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Bioaccumulation and physiological-biochemistry changes exposed to

dietary lead(l) in starry flounder, Platichthys stellatus

In Ki Hwang

Department of Fish Pathology, Graduate School

Pukyung National University

Abstract

Lead(Ph) is not required for normal physiology in plants or animals and
is potentially toxic. It is common heavy metal pollutants of the environment.
In aquatic environment, the prevalent heavy metals have been usually
accumulated through the foodchain, and the accumulation in the tissues maybe
toxic for fish. Therefore, the aim of present study were to investigate the
effect of the dietary Pb toxicity, acuumulation and elimination on starry flounder
with the concentrations at 0, 30, 60, 120 and 240 mg/kg.

Pb accumulation in the tissues increased with exposure periods and
concentrations for the 4weeks of dietary lead exposure. The highest Pb
accumulation was observed in the intestine tissue by the dietary lead exposure.
Pb elimination in tissues of starry flonunder decreased during the 2weeks
of depuration. Gill showed the fastest elimination rates of Ph at all concentrations
compared with other tissues.

In hemotological parameters, RBC count and Hematocrit was significantly



decreased in 2 and 4 weeks compared to control. In hemolymph, calcium
and magnesium was decreased. And glucose, total protein was too. Glutamic
oxaloacetic ransaminase (GOT), Glutamic pyruvate transaminase (GPT) was
increased but Alkaline phosphatase (ALP) was no significantly changed.
Superoxide  dismutase(SOD), Glutathione S-transferase(GST) and
Glutathione(GSH) of antioxidant enzyme were significantly increased in liver,
kidney and gill in high concetration. Acethylcholine activity was significantly
decreased at high concentration in brain and muscle. But liver and spleen
were no significantly changed. Lysozyme activity was significantly increased

in 2, 4dweeks.
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So AEE BE ke ) AAAN s AAEG} A

Aol ASRAAT W) GTHA S Ao g FAAL A

AAolM FFHom FAEr] wEd 3 FAHAEAR FdEY
(Oliveira Ribeiro et al.,, 2006). o}F&7A]&= AA YeolA e o
A4 AA = x| (Khan et al, 2014), %L FE9 Yo =&59 g7
o8 o)l AW, g, A4, Azt ezt vER Al Ak we g
AA W B ely 22 ol A4 AA5A, el vehde A
AA ek gejrt AV A "k =
FAAA, o] nrtdA £=4-8 JA T a(Palaniappan, 2008), ©]F ¢
A5, A, A oA ofHALH Wzl #HARe] o] AT B ¢
HFESek, vie], AR =un)e 23} WA, ST
Az, EAs 79, 43754 55 WeElUA sk=dl(Burden et al, 1993),
wYA=Yu] F3 S 9o AAFAHA Y35k Aol FA4to| <hEeH

WERHA Ha F9 259 f5o] HAst fedo] ol

Z(58, pH, 2204, 2982 5), 424 22(F44, J4%, A4,

8
BAAGD T), A9A sa(edEE WE 284, oY 5 Tl 3
E



Hee) zAe A7 9 sEEo] wued wiAAe @4, A
rEYs R =Y, 2EHE 5% 2 5o wyow ey

=
(Bonga, 1997). 2~Ed# 2= ojgt w52 g AFo wziel WY 7|2y

Was maete] dakd A4 wsm Yed ol Fel AR sl
AW EEFolh AW 5 AUAA Rk Wy 24F H2E

o] F/betAY At stress proteino] Tolxw AAg wed g
7} #2dtA @vk(Witeska and Malgorzata, 2005). ~E#AE AEA 9
o A4S WHEA 7| sntEAR Y RBC count, 3| EXE2EF & 5
Z1tH(Houston et al, 1996). ~E# 2= Qg 25 Wslel A Al FE<
o® Aajdd =9 FYdel BotbA AEAL dZels Hw AL A3
7} 5ol erythrocyte’} &3 vH(Nikinmaa and Huestis, 1984). S &4
o]l HY koM e e 2E# whgo] FAREHA dERH, 55 &
yehdn, wEdg A o 7 ZAaHE 55 1)
Haz ek iAAxe] AT vER WY Al
& 433 E4A1ZItH(Witeska and Kosciuk, 2003).
g2 AEgdor Ay 240 AE AEAR Az AEsto] H]
o

107w P oy, Yoy, PEHFFOR We W

Al

X
o
)
i)
il
[

AgtoH Gurer et al,, 1998). F3lF ®o] 1)
7} =olAs+E RBC count, d|®=2H, dulE=glo]l ZHAdT
(Iavicoli et al, 2003). °o]+&= o] dRZFEHIQ AbAote] WS 7HAA
7™ erythrocyteE ECHASHA wtE5 A EQ 534S o AFE ¥

& doA E4E F7] wWiLo|th(Witeska and Kosciuk, 2003). %<l

o
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F Ul ZEEY] st SUkeA HW o] WBC/E F7tst
= gelo] "} utE=E FRZFEE, RBC count, WBC count %
o] dodgtz AL Aw A Hedestd xR #AdEy 544 =

=9 olFY Fx4, 7ed AXREA ofF F83(Adhikari et al,
2004), 49 AxZ FASEY 547 FF AR o] FHth(Sancho et al.,

SAEAELE MFrEH2E doA 44 (Reactive  oxygen

species, ROS)E A A A4S Yl AbAs Alxe glojx ofF

F83 807 AW ROSF AlEe) TFRA st A AE
22 A& cytotoxic probleme F7FA Zt(Fuente and Victor, 2000). 2}
L35k o] ROSE MEE FAsh Axute A, vid ggstE, 84t
& AFAA AFE7E g HA G st iEd s dY &= S
Walehs ool (Galley et al, 1997), =3}, FAtslAe] FH4 59 2o
9 (Meydani et al, 1998). AAFAX = =23 U Fa5°] =45 ROSE
AR 7= Abg 3 whgo] dojdth(Zhang et al, 2007). Wel F=0]

A EAe ROS7F DNAC d3ks Fw Al who]7] = HEHE o

Zits Bax dAvh(Farmand et al, 2005). &X % AESL AFE U
A A= ROSE AASe] B8 Bed ¢ e kst 7148 7HA
3 lom theksk ksl g 4aEe] ZEeHA "tk (Mourente et al, 2002).

g4bel 8 42 = catalase(CAT), Glutathione peroxidase(GPX), glutathione

mO

S-transferase(GST), glutathione reductase(GR) L#]3l  superoxide
dismutase(SOD)5°] Qow o5 &Xrirl dASHA HH BS ES
= Fod dg5e st 27] 43 42 SODE superoxide

radical(O2-)& #A+shA(H202) 2 vt A& Fajsty ditstris



CAT7} &3 AbaR uby A Agt, GSHE GPX Hgk o] #Add A Al
stras AASE 98-S ek 285l GRS GSHE #HE ol % Aty
GSSGE GSHZ oAl A#A 7Y}, GSTE 43 #2471 (OH-) 22 A=k
g4 714-& glutathionedl Z&A7]& ¥H&-& FHulste 548 Al At
(Atli and Canli, 2010). &4ks}7]) 22 4tsl~Ed o) A& sy 4 =54 8
Aow w9 4ol =rh wEbd FAkstE A e FAE AA Ho] T &
qe vepE Fadh A xo|ap o Foll Al LAlshE Halaae AAAA K
HGeoffroy et al., 2004).

Acethlcholine(Ach)& 2z A9t AAANA FH AAAGEADm H2}
Aot AAA ] AL A FAdelu 259 TsoA dFH ol
Acetylcholinesterase(AChE) & o] FollA 2% AAAY F8 +4 84

o

ol AchE Falge=ms 94 A

EE
12
P>,
o
B
A
>,

9t AChE activitys €¥td oz Sl ZZoA SAHSH o] oFe
ABSAZN F2 FUP4oR o]Folx Ui, AChEE <9 3FH 7%
o d¢Aol7] wiitelth. AChEE ol FollA SHET Hd E4 o Fo
EAQ8HH Ferrari et al, 2007), H & SAEZ] AA=AH s345 verd
F Je F9 o] @k AChE 549 A= AChe AARS Folvy 2
A A AEA o AV Figk ApFo] FolA WA ZH7 2 np]
ol EAs HFTHoRE FHod ol=2A @k Kirby et al, 2000).
AChE activitys= o7} #7183 =, 5%, 7|8 &2 o 93 2
AEA e e o WEkA HY S8 AEAR T oshuelt

(Modesto and Martinez, 2010).



FAAA 2ot W9 Y Ve AATAEAL s vE AdE A4

A Wy 54 g dist EA FAE AEdE Sold Wgow 1
HAed, oFe gFE HE5ol4 W oFEdt}, H]j5eolxd Wode AE
Y 7HE Agoem qbgste WY o R ZEstE a4 F losozyme©| St

Lysozyme< o5 Wl M@ x Ai=E a3 AdATe] Alxgd &)
3= N-acetylmuramic acid®} N-acetylglucosamine®-¢] A g2 7}<FE 3|
Aoz MEYS dasta 8-S 2o 9e-s ghvk(Saurabh and
Sahoo., 2008). Lysozyme< H|Eo|4 WA Fadt oz T4 ~EH
2o ofgl Wonhgo] X g2 ALE-5 o] Xt (Tapia-Paniagua et al., 2011).
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1. 43¢0 R A3d4A

7o ARgR Mol 71 EueelA  A]g AR,
Platichthys stellatus® 157t =227 3
Rt AlF 16015 + 16 g, A7 20 +
|tk AdE JRAlE 250L d o JA sk A 7hE 250L Y] Shers
2 AMGSE AL 12A12F A o8 FEr)E 2dstg o stE 23] Als
%% =] gtttk A3l AMRE e

Ad-e 8 wE Als AJE S Table. 29 2ol PbxES 3 lead
premix Lead (II) nitrate(Sigma chemical Co., LTD) 1lg3 AEZ 9~
Pg& T3l det. AFBEAE T lead premixE AA A wgste] W =
=70, 30, 60, 120, 240 mg/kg H == Y. o]& B3 E£Fgslo Wk
< ota ZIAR APste] Ao 24A7 EEow - 20°CoAA BRAERA
toAbRe o i Ee #9d7] 98l ELAN 6600DRC ICP-MS v &
o] &35t 31, standard curve= ICP multi-element standard solution VIE
B
Z AFF7IEE 650l 4F7EA] Hol FiE AR Folow 45

H 677X = ol 75 A &S ControlAt 55 Fo] §3th
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Table. 1) The chemical components of seawater and experimental

condition used in the experiments.

[tem Value
Temperature (C) 13.0 £ 0.8
pH 8.1 £ 04
Salinity (%) 32.2 = 0.8
Dissolved Oxygen (mg/L) 7.1 £ 0.3
Chemical Oxygen Demand (ug/L) 1.24 + 0.2
Ammonia(mg/L) 11.9 =+ 0.9
Nitrite (mg/L) 1.3 0.2
Nitrate (mg/L) Ny e




Table. 2) Formulation of the experimental diet (% dry matter).

Ingredient (%) Lead concetration (mg/kg)
0 30 60 120 240

Casein' 33.0 33.0 33.0 33.0 33.0
Fish meal® 23.0 23.0 23.0 23.0 23.0
Wheat flour” 20.0 20.0 20.0 20.0 20.0
Fish oil* 10.0 10.0 10.0 10.0 10.0
Cellulose’ 5.0 4.7 4.4 3.8 2.6
Corn starch’ 5.0 5.0 5.0 5.0 5.0
Vitamin premix’ 2.0 2.0 2.0 2.0 2.0
Mineral premix’ 2.0 2.0 2.0 2.0 2.0
Lead premix’ 0.0 0.3 0.6 1.2 2.4
Actual

, 1.8 31.4 62.1 118.8 2445
lead concentration

1.United States Biochemical (Cleveland, OH).

2.5uhyup Feed Co., Ltd., Gyeong Nam Province, Korea.

3.Young Nam Flour Mills Co., Pusan, Korea.

4.Sigma Chemical Co., St. Louis, MO.

5.Vitamin premix(mg/kg diet): ascorbicacid, 240; dl-calciumpantothenate,
400; choinechloride, 200; inositol, 20; menadione, 2; nicotinamide, 60;
pyridoxine « HCI, 44; riboflavin, 36; thiamine mononitrate, 120;
dl-a-tocopherolacetate, 60; retinyl acetate, 20,000IU; biotin, 0.04;
folicacid, 6; vitaminB12, 0.04; and cholecalcifero, 4000IU.

6.Mineral premix(mg/kg diet): Al 1.2; Ca, 5000; Cl, 100; Cu, 5.1; Co,
9.9; Na, 1280; Mg, 520; P, 5000; K, 4300; Zn, 27; Fe, 40; 1, 4.6; Se,
0.2; and Mn, 9.1.

7 Lead premix(mg/kg diet): 10,000mg Ph/kg diet.

_10_



2. Bioaccumulation

RE A7EL 2AA%E 3 & Ax=%(Dry weight)e =48}, A
533 = wet digestion method& °]&3le 2+ A5 E5S 65%(v/v) HNO,

2%(v/v) HNO;E Yo &z, o] ABE-E membrane filter
(Advantec mfs, Ins. 0.2/m)E ©]-&ste] dHHS = L& 3T

Alg o o #3Ee 5487 98l ELAN 6600DRC ICP-MS(Perkin
Elmer) A7 E o]43}9 31, standard curve= ICP multi-element standard
solution VIE o]&3stAdvl &7 Wl o FHHFLS pg/g dry wt22 FEAISHA

.
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Ago]e] ddo] SuEE WA 98] heparin-Na (5,000 LU, %<~
°h& AgE 1318 FAE ARgste] n Ao A F kv A e
Heolo 2 RBC(Red Blood Cell) count, WBC(Whithe blood cell) count,
hemoglobin (Hb) %% % hematocrit (Ht)-& 4] £33t RBC count
¢} WBC count™= Hendrick's diluting soluton® & & & 4008) A X
hemo-cytometer (Improved Neubauer, Germany)Z ©]-&3le] 338+&n|7
ow A = v A s weke] ARbekivh. Ht= Ht ZA# W=
g A8 o], microhematocrit centrifuge(Model; 01501, HAWKSLEY
AND SONS Ltd, England)lA 12,000rpm, 5&3F HA &= & #A=53
(Micro-Haematocrit reader, HAWKSLEY AND SONS Ltd., England)&
2 A9y b 35+ Y48 kit (Asan Pharm. Co., Ltd.)E °©]&3}9

Cyan-methemoglobin ¥ . & =43} %
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ARG WA 4°C, 3000g® 5EE g e] dYe LSt £

TR o re 2y (Calcium), PFdlw (Magnesium) 54 8h3ivh 2

oo oy
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]
%o,
rir
juke
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kit (Asan Pharm. Co., Ltd)E o] &3
F71dEo 2 9 (Glucose), =W A (Total protein) & 43S
gd3S GOD/PODH, oAl BuretHol 9&ad dA8 kit(Asan
Pharm. Co., Ltd)& ©°]-&3}% v
g4 Y x84 ox= GOT (Glutamic oxalate transminase), GPT
(Glutamic pyruvate transminase), ALP (Alkaline phosphatase)S =738}
5. GOT9 GPTE Reitman-Frankel®, ALPE Kind-king®H | 2|34

g4 kit(Asan Pharm. Co., Ltd)E o] &3t}
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Z29 34842 &A%Y Y8 homogenizing buffer (0.1M PBS, pH

7402 A4 T, homogenizing buffer (0.1M PBS, pH 7.4)% teflon-glass

homogenizer (099CK4424, Glass-Col, Germany)Z ©]|-&3}o] #2359

o2& 4°C, 10000g®= 607 A4l elste] dsds Aol ARSI

2E AsdL AgA7A -75°C (MDF-Ub3V, SANYO Electric Co. Ltd,,
3

5-1. Superoxide dismutase (SOD)

SOD €42 WST-19 &4ol dgk 50% inhibitor rate® 43+ SOD
Assay kit - WST (Dojindo Co., Japan)= ©]-&38}3it}t. on] dgo=w
sampleg 0.IM PBS 5ul<s A 8|48k vh-& 50% inhibitor rate”} $]4|at
= FEE Q% % 25 125, 625 w4 sAe wEE AP AMEsES
ow 7Ae whE AZHE ayE] 7oA At APl AREg
solution® WST working solution, Enzyme working solution, Sample
solutione]™ Z 9 Dilution bufferg AF&stom HFFEAE o]&
3k 450nmell A 5733513
50% inhibitor rate(SOD activity)

= [{(blankl - blank3)-(sample - blank2)}/(blankl - blank3)] x 100

§ Ho=m 50% IA FEE F3l9] unit/ mg protein® ® F A8

_14_



5-2. Glutathione s—transferase (GST)

GST €42 Habig (1974)¢] WS Wd st S48k

AR AlFL 0.2M PBS buffer pH6.5, 10mM GSH, 10mM CDNB &

=

3 Ed%E 450nmz 30% ZHAow 5E7F wkgS

SAst Wyl 7H 22 1 7HS ARE, nmol/min/mg proteinS 2 X A5}

5-3. Glutathione (GSH)

Reduced glutathione &% Beutler 5 (1963)dml -8 o]-&34t}.

=

g Al oF

DTNB solution (DTNB 40mg + 1% sodium citrate 100ml),

Phosphate solution (0.3M Na2HPO4 solution, 4.26g/100ml),

Precipitation solution (metaphosphoric acid 0.835g + Na2EDTA 0.1g

+ sodium chloride 15g + 0.1M PBS buffer 50ml)

oln, sample? &EF F il A 15E7F HAANA EAFEAES o] &35l
412nmel A =745} A

GSH %2 L-Glutathione reduced, Minimum 98% (Sigma aldrich Co.,
Korea)® reduced glutathione standard curveZ 1o] o] o]&3te] =3

3F93L, nmol GSH/mg protein© 2 EA| 151
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6. Acetylcholinesterase activity

AChE activity+= Ellman 5 (1961)¢] A@ww-& wsttl, AChE activity
go3ty] ¢ & A7]= 0.1 M phosphate buffer(pH 7.4)¢F 1:109)

il

ol

v &2 TAg ste] 4TAA 10,000 g2 2083 A EYE A & 4
de FEIY AP AFESEHY. AChE  activity®=  acetylthiocholine
iodide (ACSCH, 0.88mM)¢| sample?] <&l3&] 7}<r&Es] He= A=z 2als)

W ERFEAR 4l2nmelA 5E b 18 HFom olE HAHES

Rl

nmol/min/mg protein® = X APt EE proteind T+ Bradford §
(1976)¢] F¥e wWzow hovine serum albumin  (Sigma, USA)S

standard® A3+
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7. Lysozyme activity

215

el

Turbidimetric method (Ellis, 1990)& o]&3%}] lysozyme &S
o "HA U lysozyme &%E SAAY. Micrococcus lysodeikticus
(Sigma)<t 0.05 M phosphate buffe (pH6.2)E ZE3ste] dAze] dlgs
30%, 4% 30x 71402 EFFEAgA 530nm= 22l vl Lyophilized
hen egg white lysozyme (Sigma)E ©]-&3}9] standard curve® THEA S

H A= hen egg white lysozyme activity$t E53FA pg/mlz EA S

=

_17_



g A Aatol| digk FATA Feolde SPSS A4 TR (IBM
SPSS Statistics 2002 ©o]-&, ANOVA testE 2 A3} DUncan's multiple
= AoR HE A

1

range test= E& P <0.05 € d Aol
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m. 2 o}

1. Bioaccumulation 4]

ol wEd Amgele) Hek 2&, 2, mg, A, G opstle) el

212 Fig. 1-7¢ et At

Hell M= 252k 4528 240 mg/kg FEAA oA W3t Ao
™ 3] E-7]7Hdepuration period)©] &= #2420 W7} FA

SHAA = 27RO A FoH Q) WEIF §llaL 4FAA A 240 mg/kg F
Eoll A #elHQ Wk llom 3577 o] Fe= ol Wiyt })
AT,

bl A= 272F, 4572 25 120 mg/kg 5 °]golA F94<d st
ANew 577k o)Fd 120 mgkg T oA elHd W3}
=3

g A= 252k 120 mg/kg &% ol dolA oAl Wt
Fafol = 30 mg/kg FE o]AlA F9Z ¢ W3zl
o] %= 120 mg/kg FE o)A FelAQl Wastrt AT
AFANME 25329 60 mg/kg FE ol FolA H
FAANAE 30 mg'kg 5 oA A Wl 9%l o™
o] %ol = 30 mg/kg L& ol FelA FA Wt ST
ol M= 2522l 60 mg/kg & ol FelA relAQl WEh AL 4

bl A= 30 mg/kg 5 ol FdlA oAl Wt e 3 E7|7E o

B

fass
32
fass
32
=]
W

f
¥
32
lo
B
ok
dz
N
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o
N
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s
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N
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i
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Fol= 60 mg/kg = ool A9 W3t AN

op7tnlell M= 252ke] 60 mg/kg FE ol FelA oA el W3 A
120 WE7E e 3577t

452k A= 30 mg/kg % o)A #9491

o] Foll = 60 mg/kg §5& ol FellA oAl Wb A
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Figure. 1 Pb concentration in brain of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4dweeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 2 Pb concentration in muscle of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4dweeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 3 Pb concentration in liver of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4weeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 4 Pb concentration in spleen of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4dweeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 5 Pb concentration in kidney of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4dweeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 6 Pb concentration in intestine of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4dweeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Figure. 7 Pb concentration in gill of starry flounder, Platichthys
stellatus exposed to the different concentrations of dietary lead for
4dweeks, followed by a depuration period of 2weeks. Vertical bar denotes
a standard error. Values with different superscript are significantly

diggerent (P < 0.05) as determined by Duncan’s multiple range test.
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Table. 1

different concentrations of dietary lead for 4weeks, followed by a depuration period of 2weeks.

Changes of RBC count, Hematocrit and Hemoglobin in starry flounder, Platichthys stellatus exposed to the

Period Lead concentration ( mg / kg )
Parameters
(weeks) 0 30 60 120 240
2 263.3+10.46° 262.7+10.90°°  242.4+10.02™ 230.7+10.13° 194.0+15.10°
RBC count a o ab be c
W s 4 266.5+5.98 256.0+12.54 235.0+15.54 204.5+9.98 190.0+17.44
(X10"mm”)
6(Depuration) 263.3+8.77° 253.3+14.69° 255.3+10.03° 208.0+11.78" 198.0+12.97°
2 30.50+1.73? 29.25+2.36° 29.00+4.58° 29.67+4.73% 19.01+3.46°
Hematocrit I r b be c
(%) 4 30.66+4.16 24.67+3.79 25.33+3.06 22.67+3.31 19.33+2.59
(0]
6(Depuration) 27.33+5.52° 30.33+5.00° 25.00+3.125 24.33+9.58 20.32+2.52°
2 6.09+0.23? 5.85+0.32% 5.72+0.50%° 5.55+0.57%" 5.36+0.30"
Hemoglobin R A i be .
4 5.95+0.14 6.08+0.28 5.60+0.32 5.29+0.32 4.83+0.23
(g/dL)
6(Depuration) 5.82+0.05% 5.87+0.27° 5.64+0.11° 5.23+0.25" 5026+0.24°

Values are mean+S.E. Values with different superscript are significantly different (P

multiple range test.
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gl Ed AEvee] @4 AE WE= Table. 4-69 e AT
44 W 7] AEore ey vtadles B8

B4 23 273 A= 120 mg/kgs e ool oA
o 42k = 60 mg/kgE e ool oA Farh dEsta, 3573
o] %ol = 240 mg/kgE i ol FeH Q) FHATt HERRH

B
N
-
3L

Mol B4 A9 25 AN E 120 me/kgFE ol froAe st v
Eton] 4744 M= 60 mg/kegEE ol FAA 949 Fart ki, 3%
7 ol Fl = 240 me/kgEE ol M Fel Q) Fask ek,

g4 U A7) ARoeEe 23z Fauds 24590,

FFa= B4 A3 2329 473 BF 60 mg/kgEE oA o4 F
7h7b JERsEaL, 315717 o] Fell = fo Al Walsh VA erokt)

Fould B4 gn 2AdAE F92A MEsh el ekskom 4531
A= 120 mg/kgsE ool A o)Al Farh Ve, 3573 o] Fef =

o] Al Wahrt veh A %

g3 W 54849 Wsle GOT, GPT, ALPE 438

GOT &4 A3 272 = 240 mg/kgs =AM Fo2d S7H7F etk e
4772k A = 120 mg/kgsE ool A o)Al FrbF vER AL, 3577 o] &
o= 240 mg/kgEEAA FAAJA F7H7E vERstTh

GPT &4 23 2544 = 240 mg/kges =AM #2142 S/ Hetst e
4772 A = 120 mg/kgsE ool A o)Al Frbb vER AL, 3573 o] &
ol = 240 mg/kgEEAA A ST vERd

ALP B2 43 2Fas} 4740 ME 240 mg/kgw oA o9 F747
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Table. 2 Changes of serum calcium and magnesium in starry flounder, Platichthys stellatus exposed to the different

concentrations of dietary lead for 4weeks, followed by a depuration period of 2weeks.

Lead concentration ( mg / kg )

Period
Parameters K
(weeks) 0 30 60 120 240
2 8.82+0.76° 8.73+0.20° 8.23+0.32° 7.45+0.21° 5.56+0.18°
Calcium R & b . .
4 9.44+0.67 8.63+0.20 6.03+0.35 4.44+0.21 3.69+0.48
(mg/dL)
6(Depuration)  9.58+0.40* 9.60+0.42° 9.21+0.91° 9.06+0.29 8.39+0.17°
2 3.94+0.23% 3.86+0.28%° 3.61+0.18> 3.49+0.21¢ 3.3840.15°
v .
agnestum 4 3.82+0.21° 3.80+0.02° 3.52+0.02° 3.38+0.12° 2.89+0.21°
(mg/dL)
6(Depuration) 3.72+0.02° 3.76+0.06° 3.65+0.06° 3.62+0.03° 3.43+0.08"

Values are meanzS.E. Values with different superscript are significantly different (P < 0 .05) as determined by

Duncan’s multiple range test.
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Table. 3 Changes of serum glucose, albumm, cholesterl, and total protem i starrv flounder, Platichihys stellatus exposed

to the different concentrations of dietary lead for dweels, followed by a depuration period of Jweeks.

Lead concentration ( mg / kg )

Period
Parameters
veeks o 1 i 0 )
) 0114390 Op85e56E  10438£470°  10763+410°  110.16499°
Glucose i i b : :
4 0.304448°  O0HAE 108164538 119.92456%° 123704468
(mg/dL)
Bepuration)  97.05:444° 97403446 9016:538°  OBU2A6P 10050:468°
) 08110188 30807 0808000° 2854006 289+0.11°
Total

protein 4 200217 3084006 3008002 25401 205010

lg/dL)
ODepuration) ~ 27110.19"  272:0.10°  280:0.14° 289005 - 2754014

Values are meanzSE. Values with different superscript are significently different (P < 00} as determined by Duncan's

multiple range (est.
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Table, 4 Changes of serum GOT, GPT and ALP m stamry flounder, Planichilys stellutus exposed to the different

concentrations of dietary lead for dweeks, followed by a depuration period of Jweeks,

Period Lead concentration  mg / kg )
Parameters
(veeks 0 9 0 1) 1)
) 0334546 BOTEOTE 50060 08453740 0904466
GOT

, 4 T0:008 240041188 055840570 29904081 308543015
(karmen unit)

GDepuration) 22484264 D37B£36F  MUTAISE Tl 29574487

) BBLTE 140050500 1669230 17284247 2196177

GPT

| 4 458166 2023£007° 19601670 22694147 239124
(karmen unit)

ODepuration) ~ 15.35:14F 17704346 601418F 16074180 23884050

) U000 450197 479:018% 4743010 4992006

4 L0050 431:000°  430£010° 4598005 4694014

(K-A)
ODepuration) ~ 4.2410.11°  418:01%" 426:018° 4261018 4181020

Values are meanzSE. Values with different superscript are significently different (P < 00} as determined by Duncan's

multiple range test.
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4-1. Superoxide dismutase(SOD) activity

b
=2

wFE AEvEe] g opibn), A W SOD €4 A E Fi.
8-10 o YEbf AT
FHAAM = 2720 4 120 mg/kg, 4524 60 mg/kg §% o]/FlA F

Lo
J

Aol FI7t vEistor 3]BE7)3E oS 120 mg/kg 2 o]l A

oA 77 Ve

A e 27 A9 4T BE 240 me/kg FEAA F4 /)
som &7 o] foll = 44 WMIIF LEEA] 8k
olzlm ol M= 2FAke} 452 25 240 mg/kg FEAA FH el Fo1o)

ERsk o™ 3577k o] fell= oAl Wyl yEhA] edekt
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Figure. 8 Superoxide dismutase activity in liver of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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Figure. 9 Superoxide dismutase activity in kidney of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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Figure. 10 Superoxide dismutase activity in gill of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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4-2. Glutathione(GSH) level

e =29 A 33 opbrte], 414 W Glutathione ¥3-2 Fig.
11-13¢] e ek S7h7F Yebs
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Figure. 11 Reduced glutathione level in liver of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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Figure. 12 Reduced glutathione level in kidney of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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Figure. 13 Reduced glutathione level in gill of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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4-3. Glutathione S-—transferase(GST) activity

el kedd Axvele 7t oprin|, A W GST &4 ¥+ Fig.
14-16° et A

ZHol|l A= 25atel Al 60 mg/kg = o1l FAA FUHE eSS
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sow 452kl 60 mg/kg T ol wodd S e, 3
5717k ol Fell= oAl WEyt yEhA] ek
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Figure. 14 Glutathione s—transferase activity in liver of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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Figure. 15 Glutathione s-transferase activity in kidney of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 16 Glutathione s-transferase activity in gill of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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5. Acetylcholinesterase activity
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Figure. 17 Changes of acetylcholinesterase activity in brain of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 18 Changes of acetylcholinesterase activity in muscle of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 19 Changes of acetylcholinesterase activity in liver of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 20 Changes of acetylcholinesterase activity in spleen of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 21 Changes of acetylcholinesterase activity in kidney of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 22 Changes of acetylcholinesterase activity in intestine of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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Figure. 23 Changes of acetylcholinesterase activity in gill of starry
flounder, Platichthys stellatus exposed to the different concentrations of
dietary lead for 4weeks, followed by a depuration period of 2Zweeks.
Vertical bar denotes a standard error. Values with different superscript
are significantly diggerent (P < 0.05) as determined by Duncan’s

multiple range test.
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6. Lysozyme activity
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Figure. 24 The lysozyme activity in plasma of starry flounder,
Platichthys stellatus exposed to the different concentrations of dietary
lead for 4weeks, followed by a depuration period of Zweeks. Vertical
bar denotes a standard error. Values with different superscript are

significantly diggerent (P < 0.05) as determined by Duncan’'s multiple

range test.
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$4 golxt. &AW Luszczek-Trojnar Ewa(2013)9] Q- ol A= Hol 9]
Aol ol FEZ|Z Eob b wEA A HA5L Hou et al(2011)2)
A= Aipgeje] EFA ol wEA AAHJ webr] AAE

W BTERAL opsbulh gkl vl o ujE ol

T o=
Fro A om ARAZE A glo]l ko] wiEe] AY] wiEel A =
¥ M5 o] BeolF Bk ¥Eay] WielthKim , 2006). ¥ <

T A# Arvd e nld, Al mla] JiA o ofriu gl 7ho] HhE
AAsE F8 A7|ekal Bk
doistd A2 A& Ao BeAdestd Az AdHY SA4 =
A, 7154 AFEZA ofF FasIth(Adhikari et al,
H of7in)e] ZASA Fxo] HFPe] dojuf B
7ve] Azl ol |A slaugke] § &0 7hAsti(Mallat, 1985) & s}
I S7ksthar B s o] )l (Lohner
Al RBC count, 3"t EAY, 3 2Z
stk A ok (Gurer et al, 1998; Iavicoli et al,
2003). & A+ 243 RBC count, 3ftEAE, E2H FX 7 Ho| =
EQF FEo AlHEEte] #oA el AT detwth 1ear 3
Tl FEel HdEste] FAF Fas v Jtew, UA, 93
& I & =olal ofstAl rbEo] Abagt

of FFo] WAL B2E a2



L Azlol (Witeska and Kosciuk, 2003), S F%o0] &g 7|1e] &4
237 w9 (Vinodhini and Narayanan, 2009a) #°]& %3 3 =3
wE 357|7F o]F 9] {4 HAaE A4 Heo] A&HAQ HJAE dod)

duiA o $Y W BHBAL AA WA Amsh B2 v 54

& doA AT drg-& Foldor WAy 7] Wi ¥ AstEd
AL =23 A Eold(Vutukury, 2003). B Ao FrAE oz Z4
I3 mtavEs S48t B2 obrir e Zga mky |- &8k Al

Ao AAAoR Agstw W eF: A AEH wpavlE ol 2o HAist
¥ (MacDonald et al, 2002). £ 15 A% @9 X9 =9 Al7H
Hl#ete] Zgdt moadsd w27t 2
mg/kg XA FH AT vErd A1 ofF 4l
AAHA et Aaepsr 2o, 2 dAFdA 77 AweR 25329
FTHNAS S48 4 ) SFI2E olfFfY 2EdH 2 dg mf
g A EZ o]&H I (Nemesok and Boross, 1981). & A4 A3 %32
FAZE A7 FEo] wlHEste] foH o Frbs v W@

Atgs SVHNA SFAABFEAARE FAANA FA= v

Al ¥ (saravanan et al, 2011), 2E# 22 AFo 2

Feg@o =g} slHZolnle] Bujg &7

>

17131 ~E#H 2~ 32729

Z9] o] BHrEtH(Aly et al, 2003). 4 U FdwzA £ 9 YEA
o =&H3E W A A 71#e] Axd FRsiv B A 2
oA ek 4572k B oA oA AV e o™ 357
r o]Fo= AAom FEFQTE Martinez et al(2004)¢] AFME =
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@l wrelk Atel m#H st FHMA FH7F FAsla
Adoll HA4e detdvda AARY. €3 W 34 AEow GOT9
GPT, ALPE Z7433th GOTS GPT, ALP %

of FoAon FUbeke Aol vy HuE Aol
S o) w=g 237 JElo(Gill et al, 1991; Aly et al, 2003; Zaki et
al, 2009). d¥tdow GOT$t GPT, ALPE= 7te ®4As 2 4#x o
W EA AR w=EH7AY e 2E# 2 oa] 7he] EZAo] ved
Hjzo] Wl wA do ) w7t SrbekA Hed, ol Wel 22
2 EAEEe] WAelY FALE dod|H AEde] WE AE U ST
S HlEo] S718A Hai(Zaki et al, 2009), ¥ g EAo] yelA Hd
FEA 2" SR g4V AASHA ¥Y(Humtsoe et al, 2007), g

B o] %o A &AQ A Pars Hol HHH ol o8 7ho] A

=
%

X
ft
=
2
i
e
L)
9%

o

Canli, 2010), xenobiotics® Z-&31A T &qlslgto] Zgo=m JJu2E F
ke =29 2bslA Eofo] wAlEA ") W@ =3
golelar Hi1Eo] Aui(Maiti et al, 2010). & AFoA = Fitsa L=
7k, 417, obzkul 9] SOD, GST, GSHE A3t 7v3 4174, oprin] =
T+ SODel #Ado] e wek AlZke]l ®l#Elste] FrbsSitE SOD=
superoxide radical(O2-)% #AFEFA(H202)2 vt AA S 9=
AR OE AFdAE g9 w29 Azt v#Este] a0t Sk A

gko] H 515 AvH(Vinodhini and Narayanan,2009b; Zhang et al, 2007). 7+
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AlZbel mgEske] o)Al F7k7k HERst T At and Canli(2008)
ATeME ol =F9 dEetdole] 313 obrir e GSH levelol
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B3P} Lima et al(20060)9] w2 o dEHo|
e olol] A-&35t7] 918l GSH levele]l Frtettiar By} 31573 o
9] GSH level °Fz7te] F717F Hol7]= PAIRE 7he] 240 mg/kg &%
AX Al F7h7E vebsba 7k oprinlel A= fel Al Waks v
WA o S EHAY. of= Fhell A" el osl AEHHQ S AkA
Ao R SODY d¥€= BAY IAdIriE 56ty Hste] Sobe A
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ZHOH) 28 AAH3A 7] 4SS glutathioned] 2 A7)+ wk2-8 =n) &}
o] glutathione peroxidase(GPx)® 3tol& #FAALE AASHA ZoFE=
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2 bk Aol veldt. Ozkan-Yilmaz et al(2014)9] 910l A
of =FY vl GSTEA T/t Bausdv. GSTe &40
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Acetylcholinesterase(AChE) activitys= SE&£2 90 tis 327374
EA49 AARNFR ol&FH=d, o] FE%9] anticholinesterase® 2H-&35}
7] wEel sd T HFEE ZFAA 2 9 HEldr] ol
tHCosta et al, 2007). &+ A+ 23 F7] 5 AChEE ¥ <54 74

o] wokom mEd et A At &4 frelHow Ha

& FEAA F9Ad FAa7F vEston HoME &do] FEHA et

31 9% AAsteE Aol YENTY Devi and Fingerman(1995)2] <15t
A gl 98] AChES &A4o] 7H4sts 7S vebdith F3%0] A7

245 Hetde Ags 71l obd EaHollA] EA|RE Guilhermino et
al(1998)2] 7}l ut2 cholinesterase?] &ol FHol| 2d3ste] ar=
AhgskA] Eete] el HA evkal Skgivh wekd Z AUl 44 =
g o]o] ChE¢l HoAE I L 59 F4ste] AChES 4
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2008). Lysozyme ©]fF ¢ & AAd ZxstAw &3 el 7Hg ol
SAH Y Paul et al(2014)+= ©2 L9 W =EdH oF& vE59]
A Hdo] JaE dertar Hust At Adeyemi et al(2014)9] €15t A
o] =& olZelgt HY|AA lysozyme® A7 74594, Kaya
al(2013)9] AN E Fol Zd defyolo A lysozymeo] A7}
23tk Sanchez Dardon et al(1999)9] AGelAME 2, 7l=+, of
d wEd FAMNEAY lysozyme TA 7 571 A T Fletcher(1986)2]
FAME F2d 2P oFY lysozyme FTA7F 7FAsEgGTh bbdo
Low and Sin(1998)8] - rollM = & =xd FprdA = WErt v
kAl 2kttt Lysozyme? EA4AL LE5E #F£9 % z 7 &
el weh ge TS dEdY & ATdAE 9e R &7
n sl lysozyme activitye 37} Ao =78t wikq Ho)
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T
A de gudele a%eld uguse dost AFe FUv
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rir
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ra u“

L

o
ul

rir
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AR 2F AARel BA HHA e} Fuds MEAL FE
gl we FES ¢ wEo] WANIL uk A4 FHFERNN 0-797
EEeh ol FAHNOR HFERS w2 o gHr)

(Dai et al, 2012). sliet7} Fwo] obd sAHA FHo 800 pg/kg &%

_65_



3!
T

o1}, whepA

4 %

I APl Al =E

3

3}

2ol ohet o)

o

R

q

I

N

tel A A

3|

b A7kl w2

1
Ho

A

T
T

ol

A w3 Bt

] =2 AGelM=
thar BojA Amviels el o

A5

9

P vEr w2 9

7
3!
T

~
A

©

r
o

G

il
oo

ilo
i
‘_,Q.O

Aol A =

_66_



Nlo

A R WE oW FE 4B, o Ryl

o WEE R ohvel BA)

A

s

Az AL

BS

=
<]

=
[e)

4r

i Ao m A

3

=0

o]

s

ol

A9,

=
=

A7} 51.1%

Sk

g A

ES

FAS

=z

A e wd

Al
al

o

o]

<
=0

o]

¥ T A xvle], Platichthys stellatus”t

=
)

F 4ol

g
1

A= A AN

=

w2} A

0, 30, 60, 120, 240

KeN
H =

2A AEvE A

73l

=
=

H=

ar
gn)

"I

0
wjr

——
o

rveel

A
]

G

A>A A S>>0 > ol b > 25> ]

}o] RBC count,

3|

o\l

I omadlEe

2~
"

=

o}

_&O

Ko

_67_



o}
T

o™ SOD, GSH, GST

;g 3]

=
ha

F, obzhu] el A

9/]

7F7F vEbske}. Acetylcholinesterase activity

(o]
o4l

3

g

of wlag

0w 7kt W Ael A

ez ]
2

3}

3

=
ha

N M R

o

VA
]

VA
]

s ieol vz st

= =
L

Z27F Wbl Lysozyme activity

7% vebst T

=
©

_68_



VI. %3

Adevemi et al. "Mortality, oxidative stress and hepatotoxicity in
Juvenile African Catfish, clarias gariepinus burchell, exposed to lead
and cypermethrin.” Bulletin of environmental contamination and
toxicology 92.5 (2014): 529-533.

Adhikari et al. "Effects of cypermethrin and carbofuran on certain
hematological parameters and prediction of their recovery in a
freshwater teleost, Labeo tohita (Hamilton).” Ecotoxicology and
Environmental Safety 58.2 (2004): 220-226.

Alves and Wood. "The chronic effects of dietary lead in freshwater
juvenile rainbow trout (Oncorhynchus mykiss) fed elevated calcium
diets.” Aquatic toxicology 78.3 (2006): 217-232.

Alves et al. "Dietary Pb accumulation in juvenile freshwater rainbow
trout (Oncorhynchus mykiss).” Archives of environmental
contamination and toxicology 51.4 (2006): 615-625.

Aly et al. "Pathological, biochemical, haematological and hormonal
changes in catfish (Clarias gariepinus) exposed to lead pollution.”
Journal of the Egyptian Veterinary Medical Association 63.1 (2003):
331-342.

Atli and Canli. "Response of antioxidant system of freshwater fish
Oreochromis niloticus to acute and chronic metal (Cd, Cu, Cr, Zn, Fe)

exposures.” Ecotoxicology and environmental safety 73.8 (2010):

_69_



1884-1889.

Atli and Canli. "Responses of metallothionein and reduced glutathione in
a freshwater fish Oreochromis niloticus following metal exposures.”
Environmental Toxicology and Pharmacology 25.1 (2008): 33-38.

Ay et al. "Copper and lead accumulation in tissues of a freshwater fish
Tilapia zillii and its effects on the branchial Na, K-ATPase activity.”
Bulletin of environmental contamination and toxicology 62.2 (1999):
160-168.

Bonga. "The stress response in fish.” Physiological reviews 77.3 (1997):
591-625.

Burden et al. "Effects of lead on the growth and S-aminolevulinic acid
dehydratase activity of juvenile rainbow trout, Oncorhynchus
mykiss.” Environmental pollution 101.2 (1998): 285-289.

Canli. "Elimination of essential (Cu, Zn) and non-essential (Cd, Pb)
metals from tissues of a freshwater fish Tilapia zilli.” Turk ] Zool 24
(2000): 429-36.

Ciardullo Silvia et al. "Bioaccumulation potential of dietary arsenic,
cadmium, lead, mercury, and selenium in organs and tissues of
rainbow trout (Oncorhyncus mykiss) as a function of fish growth.”
Journal of agricultural and food chemistry 56.7 (2008): 2442-2451.

Cinier et al. "Kinetics of cadmium accumulation and elimination in carp

1"

Cyprinus carpio tissues.” Comparative Biochemistry and Physiology
Part C: Pharmacology, Toxicology and Endocrinology 122.3 (1999):

345-352.

_70_



Costa et al. "Enzymatic inhibition and morphological changes in Hoplias
malabaricus from dietary exposure to lead (II) or methylmercury.”
Ecotoxicology and Environmental Safety 67.1 (2007): 82-88.

Dai et al. "Lead (Pb) accumulation, oxidative stress and DNA damage
induced by dietary Pb in tilapia (Oreochromis niloticus).” Aquaculture
Research43.2 (2012): 208-214.

Devi and Fingerman. "Inhibition of acetylcholinesterase activity in the
central nervous system of the red swamp crayfish, Procambarus
clarkii, by mercury, cadmium, and lead.” Bulletin of environmental
contamination and toxicology 55.5 (1995): 746-750.

Dural et al. "Investigation of heavy metal levels in economically
important fish species captured from the Tuzla lagoon.” Food
Chemistry 102.1 (2007): 415-421.

Farmand et al. "Lead-induced dysregulation of superoxide dismutases,
catalase, glutathione peroxidase, and guanylate cyclase.” Environmental
Research 98.1 (2005): 33-39.

Ferrari et al. "Muscular and brain cholinesterase sensitivities to
azinphos methyl and carbaryl in the juvenile rainbow trout
Oncorhynchus mykiss.” Comparative Biochemistry and Physiology
Part C: Toxicology & Pharmacology 146.3 (2007): 308-313.

Fletcher. "Modulation of nonspecific host defenses in fish.” Veterinary
immunology and immunopathology 12.1 (1986): 59-67.

Fuente and Victor. "Anti-oxidants as modulators of immune function.”

Immunology and cell bioclogy 78.1 (2000): 49-54.

_71_



Galley et al. "The effects of intravenous antioxidants in patients with
septic shock.” Free Radical Biology and Medicine 23.5 (1997): 768-774.

Geoffroy et al. "Comparison of different physiological parameter
responses in Lemna minor and Scenedesmus obliguus exposed to
herbicide flumioxazin.” Environmental Pollution 131.2 (2004): 233-241.

Geret and Bebianno. 2004. does zinc produce reactive oxygen species on
Rudotapes decussatus Ecotoxicol. Enviton. Sate. 57:339-409

Gill et al. "In vivo tissue enzyme activities in the rosy barb (Barbus
conchonius Hamilton) experimentally exposed to lead.” Bulletin of
environmental contamination and toxicology 47.6 (1991): 939-946.

Glover and Hogstrand. "In vivo characterisation of intestinal zinc uptake
in freshwater rainbow trout.” Journal of Experimental Biology 205.1
(2002): 141-150.

Guilhermino et al. "SHORT COMMUNICATION Should the use of
inhibition of cholinesterases as a  specific biomarker for
organophosphate and carbamate pesticides be questioned.” Biomarkers
3.2 (1998): 157-163.

Gurer et al. "Antioxidant effects of N-acetylcysteine and succimer in
red blood cells from lead-exposed rats.” Toxicology 128.3 (1998):
181-189

Handy. ’"Dietary exposure to toxic metals in fish” SEMINAR
SERIES-SOCIETY FOR EXPERIMENTAL BIOLOGY. Vol. 57
Cambridge University Press, 1996.

Heath. Water pollution and fish physiology. Boca Raton: CRC press, pp

_72_



(1995). 141 - 170.

Heidi Amlund et al. "Accumulation and elimination of dietary
arsenobetaine in two species of fish, Atlantic salmon (Salmo salar L.)
and Atlantic cod (Gadus morhua L.).” Environmental toxicology and
chemistry 25.7 (2006): 17871794,

Hodson et al. "Chronic toxicity of water-borne and dietary lead to
rainbow trout (Salmo gairdneri) in Lake Ontario water.” Water
Research 12.10 (1978): 869-878.

Hou et al. "Morphological deformities and recovery, accumulation and
elimination of lead in body tissues of Chinese sturgeon, Acipenser
sinensis, early life stages: a laboratory study.” Journal of Applied
Ichthyology 27.2 (2011): 514-519.

Houston et al. "The nature of hematological response in fish.” Fish
physiology and biochemistry 15.4 (1996): 339-347.

Humtsoe et al. "Effect of arsenic on the enzymes of the Rohu carp,
Labeo rohita (Hamilton 1822)." Raffles Bull. Zool 14 (2007): 17-19.

Iavicoli et al. "Effects of low doses of dietary lead on red blood cell
production in male and female mice.” Toxicology letters 137.3 (2003):
193-199.

Kalay et al. "Heavy metal concentrations in fish tissues from the
Northeast = Mediterranean  Sea.”  Bulletin = of  Environmental
Contamination and Toxicology 63.5 (1999): 673-681.

Kaya et al. “Impacts of sublethal lead exposure on the

hemato-immunological parameters in tilapia (Oreochromis

_73_



mossambicus).” Toxicological & Environmental Chemistry 95.9 (2013)
16554-1564.

Khan et al. "Impact of acute toxicity of lead acetate on the level of
essential trace metals and histopathological changes iIn crucian
crap.(Carassius auratus gibell0). ” JAPS, Journal of Animal and Plant
Sciences 24.5 (2014): 1405-1414.

Kim et al. "Kinetics of Cd accumulation and elimination in tissues of
juvenile rockfish (Sebastes schlegeli) exposed to dietary Cd.” Marine
environmental research 62.5 (2006): 327-340.

Kirby et al. "The use of cholinesterase activity in flounder (Platichthys
flesus) muscle tissue as a biomarker of neurotoxic contamination in
UK estuaries.” Marine Pollution Bulletin 40.9 (2000): 780-791.

Kraal et al. "Uptake and tissue distribution of dietary and aqueous
cadmium by carp (Cyprinus carpio).” Ecotoxicology and Environmental
Safety 31.2 (1995): 179-183.

Lima et al. "Time-course variations of DNA damage and biomarkers of
oxidative stress in Tilapia (Oreochromis niloticus) exposed to effluents
from a swine industry.” Archives of Environmental contamination and
Toxicology 50.1 (2006): 23-30.

Lohner et al. "Assessment of tolerant Sunfish populations (Lepomis sp.)
inhabiting selenium-laden coal ash effluents: 1. Hematological and
population level assessment.” Ecotoxicology and Environmental Safety
50.3 (2001): 203-216.

Low and Sin. "Effects of mercuric chloride and sodium selenite on some

_74_



immune responses of Dblue gourami, Trichogaster trichopterus
(Pallus).” Science of the total environment 214.1 (1998): 153-164.

Luszczek-Trojnar Ewa. "Lead accumulation and elimination in tissues of
Prussian carp, Carassius gibelio (Bloch, 1782), after long-term dietary
exposure, and depuration periods.” Environmental Science and
Pollution Research 20.5 (2013): 3122-3132.

Macdonald et al. "A lead-gill binding model to predict acute lead
toxicity to rainbow trout (Oncorhynchus mykiss).” Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology
133.1 (2002): 227-242.

Maiti et al. "Effect of lead on oxidative stress, Na+ K+ ATPase activity
and mitochondrial electron transport chain activity of the brain of
Clarias batrachus L.” Bulletin of environmental contamination and
toxicology 84.6 (2010): 672-676.

Mallatt. "Fish gill structural changes induced by toxicants and other
nritants: a  statistical review.” Canadian Journal of Fisheries and
Aquatic Sciences 42.4 (1985): 630-648.

Mari and Arthur. Cederbaum. ”“Induction of catalase, alpha, and
microsomal glutathione S transferase in CYPZ2El1 overexpressing
HepG2 cells and protection against short term oxidative stress.”
Hepatology 33.3 (2001): 652-661.

Martinez et al. ”Acute morphological and physiological effects of lead in
the neotropical fish Prochilodus lineatus.” Brazilian Journal of Biology

64.4 (2004): 797-807.

_75_



Meydani et al. "Antioxidant modulation of cytokines and their biologic
function in the aged” Zeitschrift fur Ernahrungswissenschaft 37
(1997): 35-42.

Modesto and Martinez. "Roundup® causes oxidative stress in liver and
inhibits acetylcholinesterase in muscle and brain of the fish
Prochilodus lineatus.” Chemosphere 78.3 (2010): 294-299.

Monteiro et al. "In vivo and in vitro exposures for the evaluation of the
genotoxic effects of lead on the Neotropical freshwater fish
Prochilodus lineatus.” Aquatic toxicology 104.3 (2011): 291-298.

Moron et al. "Levels of glutathione, glutathione reductase and
glutathione S-transferase activities in rat lung and liver.” Biochimica
et Biophysica Acta(BBA)-General Subjects 582.1 (1979): 67-78.

Mourente et al. "Increased activities of hepatic antioxidant defence
enzymes in juvenile gilthead sea bream (Sparus aurata L.) fed dietary
oxidised oil: attenuation by dietary vitamin E.” Agquaculture 214.1
(2002): 343-361.

Nemcsok and Boross. "Comparative studies on the sensitivity of

1"

different fish species to metal pollution.” Acta Biologica Academiae
Scientiarum Hungaricae 33.1 (1981): 23-27.

Nikinmaa and HUESTIS. “Adrenergic swelling of nucleated
erythrocytes: cellular mechanisms in a bird, domestic goose, and two
teleosts, striped bass and rainbow trout.” Journal of experimental

biology 113.1 (1984): 215-224.

Oliveira et al. "Hematological findings in neotropical fish Hoplias

_76_



malabaricus exposed to subchronic and dietary doses of
methylmercury, inorganic lead, and tributyltin chloride.” Environmental
research 101.1 (2006): 74-80.

Ozkan-Yilmaz et al. "Effects of dietary selenium of organic form
against lead toxicity on the antioxidant system in Cyprinus carpio.”
Fish physiology and biochemistry 40.2 (2014): 355-363.

Palaniappan et al. "Morphological changes due to Lead exposure and the
influence of DMSA on the gill tissues of the freshwater fish, Catla
catla.” Food and chemical toxicology 46.7 (2008): 2440-2444.

Paul et al. "Lead toxicity on non-specific immune mechanisms of
freshwater fish Channa punctatus.”Aquatic Toxicology 152 (2014):
105-112,

Roesijadi and Robinson. "Metal regulation iIn aquatic animals:
mechanisms of uptake, accumulation and release.” Aquatic toxicology
102 (1994): 125-133.

Sanchez Dardon et al. "Immunomodulation by heavy metals tested
individually or in mixtures in rainbow trout (Oncorhynchus mykiss)
exposed in vivo.” Environmental toxicology and chemistry 18.7 (1999):
1492-1497.

Sancho et al. “"Cholinesterase activity and hematological parameters as
biomarkers of sublethal molinate exposure in Anguilla anguilla.”
Ecotoxicology and environmental safety 46.1 (2000): 81-86.

Saravanan et al. "Haematological and biochemical responses of

freshwater teleost fish Cyprinus carpio (Actinopterygii: Cypriniformes)

_77_



during acute and chronic sublethal exposure to lindane.” Pesticide
Biochemistry and Physiology 100.3 (2011): 206-211.

Saurabh and Sahoo. "Lysozyme: an important defence molecule of fish
innate immune system.” Aquaculture Research 39.3 (2008): 223-239.
Szebedinszky et al. "Effects of chronic Cd exposure via the diet or
water on internal organ specific distribution and subsequent gill Cd
uptake Kkinetics in juvenile rainbow trout (Oncorhynchus mykiss).”

Environmental toxicology and chemistry 20.3 (2001): 597-607.

Tapia-Paniagua et al. "Impact of the intestinal microbiota species of
Senegalese sole larvae and fries fed with Shewanella putrefaciens
Pdpll  probiotic bioencapsulated in Artemia, effect of one or two
intervals of application.” CD: Abstracts Aquaculture Europe2011.
Rhodes, Greece (2011): 622-623.

Usha and Markey. "Uptake and release of lead and cadmium in skin
and mucus of coho salmon (Oncorhynchus kisutch).” Comparative
Biochemistry and Physiology Part C: Comparative Pharmacology 60.2
(1978): 187-191.

Vinodhini and Narayanan. "The Impact of Toxic Heavy Metals on the
Hematological Parameters in Common Carp (CyprinusCarpio L.).”
(2009)a.

Vinodhini and Narayanan. "Biochemical changes of antioxidant enzymes
in common carp (Cyprinus carpio L.) after heavy metal exposure.”
blood 3 (2009)b: 4.

Vutukuru. "Chromium induced alterations in some biochemical profiles

_78_



of the Indian major carp, Labeo rohita (Hamilton).” Bulletin of
environmental contamination and toxicology 70.1 (2003): 0118-0123.

Witeska and Kosciuk. ”"The changes in common carp blood after
short-term zinc exposure.” Environmental Science and Pollution
Research 10.5 (2003): 284-286.

Witeska and Malgorzata, “Stress in  fish —hematological and
immunological effects of heavy metals.” Electronic journal of
ichthyology 1 (2005): 35-41.

Yang and Rose. "Distribution of mercury in six lake sediment
coresacross the UK.’Science of the Total Environment 304.1 (2003):
391-404.

Zaki et al. "Biochemical and Immunological studies in Tilapia Zilli
exposed to lead pollution and climate change.” Nat. Sci 7.12 (2009):
90-93.

Zhang et al. "Long—term toxicity effects of cadmium and lead on Bufo
raddei tadpoles.” Bulletin of environmental contamination and

toxicology 79.2 (2007): 178-183.

_79_



	Ⅰ.서론
	Ⅱ.재료및방법
	1.실험어및환경
	2.Bioaccumulation
	3.전혈
	4.혈청
	5.항산화효소 분석
	5-1.Superoxidedismutase (SOD)
	5-2.GlutathioneS-transferase(GST)
	5-3.Glutathione(GSH)

	6.Acetylcholinesteraseactivity
	7.Lysozymeactivity
	8.유의성검정

	Ⅲ.결과
	1.Bioaccumulation
	2.혈액성상분석
	3.혈청성분분석
	4.항산화효소분석
	4-1.Superoxidedismutase (SOD)
	4-2.Glutathione(GSH)
	4-3.GlutathioneS-transferase (GST)

	5.Acetylcholinesterase activity
	6.Lysozyme activity

	Ⅳ.고찰
	Ⅴ.요약
	Ⅵ.참고문헌


<startpage>10
Ⅰ.서론 1
Ⅱ.재료및방법 8
 1.실험어및환경 8
 2.Bioaccumulation 11
 3.전혈 12
 4.혈청 13
 5.항산화효소 분석 14
  5-1.Superoxidedismutase (SOD) 14
  5-2.GlutathioneS-transferase(GST) 15
  5-3.Glutathione(GSH) 15
 6.Acetylcholinesteraseactivity 16
 7.Lysozymeactivity 17
 8.유의성검정 18
Ⅲ.결과 19
 1.Bioaccumulation 19
 2.혈액성상분석 28
 3.혈청성분분석 30
 4.항산화효소분석 35
  4-1.Superoxidedismutase (SOD) 35
  4-2.Glutathione(GSH) 39
  4-3.GlutathioneS-transferase (GST) 43
 5.Acetylcholinesterase activity 47
 6.Lysozyme activity 55
Ⅳ.고찰 57
Ⅴ.요약 67
Ⅵ.참고문헌 69
</body>

