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ABSTRACT

This study was conducted to investigate the effects of cadmium (Cd) exposure on biochemical factors in the
hemolymph and hepatopancreas of the abalone, Haliotis discus hannai. The abalone were exposed to 0, 5, 10, 20
and 40 ug/L Cd for 4 weeks. The phenoloxidase (PO) activity was decreased in hemolymph of abalone exposed to
40 Cd ug/L for 4 weeks compared to the control (P < 0.05). The hemolymph enzymes, alkaline phosphatase
(ALP), aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were markedly elevated in
40 Cd ug/L after 4 weeks. The hemolymph calcium concentrations were significantly decreased in 20 and 40 Cd p
g/L for 4 weeks. Hepatopancreas superoxide dismutase (SOD) and catalase (CAT) activities were significantly
increased by Cd. SOD was increased in both 20 and 40 Cd ug/L and CAT, in 40 Cd ug/L after 2 weeks (P < 0.05).
These results suggested that the abalone SOD and CAT including PO may serve as a protective mechanism
against oxidative stress by Cd. We conclude that a Cd concentration, 40 pg/L in water may curtail hemolymph
homeostasis and anti-oxidative reactions in abalone hepatopancreas. From these results, these biochemical
factors may represent a convenient method of monitoring heavy metal pollution in coastal areas.
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Aoz AstEla Qlow I F EUAE (Haliotis discus
hannai) = $-elvete] AE AL gi-ts AAg
t} (Kim et al., 2006). 20109, k24 A E- 6,228E-& P4t
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o} Mok et al., 2010). &5 (gastropods) °] &3t 7}l=F
A= 100-220 Cd ,ug/L o)Al Al A o] sttt (Wo
et al., 1999; Forbes and Depledge, 1992) + X117} /t}h
A5 (Hahotzs sp.)ell Hgk 7l=F 7+, 500 Cd pg/LZ
%]7 Az}, A 4 (Huang et al., 2010) <}
# %74 (Haung et al., 2008) o 3t

)\75]— f]_i (Cr) ¥ g (Cu) 8} 7+ 27} ofo)
< T_j‘—. 2 FAAA (ROS, reactive oxygen species) <l
superoxide, hydrogen peroxide, peroxyl radical,
hydroxyl radical& WAA7]= 2oz o424 slct (Stohs
et al., 2000; Firat et al., 2009). 2442 (ROS) + A
Hellx o 47 Zgstele 34 Asleo] 7haiA AlZ
w71 vk 3%k AR 171}
(Ferraris et al., 2002). A=< superoxide dismutase
(SOD), catalase (CAT), gultathione peroxidase (GPx),
gultation S-transferase (GST) 53 722 A3} A4 9]
43te] ROSe wigh AME7)5 &2 e 210 oA 3
t} (Lopes et al., 2001). 7ef SAEA o] o]} o] A W
AzletA wW3ks ool F53F 52 wiAdEA] 33k DNA,
RNA ¥ ohifas EaAA Aol A7t 545 w3 e
(Liu et al, 2005). SODE F 7}x]¢] o4& FA
(Isoenzyme) & 72+ 3R 42 A free radicals Hy0,
o} 0,7 ofHE3MA free radical®] AAHA< A4S WA
gto}, w3 o} sl a 49t 34 radicale] &) A
3283l F-549] hydroxy radical®] WA 715 A5}t
w o]gg ZAoA A SOD F=7F SV 4 ot
(Winston and Di Guilio, 1991; Parihar et al., 1997).
CAT+= 2H,0.5 2H,08} 0.7 3H3l= 54 2A A X2
4 Y a2y A Adsks 48S rt (Wendel and

, Haliotis discus hannal

(Ino, 1953) 2 hemolymph % hepatopancreas®|

Feuerstein, 1981). ©]¢} Zo] AU FU= o]&A ] o3t A
A oy 7)2E 3l v VB2 e £3AV) oy, B
= 7H“H‘37Jr7=ﬂi hemolymph Y] ETAH% (hemocytes) 7}
2 7152 @98 Hemolymphs EE 22| Alo]& £33}
wA A Ay, w7 AN, G 43 E EelE el 5 ook
kgt 7%= 43 &t} (Cheng, 1981). E3k hemocytest
HYA| ke8] W phagocytosis 5, BheFg Fejje] WY 7]
5= 3 Aol T35 Fasel oA olF 7159 Habrt

z|=It} (Wang et al., 2009).

2 ATe HE PR cRAEeE BE e
RS (H. discus hannai) & W22, 71=F 25 <
g hemolymph ¢ F7), &7 % Fx A J—rjr
hepatopancreas®] 343} a4 H3lE AR 7l=F
Ao RUEE 72 EsE &gstuA gl

= Haliotis discus hannai< <
T aAe] Aoz E kel PVC (52 x 36 x 30 cm)
FxoA 257 A3, Alele 3 A7 A (2
7} 48.3 + 2.4 mm, AF 13.8 + 2.2 g) = ALtk

2. 23=zA
RE AP F2A (20 £ 10) o4 AAsiglon], 43¢

283 Sl AL Table 13 o) Adgole sle g 7
F49 (1,000 mg/L) & o] 231301, A8 FEE duAEE
ulglo g 5 10, 20, % 40 Cd pg/LE AAGH. A

ke vbHo g Ay, Hole wid v (Undaria
pinnatifida) & Fo g T 3o} AL 4 Zob
Arslglen, x& F 279 4FA°] hemolymph}
hepatopancreas® A|Fste] Az}eta Aol o] g3l
Hemolymph+= hemocyte?] 3718 Wx|3l7] $J3] EDTA

F3 9

Table 1. The chemical components of seawater used in this experiments

Item Value
Temperature (C) 19.8 = 0.7
pH 8.2 + 0.1
Salinity (%) 33.2 + 0.2
Dissolved oxygen (mg/L) 7.0 + 0.3
Chemical oxygen demand (mg/L) 1.3 + 0.3
Ammonia (zg/L) 8.7 + 0.8
Nitrite (zg/L) 59 + 0.2
Nitrate (zg/L) 15.2 + 0.7
Cd (pg/l) N.D.
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(50 mM EDTA in PBS, pH 7.6) & 2|3 A2 A%
do] do A AF ¥ F, 1,200 rpm, 4T, 10 min. £H2
2 YUAEE Mikro 22R, Hettich zentrifugen Ltd,
Germany) 3} 70Ce] 23t
Hepatopancreast: A& & F <F 0.1 g= Addsly
washing buffer (0.9% NaCl) ol 33 Al&g & - 70Tq]
LRI SHC

=4 [e}
Asas

3. Hemolymph &2 ¥4

Hemolymph &4 ¥4 phenoloxidase (PO), alkaline
phosphatase (ALP), aspartate aminotransferase (AST)
2 alanine amiotransferase (ALT) & ¥#43}gt). PO<
27J2 Ashida and Soderhall (1984) <] W< o]-&3}
o). 0.2 M Tris-HCl buffer (pH 7.1) ° hemolymph$}
10% sodium dedocyl sulfates ¥ & £33l 7, 15 mM
L-DOPA (10 mM CaCl; in 9.5 M HCl) & 42 5 4
31 490 nmellA FFEE SA3 0% 28°C #jr]e
A 2087 WAL F, AR SRSE ol Wk AAA
711 FHEE SR 24 A ARk FEE SAA
7} 0.001/ml %43 e 1 unitE 39tk ALPE
Kind-king'd 2.2, AST9} ALT+ Retiman-Frankel']S ©]
£3lof 2ok

Hemolymph®] F7]4% wt1vlld Mg) ¥ Z% (Ca)
< 543Ky Mgl A Xylidyl blue Hoz, Ca
OCPC (o-cresolphthalein-complexon) W2 2 u|A A3}
gt FAEL &= A (total protein, TP) ¥} glucose
£ SA39 . TP BiuretH, glucoses GODHeE =74

s5iet.

4. Hepatopancreas &4 ¥4

ZE- hepatopancreas® ZZE3}o] superoxide dismutase
(SOD) ¥ catalase (CAT) A 2 chalzal dleks R AIs1q)
t}. AZ&3% hepatopancreas ¢F 0.1 g washing buffer
(0.9% NaCl) °l| 33] A4t v KCl (1.17%)& &3k 100
mM phosphate buffer (pH 7.4) & %17}3}¢] teflon-glass
homogenizer (099C K4424, Glas-Col) & 23} 3}3ich
TR A 8E 1,000 rpm, 4T, 15 min.2] A4 94l
F2lsle]  (Mikro 22R, Hettich zentrifugen Ltd,
Germany), A% 2 AAES AAG dAHLS oA
13,000 rpm, 4°C, 20 min.o] 27 LA TF F A5
WE - 70T Bsle] ksl a4 54 ARE ARSI

SOD+ SOD Assay Kit (Dojindo Tech. Inc.) & °©]£3}
gt} A EF A 343}e] 450 nmel| A inhibition curves
24813, inhibition curveol|A] EAlo] 50% AA|EHE =

Korean J. Malacol. 30(1): 41-49 2014

£ o} Alatslglet.

CAT &4 542 H,0.5 7|A=E AH-319] 240 nm 37
oA HyOp7h =0 Fadhes FFER AU, 54
24 ol 187F ThilA 1 mgo] Hkgsle] 37l Hy0,
£ nmolE YeR3ich

kA ke Bradford S wlehe g 3 Kit (Biorad.
Co. Ltd) & o]& eow, FF Az A BSA (bovine

serum albumin) & AR&-3}%it}.

5. 94 274

Ag Azle] FA Age SPSS FAZEZ I (version
12.0) & ©]83le] ANOVA testE A8l AFAAHC R
Duncan’s multiple range testE &3] P < 0.05%¢ = 2]
Ao] Q= Aoz 7hEslgich

2 =

1. Hemolymph?] £4£34]

Cdol x%% AE°] hemolymph &EAZ, alkaline
phosphatase (ALP) ¥ phenoloxidase (PO), aspartate
aminotransferase (AST) % alanine aminotransferase
(ALT) &4& A3k} (Fig. 1, 2). ALP 342 45H0)
207} 40 Cd pg/lrg= T2elA ok 718k, PO+
20 Cd pg/L 77k 457, 40 Cd pg/L 7-7H 29} 45
Al S7FekSlel (Fig. 1). ASTe} ALT 54 24 2F 23
F 4FA] 40 Cd pg/L 72lA Fo)3 $715 Bl
(Fig. 2).

Cdell =&% AE2] hemolymph?| F7]4dEal wkz1vls
Mg) 7 24 (Ca) o) M3} Fig. 39 Uehdich Mge A A
717t Foll 2Ess W =272l wet o3 Aol S v
YA ekl (P > 0.05). A= hemolymph Cae 25 ¥ 45
Aell 20 Cd p g/l o142 sxolA w4l Fas 23k
(Fig. 3). Hemolymph<] 7|44 TP} glucose2] #H3=
Fig. 4°] yehilch Cdel 25 &< =29 AE9 TP
glucose 5= 123t W5 Holx| 4oy, & 454
e F 74 ¥ 27 793 345 23tk Hemolymph
TP+ 40 Cd pg/L 7-7rol|A, glucose: 207} 40 Cd ng/L
TZYA ol g ®old (Fig. 4).

2. Hepatopancreas®] Ak3} a4 84

Cdell =%% A& hepatopancreas®] #AIAHLS
superoxide dismutase (SOD) #43} catalase (CAT) &
43} Fig. 59l Ueldllch. SOD 242 Cd sxef wel 5
7Vele Ade Bglov 209 40 Cd pg/L 774 24
o] 1A} (P < 0.05). =% 477 40 Cd pg/L 7-7tellA
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Fig. 1. Changes of PO and ALP enzymes activity in
hemolymph of abalone, Haliotis discus hannai exposed
to various Cd concentrations for a four-week time period.
Each point represents a mean value + S.D. of two
replicates (n = 7). Values with different superscript are
significantly different (P < 0.05) from control according to
Duncan's multiple range test.

ril'-l
1l

B shol| whe} o= FFETA = 2E
g8 Ad %1{— %‘351'% 7RI gl QA 55 ol
Ef2rz o8l Ao AAe] HojRo = qls) 7]
< 2t} (Barton, 1991). 53] 1ot 2704
SR Sl AFe] 7, oFA 3] Wzt 7
= olsf wAEE YA A ol

, Haliotis discus hannal

(Ino, 1953) 2 hemolymph % hepatopancreas®|
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Fig. 2. Changes of AST and ALT enzymes activity in
hemolymph of abalone, Haliotis discus hannai exposed
to various Cd concentrations for a four-week time period.
Each point represents a mean value * S.D. of two
replicates (n = 7). Values with different superscript are
significantly different (P < 0.05) from control according to
Duncan's multiple range test.

it A77h L sjolAle, FlelA) A%l dhit BAAE
2% R AR Wae] B ATE FE 42 0 ¥
-

Wl W A7z AR 55E, x2hd H3l heat
Wz} gaksl 491 SOD ¥ CAT 5ol d
3 R u7} 9t} (Kim et al., 2005, 2006; Park et al., 2011;
Shin et al., 2011). & AFlA= TF7PE] FAMER F
Edly Q= EMFAE (H. discus hannai) = HALE Cd
wgol e el el WIS 2T

Cde A7t =A- el giEo] glon, ofdot & AP 4
A Al SR, AR At Al FAbEE wo] Y =
t} (Courtois et al., 2003). A BE2] Cd = 1

shock protein
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Fig. 3. Changes of inorganic components in hemolymph of
abalone, Haliotis discus hannai exposed to various Cd
concentrations for a four-week time period. Each point
represents a mean value = S.D. of two replicates (n = 7).
Values with different superscript are significantly different
(P < 0.05) from control according to Duncan's multiple
range test.

AR e FeAY askt Yo He] Fael oJgk A<l
AEE B3 dofuir, o]F 7|2 Agel v} ookl v
elutt} (Abel and Bérlocher, 1984)

offrell glo] el ol HAsHA A%
o we} oh2A w3 }01 refsteEAl 4-%01] 2t "'H*} &
ofe] & I 5 9l 23 AEE A =} (Shen
et al., 1997; Jee et al., 2004). 1% oy} 7 FHZ
%E2] hemocyte % hemolymph™ 7|WEAAE AHA
AA AL F2 71%5S g}l 53] pro-phenoloxidaseE |7l
2 3 "Ed A5AE W] s M, FE
hemolymph ulo|A] A== pro-phenoloxidasex A|4]<]

N

CE —1N
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Fig. 4. Changes of organic components in hemolymph of
abalone, Haliotis discus hannai exposed to various Cd
concentrations for a four-week time period. Each point
represents a mean value + S.D. of two replicates (n = 7).
Values with different superscript are significantly different
(P < 0.05) from control according to Duncan's multiple
range test.

A 2 78S 7]e) o]E-e 934 phenoloxidase
(PO) = &A=t PO+ Astas 5 shuz 44 vA
= 2 o]=A Y Al Wojo] Zagh Wehde] 3 9l A
2|4 98-S 319 (Jonhson et al., 2003), E&F A A
A (reactive oxygen species, ROS) & A|As}lL A= ul
Ashr] 3 A HEE dovle Aex dEA Yo
(Halliwell and Gutteridge, 1995). 33 5= v]50|4
oA #AA 2 49l POE sulpher’|E 73 S04
78wl oJsf Fragickr <A 9lek (Cong et al,
2005). 53], 7], ofd ¥ Zfd} 2 27} ofol& F5o] vt
A= (Ruditapes philippinarum) W< sulpher”]<} 233}
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Fig. 5. Changes of antioxidant enzymes activity in
hepatopancreas of abalone, Haliotis discus hannai
exposed to various Cd concentrations for a four-week
time period. Each point represents a mean value + S.D.
of two replicates (n = 7). Values with different superscript
are significantly different (P < 0.05) from control
according to Duncan's multiple range test.

of PO 4L A= 2avb 9t} (Cong et al.,
2005). Park and Kang (2012) & F-gl9 &3 A=
(H. discus hannai) 2] PO &Ao] ZrA4sl= AsS B3
I BuslgRo], E A= 40 pg/L Cdoll =539 AL
2] PO &Ao] $-23}A 7H45o] Cd7} hemolymph PO &
AL JAEE Felsigity, ALPE F4o]2o) m7slA uks-
3teo] TEE FE52 HRF o|REHIL v 54T HFFEO
A Zro|uh wol 32 EA3le, o7 7 AZelM= S} &
t} (Bogé et al., 1988). ¥ AFoA+= Cd 20 rg/L ©]*49
FxolA aFAd froldt TP EalEe] POg v A=
Cde] xZol gk A 2ol 77 el wg ®elr),

o5 FA T4 AE ALTS ASTE dubrlog =45

Haliotis discus hanna/ (Ino, 1953) 2 hemolymph 2 hepatopancreas®

Ao &gk 7h Al 2 25 59 24 &5 UEle AER
A4 =} (Hwang et al., 2013). £ oltolA AE-2] ASTe}
ALT*= (Fig. 2), vFA=, R. philippinarum®l| Hs]A ®u=
ukel FARH 2% 47A0) Cd 40 1 g/Le] “sx=olA 23}
Al 71315} (Blasco and Puppo, 1999).

EHPAE (H. discus hannai) & Mg 25 A&7k A
o gt Wzt WEEA] koro, Ca Cd 20 g/l o)
A Fojgk FaE Bolvk ¥4 W F714983] Mge} Cat
A 4TS Hatel webA Sy Ak (Hur et al.,
2001), 53], Cdell == oFellAe A2 = F3A4
Wil 2 e F4 AR <] Ca FEUF Fasdith
(Koyama and Itazawa, 1977). Wetd £ QoM % o F
o] #43} vixl7kA 2 hemolymph] Ca =7} w40]&9
AF HA F Cast Cd As T AR JLo o) Ca &
7} A=l ez ek,

olfrollA HA glucoser UHHA o ® Cd x5¥ 2 ~E
s wow wpslE diabe] FUel el Sl
(Hontela et al., 1996). 27 ol x=&% A3
(Mytilus edulis) hemolymphol| A% TP ¥ glucose?] 57}
7} #Z= 2t} (Abdel-Moati, 1992). £ o= kA s
(H. discus hannai) 2] TP} glucose’} Cd 40 pg/l 5%
AA ZAaslF =Y, o] Cd =& W ehp3lEe] Hedt
o]go 23t A¥lz ®qlt} (Bhattacharyya et al., 1988).

HEFE 1 2L J5s e FEFTEY HEE
(hepatopancreas) = t}okalt &42-g9] Zlo] Ht} (Fried
and Levin, 1973). AE# Ao s Wzl sgaka
ROS) = AelA o2 =47 A3sle < 33 4kstEo]
A AEY 7130wk 38 AR 75 S
2, z=Ae Aeld wes Ass]= @t (Moody and
Hassan, 1982; Ferraris et al., 2002). ROS¢l| tj&3}e] A
Well M aatsl 549 SOD ¥ CATE AAs AlE7)s
£AS = 7oz 48 A 3t} (Wendel and Feuerstein,
1981). o|=gt &z}l g4+ CdE T 525 =3 9
A G4 FAo] TrIEIvt &l (Sugiyama, 1994). 5+
ol o3 WA= ROSE SODe| 93 Hilsleiz Wik
o] s|E3hr) A=, A= Fikstie oA CATO 9
a4 Akael B2 A2k}t (Nebot et al., 1993). 2 g17-o]
A E9FAE (H. discus hannai) 2] hepatopancreas SOD
o} CATV} §4| 718k 3= Hole AL SODeA CAT
Z o]ojA) = DAIAQ] AtF A Ed e gt Ao w E 4= 9]
o} (Fig. 5). ®3& 10 mg/L Cdol %% Procambarus
clarkii®] hepatopancreas®} gill tissueclA] SOD2} CAT
o] 7k w}k 9lom (Hu et al., 2009), el =&%
G2 (M. edulis) ¢+ AEA SOD2 F7P7} R1H v} gict

_46_



(Pipe et al., 1999; Park et al., 2012). 53] N&EE A%
(Haliotis sieboldii) A= & A= 9Jsjx % SOD] &
A 4 712 Blvky gt} (Kim et al., 2005).

ol ike] Az= 20 g/l o1 Cde 5445 (H. discus
hannai) & 2E#H 2~ g9loF #8359 hemolymph <
A2lA W% 28 2 hepatopancreas®] #Aks F40] A
= FAE, ol Ak T 29 Hg ZUEH
e Aoz A=

O]
w
n

A A

SE

D L LE

A

E ATE THEAAEE >
Golden Seed Z2AE A}3do] 23] o]Fo]A A

2 o

B A= Jl=F xFo o2 EvAE Holiotis discus
hannai® hemolymph ¥ hepatopancreas?] &AZA] ol o
gk wsks fAekgich AR 7k=+ 0, 5, 10, 20 B 40
Cd pg/le sxA 4 7+ &7 23}, hemolymph<]
phenoloxidase (PO) A2 40 Cd g/l 554 45 &
of F2J3kA FFAstgley, alkaline phosphatase (ALP),
aspartate (AST) ¥
aminotransferase (ALT) 42 40 Cd pg/l 5=°lA 4
F Fo o8t 715 JERith. £33 hemolymphd] ZHe
(Ca) F%+ 20 B 40 Cd pg/Le] XA 45 Fol fro3t
45 Yehdol. 33 hepatopancreas®] superoxide
dismutase (SOD) 42 20 ¥ 40 Cd xg/L FxolA,
catalase (CAT) &AL 40 Cd pg/L =04 2F 3o &
g3t S yveplth webd slegel =% SRS
hemolymph ¢} hepatopancreas®] 4L Aojx 7=
FE 40 Cd pg/LelA HEo] Q& Ao opt=n, olf &
2842 Ak F24 29 U V2 AuR 8
F & Aoz A7

aminotransferase alanine
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