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Bioaccumulation, alterations of hematological, antioxidant and immunological

response in starry flounder, Platichthys stellatus by dietary arsenic exposure

Sang Mok Lee

Department of Aquatic Life Medicine, Graduate School

Pukyong National University

Abstract

In order to confirm bioaccumulation and changes in hematological, antioxidant
and immune responses of starry flounder following exposure to arsenic, feed
prepared at levels of 0, 5, 10, 20, 40 and 80 mg / kg of arsenic for 4 weeks
were exposed to starry flounder, Platichthys stellatus (length 209 + 1.6cm,
weight 152.5 £ 13.7g). bioaccumulation following arsenic exposure showed high
accumulation in the order of intestine, liver, and gills, and significantly
increased above 20 mg / kg concentration. growth rate and liver weight index
showed a significant decrease at concentrations above 40 mg / kg.
hematological markers of RBC count, hemoglobin, and hematocrit were
significantly decreased at high concentrations of 80 mg / kg. plasma minerals
calcium and magnesium did not show significant changes. plasma organic
component glucose showed a significant increase, but total protein did not
show a significant change. Plasma enzymes, GOT and GPT, showed significant
increase at 80 mg / kg concentration at 4 weeks. antioxidant response to
arsenic exposure was analyzed using gills and liver, and SOD and CAT were
observed. both SOD and CAT showed significant increase in gill and liver
tissue. in experiments to observe the immune response, plasma lysozyme

activity showed a significant decrease above 40 mg / kg concentration. in the



acetylcholinesterase activity test, brain, intestine, and liver were used and there
was a significant increase.
In conclusion, exposure to arsenic induced bioaccumulation and altered

hematological properties, antioxidant and immune responses.
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Table. 1. The chemical components of seawater and experimental condition

used in the experiments.

Item Value
Temperature (C) 13.1 £ 0.9
pH 81 £ 04
Salinity (%) 328 + 0.7
Dissolved Oxygen (mg/L) 72 £ 02
Chemical Oxygen Demand (ug/L) 1.21 + 0.2
Ammonia (mg/L) 11.7 £ 0.8
Nitrite (mg/L) + 0.8
Nitrate (mg/L) 10.95 +
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Table. 2. Formulation of the experimental diet (% dry matter)

concentration (mg/kg)

Ingredient

0 5 10 20 40 80
White fish
X 62 62 62 62 62 62
meal
Casein® 10 10 10 10 10 10
Dextrin® 18.90 18.90 18.90 18.90 18.90 18.90
Fish oil* 2 2 2 2 2 2
Squid liver oil® 2 2 2 2 2 2
carboxymethylc
) 1 1 1 1 1 1
ellulose
a-Cellulose’ 1.6 1.5 1.4 1.2 0.8 0
Vit
ramen 1 1 1 1 1 1
premix
Mineral premix’ 1 1 1 1 1 1
Coline salt'® 0.5 0.5 0.5 0.5 0.5 0.5
Arson
N 0 0.1 0.2 0.4 0.8 1.6
premix
Total 100 100 100 100 100 100

White fish meal, Dajeon Co., Ltd., Pusan, Korea

Casein, The Feed Co,. Ltd., Pusan, Korea

Dextrin, TS Co,. Ltd., Incheon, Korea

Fish oil, Sigma Chemical Co., St. Louis, MO

Squid liver oil, Sigma, USA

Carboxymethylcellulose, Sigma, USA

a-Cellulose, Sigma, USA

8. Vitamin premix (mg/kg diet) : dl-calcium pantothenate, 368; Choline
chloride, 10: Inositol, 400; Menadione, 1800; Nicotivamide, 1030;
Pyridoxine-HCI, 88: Riboflavin, 380; Thiamine mononitrate, 115;
dl-a-tocopherol acetate, 210; Retinyl acetate, 38: Biotin, 10: Folic acid, 20;
Cyanocobalamin, 1.3: Cholecalcifero, 13.2

9. Mineral premix (g/kg) : Ferrous Fumarate, 12.5; Dried Ferrous sulfate,
20; Manganese Sulfate, 11.25. Dried Cupric Sulfate, 1.25; Cobaltous
sulfate, 0.75: Zinc sulfate, 13.75; Calciumm iodate, 0.75, Magnesium
Sulfate, 80.2; Aluminum Hydroxide, 0.75

10. Coline salt, Kofavet Co., Ltd., Ulsan, Korea

11. Arsenic premix (mg/kg diet) : 18,000 mg As/ kg diet

N s W -



3. Bioaccumulation

2% NHOs= °]&ste]  EsiAz
membrane filter(Advantec mfs, Ins.)S ©]83}o] EH S 3t ZHY
T ARE £ of&sttt. dAY #F £ EE AR B Yo
] B33t Ui ELAN 6600DRC

ICP-MS(Perkin—Elmer) 7|7]Z A}g3le] Hl A9 e HAs o,

=4 &

(r

standard curve® ICP multi—element standard solution VI (Merck)E ©]

£33tk =4 W vA& %S mg/ke dry wteE YER ST
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4. Growth performance

a9

Aol &4 & Arned A Ass SA48AL, AR wol F 2F
of 470l 742t HAH AT BH T EFs ST dLAT T F(Daily
weight gain), 9AAFAFZDaily length gain), =% AF
(Hepatosomatic index, HIS), H|%F%= X%]4=(Condition factor)E =43} S

o, 4 WS e 2o

A\

- Daily weight gain = (final weight - initial weight)/day

Daily length gain = (final length - initial length)/day
- Condition factor (%) = [weight(g)/length® (cm)] x 100

Hepatosomatic index (HIS) = (liver weight/total weight) x 100

_11_



o AH= Aol dF HEe FaE 7] #18ke] heparin-Na(5000
LU, SoAh)S A3 13]§ FAE o] &ate] nRAgdol A 23 ekt
ok AFHS ddo=z RBC(red blood cell) count, Hb(hemoglobin) &% %
Ht (hematocrit) F21& FA 7433t

RBC count¥ Hendrick’'s solution®® 4008 34& Azl %
hemocytometer(Improved Neubauer, Germany)Z ©]&, #stsnZd oz 7
FE 3 U5 v B4 S weke] Axbsiin Hb s 948 kit
(Asan Pharm. Co., Ltd.)& ©]$&3}4 Cyan-methemoglobin® .2 =73}
Ath. Ht $ A% microhematocrit capillary tube W= dHS Hof
microhematocrit centrifugation(Model; 01501, HAWKSLEY AND SONS
Ltd, England)® 4TColA] 5&7F 12,000pmeo2 WAEY F A&
(Micro-Haematocrit reader, HAWKSLEY AND SONS Ltd., England)<
&kl ST

F7IE 2= 44 (Calcium), vF2vl% (Magnesium)S A3 o1,
ZH7-&  OCPC(o-cresolphthalein-complexon technique) techniques, w}L
¥ Xylidyl blue- I techniques ©] &3 148 kit (Asan Pharm. Co.,
Ltd)E o]&sdtt. f7IdEez2s 39 (Glucose)®t FEz  (Total
protein)S ZAsg o, IS GOD/POD techniques, ZTuwde

biuret techniques ©] &3+ 248 kit (Asan Pharm. Co., Ltd)E A& 3}

_12_



BAsAt. 83 Wl gagdozE GOT  (Glutamic  oxalate
transminase), GPT (Glutamic pyruvate transminase)E Z43}% o1,
GOT¢} GPT+ Reitman-Frankel techniqueol] ¢J3F <48 kit (Asan

Pharm. Co., Ltd)E ©]-&3} %t}
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=

TAE flete] g olriwlE A FHI ¢ X2AS washing buffer(0.1M
KCl, pH 74)%& co]&stel AHstdo. A" 5 IF op7bn] FAS
homogenizing buffer(0.1IM KCl, pH 7.4)¢] H]&o] 1:100] HEZE Yo|&
% Teflon-glass homogenizer (099CK4424, Glass—Col, Germany)ES A}-&
st TRt A Y. dFH A 4T, 10000g A 307 A E g A
BEhe st Aol o]&sk3itt.

3

249 @A F¥e Z4st7] 98] Bradiord (1976) 38 ol g3

of

Bio-rad protein assay kit (Bio-rad laboratories GmbH, Munich,

Germany) & AH&3to] S48t
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6-1. Superoxide dismutase (SOD)

SOD &4 WST-19] &9 vbgol tig 50% inhibitor rate® =73}
SOD Assay Kit - WST (Dofindo co., Japan)Z A}-&3le] 43¢} 1
unite WST-13 superoxide 20|22 3t WS 50% SAlst= A=
£ 20 pl T BAaO doz YERYSern SOD activity:= unit/mg
protein®. & Y ERJ ST

s

*WST - 1 = 2 - (4-lodophenyl) - 3 - (4 - nitrophenyl) - 5 -

(2,4-disulfophenyl) - 2H - tetrazolium,monosodium salt

6-2. Catalase (CAT)

CAT 4& OxiSelect™ Catalase Assay Kit (Cell Biolabs, Inc.)S A}-&3}
of EAsT. #As it giSEHE AAEES  quinonimine  dye
coupling A ES T3 % 520 nmollA] EFL=AS o] &3] =A%)
T3 Bs gL uME Eallekes 849 %S CATO 1 unite® e

o CAT activity: unit/mg protein® EFU AT},

_15_



7. Lysozyme activity

2o gAS &2lstr] ¢18+e] Turbidimetric method (Ellis, 1990)

oo F»

-

I Lysozyme Detection Kit (Sigma, USA)E A3ttt &4 A

Z& o]83F9] Micrococcus lysodeikticus®} 0.05 M phosphate buffe (pH

625 T3 F A THES A HES T FFEE SASAT
BB A A 450nmel A 24319 2™ standard curveE o] -&3to] A}

e pg/ml=Z VFER AT

8. Acetylcholinesterase activity

ol Z o ~HgfolA] &S Sdst7] 98l Achetylcholinesterase
(AChE) Assay Kit (Sigma, USA)E AF&3$9th. AChE+: acetylcholine
714 < choline®. & #3}&}al, cholines 43} o] probed] &]3Fo] WM 3h=
Ad=e THET AES kit Wl A48 § Ho] &4 ¥x HolA 30&3F

W ¥ RRYEAS ol gl FRES

Ag A Ao tiste] FATAHA FoAd2 SPSS A TR IS A}
&3t Yeld i, ANOVA testE& A A]%+e] Duncan’s multiple range

testE §3 P <005 & ol o] dtkar h5ski

_16_



1. Bioaccumulation

As %4 L& Fig.1-3°] et =37
ow 2452 As 10 mg/kg ©] A ol A
FAF, 452 25 10 mg/kg F% ol FelA FoH F7H7F AT Al
M 2522 10 mg/kg & ol el oAl S dow 4521
A= 5 mg/kg FE oldelA FHA S AT olrtHe A= 25
Zke]l 10 mg/kg = oldolA FoAd F7H7E AN 4FA A= b
mg/kg FE oA fFoAoR FIF vE o, 20 mgke FE
40 mg/kg FEAAE FoAHl S7HF YERA] kT

b
o
N
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Intestine

407 mmm omgkg

[ 5mglkg

[ 10 mg/kg
— [ 20 mg/kg
,3"3 I 40 mg/kg
%IJ 301 @ 80 mag/kg
o
g d
= d
= 20 4 ¢
E
= c
o be
g
® 10 4 b b
<ﬂ ab

A ab
a a

Weeks

Fig. 1. As accumulation in intestine of starry flounder, Platichthys stellatus
exposed to the different concentration of dietary arsenic for 4 weeks. Value
with different superscript are significantly different in 2 and 4 weeks ( P

<0.05) as determined by Duncan’s multiple range test.
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Liver

10

B 0 magkg d

1 5mglkg a

I 10 mg/kg
—~ g [ 20 mg/kg
o BN 40 mgrkg
=1 =S 80 mg/kg
&) .
S e e
=
? b

b
4 4
§ HE ab
= a a
@ a =
< 2]
0 i
2 4
Weeks

Fig. 2. As accumulation in liver of starry flounder, Platichthys stellatus
exposed to the different concentration of dietary arsenic for 4 weeks. Value
with different superscript are significantly different in 2 and 4 weeks ( P

<0.05) as determined by Duncan’s multiple range test.
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Gill
HE 0mgkg
[ 5mgkg
[ 10 mg/kg
[ 20 mg/kg
8 1 mEm 40 mglkg
@ 80 mg/kg d

As accumulation (ug/ g)

Weeks

Fig. 3. As accumulation in gill of starry flounder, Platichthys stellatus
exposed to the different concentration of dietary arsenic for 4 weeks.
Value with different superscript are significantly different in 2 and 4

weeks ( P <0.05) as determined by Duncan’s multiple range test.
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2. Growth performance

A As EF AR gl wE Arudg e dAdAFAEEZFDaily
weight gain), YIdAFAHFHEF(Daily length gain), ITF A5
(Hepatosomatic index, HIS), H] %% X]4=(Condition factor)®= Fig.4-5l
Uehidth ddASAdF] A9, 253 20 mg/kg B oM F93 7
25 YERloH, 40mg/kg koA W37F vstslth 80 me/kg F ol

Al A5 BYa, 4F AN A= 20 mg/kg T ool oA
¢l WstE UelAT A1 GTFY B FolM = 27 AA 20 mg/kg
& ol oA HAE UEUA S, 472 A 10 mgkg =
o fol A FoA HAE UBHUHAT. F FF ATt 2528t 45720 A
H2ek F3s detdilen, 2529 452kl A 20 mg/kg %= o]l A
FrelAel Has dedldd. HwE X9 A 253 20 mg/ke,
80mg/kg XA Fogk FAE YEUHASH, 4F A= 20 me/ke,
A0mg/kg F=oNA T3 FAE YEHATH
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2500 7 pumm o mag/kg
T 5mgkg
@ 10 mg/kg
/1 20 mg/kg
2000 + I 40 mg/kg
%" [ 80 mg/kg
K
(=]
a a a2 a
E 1500 T 2 a 2 ab
= T ab p i b b
©
g T
-
(=]
‘e 1000 4
=
=
‘©
(=]
500 ~
o 4 || | L ||
2 4

Weeks

Fig. 4. Daily weight gain of starry flounder, Platichthys stellatus exposed to
the different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P <0.05) as

determined by Duncan’s multiple range test.
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1.0

IR 0mgkg
3 5mgkg
I 10 mg/kg
[ 20 mg/kg
= 081 B 40mgikg
© [ 80 mg/kg
3
£
= 06 -
= a
o aa 24 ab
£ LT TTab
'é, 04 4 TThb Thbhb
°
2>
T
Q 524
0.0 - I LB
2 4
Weeks

Fig. 5. Daily length gain of starry flounder, Platichthys stellatus exposed to the
different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P <0.05) as

determined by Duncan’s multiple range test.
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Il 0mgkg
3 5mgkg
I 10 mg/kg
[ 20 mg/kg
3| [ 40mgkg
[ 80 mg/kg

H o

ab

Hepatosomatic index (%)
(%]

Weeks

Fig. 6. Hepatosomatic index of starry flounder, Platichthys stellatus exposed to
the different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P <0.05) as

determined by Duncan’s multiple range test.

_24_



EEl 0 mgkg
[ 5mgkg
N 10 mg/kg
[ 20 mg/kg
I 40 mg/kg
3 [ 80 mg/kg

2 a gp
e

Condition factor (%)
N

ab b

|

8 a a gp

II |

Weeks

b b

Fig. 5. Condition factor of starry flounder, Platichthys stellatus exposed to the

different concentration of dietary arsenic for 4 weeks. Value with different

superscript are significantly different

determined by Duncan’s multiple range test.
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G4AE As &3 Atg Fold wE Z=viyg] ¢ RBC count, hematocrit
value, hemoglobin concentration < Table. 3o WERHATE RBC
count®] A} 2FF o A+= 80 mg/kg FEONA FJ A AV YERG L
H, 452k M= 40 mg/kg s ol el el Al ATt yER
Hematocrit A9 A== 2534 80 mg/kg s&=ollA o4l #
A7F e o™, 40 mg/kg ©17e] sEAlA oAl HHATE e
Hemoglobin®] ZA ¥}, 2F%}e} 4F2ko 4 80 mg/kg FX oA FA< 7+
27 VR

% 5 A 25 A4 40 me/kg B oA fHQ T
el o, 453kl = 20 mg/kg, 80mg/kg FEolA F2HQ0 F717)
vebsth ey, Fuewde B A 2Fake) 4573 BE s R 1k
Al Fre) Al wslrt vEb A gkt

Fh FAo WElE GOTS GPTE B8kt &4 &4 35 GOTelA
T 272l A 80 mg/kg FEANA oAl T UERSE o, 45X o A]
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Table. 3. Change of RBC count, hematocrit, hemoglobin in starry flounder, Platichthys stellatus exposed to different concentration

of dietary arsenic for 4 week

Arsenic concentration ( mg / kg )

Period
Parameters
(weeks) 0 5 10 20 40 80
a a a ab ab b
RBC count 2 260.58+20.84 259.26+22.96 257.94+22.23 237.45+£16.26 234.21£18.84 200.84+16.52
(x10'mm®) 4 259.24+19.61%  258.01+22.34% 252.51+16.34® 229.64+21.95" 212.45+18.21" 195.56+16.65"
Hematocrit 2 29.27£1.79% 29.61+£2.25% 28.59+1.87° 25.45+2.40% 23.27+1.74® 19.21+1.64°
(%6) 4 29.19+1.48° 29.56+£1.35% 25.08+1.65% 22.31+1.23% 20.13+2.45" 18.06+1.84°
a a a ab ab b
Hemoglobin 2 6.06£0.34 5.98+0.39 5.78£0.28 557+£0.42 5.25+0.27 5.03+£0.35
(g/dL) 4 6.01+0.31% 5.84+0.46% 5.60+0.42 5.45+0.38% 5.23+0.29" 4.98+0.31°

Value are meanzS.D. Values with a different letter are significantly different from others at 2 weeks and at 4 weeks (P<0.05)
as determined by Duncan’s multiple range test.
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Table. 4. Change of Calcium,

arsenic for 4 weeks

Magnesium in starry flounder, Platichthys stellatus exposed to different concentration of dietary

Arsenic concentration ( mg / kg )

Period
Parameters
(weeks) 0 5 10 20 40 80
) 2 12.45+1.12° 13.01£0.98% 13.39+1.46% 14.34+2.017 12.12+1.34% 13.25+1.54?
Calcium
(mg/dL) 4 13.46+1.28° 13.33+1.53% 14.25+1.86% 14.21+1.57° 13.34+1.21°% 13.54+1.56%
) 2 3.33+0.42% 3.54+0.56% 3.15+0.35% 3.24+0.37% 3.64+0.51% 3.27+0.41%
Magnesium
(mg/dL) 4 3.57+0.64% 3.69+0.45% 3.89+0.227 3.12+0.27% 4.01+0.42% 3.68+0.59%

Value are meanzS.D. Values with a different letter are significantly different from others at 2 weeks and at 4 weeks (P<0.05)

as determined by Duncan’s multiple range test.
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Table. 5. Change of glucose, total protein in starry flounder, Platichthys stellatus exposed to different concentration of dietary

arsenic for 4 weeks

Arsenic concentration ( mg / kg )

Period
Parameters
(weeks) 0 5 10 20 40 80

2 87+4.39% 87+4.64% 88+4.12° 91+4.78% 96+4.93" 107+4.31°¢

Glucose
(mg/dL) 4 88£4.52% 89+4.76% 92+4.13® 97+4.59° 102+4.01"° 109+4.27¢
Total 2 6.54+0.34% 7.01+0.23% 6.35+0.29? 6.78+0.35% 7.09+0.58% 6.78+0.48%

protein
(g/dL) 4 5.99+0.23% 6.47+0.27% 6.51+0.38% 7.05+0.41% 6.59+0.39% 6.59+0.36%

Value are meanzS.D. Values with a different letter are significantly different from others at 2 weeks and at 4 weeks (P<0.05)
as determined by Duncan’s multiple range test.
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Table. 6. Change of GOT, GPT in starry flounder, Platichthys stellatus exposed to different concentration of dietary arsenic for 4

weeks
Arsenic concentration ( mg / kg )
Period
Parameters
(weeks) 0 5 10 20 40 80
GOT 2 24.24+493* = 2517+4.26°  26.58+5.17° 28.67+6.72° 30.24+4.81°  34.64+6.22"
(Karmen/ml) b b b
4 23.65+6.12° 24.92+5.95% 2724441922 30.94+5.59? 33.18%£5.23 37.25+5.75
GPT 2 14.15+3.42° 15.54+3.09% 14.97+2.52? 17.56£2.21% 19.12+2.16%®  22.27+2.91%
(Karmen/ml) b b b
4 15.62+2.69? 16.21+2.75% 16.37+2.29% 20.59+3.55% 22.51+3.01° 25.03+£1.59

Value are meanS.D. Values with a different letter are significantly different from others at 2 weeks and at 4 weeks (P<0.05) as
determined by Duncan’s multiple range test.
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4. 343 a4

4-1. Superoxide dismutase (SOD)

SAE As EEAER Fold wE el e 3k ofbrbr] W SOD 24 =
Fig.6-7°] "etfidtt. 2t W] SOD &4 2 253kl 4 40 mg/kg °lde] &

oA FeH9 Sk dehgon], 4% AN £, 40 me/kg FE o)
oA fol el FA7 heky

bl el A= 27 Al A 40 me/kg o1l FEAIA Fol M9l FhE ver
Helom, 44N AL 20 mghke HE olFAA FAH FHE vehy
oAk,
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Fig. 6. SOD activity in liver of starry flounder, Platichthys stellatus exposed to
the different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P < 0.05 ) as

determined by Duncan’s multiple range test.
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Fig. 7. SOD activity in gill of starry flounder, Platichthys stellatus exposed to
the different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P < 0.05 ) as

determined by Duncan’s multiple range test.
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4-2. Catalase (CAT)

SAE As EFARE FHolol e Froele 7 olrin W CAT ZA4 S
Fig. 8-9¢ YepSltt 2+ U] CAT &4 2FA oA 40 mg/kg 5% ©]
FAA el Al S vEbsk e, 45 Akel A = 20 mg/kg, 80 mg/kg F
Zol A oAl SV ek

ol7ku] Wl CAT &4 2524 40 mg/kg &% ©] ol A

Z o
b R4

do
1o
o|N

747 el ew, AF Aol 20 me/kg FE o1l felHel F71t
hebd
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Fig. 8 CAT activity in liver of starry flounder, Platichthys stellatus exposed to
the different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P < 0.05 ) as

determined by Duncan’s multiple range test.
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Fig. 9. CAT activity in gill of starry flounder, Platichthys stellatus exposed to
the different concentration of dietary arsenic for 4 weeks. Value with different
superscript are significantly different in 2 and 4 weeks ( P < 0.05 ) as

determined by Duncan’s multiple range test
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5. Lysozyme activity

GAE As EFAIE Hold W
+ Fig. 100 YeR Aot
A W lysozyme activity A3 25204 40 mg/kg FE o] Aol A
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Fig. 10. Lysozyme activity in serum of starry flounder, Platichthys stellatus
exposed to the different concentration of dietary arsenic for 4 weeks. Value
with different superscript are significantly different in 2 and 4 weeks ( P <

0.05 ) as determined by Duncan’s multiple range test
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6. Acetylcholinesterase activity

A As EAER Holdl wE AxEnEe M, o5, A9

o

acetylcholinesterase activity:= Fig. 11-13] YeFH AT}
W= 2534 40 mgkg BEOIA feldel gk tergon, 4
FAFN A= 20 mg/kg = ool Frel Al AAaTE YERE

5ol A= 25 kelA 80 mg/kg FECOA Aol AR AT UEsEeH, 4
FAol A% 80 ma/kg BRI A FHazh ekt

Fol = 25k Al 80 mg/kg FEolA Fel Al HATE YEReH, 4

FAI A= 40 mg/kg & o]l FeHQd v vER
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Fig. 11. Acetylcholinesterase activity in muscle of starry flounder, Platichthys
stellatus exposed to the different concentration of dietary arsenic for 4 weeks.
Value with different superscript are significantly different in 2 and 4 weeks (

P < 0.05 ) as determined by Duncan’s multiple range test
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Fig. 12. Acetylcholinesterase activity in intestine of starry flounder, Platichthys
stellatus exposed to the different concentration of dietary arsenic for 4 weeks.
Value with different superscript are significantly different in 2 and 4 weeks (

P < 0.05 ) as determined by Duncan’s multiple range test
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s Brain
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Fig. 13. Acetylcholinesterase activity in brain of starry flounder, Platichthys
stellatus exposed to the different concentration of dietary arsenic for 4 weeks.
Value with different superscript are significantly different in 2 and 4 weeks (

P < 0.05 ) as determined by Duncan’s multiple range test
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ToAE Hl oo &9 Zx=dale dAsts A% RBC count, 3l ==

i

Wl F %, hematocrit =# E5F Fo4<Q HAE YERNAT. B ol {7}
saSd =E d Al opZinrt FEAQ] WEs doegAY AAHE A=
5o 42 oF7IA It (Mallet, 1985). o] 2 &k of7bmlo] gk &2 o7t
ajell A o] Zhang Boo]Zalgko]l A il o upeh doshA Ao

Halo] d&S n HTH(A. Larsson et al, 1980). =50 =%Fo] € tl&

FE UE AT AN E= H3 ZA3E Y tH(Smet ant R.
Blust., 2001; Lohner et al., 2001, Gurer et al., 1998, G. Federici et al.,
2007). T3 FaEo Jgo sty ofF ol HAEF9 swellingS
ok7]13lH, swelling 522 WPH HEA= A 7|58 3T & gloH
2 ZF=ZH 3} hematocrit T#¢] W3IE of7|stti(Maheswaran et al,
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Zg o2 ol7tul oA AFF7t dojyks o+ A th(Pratap et al, 1988).

and Boross, 1981), A &4 3t ~EH A FL o7 25t FEI} %
d wolxnh vA7E ofF Al £l HW v wE ZEH2TL
AASA Ha AHdE 2EAEE Asetr] Aste] A ofF % o
ALZE o] FOlA Al Hrh oluA 9 olF B Ak ZES flste] Bed =
FA=E et dF oA 2FH=e] =7t S7heA EH(Aly et
al, 2003). WekA Hlae A= AN 2EHAE RAYAZ oW F

(Mirghaed, A. at el., 2007). ©]d AFo|Ax =4 3=
=4 ggyjol AgeA F iAol Z7k7F YES S (A, Figueiredo et
al., 2005), 77} @l =&E Al FA7F #ZFAIdogs dFE Ao

(Martinez et al., 2003) ¥ AFoA= @4 @A 3= F9420 A}

H A & Ta5Fel gt ItMESAAS & & v AxZ, GOT(glutamic
acidoxaloacetic acid-transaminase) 2} GPT (glutamic acid-pyruvic
acidtransaminase) & S74stth ol#g F EihE e EAEHN o9
oY SA=AE, 2 2Ef Xz oste] FhoA o] yEhd W b

oA wjEol FTrietdAM A el w7k FUFeAl "vh(Zaki et al,
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2009). T3k ko] EA4ko] of7] & w thEFe] GPT, GOT 45 52
2 Z7 ek A BH(Wu, J. P. et al, 2004). B A FodE= @A B
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EYAE f2etE= 2 zbo]lth(Livingstone., 2002). o]# 3+ A3} AE ¢ A7}
Uetus 282 o9 B2 FolA A7t Hoj A o™ (Soundararajan
et al., 2009), &4 A& (reactive oxygen species, ROS)7F Aol A A A &
= ol Hlste] AAE = Fo] Be Wl o] h(Sies, 1986). o4& 7H#] <
T Adell A YEto]l HlA 2 HA SgESS g4 AHAR(ROS)Y A
e FAANHoEZA AU ofg] AEd TS mIT dHA 9

(Burdon et al., 1987, Sakurai et al 2005). &4 A4 &
sh-gk Whg Bl XA @ de] 43t fFHAte W 55 dod
UTHLiu et al, 2009). ol#gt =4 =4do] FFo = {IsrEY 29 A&
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Ao rr Fast §4Z 712 tH(Gutteridge, 2007; Kharroubi et al., 2014).
olg]3t A3l gAE AU AAEYH, 55 =5 A FANLE o

Al sk Wo
dismustase), CAT(catalase), GST(glutathione-s-transterase) s°| <
(Mates, 2000).
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superoxide radical(O°-)E #}2F3}4 4 (H.00) 02 A 3HA] 7]
= &4ks @40tk (Shao et al, 2012). o] 23 wkg-2 A
tol Yetus S 2EYas FoFes TS T o] =
Az, AR sl Wl SOD7F FXEHAY A H 7] = ek (Zhang
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