F di=
TFol|A 123.8 U/mg protein, 2} =&7-°4+ 150.0, 151.0,
173.8, 175.1, 184.8 U/mg protein® 2 EA =gt} 9647k
A3} Fojl= tjx2ToA 115.7 U/mg protein, 2 =Z7-°lA
+ 133.8, 130.3, 137.0, 155.3, 156.5 U/mg protein® & ¥
A= ek dzTrel vjE] ZE eE:TolA Alzte] A3t uf
2} Fashes AEE BRI dz2Toke] oA ]l Aol B
o]7] ekokt} (P > 0.05) (Fig. 2).

ZHel A 545 SOD &4 Fx& 2447 A7 3 dix
T4 193.6 U/mg protein, 7} =ZT7-o|A+= 181.4, 174.1,
180.4, 178.6, 183.7 U/mg protein 2.2 #A=9lch 964
7F A3} Foll= o274 193.6 U/mg protein, 2t &7
oA+ 187.7, 188.9, 181.1, 181.9, 188.8 U/mg proteine
2 A dizTel vjs] ZE 2ETolA B YEREA
Tk Azte] Aagtel] whe} Fbehs ¥ ®olvh kA of
FT7-2ke] o)A Q] Aol BolA] sk} (P > 0.05) (Fig. 3).
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Fig. 4. Catalase (CAT) activities in the foot of Haliotis discus
hannai exposed to nickel chloride. Vertical bar: SD.

0.20

O 24H W 96H
0.16

0.12

CAT activity (U/m2)

0.04

0.00 U ' ' ' '
Contral 5.9 8.8 133 200 300

Exposure group (mg/L)

Fig. 5. Catalase (CAT) activities in the gill of Haliotis discus
hannai exposed to nickel chloride. Vertical bar: SD.

2. Catalase (CAT)

A3ty xEx SibAie] WA 4% CAT 24 &5
= 247t A & gx2FolA 0079 Uml, 24 =&
5.9, 8.8, 13.3, 20.0, 30.0 mg/L A= 7+7} 0.057, 0.062,
0.078, 0.109, 0.113 U/mL % ¥4t} 96417+ A2t 3
x= e A= 0.103 UmL, 7+ =ZF]A%= 0.078, 0.081,
0.081, 0.098, 0.094 U/mL % ¥A =} djx79} v]aA
20.09} 30.0 mg/Ll & A|9)3F BE 25Tl S/ A
= BQANE RE 2E3 oA dimTeke] FoA]l Aol B
o]A ¥kt (P > 0.05) (Fig. 4).

op7ulol| A S5 CAT B4 v5+& 2427 47} F iz
T4 0.156 U/mL, 7} =&7-9|4% 0.157, 0.155, 0.158,
0.154, 0.153 U/mL % #A4 = 3lc}h 96417 77 $oll= vz
T4 0.142 U/mL, 7} =&7-9|4% 0.144, 0.142, 0.145,
0.145, 0.146 U/mL = tx=79} A8 A B 314
ok RE 2 E3TOA dixTete] oAl Aol Bolx] kst
t} (P > 0.05) (Fig. 5).

A S4% CAT 4 55+ 2447 747 F di=
T4 0.131 UmL, 2 =&F)A+= 0.156, 0.150, 0.156,
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Fig. 6. Catalase (CAT) activities in the hepatopancreas of
Haliotis discus hannai exposed to nickel chloride.
Vertical bar: SD.

0.156, 0.156 U/mL % #A4 ¥ lch 96417 77 $oll= vz
T4 0.137 U/mL, 2+ =& TA% 0.144, 0.150, 0.149,
0.148, 0.147 U/mL % ¥4 =it} dix7-o} v]wA] ZE =
=704 Skt Ade EAAT dlxTeke] oAl Ak
o]= Holz| gkl (P > 0.05) (Fig. 6).

g

]

e Bl ¥

-

ek -
ox, olo
T

H

= A kR B3tER =R g 3 AR
W R e Thole o WA thie 23 A

[¢]
3t} (WHO, 1972).
superoxide anion, hydrogen peroxide®} Z+& Ak
1995). B0l et Wpolslzte 2 ashe Fakshio]
g2 wksr|Ae 7 Fesiriy oA ¢lew (Dhawan,
SOD< F 7HAl¢] oA E 4 (isoenzyme) & 7HAl= A
3} o)ze] golest Aeastel §548 hydroxy

Rk A, Ak 2 sFe® 74
w0
k& 2 9A71t} (Sorensen, 1991; Cui et al., 1999). &
oW 1w W\ }w‘l
AA, 74, A 9 8 & A7 F4, SAE ] A, 7e
A Ao 2 Fefd, A4, A3l wE At AEE
ol#fgt w|FFEe dFoer w2E AL dwolkgo
1o
(reactive oxygen species, ROS) & A A3} A= njAd
7] 93l AA W3S do7ic} (Halliwell and Gutteridge,
+ SOD, CAT, gultathione peroxidase, gultation
S-transferase 5°| it} |23 sl atol FALe 1E
2005), o] AlEel o2 2719, AEA 9 & 5 kgt
3ol ZA)g} (Lopes et al., 2001).
3l8 42 A free radicale Hy0:9 0.F oA 3IA|7I} ®
g o2 FAtsta et 37 288k radical®] 2AA <l 54
radicale] S7Fk= A& WAk dds 3, of2|gt A

oA AU =7} =713 4 9t} (Winston and Di
Guilio, 1991; Parihar et al., 1996). CAT+ 2H,0.,%
2H;08} 0,2 3d3sls 8424 IsE0] Alxee] 34
oy 434S JAIEE S T 98-S 3t} (Chance et
al., 1979; Wendel and Feuerstein, 1981).

Agnieszka et al. (2010) = 3002} 900 mg/L 5=2] YA
(Ni) ol 45 <t &3 Helix aspersa®] GST 4]+ 7}
stglout CAT #41& 27 A% F & mE7olA Fadd
o Ryt %3k 5, 10, 20, 40 xg/L 52 7] (Cu)
off 477t &% AXFoA SOD AL FEo|EHe =z 7}
stlom], CAT #4240 pg/L gx=olA 259} 477
oFe 7 Zrlslgtty ¥ vElgit} (Park and Kang, 2012).
5, 10, 20, 40 pg/L %9 7= (Cd) ¢ 4577 =55 &
WA 5 Haliotis discus hannai 94 SOD A4 71315
o} CAT 34& 7P¢ 5 s 7702l 40 pg/LellAt 214
© 7 ZUlslgty R uslsitt (Min et al., 2014). 4, 7, 1
2C 77kl 99 Ft 22" F 5] SOD 842 4T
A 3AIZY A F Asstgioy 1247 A 3 dizTe)
A8 2 sty vyt (Park et al., 2011).

& Agol|A ] SOD B4 it 7HIge] Ay, 28 YA
L&A Pzl vis Stk Ads vebsd skt
optule] A, Yz xE37oA a2t 2oh 52 24
= Uehisloy 96417 73 F 23] &Aoo A A
& Yehdsiclh CAT 842 op7te| e A, e} 4}
g 23S 2o 96417 At F sk e B4k
ZHPEe] 7, diEel vlEl S ZAS dEhile
SOD #4728 Fashs A3 veigich o] A4,
SOD #A43} Ak S7kshs A de ®gleu 20.0 mg/L
9} 30.0 mg/L oA& FHashs A 3E vehdigic ol=dt 2
I}z Hol & YA xEFA+ SODZ} superoxide
radicals H,0.9} 0.2 AZFA7]7]= 3pA|qk o] 3kl
H;0:% CAT7} 058 H:0Z #3l3le 5o] ®Holx AA|
W gt A Al X8 Aolet A=Y (Kim
et al., 2006).

=
2=

¥ 7 skl FAegel e dpue) Ashas
3= Sopr Al spgieh Ade 171
o] djx7¢} 5709 =T (5.9, 8.8, 13.3, 20.0, 30.0 mg/L)
oA 4947+ AP=| Q). superoxide dismutase (SOD) A
o W} 7hIRe) A9 BE A mE Tl Z71s)gten of
7hulo| A= FrAds 29SS 29} catalase (CAT) A&
ko] 7§ 20.0 mg/L 9} 30.0 mg/L YA = &5 Alejsln

rE
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S7ketgl e oprleb e daret AR AFE Bl
HgeAE 8 YA 2374 gzl viE S7iske
An}s ¥ g} kAt SODg} CAT 24 B3 djxo v]s)

relAel Aol HolA] ¢koke} (P > 0.05).
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