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Effect of Zinc administration on organ—bioaccumulation and physiological

responses of rock bream, Oplegnathus fasciatus

Young-sug Kim

Department of Fish Pathology, Graduate School

Pukyong National University

Abstract

Zinc 1s essential inorganic matter for metabolism of “life, meanwhile
having heavy metal  characters that 'can. be toxic: Since’ fish have a
problem usually when this element is deficient, there were extensive
researches about insufficiency of this element. However there are few
researches | about = sufficient amount of zinc for fish species. This
research examines “how zinc influence to physiology of /rock bream,
Oplegnathus faasciatus; its accumulation and elimination when exceeding
amount of requirement of zine: Dietary 30,60 120 and 240 mg/kg of zinc
was exposed to the fish during first 40 days; and then feed without zinc
was provided for 20 days. After experiment, the result shows the
variation of zinc accumulation, that is: liver>intestine>gill>muscle. The
elimination of zinc was fast at intestine and gill, but slow at liver.
Otherwise, almost non elimination in muscle. There were significant
differences in growth among control and 30, 60, 120, 240 mg/kg group.
However, there was no significant difference among 30, 60, 120 and 240

mg/kg group. Zinc toxicity was not observed during day 20 and day 40,



when zinc was added to the feed. There was significant difference in
SOD, GSH and GPx activities for the first 20, 40 and 50 days, but no
significant difference was observed after 60 days exposure. This is
considered due to the increase of antioxidant ability on the tissues of the
rockbream, not by toxicity of zinc. Therefore, there was no toxicity when
240 mg/kg dietary zinc on rockbream. And antioxidation ability of fish
increased when 30 mg/kg of zinc were fed for 20 days. These date

indicate that optimal Zinc supplement-is-30-60mg/kg
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S T=I AR ool aEe] Al e AN AAd S
FA8H7] fleke] zbg mdlzho]l e st AA7HA of Fell st Z(Ca), <
(P), mt2dl&Mg), #H(Fe), 72/(Cw), ¥ZHMn), o}d(Zn), AelEw(Se)? 20 =
(D] a7=Fo] AF5o] ShNRC,-1993). o]t HFFHL HE T TH=
TEHEH, 2 F ¥ FRe A4A0 AskehE wks Aol A 78 (Cw),
o}A(Zn), A (Fe), BXt(Mn) so|H, = t& 3 T7E 4T A4 7=
7HAA Be FHEEEA JIEHED, T3(He), H(Pb) To= o5 FAEA
oA FL3 Ao AgotEd thE HUEE Mot ol FE W, 1
5, 2523 5495 % AR ALFRHeE ol v AA SH9H
(Pentreath, 11973; Wicklund, 1990). ©}$12 metalloenzymeo = F= oz 7}
A mho dAE S s ARl EstE ) Ao piAbel = Holst

= FY Lotk (Song and Jung, 1990). ofdL HFEE2] Fol|A Fe thgo
2 Wol FolE 4 gl oM /&% 9] Group [IBdl &8k U422 S, P, CofF ¢F

ox Adxm™  carboxypeptidase, lactate~ dehydrogenase (LDH),
superoxide dismutase (SOD), phosphatase, glutamate dehydrogenase,
carbonic anhudrase 53 & WH §iho] 44 = o o7 g3}
(SORENSEN, 1991). wul&e AF9] 4%l =aatAnt -7 5o MEsHH 7]
ol ZEAY g4 A% Ao ik wAlo] FobAA o FaAe] 7t
1 gt P yEe 34 macromineral®} micromineral® Y L, Abgel] ¢lo]
A ddaFEFe]l 100mg  olstelW wFgFrIER EFETHGropper et al.
2005). "F vdlE2 Azl 0.01%°1AR 1 T840 = Frsta gl
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£ zinc finger protein % DNA polymerase®}
th Akl ]tH(Schwartz et al. 2005) o}dS A%
SRR W 7 &9 (carrier  -mediated process)ZA oL} TEEAL
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Zt(insulinlike growth factor)®] 8# Z3, metal-response element
(MRE)-binding transcriptional factor (NTF1) W&o Hojsls Z2H7)%
(regulation function)2.® Y& 4 At} dAH o 2= ofde] 7|52 47HA]=
okt = ok DARsE 39 whg, A AP 24, DAE A AF, 4)

o]
Ho 75 24 Soltk(Shils et al, 2005).

Ine HTo] 4~5oldel THEHORE FEEE HF vFIAGE FIAE
&%, FH0] hsetH HolddE Fd ACAA dFE wARR FEEl

=
gk FAAEY QS JIFY FFERAN AAE= AZe EAlolH (
and Vostal, 1972) $5%9] F4L A A o7l oM T2 A4
27} ¥7] wjiol (Dallinger and Kautzky, 1985) +&4¢] ofdde] ZH o w3t
A= W Faste. 4F SES0l Dol FHHE F2 Fe'> Zn

> >
Cd > Hg >Cu>Mn > meHg > Ni > Cr > Co £22 Zn& vz =& &

=R 259 A% M Jaroslav et al, 2006). £5 ==HT} Ho| =X FA
gdgko] WA YeEldtH(Lundebye et al. 1999). Ytd oz ofddo] AFHA 5
W Aol Asrt oA HH AT AS #HAPE = & v dhglE it Al H

W Cu¢t Fed &7} A8ty Tetracycline®} quinoloneAlg e <*kg & A 33k

Znol x=E:d FAFE H-ATE AHEYE 55 wFo] dEids A4t
Fal ggo] el #gk Ao

Hol f ofdle] FHYrh= Ay s o
Fo As] gkom, Ao B A= ALY o] FARA LUrE. HAdo s
A+ FE3F waterborneo] ZH o] wFolx] dietborneol| I A= Ao o]F
o3 A grh. ool #E QS @l FAUN Foleh Yojol st
15-30mg/kg?l o=z 4#A Jrh(Ogino and Yang 1978, Ogino and Yang
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& o2& Aol daix = sjAE ] A

Ex20 BFEsH} Fo]E(Perciformes) %3 (Oplegnathidae)® $-gviebel o

2, T At dEAIe] AAete At AR of FE(Jung, 1977) @A o
B AEE fd A olFolth AgolA Aol =2 who] dxnk d

ojuf 0% AMRAIZIE FAHSte] o] AFE7|Ql 4-7Ho] obd AF7]Ql

& Adteta ae27d FFYH e Fe ok el i

2004, Barton, 2002, Barton~and Iwama., 1991, “Billard et al, 1975,
Wedemeter jet al., '1997;/Schreck et al., 1997; Ellis et al., 2002). o] 3t
e Aot W QlojA FA8A < @&Fe o] oH(Procarione et al.,
1999; Irwin et al., 1999; Montero etlal., 1999; Ellis et al.;2002; Iguchi et
al., 2003; Barcellos et al.; 2004; Kristiansen et al., 2004; Schram et al.,
2006, Marco et _al., 2008). o} IFpXE 7HAA]7]aL 53] H| U] o] Fof
Al o m37F e AL 2 Bal o] loem(Kimgand Cho., 2009) weid
4, I, A2 9 st tiAbel M 7] ol e ol &k al(Singh at al 1992,
Haynes at al 1985) &Xtala s F7HA17]+= Ao % X 1(Bray and Bettger.,
1990) o k. Aol opde] FikskA vlee 3 A 2 A
Zn-metallothionein pool®] A% =77} F7letE Aol &t o]& thke] of
A FFA dojyi= Ao Z(Samman 1993) AbRel oS M7 S Al EA
Bee] AWS deta 4kt gaE FXATIE W a9 S Bew A%
HANE obAFol dEd 532Ql whE(Hill and Matrone., 1970) wjZol %
A

wEke e EHA717) 98 MY 44 oldsnt A7t o Pasi,



wetA f-Euel o At FAFQ =5, Oplegnathus faasciatuss W7o
2 AEY ZnF 7k wE A%, Ay GrloAe] AstetA wislel mx= o
g3t AW zZne FH 3 A A thste] HAESSI
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27t 247 19.2~20.4TC, 6.8~7.2 &
S+ $£FLS Table 17 2o A3dE g2 (20£1T)edA
500280310 m¢] frEzel 4 ¥ Qdvitt &)= A s
SATH.

Table 1. The chemical  components of seawater and /experimental

condition used ‘in the experiments

[tem Value
Temperature(C) 20.0£1
pH 8.10£0.5
Salinity(%) 33.5%+0.6
Dissolved oxygen(mg/0) 7.1£0.3
Chemical Oxygen Demand(xg/0) 1.13+0.1
Ammonia(mg/0) 12.50£0.7
Nitrite(mg/0) 1.30+0.3
Nitrate(mg/¢) 11.48%+1.0




2. A3 Aln

e AlFel7] A7 E AlE 5E8ALE(CIAER D& 1Y 23] &3] &
F8lY L (Table 2), A& E&A R E Zn7t ¢ 20me/kg SrE otk A
o AgE AlRE A#HE FEALEC olde AR 1ked  30mg, 60mg,
120mg, 240mg #7letglom tx79 Alss m8ARd oAt Al 7HaA
= okle HIME A9 AAYAGS AL T AL Alse AAE &
LEde 2 -20C Yo Haselrh. d3rse 33 19 231(8d 94, &

=
F 5A) oA AR FF FE 1F)E TR

Table 2. Composition of the experimental diet

Component Composition- (%)
Protein 48.0
Lipid 10.0
Fiber 5.0
Ash 15.0
Calcium 2.5
Phosphorus 2.7




3. Bioaccumulation #49

Zh,oob7km], 25 H AAE AF e 4 VRS 33 SHRTE AFHE 5
H+=
wet digestion method= HNO; (Merck, 65% ultra pure)< AF-8-3to 120C <]
hot platedll A 7k Ao F7]=o] ¢hd3s] flojA] Frobd wf7h#] HNO;
A7yeta 7hete B S wHESISIYE (APHA, 1992). fr7l&Eo] £33 glojA

Holxl Fol= vtE AlFol-2% HNO3 20mleE ¥al A58 3% &2t oo

i

ol

Az A 24X 7F AZxA 7|20 AEHFDry weight)S AT A8 B

il

W% & o] &S membrane filter (Advantec mfs, Ine, 0.2m)S ©]-83t
ZE YA ofEA e W FNE YAG ALEIAY 2% HNOzZ 345}
A58 ALEsIFT. A=A ICP Multi-Element Standard Solution Vi For

ICP-Ms (30 Elements In Dilute Nitric Acid) CertipurMerck)E ©¢] 83} o

r-(o

ICP-Ms (Inductively Coupled Plasma = Mass spectroscopy. Perkin Elmer,
ELAN 6600DRC)E " o]&3 A5 Zno| Sfde SH3IATh =3 FEAA
ERM (European Reference Material ERM®-CE278)& o] &38le] Az} e

A S 71 A8l Znd] s SATCEANSTES S



Weight growth rate(%) = (final weight-initial weight)*100/initial weight

Length growth rate(%) = (final length-initial length)*100/initial length

Condition factor(%) = (weight/lenght®)*100

Feed efficiency(%) - weight gain(final weight-initial weight)/dry feed
intake*100

LSI(%) = liver wet weight/weight*100



5. &9 4%

oo Hol 3 AQl heparin-Na(25,000 LU., F9A°H< A& g 0.5ml

3
1318 FAIE AR&ste] wFAT (caudal vein) o =ZFH At A3
gNg rgsto] A (Red Blood cell)5*, hemoglobin (Hb) ¥ Hematocrit
(Het)E 543 (Brown, 1980). A8+ 4+ Hendrick's diluting solution
o2 gHE 1:2008=2 A% S hemocytometer (Improved Neubauer,
Gemany)E ©|-&3to] F8 @n|AstallA AFelaitt. 5 Hbe Al#EHIL U=
Clinic kit (Asan Pharm. Co., Ltd.)E ©]&3}°] Cyan-methemoglobin®} 2 =&,
Het #e Hetg BEAAS ARS3Sto], microhematocrit centrifuge (Model;

01501, HAWKSLEY AND‘SONS Ltd., England)Z 12,000rpm, 5%3+ 94+
g3 oS Aoz =48

_10_



||\

(o

sheltt.
(Calcium), wF2Hl¥ (Magnesium)oll tfja}o]
M, Magnesiume Xylidyl

A (Total protein), =4 A"

714

Calcium< o-cresolphthalein=complexon
Fod o Ak&kit (Asan Pharm. Co., Ltd.)S-A}&-3lo] SA 3514}
g (Glucose) ¥ Fek9

sty FA8ek. Glucose= GOD/PODH OS2, Total
AlghE] 3 gl i

(Triglyceride)®l
proteine biuretH, TriGlyceride®™= EnzymeWH o =
transminase),

(Aan Pharm. Co., Ltd.)E A&3te] =333t
oxalate GPT

g4 aagAlel WEe GOT (Glutamic

(Glutamic pyruvate. transminase), ALP (Alkaline phosphatase), LDH

(Lactate dehydrogenase)S =743}tk GOTet GPTE Reitman—FrankelH,
A

ALP+ Kind-king®,. LDH= UV Rate'd3 o]&3F AAFE kit (Asan Pharm.

Co., Ltd)=2 ZA3F3t).
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AL B4

Superoxide dismutase(SOD) activity

Zkep oprim] Ao @YEE SOD activitys FAsHATE A WHS SOD
Assay Kit-WST (Dojindo Co., Japan)E o] &3}3lt) ojAelA 7HS &3k &
0.1IM PBS®= 23] Agr 3 -7p7F 13 oprpu]e] 3ufe] ddslE  sucrose
buffer (0.25ml/l sucrose, 10mmol/l HEPES, 1mmol/l EDTA, PH 7.4)& %7}
S}l homogenizers ©]-&38te] A& oA dA3}FsIith o wHAS 4TolA
10,000g® 6041t A4l 2 sh® A5 Eelste] FA 0 AL&SIAT. A5
< 59 WigE gyt 7p S Muljseol WE inhibition -rates T ¥
inhibition rateE ©]-&3}% inhibition curveE A3l ZAJ3t inhibition
curvedl Al &4do] 50% Weljte sAujgE 23 o] FAHSE lunit/20ul=
skl Alakstelh o2 A U2 gk S vl AeEo 2 o] lunit/mg protein® 2
SOD activitys WEFHAT. @id o] &L Bradford& o83 kit(Biorad.

Co., Ltd)E ©] &3} Protein® S A &3} 3t

Glutathione(GSH) level

& SFEAZ (GSH) %2 Baker & (1990)¢] WHiol st A AT
sS4 A% AE= GSHE SAA Wel¥= proteing A7) #8te] 5%

5-sulfosalycyclic acid (SSA)E 3]A3to] AF&sIgitt, 9 A Bo] ZIA|H
(100mM NaH2PO4, 1mM EDTA, 0.15mM DTNB, 0.2mM NADPH % 1U/mL

_12_



glutathione reductase, pH 7.5)& #7Fste] 37 405nmoll A 2% o] S48}
At} (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria). GSH ¥ 7
AH2 GSSGE AHESF RS wtg o R AAtste] @ele uM/g tissue® e
WA

Glutathione peroxidase(GPx)

GPx &A% Bell 5019859 WS 4%t o2 H202E 7|d =, sodium
axideE catalase " GA A= A5 A8 ImM GSH;. 0.1mM NADPH,
0.5U GSH-reductase, 1mM EDTA, 2mM sodium azide ¥ 50mM ¢1Xlel=&

A (pH, 7.4)°] Xty ZgL MG 7lsk & 5E O 20CAA wlFe ). b
=2 2.56mM ‘H2025 Y+ BSAlel AlZEHAT. NADPHZF AbsixE & v &S

340nmol Al 48 FoF 20&2 992 EFFEA (Zenyn 200, Anthos Labtec

Instruments 'Gmbh, Austria)® 4

Olr

F9A3L, ©F9]3= nmol/min/mg protein® 2

_13_



Nzt 7 AggoAbele] BAHA fold2 SPSS A =23 (SPSS
Inc.)& ©] &3t} ANOVA testE AAS 3 P o] -0.05 v wf F2o]Ao]

Aoz fEagr.

iy

o)
%
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1. Bioaccumulation &4

o3l

oAl AAY FAL Fig 1~4. o] UERRQT. ofde]l AA W) FHE 7b>
Avopu>as wow erA-UERdTh A delAt BAsh obrjulelA e
SAT AAT ol T HAE ho A AAT e SlFolFom & A

= AA7E o] FAX| A ety

P
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liver —@— Control exposure | depuration

140 4 —O— 30mg/kg \
—¥— 60mg/kg
—4— 120mg/kg

\
\
\
N
\

Zn concentration (ug/g)

Days

Fig 1. Changes of Zn Concentration (ug/g) in liver of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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60 7. .
intestine —@— Control exposure | depuration

—O— 30mg/kg |
—¥— 60mg/kg

50 1 —A— 120mg/kg ‘
—— 240mg/kg

Zn concentration (ug/g)

0 T T T
0 10 20 30 40 50 60

Days

Fig 2. Changes of Zn Concentration (ug/g) in intestine of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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30 ~
muscle —@— Control exposure | depuration

—O— 30mg/kg |
—¥— 60mg/kg

—4— 120mg/kg ‘
—— 240mg/kg

25 +

Zn concentration (ug/g)

0 T T T
0 10 20 30 40 50 60

Days

Fig 3. Changes of Zn Concentration (ug/g) in muscle of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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80 -

gill —@— Control exposure | depuration
—O— 30mg/kg |
—¥— 60mg/kg |
—4— 120mg/kg
—— 240mg/kg

Zn concentration (ug/g)

N
o

0 T T T
0 10 20 30 40 50 60

Days

Fig 4. Changes of Zn Concentration (ug/g) in gill of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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3.0 q

2.5 A

2.0 A

1.5 1

1.0

Length growth rate(%)

0.5 A

0.0 -

B control

[ 30mg/kg
N 60mg/kg
[ 120mg/kg
I 240mg/kg

N
o
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N

ne |
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|
|
|
|
|
l
I
|

Date

Fig. 5. Changes of Length growth rate (%) of Rock bream, Oplegnathus

faasciatus exposed dietary Zn for 40 days, Followed by a depuration

period of 20 days.

Values with different superscript are significantly

different (P<0.05) as determined by Duncan's mitiple range test.
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12 = I control

1 30mg/kg exposure { depuration
N 60mg/kg
10 4 = 120mg/kg |
B 240mg/kg I
< i |
= b
< 8 bb abb
] I T abp L20 |
g a al |
= l
E
g 61 |
& |
o0
~—
= | |
2 41 I
= |
|
2 - |
|
l
0 - LI ] 1Nl .
20 40 50! 60
Date

Fig. 6. Changes of Weight growth rate (%) of Rock bream, Oplegnathus
faasciatus exposed dietary Zn for 40 days, Followed by a depuration
period of 20 days. Values with different superscript are significantly

different (P<0.05) as determined by Duncan's mitiple range test.
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HE control exposure | depuration
[ 30mg/kg |
60 |4 I 60mg/kg |
[ 120mg/kg |
B 240mg/kg l
bPapb |
~ ab abb
S rE T
4 a a
Z 40 i |1 =
D
| i
be |
-5
3 | |
g |
=
20 |
|
|
|
|
0 inn LI \ i LI
202 402 50 £oe

Fig. 7. Changes of Feed efficincy (%) of Rock bream, Oplegnathus
faasciatus exposed dietary Zn for 40 days, Followed by a depuration
period of 20 days. Values with different superscript are significantly

different (P<0.05) as determined by Duncan's mitiple range test.

_23_



Table 3. Changes of Condition factor and liver Somatic Index of Rock

bream, Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed

by a depuration period of 20 days.

Zn concentration (mg/kg)

Time

Parameter
(day) 0 30 60 120 240
90 . 350024224 34174317 299.8+417 332.6%39.2 317.5+29.4
40" 341.24856  313.74421 34844289 '327.84£337 283.7+31.2

CF (%)

50 29384314 322.7426.8 247.2425.9 314.14302 294.7+34.1
60 = 31454237 247.7486.7 32704217 28914314 301.5+24.1
20 9.0+0.7 8.3+1.2 72414 9.140.7 8.8+0.7
40 BA+12 8.6+11 8.140.8 7atl4 8.3+1.3

LSI (%)
50 8.8+09 7.9+1.0 9.1+ 11 8A4+1.3 8.140.8
60 8.7+1.1 8.9 102 7.940.7 8.240.8 7.940.5

Values are meantS.E. Values with dtfferent superscript are significantly

different (P<0.05) as determined by Duncan's multiple range test.
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Table 4. Changes of Haematological paramatter of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a

depuration period of 20 days.

Time 7Zn concentration (mg/kg)

(day) 0 30 60 120 240

Parameter

20 350.24£22.4 -341.7£31.7  299.8441.7 332.6%39.2 317.5%£294

RBC count 40 841.2+356 313.7+42.1 348.4+28.9 ' 327.8483.7 283.7+31.2

(<10'mm”) 50 993.8+31.4 #802.7426.80M247 24259 3141+30.% 294.7+34.1

60 314.5+28.7  247.7+36.7 | 327.2421.7 289:.1+31.4 | 301.5+24.1

20 46.0%4.0 47.0£3.0 46.0%0.8 41.0£1.5 44.3+£2.8

Ht 40 47.141.2 49.8+0.9 47.8+2.3 48.845.5 48.5+3.4

(%) 50 49.7+1.8 44.240.7 43.6%1.2 44,5445 42.5+1.5

60 48.2+1.3 46.6+1.1 43.240.9 45.5+1.8 42.942.9

20 9.040.7 8.3%1.2 7.241.4 9.140.7 8.840.7

Hb 40 8.441.2 8.6%1.1 8.140.8 7.741.4 8.3+1.3

(g/dL) 50 8.8+0.9 7.9+1.0 9.1+1.1 8.4+1.3 8.140.8
60 8.7+1.1 8.9+1.2 7:9%0.7 8.240.8 7.940.5

Values are meantS.E. Values with dtfferent superscript are significantly

different (P<0.05) as determined by Duncan's multiple range test.
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Table 5. Changes of inorganic and organic paramatter of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, followed by a

depuration period of 20 days.

Time Zn concentration (%/kg)
Parameter
(day) Control 30 60 120 240
20 13.8%1.0 14.5+0.7 14.310.5 12.940.8 13.1£0.3
Calcium 40 13.240.5 14.4%0.4 15.1+0:8 15.5+1.5 13.3+0.9
(mg/dL) 50 13.440.8 11.3+1.2 12.60.6 13.0+0.8 12.5+1.0
60 12.242.4 13.8+1.9 11.2+1.0 10.9%1.1 10.7+1.2
20 3.27+0.05 3.31£0.09 3.25+0.09 3.00£0.06 3.10£0.10
Magnesium 40 3.1240.03 3.06%0.06 3.14+0.06 3.20%0.17 3.16+0.04
(mg/dL) 50 3.12+0.07 3.12£0.14 2.99+0.11 3.0540.03 3.11£0.10
60 2.8240.15 2.88+0.04 2.88+0.02 2.7240.12 2.83+0.08
20 101.1£8.9 101.5+14.0 95.7+13.4 97.3+15.0 90.8+9.5
Glucose 40 140.0413.3  125.1+24.0  137.2+13.7 123.1+8.8 113.4+26.4
(mg/dL) 50 103.0+7.5 92.4+12.5 88.0+10.4 85.2+8.1 80.2+11.8
60 74.5+11.9 70.6+2.9 57.5+8.3 59.6%8.9 56.5+6.3
Total 20 3.7840.52 4.48+0.70 4.26%0.53 2.90+0.75 3.07+0.29
brotein 40 3.2240.46 4.37+0.40 4.10%0.83 4.4640.54 3.26+0.90
50 3.36+0.75 3.35+1.20 2:54%0.62 3:0440.76 2.47+0.99
(g/dL) 60  2.05%0.148 ~ 2.3520.90°. '2.87+0.60" - 3.92+0.40°  3.67%0.78%
20 22274208 259.7424.9 206.0%15.2  200.7£14.6  211.8423.3
Triglyceride 40 234.6£21.6  256.0+13.7  195.7£33.2  199.0+30.7  174.4+38.9
(mg/dL) 50 183.8427.4"  136.2422.3°  215.8435.1°  194.8£26.7° 135.1+42.6%
60 197.7411.0°  148.1£21.4° 165.3%£29.3" 170.2+10.4® 151.6%£17.0"

Values are meanxS.E. Values with dtfferent superscript are

significantly

different (P<0.05) as determined by Duncan's multiple range test.
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Table 6. Changes of enzymes paramatter of Rock bream, Oplegnathus

faasciatus exposed dietary Zn for 40 days,

period of 20 days.

followed by a depuration

Time Zn concentration (%/kg)
Parameter
(day) Control 30 60 120 240
20 56.04£8.32 - 58.22+7.78  57.2843.74 ~ 57.36+2.94  55.00+6.46
GOT 40 56.00£5.70  65.14%5.94  53.4845.14  56.98+5.56  52.43%0.50
(KU) 50 51.64+2.20 48,9342 10 43.70+3.37 . 44.46+4.13  47.21+£3.21
60 52.85+£646  53.43+2.64 52.1445.0 50.70£565  51.26%3.17
20 32.314#2.88  33.78+4.28  30.29+3.00  36.18+3.13  35.98+2.85
GPT 40 31.50+£1.49  34.14+1.53 | 27.36+256  28.64+£3.42  30.93%1.40
(KU) 50 26.68+1.78  25.83+3.25  30.74+0.93  27.12+1.23  27.57+3.36
60 20.46+1.46  27.90+3.02  25.38+3.45  26.35+3.45  27.50+1.94
20 10.1+1.1 12.3+1.5 11.8+1.4 10.8%2.0 8.2+1.3
ALP 40 12.34+1.2° 15.8+2.2° 13.5+1.7% 12.6%£2.1% 11.942.5%
(K-A) 50 11.6+1.3" 9.741.4% 7.0£1.722 7.9+1.3 8.8+1.2"
60 12/9+1.2° 8.7+1.6 & 1#1.17 10.7£2.6™ 8.3+1.2"
20 107.747.7%.999.548.16% 894123  825+12.7°  80.6+10.4°
LDH 40 105.4+17.4  121.2+13.7 94.3+14.1 105.2%5.9 103.6£9.9
au/L) 50 107.0£15.2  117.6%£14.0  116.2+11.1 11524180  107.7£21.4
60 101.9+12.8  107.0€16.9  103.9+#104  109.1+15.2  104.5+14.2

Values are meantS.E. Values with dtfferent superscript are significantly

different (P<0.05) as determined by Duncan's multiple range test.
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Superoxide dismutase(SOD) activity

3 olzbwlel SODE Fig 8~9.01 uehlidich zhellAs 2093 404 9lA
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Glutathione(GSH) level
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Glutathione peroxidase(GPX)

bk olrbWlel  GPXE Fig  12~13.91  YERAIE.  zHelldE 2099
30-120mg/kg T-3FllA FA QN F7HE AT+ AU 240mg/kgS HET
o o3k W3yl molx AW 30-1209% A@Ho YATh 40YUel:=
30-120mg/kgol Mgt o8 Z74E2 ok 5099 609e thET9 fAlEA
o} ob7buli= 20, 4099l 60-240mg/kg TRHAA fel A9l F7HE BAT 409
M= 30mg/kgl M S7teke A3dFe HAou ok feojAel AGHA

orolth, 5097 60 FrollAd= 2T HlaEtgS w §AEA YER:
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Fig. 8. Changes of SOD (unit/mg protein) in liver of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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Fig 9. Changes of SOD (unit/mg protein) in gill of Rock bream,

Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a

depuration period of 20 days. Values with different superscript are

significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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Fig. 10. Changes of GSH (nmol/g tissue/mg protein) in liver of Rock
bream, Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed
by a depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.

_34_



80

gill EEEE control exposure| depuration

[ 30mg/kg |

I 60mg/kg |
= [ 120mg/kg |
S 60t I 240mg/kg b b |
= b 771 !
= b |
) I b ab
E l |
@ a
= aad | I
2 40r T |
= T
s |
E |
= |
T 20t |
© |

|
|
0 | | | | | | | | | | | | | |
20 40 50 60
Date

Fig. 11. Changes of GSH (nmol/g tissue/mg protein) in gill of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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Fig 12. Changes of GPx (nmol/g tissue/mg protein) in liver of Rock
bream, Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed
by a depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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Fig 13. Changes of GPx (nmol/g tissue/mg protein) in gill of Rock bream,
Oplegnathus faasciatus exposed dietary Zn for 40 days, Followed by a
depuration period of 20 days. Values with different superscript are
significantly different (P<0.05) as determined by Duncan's mltiple range

test.
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Fig 14. Histological . v bream, Oplegnathus
faasciatus exposed dietary Zn. (A)Control. ; (B) Dietry Zn 30mg/kg/20days
; (C) Dietry Zn 60mg/kg/20days ; (D) Dietry Zn 240mg/kg/20days ; (E)
Control/40days ; (F) Dietry Zn 30mg/kg/40days ; (G) Dietry Zn
60mg/kg/40days ; (H) Dietry Zn 120mg/kg/40days ; () Dietry Zn
240mg/kg/20days
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A ekskth Al O Z a3k vylE(ex. Zn, Cu, Cr)2 A% 2%HA & IFH
tHPb, Cd) FFellA o B2 gol FAHE Aol S4oltt ofd IFnvg=
ARG g O W2 Fo] FAEIT 2 ARddAE 2 A, oprbr], 259
AA Almel A gnbet S7p7E Holal B4 o] & ArR B2 dE T
= W YUehE & e 343 S7F Aol HolA gkon A5l <5
UolA = 120mg/kg7kA] A o] o] FolA A L Aom H
gt oprpmlel M= AA 20dA ] tHETeE Hud wf AL Zpo]E HolA
B AR AHe o] Elydom w3 AAE7HA] HAHA &S e
B BT grb Sl A AA Y Gl BolA et

AAY Pge 2 olde] HHe G ophuldAE Q@B o] Fol At A

AF231 7] wEe] Ak A A FAS Fetslr] YA E ZnS (93] HlA

W ARE ASFoRA AN BRSSO AFel Aed Ao YL

kN

AgoA BFA Ml AlEFES 10~30gAtele] 59 49 19ToA
t oAAIF2] 2.29% (3t 2.40%)8 Hels Wt BAG7E, 2008)7F A%l
o B Ao 30LEC) el A APsda AR doE Zng A
bt e Agol 2dd& AASAT] wiZel 2.29%8 0 A2 oAl 1%°]
g Folsglt

ol Zn 87 %S 15~30mg/kg dietFw o2 LEA glom ofdde] Ay
G Al Aol FAasta A A #2129 (Ogino and Yang 1978,
1979; Gatin and Wolson, 1983; McClanin and Gatlin, 1988 Gatlin and
Wilson 1983) th2 P, Ca, Mg, Fe, K, Mn, Se¢} & wul&Ee] njs) A4
Al el & FEFE TR et al. 1998). o}<d> DNA®F RNAS] 34
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W AETES FANH RN A dFEs Fod B 29 Al 4Fe F

o2 dort Ao elA Utk ofele AAe A B el Faw v
Aama AEe] A7 welAAel Wl wojsin FAvel A ek

ol gtk (Brown 2003, Nishi 1996). okl 53] IGF-1, IGFBP-39] #&
Zsketar @A, phosphorus ¥ TlE©] IGF-1 3 IGFBP-39] §/de Ha
3 714& A3 (Solomons eet al 1976, Martorell 2002, Imamoglu et al
2005). T3k 47k bRl aae] S B om 2] SrolM o] A= Aslel
of FRkAQl miel o] A A A e AR d#A du
(Doherty et al 2002, Neve 1992, Butrimovitz and Purdy 1978). o} &
= ol wE gFES] W i3 A= Bol MaAHo kARt of ol
st A= FE53E AAo|th _Coxe(1960)] Kol st S F A 2o
Zng H7HNZ Aolw 852k AR dikatel] HIs FAIFe] foleAl A
3L, Magees(1960)= 4~6F2 & Foll 7| 557+ #H=Fe] Zna H7HAZ 4ol

2 %3 A3 70 3ol 2SS FAFe] Fafn
= o]

tlo

Ao Fo] W3l AL Sl dko] IStk Bal(Risher et al., 1981)% U

=

3 T Aolo Y Aoz HIth Magees¥ CoxE2 5000mge]d<]
T =S FY okdS HIMAR Aolm ol mAoR st FAFY A
UERsttha ®askeith shA Y vy v 1000 mg/kgeldt® #EF H7hsk
Jo and Kim ©]Y Fishers9 Adole= 2 Age Aue} o] gsgFoz Z4
= SAR] A7 YEuA &tk ot A3 Al ARES Astt 2oe
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B (Wallwork et al, 1981)d] w&} 30-240mg/kg T-%Foll 4] Controlol] H]&}o]
ZAFo] 718 B Ao A= Controlo Al o}dde] HEFo = s HAAEe 7+
278 ARE Aoz AZEY. A AFAE JdojHE A S Holx] &
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1984)11 <A Qe 2 HAdor] A g Ay T8 Cast Mge of
T4 As7E gl o] AL ol FFa=o] dF Cast Mgole 9IS 1
A 2] FEshtpar = Hai(Kang, 2000)9 F-stEoh #7144 8Q 9 2 F o

A, SAA G g 2AA e e A acs S  BEIAAR
o)A ehgket oA ok ® AR el ARE A ofd REwuch £
o7 ¥o] A YElgtl= Hi(Boquist and Lemmark, 1989)¢F tt=A o}
Ehuteh. obd 3t a7l e FxolA WA A AT e B2 AT
oA gelw w®l glom(Coulson-et al 1980, Levin-et al 1983) o}do] H =3}

W HAHReA] 2l - I} insulin-like activityZ} ZFAH 1 3o d&4d FEE
Hayo] HAHdA WEREHE AdEHY 4ol FAadA HE=d(Huber and

Gershaff, 1978) o]& <¢13}o] Control #7FRt} o] 7+Aaste= a37t vehd

Aow AZHW z2 o 7 77 F% wFo] Aoy dde] feolg pasl
e Ao welth, FAAME 20-309 TRl AL FolHe Wal) 92
A ergkont 5093 60Yoli= Fol M) Walrt Yehskt), shAu 5099 Wik
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23t Aoy % lipase Edo] frolHo =
AaFo RN 45 A)stal, T3 Chylomicron A ddkS vx #Axdw
2

oo 7N A A4l ekt
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lo,
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YAtk Bare we} 3R ofd el gl SHEWA Al ofd
F5 o] A1 Aom Bzhdn. T3 oA ol A= YA Tt H] o
30mg/kge] F3roll Al 20-30L A 2] %
HA= o)A ok AA A = s84ALY w571 dA3%] S7Hd= B
Jl(Park et al 1986)e]whe} diZTollA] ofde] H-Fa4to] Kol =
Helth, w3k fake] ofd s AA S 4 -Fol FAA Hlete) d7 3 T G
o] ZFAH At} B al(Atakisi etral. 2009t F-3tEth @ Ao 9lojA ALP
o] A9 20¥#°] 30-120mg/kgel A S7keke s B foAde] dF
2] gkgkom 409 Ao 30-240mg/kgell Al &gt F717F UEHEE], o] A
ALP&EA o] oA Ay Al 7HAHT = (B il(Adeniyi and Haton 1980, =4
and 71 1994, Satish and. Poonam, 1992)°} H-3t#t). stAF 2] ofd
HS Al ALP7F btk Bai(Huberl, 1973)9ME ThE Al g EolA
ALPS] X9 F7t5787F dojuA = dth. o] 212 240mg/kgo] Bl A ot
< FEo7] Wl o Mol ALPS] FT7HARN TS HIISEiAE Hoh
ool Aol dad o= AZHT ALPY Wal= 1 Al glof

FZo] 7]eldlt= B a1(Luecke ea al, 1968)
Aoy Hl2 gz Ayeta g Hil(Hove et al, 1940)% Qi &
g ofddol AFolyp FFAXE Qg HAF ol aAA Y] EAEA =
B 31 (Satish et al, 1992)% ¢lo] 9191 3+ A7 o Bod RAow Yz}
LDHE ofde] Fao= QA 25 sk LDHO #7449 47t vesoyt
45 Foi= LDH &A4o] vhA] F7Flvk= Bil(Huber and Gershoff, 1983)<};
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A x3ttl, GOT9 GPTE ofddo]l A3 UL A A3 2715 Bovf=
Hi(Z5E and AT, 1994)7F ot B Ao qE GOTS GPTE 9
= WEo] gl ol thxTrolA ofzte] ofd Ay o] Aot ke FES

a7 2 wE 7RI 240me/kgE WA We RG] fidl A= A

o

2ol A ofdle] FFFFELS oxygen free radical WolaAAe Ao FIFS
tH(Tatior and Bray, 1991). 2Jo]A o}d2 cysteing 33k metallothionein
7} 23tHo] AA metallothionein#ko) $44-8 2 #8lY metallothioneine Ay A
W ofdde] S FA5tY SAZHE Woldtl(Zhou et al, 1992). o}

o] Mgts dolu = AP w5 T88th SOD2 GSH,
GPxE st @aR A SODE.0: & Hi0p2 HH = 93g 8% GPxe Hz02
£ 2H20+ 022 Hhrh. GPx®t CATE= H:0:5 2H:0+ O.2 WA 2 vt
-2 Glutachion®] 23Sl GSHE AFst&@ <l GSSGE ®H il GRE GSSGE
NADPHE 4Rsto] T IGSHE v = G ok Asista oz A g3l
Superoxide dismutase(SOD) activity, Glutathione (GSH) level, Glutathione
peroxidase(GPx)= oAU 3iksl S8 WslE dolr iy, 2 Ag oA
SODE 7hellA 209% 40 ell4l 30-240mg/kg Aol Al 9] 40 F7HE el
g 4 ATk 50l FhT e AN oY Fod e fllem 60dA=
279k 2pe] & Holx| e¥gkom oprpmlolM= 20944 120, 240mg/kg T3t
A freHQ Z7HE BT 4084 60mg/kgdll N E S718HE Sds Helou
Frodel A=A etk 504AE 240mg/kg A RE 9Fzbe] b7 Bl o
WA PR = 2T AR 60D Aldl= e RRbo] tiEhek vl stE

do

ke Q% FA

b

i

==
[¢]

2
Y

Atk o]AL HE oA ofele]l BE oz SODe @Ao]l fostA i
o2 A7 olggt e tiste] ofde]l APA] SOD &Ado] HAaEE A
o] Hi1(Katherine et al. 1995, Amira et al., 1995)% it} ZE3 gurzxo =
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7 =2 w2 AAS 240mg/kgoll A= SODe &4 AavE UERA] g%k
th obd AFA] SODEA 9] #HAa7E dojuh HiksiAd Aol FrhEomA o
BT E flgto] Wold did HdS st dAby ol el Zné] S (Taylor
and Bettger, 1991) ¥ #2717} vi7le &9 AAAS 95le] Zne BQr7t &
71 Aom AZbEn. SOD= Zndl =&4 k0 wet g d4d& 2ol=d §
A Low zincd A% Zn9 F=£o7 Qlste] &Alo] 7+AF ™ Optimal zinceE 4
A SODe| /4ol |A ¥t High Zincll A& Cuel F57H #sg 224 SOD
o] &gdo] Fasid ¥ @2 48l ZincZk fAEHA W AL Arst ol whe}
SOD¢] &g o] FA4%HA S7FskH olitt § B2 ¥ SOD7F =A™ A
W Aol FUel wEgk SODE &40 FASHA #Aadr. ZAFNA 5
L7k Control  73tollA SOD&A4 8 #&7f Holw 7bE & T3
240mg/kgo| A= Zne] 747k HolA| kol Low znolA] OPtimal zn 7}A 9] H
91 Ao FYHTh GSH level 20, 4040] A7l S71stlom 50
oAM= 240mg/kgollA] BIZE ol _Hl&l] S7lele S Hd oy #Fodo] IA
A eksken 6092 iRk foldh Xtolrt SIStk oprtlel A= 200l
120, 240mg/kgoll Al Fo3t Z717F 9o 400 60-240mg/kgol Al Fo
g Z7he AT AT 5097 60%L Tk frold zols BAT F
AT o] d 3 wiZFA R 30mg/kgT ol M o] St Ao <l
<7t2 Hlvh GSHOl 4§ ot A AdItstas S7F Al7]aL o
wefloll GPx7h AREWA G a7t o] FolA AN BAYANN = 7MY =2
240mg/kg T M2 GSHEA S as dojuA] &tk GPx= tellA 209
o 30-120mg/kg T-ZFelA o)A S7HE Qld = AL 240mg/kgS
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b frolg Wyt HolA AW 30-120mg/kg@ e AdE o] YT 40
dolli= 30-120mg/kgel ATk #2l8 Z7Hs BIth 5047 60U dlZT9F &
AbakQith. ob7bulE 20, 40¥elA 60-240mg/kg TRFAlA oA FIHE B
L 404l M= 30mg/kgoll M= S7hehs BEdS BHou thzyek fo4de]
AAHA GFokth 503 609 FRFelM = ok HaEls w FARSHA
Ebsttl. GPx& Se containing @4Fst @424 A @ 3AEskel  hydrogen
peroxide®] t3}e] detoxifications FHvlsh= 2H&(Geeta ea al, 1991)°] 7]
ol Fa ol oste] GSHEd ol Asllelthal R a1 (Spilttgerber and Tappel,
1979) ¥olgitt. whekA -2 3ol A GSHe GPx@42] F7H= SODe] ¢
gk STkl et FosiAl S o] Folxl Ao m Holw ZAE ke ofdo

o A tAHE v AR Bolk: A7t fl= slo® Bl
B ATE 38 = o 240meg/kge] oS EwoNA oA RS wd

o] e YA egkon bstede Fhb JEHt B F
Aol HH4& AHEUS W 240mg/kgT ol A S obdel FFel FHA AR T
120mg/kgol sl -3rell A& -40U3te] o}Ql Fiyole E3kal
= A Blou frolHelx] gstow Frstglvia st 7hAR-91Q &
ol delAe]l F42 25ug/geldt®  ofde] QHHR sk AFH A
elemental zinc® %o} 4~5mg, 1-34] 7mg, 4-84] 12mg, 9-134] 23mg,
14-184] 34mg, A<l 40mg (&31%, 2005)°] wlaste] @we <ol ofyrh. ®
30-240mg/kgell Al & F3kell Slold el F7h7h o] Fofxar 30-240mg/kg
oA gatslsEel b7t ol Fol A 120-240mg/kg -7l Al AN dtslE

ao] @4o] WolAr) oleldt ANE ¥ w ¥ A A ol 44 Hrjw

an
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Aggel TAYAe] wEA Bad FrRHo AL FA FREOR 5
e dEiE s olde BE oAl WelA RERS B9 we BAL of

Oplegnathus faasciatus®l| 1014 okl FH A QG5 o]/de] ofdS FF3H3
S Al AYA wstehoolde] A A AA diste] delr gt 2 30,
60, 120, 240mg/Kge] oldS H7Iek AR E  40YU3F, °o]F 20Ut ofds A
VA ¢k AlRE EEOA el gtk ol AF ol A Ul FHL2 1>F
A>olzbn>EE Fo g2 BT AAC QLo FApet oprtndAE A% 7
A7F dojwkar T A= AAZE ket Al HE o w KA A= AATE Ae
dojupx] gkl Agel’ lojA dlzell Blste ofd S FHEH 40Uzt =
30, 60, 120, 240mg/kg®] & ol A AT dEC] FostAl S7HEAT. 8t
ANt FFE T3 2087 30, 60, 120, 240mg/kgztoll= AFA3
ok Wsts I AT F AN PR BN = oA Hope
APEE HQl 209 40 TPkl A ARk 2 ol o] S = yEhA] &
dom tzA ] FANME o AFE Holx| drh AR oz A
gk SOD, GSH, GPxollA= 20458 o4l Wsts d2d 5 Ao 60
BEE #2354 skt SOD, GSH, GPxel @457k olAle ditslsge
S7t wE Aoz HAdPFe] ot FAG WelE HolA PFErh wEhA
240mg/kg®] olds =9l = L2

30mg/kgol o] ofddS AHolAAS B oA FitstsE o] FbE AT vhut

ol o] Zrte] uwiEl X AF|ASIE O ZF7FE GSHE GPx7F 120-240mg/kgol A

ot
Lo,
Ho
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