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Thermal effects on antioxidant enzymes response in Tilapia,
Oreochromis niloticus exposed Arsenic
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The effects of waterborne arsenic (As) exposure on antioxidant defense were studied in liver and
gills of tilapia, Oreochromis niloticus under thermal stress. Tilapia were exposed to different As
concentrations (0, 200 and 400 pg/L) at three water-temperatures (WT; 20, 25 and 30C) for 10
days. In antioxidant response, glutathione (GSH) levels, glutathione reductase (GR), glutathione
peroxidase (GPx) and glutathione S-treansferase (GST) activities were significantly decreased depend
on WT in the gills after As exposure. Also, the range of fluctuation in these enzymes activities was
most significantly increased at 30°C in the liver of tilapia exposed to As. The present findings suggest
that a simultaneous stress by temperature change and As exposure could accelerate the alteration

in antioxidant enzymes activities of tilapia.
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Aol = Wzstel oAl ARG 2 o
o] A Eo I F3FL dlo} /\g VP
S W=t} (Logue et al, 1995). & 3= A
ZA7|Hol B3 AN E, F-2vtet
F A " d g 25 29 AEHA Aol
B 315 AT} (Seong et al., 2010). o]l whe}, =ujj <]
Aol A ool Fulo] ojfel YA W B
2EW 2 8olo® Agatel, A ) tA 2 @
G4 Fo MelE zdstAcs Rauvt Ao
(Ryan, 1995; Park et al., 1999; Chang et al., 2001).
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=9, d, 72, 7t=F §3 2] A EPA°
Al e el é%’éi EF3kaL Aok (Law-
son et al.,, 2001). ¥1&9] FA W Y T2 F
T, A, Az 2 ASA Y FEell ofs) o
ojub=dl, BtElgfolell oJs) FAdo] Bt 73t v

-EE OugstE vA SEEE ASE, 2
Aoz AW AgxZ o FAH AT (Nam
et al,, 2001). B4 S3HE F 37} vl & (oFn|4t o]
)21 arsenic trioxide (As;03)7} FAd o] 7H 743
AoZ dHA 921, sodium arsenite (NaAsOs3)=
< 2 AAAZ, As,05= AF5A A=A
S8 AMEE SHAAERTE F4 A& F
o] Ak Aoz <4#A AU (Bachleitner-Hof-
mann et al., 2001). 37} Hl& (As;05)9] H$ EF
A, o] g T8 oA 24~96 A1t WA AbE =
15~60 mg/LSl HHH, 57} Bl A& (B4 o] &) A
Aoz Aol 2~108] A= ) (Sorensen, 1976).
=3 HV\Q 54 ole} o] stES FEH®
wootyel, &, A= 9 pH 59 & &4 e
o wetA = 1’4—27%] UEeb3O (Elsie, 1976; Soren-
sen, 1991).

H &0l 54 7]Hol= o8 714 mdo] AA
&=, 1 F s+ superoxide (0,7), hydroxyl
(OH") ¥ peryoxyl (ROO)F} & &Ad4k2 (ROS,
reactive oxygen species)e HE3MA HAYAIA Al
¥ 42§33 Zolth (Hughes, 2002). &
3], M3 U glutathione (GSH)2} 22 nonprotein
thiols & thiol groups2] protein¥ 2 &3te+= B4
o] AL vl4 Z49 = & 7]™olH (Chou-
chane and Snow, 2001), glutathione peroxidase
(GPx), glutathione reductase (GR)¥ Z2 anti-
oxidant enzymes €/ 2 superoxide dismutase
(SOD), catalase (CAT)®} -2 GSH-independent an-
tioxidant®] =& 59 I B4 4 ¥ A
= o] At} (Shi et al., 2004). GSHE= A Z oA ROS
o AH Ao R whgste] SHELS A H FF
HA ol st EZZ, ROSERE ol o] 59
QAL AHEAE 98] M Z o] o] 7|2t T
Ho 2 &3kt (Dringen et al., 2000). Al X Ui o
ROS TAA, FZ GSHE GPxol 2J3lA gluta-
thione disulfide (GSSG)Z 4+3}% 1, GSSGE= GR
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o ola| A thA] GSHZE 3¢ == redox cycle2 5
) f3lE2 E3 (conjugation) TA ol s,
glutathione S-transferase (GST)&} 22 49 &%
& ol A & wjAd AlZith ole]gk AYA WS
(biotransformation) 73 -& 53t F53 =2 H|
452 53k ROSE DNA, RNA 2 ol 2 & &4
AA Az Az4s 548 L33 (Liu et al,
2005). o 7ol o, HlA FAo AT AF= F
2 o/ 71# W vlA& FH 3 vl B3 A7)
FE o] F3 AU (Takatsu et al., 1999; Jezierska et
al., 2006; Culioli et al., 2009; Shah et al., 2009). |
o= "etd o}, Oreochromis mossambicus A
AAEIN HA SHEH] FHBAE HIHE H
& FAAFIT o] Fo)H o (Tsai et al., 2012), &
2] o}, O. mossambicus® ©}7}m] <} b Z2] o] A
H 4ol o3t AW E|ehA] wiste ATEnt Aok
(Ahmed et al., 2013). 121}, o] FollA Bl A9 =
A 71-E He] 7] g 4bsl 2Eg s 9 oo O
3k gakal Hh-g-ol #3 A= Zebrafish, Danio re-
rio Y7 (Ventura-Lima et al., 2009) & ol &= 2rol B
7] o189, B3] 2 Wsle} 22 B a9l
of o]gt niAo] F3Fe B AT A9 ol &
T T

mebA 2 A=
AY el A ol A "]% -
I FE AT E R
st &4kst &
GR, GPx 3! GST &4
N Z=AEFAT

gty o}, O. niloticus?} A
A= HAZE QS 4 o F
sk B3R FEFEs Hrksh)
<, GSH ¥ ##
< gt oty 213 o}r}e]
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gdalyol, 0. niloticuss F73 & nl Fo] 7o
A E-oF wrol Ad A =7 (Table 1)011/\1 45 o)
A AZ Z gB/Y AW FAVE e 173 A
A (A, 14.98+1.78 cm; A F, 56.35+8.77 g) & Al
Bate] 30 1omke]y dA st AP sk

Enies)

AP S FAoNA FEFZE (50x28%31 cm)E
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Table 1. The chemical components of seawater and ex-
perimental condition used in the experiments

Test parameters Value

Renewal 24h
toxicity test
Temperature (C) 18.0£0.5
pH 8.1+0.5

Culture type

Salinity (%o) 33.5+0.6
Dissolved oxygen (mg/L) 7.1+£0.3
Chemical oxygen demand (pg/L) 1.13+0.1
Ammonia (mg/L) 12.5+0.7
Nitrite (mg/L) 1.3+0.3
Nitrate (mg/L) 11.48+1.0

Abgste] 19mitt AP 8-S wEste S o

2 AASH A, H4d2AL Table 13 2o A9
2T A= 3] E]7] (Electronic thermostat, MS701-
H, Mink, Korea)E AF&3le 2447 20C, 25C 2
30CE FASAT vA& AFENL sodium ar-
senite (NaAsQ,, Sigma-Aldrich Co.)E FF < &
S Al A stock solutions THE &, FAFAHALI S
nlg o g w2%Es} 2H2 0, 200 2 400 pg/LO]
HES A3t 100tg]e] detyjolEs 7t 5=

4 AFesd 0¥ =47 &, 713 o7l
£ AR, BE 4 ?‘f% 23] RHE AASF L
Z2 Y GSH ¥ #¥H 34 (GR, GPx% GST)¢
244 HEE 9Asto ofgie} o] Pttt
2 Z3t 7t} o}7}bv]= washing buffer (0.1 M

KCl, pH 7.4)2 M & ¥, homogenizing buffer (0.1
M K,HPO4, 0.15 M KCI, 1 mM DTT, 1 mM EDTA
2 1 mM PMSF)E ©]-83}4] Teflon-glass homoge-
nizer (099CK4224, Glass-Col, Germany)Z 32 3}
St 27 FE RS 4TCoA 12,000 xgZ 2548
2 AA ste] FeHE T B A7A] 75
ColA EJ&O]’%‘:}.

Glutahione (GSH)

GSH 3% Richardson and Murphy (1975)%] ®
Holl ofste] SA3ATE A ZF A=l work-
ing solution (0.01 M 5, 5’-dithiobis, 2-nitrobenzoic
acid (DTNB), 0.1 M PBS buffer, pH 8.0)= 3 7}3s}
o} B34 =7 (Zenyth 2000, Anthos Labtec Instru-
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ments Gmbh, Austria)E AF83+] 412 nmol A &
A3tA T GSH 83 Al4FS 10 nM reduced gluta-
thione standard solution2 AF-&3F 7 Al o]-&35}

A

Glutathione reductase (GR)

GR &2 42 Beutler (1984)¢] WHHo g2 =
AstAtt A& 1 mM EDTA7} E£3+E potas-
sium phosphate (pH 7.5), 2 mM oxidized glutathione
(GSSG) ¥ 3 nM DTNBE #7}e & g ZA%
NADPH 7} Al #h-g-o] A]ZE T} NADPHY} oxi-
dized glutathione (GSSG)E reduced glutathione
(GSH)E FAA7) & DINBO| &5t w-3o] &
ot &AL 412 nmell A 30% FHA S 4% et

R
S7gskait.

Glutathione peroxidase (GPx)

GPx &4 42 Bell et al. (1985)2] W= v
HoZ AR, H0,E 7| =, sodium axide
£ catalase JAAZ ALESIAT AR 1 mM
GSH, 0.1 M NADPH, 0.5 U glutathione reducatase,
1 mM EDTA, 2 mM sodium azide & 50 mM PBS
(pH 7.4)°] 238 £F-8&A& 73t 5%3F 20C
o A AFAIZ &, 2.5 mM H,0,5 71 54
o ¥k-g-o] A|ZFE T NADPH7} 43l &= vl &&
340 nmoll A 48 Bt 20% T E ZHAHEA

Glutathione S-transferase (GST)

GST &4 A2 Habig et al (1975)2] My =
WiHol o)t ZASAT. A F] ARl 0.2
M potassium phosphate buffer (pH 6.5)8} SFT5
ol £§3lal, 10 mM GSHS} 10 nM CDNBE
7hsto A2 A 183 ¥-8AZ1 F 340 nmol A
583 30% HA o8 FUbekeE w2 S8t

Protein

x| e gheFo] %72 Braford assay kit
(Bio-Rad, California, USA) WH o2 A4
Bovine gamma globulin (Sigma, USA)< O]%O}oq

£E AFHL A4,
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Glutahione (GSH)

H| 4 (NaAsOy)oll 1097 =&¥ "detyjo}, o.
niloticus®] 23}l W& GSH & =
Fig. 19 YeRATE 20C L wj, tZFoll A, 7ol
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Fig. 1. Reduced glutathione (GSH) level in liver (A) and
gill (B) tissues tilapia, O. niloticus exposed to various
arsenic concentrations at 20, 25 and 30°C for ten-days.
Each point represents the mean value + S.E of three
replicates. Vertical bar denotes the standard error (n=10).
Values with different superscript are significantly different
(P<0.05) as determined by Duncan’s multiple range test.

Glutathione levels (mmol/g tissue)

o

BPA S

gl

419l GSH &3F-2 1.31+0.52 nmol/g tissueZ ©}7}
v], 0.27+0.06 nmol/g tissue®l] HI3| =2 7S BHH
ot & Wt o2 gdetujo} ke A9 GSH &
Fe tx279t 200 pg/L F =TI 18T Y o)
o} ¥l dte] 0] 25T Y W= F2olF o)}
Ad oY (P>0.05), 30Col A= thET2F 200 pg/L
FETIENA 22 2.75£0.33 2 2.45+0.5 nmol/g
tissue® o 3HAl F7FskATh (P<0.05). 1Eu,
Ztzto]l &% (20, 25 L 30C)oll A HlA wZo u}h
gAE, ZE 77 (200 B 400 pg/L)e] gk o}
o] kol A thzTol Hlste] {oJgk xfo]rt FEE
A ¢kekt} (Fig. 1A).

o7t A& 2 TAA = 2 Wl &
o]k GSH i Wshyt A2 A gk ot 400
pg/lLoll =29 A= 30CE F£80] F714=
GSH &3Fo°] 0.15£0.02 nmol/g tissueZ UIZT,
0.25+0.05 nmol/g tissue®l] ¥l3}] F&stA 743}t
At} (Fig. 1B).

Glutathione reductase (GR)

Hl A& (NaAsOy)oll 10¥3t =25 detdo}, o
niloticus®] T2W3to] W& GR 49 WHIE
Fig. 20 YR AT th=7-2] 1hell 4] 20C ¢} 25
Coll =ZHAES wl= GR &4 o] 27, 18010 B
160+9.8 nmol/min/mg protein ©] o1}, 20| 3
0CY = FostAl Z7Fete 230424 nmol/min/
mg protein®] 4} (Fig. 2A). =3+ kel A, 200 pg/L
FETO =F9 A5 20Co0A= fFoskA
Z7bsta o, 25Tt 30CAAE 23 7+
BT, 400 pgl EETIAE RE A3 e
A FrolRk ZAE BT (P<0.05).

of7tmlol A o] GR ZA tHETNA 96~120
nmol/min/mg protein &2 2% WH3lol WE F-2|3t
WS 7F BEE A AT (P>0.05). Hl&dd =& E
5o, 200 pg/ll BENAE 20CY wE= thx
72| GR &4, 113+18 nmol/min/mg protein®l| Y] 3}
ol gk ol 7F HEEA gk o, 25T} 30T ol
Ae 247, 53+9.7 & 50+7.9 nmol/min/mg protein
o oA ZHAsHE T 18U, 400 pg/ll %

H A golle e A=A s
GR &4 <& ®EYY (Fig. 2B).
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Fig. 2. Glutathione reductase (GR) activities in liver (A)
and gill (B) tissues tilapia, O. niloticus exposed to vari-
ous arsenic concentrations at 20, 25 and 30°C for ten-
days. Each point represents the mean value+S.E of three
replicates. Vertical bar denotes the standard error (n=10).
Values with different superscript are significantly differ-
ent (P<0.05) as determined by Duncan’s multiple range test.

Glutathione peroxidase (GPx)

Hl 4 (NaAsO)ol 10€7F =55 "tgjo}, 0.
niloticus®] W3l W& GPx 42 Fig. 39l
Ut At 2T 9] 213 olrtwlo A, & F
7t m& GPxo EAW = {3 Apol & Kol
A &Skt (Fig. 3). Ao =53 S i+ 3
ol7tm o A GPxe| @A T THA7F AFEHIUT (P<
0.05). £3], tollA 20CY o, 42+7.2 nmol/min/
mg protein?] Aol H¥& 400 pg/L F3Itell A, 25T
ol A= 23+3.3 nmol/min/mg protein® &, 30°C ol A
+ 8.244.6 nmol/min/mg protein. 2, =7} S/
T5 GPx &4o] FostAl AT (P<0.05).
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Fig. 3. Glutathione peroxidase (GPx) activities in liver
(A) and gill (B) tissues tilapia, O. niloticus exposed to
various arsenic concentrations at 20, 25 and 30°C for ten-
days. Each point represents the mean value+S.E of three
replicates. Vertical bar denotes the standard error (n=10).
Values with different superscript are significantly differ-
ent (P<0.05) as determined by Duncan’s multiple range test.

op7bul e A= 2T oA 2 sl mE o
ghoote] GPx &4 W3le #AEHA FtA (P>
0.05), Hl&o| =&9 5ol 2o 459 vzt
ZIAZ 20CY w2} vlasled 25C2F 30CYE i,
400 pg/L TFIHAlA 23 GPx 49 T4AE B
Aot (Fig. 3B).

Glutathione S—transferase (GST)

Hl A& (NaAsOy)oll 10¥3F =25 "gtdo}, o
niloticus®] W 3}o| ME GST 432 Fig. 4¢ll
YERR AT HlAe] =252 &2 2T oA
GSTe| &4 & 73 ofrmleA 242, 1.2+0.1 9
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Fig. 4. Glutathione S-transferase (GST) activities in liver
(A) and gill (B) tissues tilapia, O. niloticus exposed to
various arsenic concentrations at 20, 25 and 30C for
ten-days. Each point represents the mean value £ S.E
of three replicates. Vertical bar denotes the standard error
(n=10). Values with different superscript are significantly
different (P<0.05) as determined by Duncan’s multiple
range test.

0.07£0.02 nmol/min/mg protein®. 2 2o u}
frol gk ZFol 7} §ITh (P>0.05). Hl&o] &%
Folle & wslets FH3HA, oA 200 2
400 pg/L 73F ROl A froldt ZHAE B o,
ob7tul o A= ol GST &4 9 S71HE EAT
(P<0.05).

W2 o,

o F
HAE 387 B 23745 58 AUz
Eojem FZ 7to| A methylation ¥4 -& T3 ol

o

s
AR

AFE T} (Csanaky et al., 2003). A7l A Wl &
o 54 g AL HA FE] FH, oA A7
Bok oy, £, 4% 2 pH 59 48U
met 24 yEbdt (McGeachy and Dixon,
1989; Kotsanis and Iliopoulou, 1999). w&}A], &
TFolX= "etmo}, 0. niolticuss 20T, 25C &
30C, Ztzke] G220l 4 200 2 400 pg/L Hl &0l =
EAZ %, o]o] whE GSH #ARA WIS A
sttt

ZTa50 93 HA = = free radicalol 2]k 4k
st 2Ed 2 s AL E44S APk feiA
antioxidant defense system & ZA~E0°] biomarkers=
o]- &5 =1, GR, GPx 3 HlEAZ 4184 }] GSH
7} o]ell 43t} (Hayes and McLellan, 1999). Bl A&
EZ0 o3 542 gtz o g ROS LAl o gk
free radicalo] #3ll 2H-8-¢] =8 wiAAZ= A=
o] B 1% St} (Shi et al., 2004; Valko et al., 2006).
Al Ul A Fa el ofsll B8 == ROSE Al
&4 2 9o AJEHEE F&slH, 53] hy-
droxyl radical> DNAE 23 F43t A A
& ZYste Ao 2 dEA ok (Kitchin et al,
2003; Shi et al., 2004; Valko et al., 2006). Z=3g}, H]
e AR -SH7] 9 Agtst=t], 53], GSH
9] -SH7| ¢} Adsl AMEZe| 43 5
NRoZH Aoz AE Y ROSY &
FA7lE Ao 2 I A A} (Jason et al., 2006).
T2 Hslo & A4S a4 Ao BE A
= 1 =0 o) Asksl a4 &g W
zY A= AT (Cui et al., 2011; Cherkasov et
al., 2007; Bagnyukova et al., 2007; Kaur et al.,
2005), &2 A2 ol oAM= ol aao ¥
371 ST (Grim et al., 2010; 2013)= A7+ 23}
E AT oA FAA T Aol oE F4kst
iAol A ¥stE ROSY F7HE QIS AR
AL Qo™ (Heise et al., 2003), H3} g
theFst Al YEbd . & =], Bagnyukova et al.
(2007)2 goldfish, Carassius auratus®] A5+
S7MNAE 7%, GSH, GST ¥ GPx2 &4 37}
£ B33 2, Kaur et al. (2005)2] AFollA &
2 57} A, spotted snakehead, Channa punctata
©] 2t} op7hw e Al GSH, GST, GR ¥ CAT &4

o
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o] 2442 BYva B3ttt ol thal, Bag-
nyukova et al. (2007)= T3} &-gsl7] g
AA[AQl Wh-golgtal 11#3E O™, Kaur et al.
(2005)= lipid peroxidation®] &]3+ 4+s} ~E
7} Aloltar skt

B Aol A debajote] 3hat ofrhm] o A,
7t webAE GSH 83 9 GR 242 e
Al F7v3k9 o, GPx % GST2) E/\%é W3
H&AFE A &gt 30C FL2d =28 45, Zl‘
A9l GSH &% 57 flollA ?iT—ﬂLd' ukef kol
T2 S7F 9Jgk ROS TAY o] GSH S =3
3t Ao E ARET. o] A= T
ted snakehead, Channa punctata Bloch®ll 4] heat
stress ©] &, 7+e] GSH 5719t = 22 Aol
=& o] AT, -8 A} g opriu] ol A
% heat stressol] &J3] GSH7} 78t oy, 1 =
7} Fo] ol Blg] 1/3 o]et Ar=® 2 FAATH
(Kaur et al., 2005). o] %A o17F¢] 7koll A GSH7}
Z7Fek+= A2 7+e] amino acid substrates &T&
o] &7]. &, WA BEAES B4 Z7rE AT
Aoz, E3|, 343} (peroxidative) T o] A3}
= HH GSHE 0L F8 =8 317] djiEolt} (Gal-
lagher et al., 1992; Kaur et al., 2005). GSH= A3 A
U] free radical scavenger®| &} &4F8}A| 2 redox re-
actiong %33, ROSS} & €& o3t
T 8% 98-S & ¥ olyE}, ¥4 methyl-
ation I ol A 57} H] 49| 3712 9] S Fodst
= A HEZ QA (cofactor)Z Hl A &=
T3t} (Mandal and Suzuki, 2002).
B Aol A, 220] 20T} 25CY Wi, GSH &
H A& =2 ma} {93 Xpol7h AEEXH
gur F20] 30CY W= 200 pg/L T3Holl A
b 577 HFEJ T v, oprbr]dlA =
25CY W= 7t mAVIA 2 vHlA =&
, el g Zpolzt iAoy, 0] 30C Y o
3 A7 BEEJT (Fig. 1). £ AT
2 e Z7F 2 Hak =Fo 02 GSH
B HAF5E oA dojues 547]
Aol ofsf) A= = vk WA 23 WY
‘sulthydryl (SH)7]’7} &3 GSHeF 244 A<l ¥t
< ¢ A} vl o) AAH-fE=H ROSO

2 spot-

dob 3 Lo if rlo r
o
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9g GSH &4 2 A3 Aot} (Tripathi and Flora,
1998). °]+= Hl& (NaAsO)l &% rat2} mouse
o 7 Ul GSH RastE AAsE Aol
(Choi et al., 2003). T3}, B AFolA HlA =&

o] &, detujol koA HIE $e FE (200 ¥
400 pg/L)ol7l &k GSH 3Heke] feldk o7}
YEh}A] 28 A& 7o) nlAo XAl A%
7] (target organ)= °oFY”] wj&Eo|Zta AlEHTH
(Choi et al., 2003). 32| qE, H] Aol &J3F /g o] H]

29 22 &7 Tl we 248 A7)0t
o= & 7] W&ol (Liu et al., 2002; Choi et al.,
2003), % B4 24 AFE FH T AoA
© ol& H3foF & ZoE ArsHTh

A Z ] GSHE| ¥ist= 4548 S f =3y
G S A F AT Bl Lol 9
%l GSH W3} GR, GPx % GSTS] &40
54 o]ocq o5& ]-§]_ )\Egﬂ/\iﬂa
S3hed T3 BEho|HA FA9
A e 2 ZA9 83 indicatore] T (Win-
ston and Giulio, 1991).

GRS Z2EH 2~E W= &

}Ei

O

Ao A M=E W GSH/
GSSG &< FA87] #138td GSSGE A

7= T8% 9 511, GSHY FA = #o
3t} (Atli and Canli, 2010). B AFAE HA&

wZo W GSHE| &L 30T =33 o7}y
E AQeta, Fog Wsks BEEA ko,
GRe| &4 HlAa &% Ec‘i ofygt 29 7}
of MEHAME FY5HAl A AT (Fig. 2). T5%
=l 23| pro-oxidative ¥ o] A= GRE| &
dol ZHAEA GSHE] 14 = 5 3, 9]
Z A3 redox cyclex AH o2 FAT & %'174]
Ht} (Elia et al., 2003).

GPx= H,0,& £33t H,08 0,2 Bt== &
A2, GPx7t 845 T38| fsiA= GSHE &
82 3, H,0,& E3llst= A< redox-cycle?ll
A antioxidant enzymes®. 242l 1 7]%& 3t}
(Winston and Giulio, 1991). £ ¥l A H] Aol =
=¥ gt ole] 3k 4 opyfmle A GPxe FH4Ast
AT} (Fig. 3). AT Fae oA F& 2 HlAa
FTEI 555 OS5 VM43 Hd e, ol o
E olFdA 7tEF 2 FEd =E2HAS e}
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fAFS Aot} (Ahmad and Santos, 2004; Baeck,
2012). =3k, Elia et al. (2000)= =2 %2
o =29 catfish, Ictalurus melasl A GSH<) —7]—
7} GPx9] ZAE sty Baskgth
GSTE 2 &2zl Fitst a4 Al W 5
9 Hlo] H8HS 3, GSTO 7|2 L o] 9
1Al EZ o]y} oxidative stress®] A EQ AA} %1
A (electrophiles)2 GSH Alo] || thioether bond
£ A% olgd s =t Ve e ok
(John et al., 1995). & AFoA & F7}ol we}
AEeE £293F GST EAHs= Jq.;gﬂ;q ol-o]-l’
Hl A& kZof whe} defgjold 2hoA+=
AF B oy, oprtr]o A= {olstA _7P3}91
T} (Fig. 4). Maiti and Chatterjee (2001) X310 w2
A H|AE GR, GPx 2 GST @49 ZH4E =93
o, ol vlA& =29 ¥5 ¥ 73F 18,
of wet 2A JEbdtial gt Bl A =EH
common carp, Cyprinus carpio®| A= Z2 39| tf
A3 A4S iﬁi—tﬂ o= HlA BEAOoE
—:-Ei 2= §5}7] A% 7 4Fs) G40 5ol
2 Aol 1% Ao 2 HAtkal st (Ventura
et al,, 2009). Profenofos®] &% ¥z o}l 0.
mossambicus® O}7Fu|oME E A Ax}e}l nf
7P A 2 GSHE| 7Haeb GST 84 49| S7He
2 AT} (Kavitha and Venkateswara, 2009). W=
O & GSTE B2 olFddA YA 3= ==
HAE o F7tskH, ol 33ty 2~Ed 2o o
g H4-gurg o s & 4 Ut (Hayes and Pulford,
1995). ¥Hoi 2 GST 849 4+ A= W ROS
Z7He] AR B lon, 4s 2Ef 2~ A
7} AEHA] &2 Aole Wolgg-s 9% B3V
Mo g st GST &4 F7HE FE3HAT, =
= 7|ZF AR Ze A7 A 2Ef s 4
3} &4 5% B uhgo] 4oz Q) a4 &
#Ht} (Livingstone, 2001; Sun et
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