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Tissue bioaccumulation and antioxidant responses in tilapia,

Oreochromis niloticus exposed to arsenic.

Ji Won Jeong

Department of Aquatic Life Medicine, The Graduate school,

Pukyong National University

Abstract

Arsenic is an non-essential trace element which effects [toxicity to
human and, animals.

In this study, laboratory experiments were carried out to determine
the accumulation. of " Arsenic(As) in tilapias and” the biochemical
responses in liver and gill of freshwater tilapia Oreochromis niloticus
under 20, 25 and 30T temperatures. tilapia were exposed to 200xg/1
and 400ug/1 arsenic for 10 and 20days.

Accumulations in gill and liver were significantly changed with
elevated temperature. These data indicate that tilapia, Oreochromis
niloticus liver and gill can be considered adequate target tissues for
waterborne exposured of As.

blood were measured on total protein, glucose, GOT and GPT in

tilapia exposed to As concentrations. Total protein and glucose were



increased  and the elevated activities of GOT and GPT were
observed during 20days exposure period compared to those of the
control group.

arsenic exposed tilapia reduced the contents of glutathione and
decreased activities of glutathione reductase, glutathione peroxidase in
liver and gill. but, biphasic responses on GST in the tissues.

It was shown that the antioxidant defense parameters of tilapia,
including the contents of GSH and activities of GR, GPx, GST were
sensitive to arsenic- exposure, accompanied by. changes of arsenic
accumulation under different temperatures in liver and. gill tissue. And
these data indicates that tilapia, Oreochromis niloticus liver and gill
can be considered adequate target tissues for waterborne exposure of
As and also implied that excessive waterborne As can effect the
toxicity of xenobiotics to tilapia | through alterations in @ antioxidant

system and ‘bicaccumulatior:
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Ao ALg5 014 $kth(Eisler R, 1988). W3 #44d, AldE, F%
B S22 ASHAEAN BHS AT vA

e Bz ® A gk opAle Fel, wEa v Fel A A2E #A

fl

55 3 dekAyvotte et al, 2003;Karagas et al, 2002;
Mukgerjee et al., 2006). o] = A AR&-d HlA= oy A4 HHo=z
Asle] FA A Eelsozith dF-F A= ATl digh

t}ar B9 vl (Heather Bears., 2005). Ath7h, o F A2 %o wo ok
o] Hl&vt ST E NAFE 5L of vl A sivF dvke A2
7F BarEo] vl (Gilderhus., 1996;Sorenson., 1991;Reimer et al.,
2002;Larsen and Francesconi., 2003:Liao et al., 2003).

H &= o579 XA ollA] Al dojuby, &3] 3kt 28 7| el A



sl ol green sunfish(Sorensen et al, 1979), rainbow
trout(Cockell et al, 1991), 2|3l Japanese medaka®} Tilapia
mossambica(Suhendrayatna et al, 2002a,b)9} 22 HITo]Fo =4
HE= Aol thal Harsof gt

s #7] vlaek H7] vlaz dyol S48, ol&e Wl
uel 54 ARV e Ao waHo u dukgom Ay
e F7] "4 Yz &A%, WA= arsenite(As3+) ¢t
arsenate(Asb+)2 =AYt 37F vAE AWAAl redox
methylation W&o 571 v A2 2H8lE 5 57k HlA T dFEE& o)
Al 371 vlAaZE A (Philips., 1994; Eisler., 1988), dwtdg o= W
7lu 29 A AbEla(AsT)= 5 AEwol sk (Hall and
Burton., 1982), 2.AFsH]A(As V)ETE =Alo] 73k Ao = A
AH(Akter, K.F. et al., 2005). Y3k 7] W47} F7] vl aHh 54
o] vrti(Kobayashi Y. et al, 2005). SAl oA sad

H A3kt E )l o= A HAel de Rt oty &7 FelA
ofFo] "l A 0w K-557] wiito| v},

ol ATrellA ML= o7 oA Ak ~EHAE FUetH
(Bhattacharya and Bhattacharya., 2007), °] 22 t}& g Hqst4d A%
of M3lE 714 (Tripathi et al, 2003). T3+ ]

o

ool A oS ofAe] Al Wake] uigh 1hy
o] $to v (Chang et al, 2001;Smet and Blust., 2001), A A2

A7) stress £ gk y]EAHO @z oL
A tH Waring et al., 1992).
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H A&AE offFolA Eo]d]l stress protein® FA-E X351 (Roy
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H=  9JrHOladimeji., 1985). F7] H¥]Ai= @29 thiol groups¥
GSH¢} 728 wjgwi A o] thiol group¥ 2o zH 548 e
3L(M. Soundararajan et al, 2009), glutathione peroxidase(GPx),
glutathione reductase(GR)9} 72 &4+3} 349 A4S 54 7| Ay
A= o driar ¢H A ATh(Shila S. et al., 2005).
SFEA 2 g FE(GSH) B AFs JE(GSSGIE EA g &
e A= A2H|Q12 thiol group®] reactive oxygend 2 &
HAEE EAtell AAE Alwdtal A4S vE 249 SFEAS
sl el o] F FEFA| 2 (glutathione disulfide; GSSG)
S FAS GSSGE FFEA 2 39 & (Glutathione reductase)
of 93, v GSHZ AAATE  GSH(reduced form)< oxygen
radicalsE® A AFoEZHN AELE HIs: Ay #AdAd 7P T3
SabskA o] Fu R A v (Meister., 1989). A U7l glutathione<

98 7iA 54 E2dEs @5, HEsta B2 2Asl vxdAR

&3

oo
Ol
ol
2
2

2 &3t Francesco R. et al, 1995). W3 GSHi= . arsenateol 4|
arsenite®™ FhHFE W AAE Aok a2 HlA o AA W WE
#Hostal 2 2 (Thomas P. et al, 1982), Hl% 2} glutathione & 3HA
= gAEe] v ASE uEFdE dadx vl (Joseph R. et al, 2007). 3
2zl wko] Aladlo]l EAE AV AW B4 wRET 54 EHo|
B u, g aEdAE DNA £4, 84 B84 aga ARl
steb 22 AWE 24 5 Avh(Halliwell et al,, 1989).

=248 ks Fol wEHW, Alxe] FHA FA el
Tag qEs dvh @4 AARES s A AlEy o] A
2. &4 7, glutathione peroxidase, glutathione reducrase, glutathione

S-transferase, superoxide dismutase, 123l catalaseE X 3Fsir}



(J.LH. Doroshow., 1995;Y. Yamamoto et al., 1993;N. Avissar et al,
1989;K.D. Teur., 1994 ;K. Mekhail-Ishak., 1989).

F2 AXE E23EA¢l GSH %% glutathione reductase(GR)ol €]
ate] A 5™ (Seelig et al, 1985), NADPHE A R3te] GSSGE
GSHZ 93] A ¥xdAue GSHEEE X 3vHZhang et al,
2005).

ol 3 FA Fo|A glutathione peroxidaset= hydrogen peroxide %}
organic hydroperoxidesd #9 #}4-& E3(ROOH + 2GSH — ROH
+ H20 + GSSG), %ksk 2Ed A9} free radicalss &840=2 WG
3= 7] Stk (Francesco R. et al., 1995).

Glutathione S-Transferases= °©]d& TAEH Q1 B4 AA
W W&ol Fofst=, T3 9oS dktfh(Ria MLE. et al, 1990). GST
+ mercapturic acid® FA = slF AR 7] GAR AHAA
718-& 'GSHel 234171 ¥kgS w0 (Ngo et al, 1994). GST+
dqessds F7HA71aL, 9ol E2E AARZIY, gUd 549 &
1 =4 E AEE FAdo F2 lipid,
nucleic acid hydroperoxides ¢} TF2 lipid-peroxidation® 48 A7

& 4 2ltHHayes et al., 1995).
22l e 54T ed=dd tid WolE veEhlH (Doyotte et

al., 1997), 2 9% A4 oz <3 28} ~E#H 29 biomaker® ©] &3

Aaksl G 4hE fEIs ko] of Foll YELy] o] Hel| A A A
Ef e W3 biomarkerZ Ab&Eo]d 4 glon Eo| EAjdlal
A HA B AFE 7 ke F8%F A 3o tH(Heath.,

1987;Geoffroyetal., 2004).



et al., 1993;Lemaire and Livingstone., 1993). L&} S &2 tjst
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Table 1. Chemical analysis of the freshwater used in bioassays.

item value
Temperature(C) 20+0.1, 25+0.4, 30+0.5
pH 7.50.5
Dissolved oxygen(mg/1) 8.1+0.2
Ammonia(ug/l) 7.9+0.3
Nitrite(ug/1) 1.1£0.4
Nitrate(ug/1) 6.2+0.2
Phosphate(ug/1) 4104

2. A4

A& o]= Ethyl p-aminobensoate(Sigma chemical, St. Louis, ,MO)
o2 ukx A7l H, heparine-Na(5,000 LU., Choongwae pharm. co.)
& AYF FAIE ARESke] v FAHl A X ek

A dHg ARt A8 F(Red  Blood Cell count),
hemoglobin(Hb). “%  hematocrit(Ht) S =4 5At. Had+ F&
Hendrick’s diluting solution©®" &8 1:2000 2 3)A3s I
hemo-cytometer(Improved Neubauer, Germany)Z ©]-&3lo] %3} 3
w7 st A Al kAt

g% Hbeiv AldsHa & 448 kit(Sigma Co., USA)E °]&
3}o] Cyan-methemoglobin® &2 =43} 2%, Ht<2 hematocrit =
Aoz s A3 F microgematocrit  centrifuge
(HAWKSLEY AND SONS Ltd., England)oll A 12,000rpme.2 5&3F
A4 B¥Ea, #E53(Micro-Haematocrit reader, HAWKSLEY
AND SONS, England) 2.2 439t}



A dHL2 4T, 6000rpme =2 587F A 22 s (MICRO 22R,
Hettich, Germany) &3-& 2|33t

ol 7148 Zr(calcium)S  Arsenaso MH-E, whid|4
(magnesium) =42 Xylidyl blue- I #-& AF&3}% v (Asan Pharm
Co., Ltd). dH 9 F71d& WsE  Fzstr] 95t T A (total
protein)3 FFF X2(glucose)d] WS FASI o 242 Biuret'H
GOD/POD®H S Al&3E A48 7] E(Asan Pharm. Co., Ltd)E AR
sto] FAZ}YY. A T 54L& 49 HIgE HY] ¢35
GOT(glutamic oxalate transaminase), GPT(glutamic, pyruvate
transaminase)E SAsA T GOT2 GPT# Reitman-Frankel'™{ 0.2
e b )

4. Bioaccumulation

delujote] 3k, olrbu|xAg AEFSo] Bl AFE3ATE 24 A
79 et digestion method(APHA, 1992)& o] &3}t x|

d Al eBAXVIE o8t g oY wH & AEds Ak

S

3ml®] HNOs(suprapur grade, Merck Germany)
o M3, 120ColA d& 7hste] ofe] W AAEAF . Akl =2l
T Al AxAZL AFEE 2% HNOs 20mle 718 membrane
filter(Advantec mfs, Ins. 0.2um)& ©]-&3] DE Yslo] HA3AT. As



o 4L =4 E@tzvr AFE47]ICP-MS, Elan-DRe,
Perkin-elmer Ltd)E ©o]&3le] 43 o, Ase 3|F&S doli
7] 913  CRMs(certified reference materials)Zi= ERM-CE278
(European Commission)s ©| &3tk =4 u 3F2 ug/g dry wt

2 F 83

b3 obvbml o] BmA #AS SAG] 9la alF ¥, washing
buffer(0.1M. KCI, pH 74 A&k 5, 72 A5 Fd3te] 44
Hl &2 GSH= 5% b-sulfosalycyclic acid(SSA)E o], GR, GPx
9} GSTE homogenizing buffer(0.1IM K2IPO4, 0.15M KCI, 1mM
DTT, 1mM EDTA and 01lmM PMSF)E ©¢]83¢] teflon-glass
homogenizer(099CK4424,. Glass-Co., Germany)= 233t v). 2
3t @ 24 GSHE -7 4TdA 8000gZ 103 A4l 3k5 o
W 9o BAe xS 12000g0. 7 258 7F A4 B¢ 3lo] (Miocro
22R, Hettich zentrifugen Ltd, Germany), A5 H-S 23 A 714

-75C(MDF-U53V, SANYO Electric Co. Ltd., Japan)ol H.33}%t}



6. A3hst A

6-1. Glutathione level(GSH)

|-=(GSH) & =2 Baker 5(1990)¢] wWol 9]3ste] FA4 =]
Atk A4S S AlEs GSHY 54 Al W7 W= proteing Al
517] $13}e] 59 5-sulfosalycyclic acid(SSA)ZE 3] 4 3}o] AL&3}4
ot 4A Az EFAHA00mM NaHzPO,, 1mM EDTA, 0.15mM

il
1
)

R
ol

DTNB, 0.2mM NADPIH % 1U/mL glutathione reductase, pH 7.5)%
HA7Fsle 33 406nmol Al 58 o] FA 39 Zenyn 200, Anthos
Labtec Instruments Gmbh, Austria). GSH &= A4S GSSGE A}
|3k s g e = A oH, B9l uM/g tissue®E  UER
ATH

6-2. Glutathione reductase(GR)

GR &4+ Beutler(1981)9)- & &3t SA4sth A Eo] ImM

EDTA”} ¥3r¥ potassium phosphate(pll 7.5), 2mM oxidized

glutathione(GSSG) 2 3mM DTNBE #H7pgit} vh&&o o A3

2mM NADPH®| 7t= Az3vh NADPH7E Ahstd SFEA2

(GSSGre #9499 SFEAZ(GSH 2.2 99421 $ DTNBe] ©]3}
Bl

FEFE 412nmell A 30% G E 4% < 54

£
T,
>
)
o
2
o
ME

3} 3L (Zenyn 200, Anthos Labtec Instruments Gmbh, Austria), 1

= nmol/min/mg protein® & F A 3} v}

_10_



6-3. Glutathione peroxidase(GPx)

GPx #Z4== Bell 5(1985)¢) #Woz 43 Aoz HO.E 714
2, sodium axideE catalase GAAZ AFE3ATY. A& 42mM
GSH, 5mM NADPH, 10U GSH-reductase, 10mM sodium azide 2
0.5mM EDTA7} 2%% 50mM Tris- HCI buffer(pH 8.0)& A&

7bsk B 58 ol 20T oA} #lekEtdTE S-S 25mM Ho0-8 Y=
Aol A2 E SleE. NADPH7E 4FshE| = B]&-2 340nmell Al 4% &<t
20% 992 E#HFTA(Zenyn 200, Anthos Labtec Instruments

Gmbh, /Austria)E o839 FAEINIL, 9= nmol/min/mg

protein®. & 3% A 513 T}

6-4. Glutatione S-transferase(GST)

GST &4 242 Habig(1974)9] W2 &8sl SAst). o

1

o,

#Zo] Al g 0.2M pottasium phosphate(pH 6.5), 10mM GSH$}
FE Yo Z3A7l H 10mM CDNBE FH713hc)h A 2oa 18

of\
i

o
i

uke- A7l 3 BAA A (Zenyn 200, Anthos Labtec Instruments
Gmbh, Austria)E ARE3Fo] 33 340nmoll A 58 FoF 30x 9=

=433 &4-8 nmol/min/mg protein®. 2 A3t}

_11_



6-5. Protein

#e] A2 Bradford(1976) W o2 FA 30T

R

ES e

N

m
o
rx
o
2

Bovine gamma globulin(Sigma, USA)& AF&3le] #

kst

7. w44 A4

S| Aol EA - HEyE SPSS EAZE r#(version 12.0

Michigan Avenue, Chicago, IL, USA, 1997)& o]&3le] ANOVA

testE AASH & A ¥ HAAL the HlA = Duncan testE AF-E-3}o]

Al

il

74 Aot Aol o] #2]44(<0.05)e Al L33 T
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1. Bioaccumulation
1-1. 7+

20C 7ol Al thx=T-¢bvlatste] BE F-F7lo A &7 o] #EE G
TF. 200ppbs S=olA 109 2099 #9] 3 W= ygubA 2o} 400ppb
oA =F7|zFol wlElste] 10Y B} 20U ol =
BCTAANE g7 vaLste] BE koA F49 o sk FIHt
25 9t} 200ppbet 400ppb-Fkoll A == 7] 7kl W] ¥ )
bttt 30T w=EA1Z 2 W 49 wgE e 2
228 ol vERTh 1099 209 BE FghelA 4 o] Skl o
Fwok vdEste #8438 SUbF veweh 3 20T 9 25T kR 3
0CelA 7 e &Aool At

in}
52
flo

Hl el w=Z:AIZL ob7be] W HA e ek SrkrE #EE AT 20Tl
w=EA171 debg]otel Al 1043 20l o) % F7Fssivh. 200ppb-7tel
AE ook varste] FalshAl F4o] #EE A @eko, 400ppbT-
ol A= F7hskdvh 25Tl A= tix+-9F vlaste] {2 & Wkt
#E ATt 30TolA = F2o] #&EATE 200ppb7-7Fol A= 72

_13_



Hlwdle] =718 welon 1093 200 =3¢ 2 xpols Kol &gt

o 400ppbr-3tell M= =E 7]k wEste] FIFsSivh obrbn| o A=

RE emggrel A FZo] thebyton] 20T 25Tl E HH e A
o]7F Bolx| e¥tort 30Tkl A Ak W2 ko] Wil ofAl el
4ol 5= Ao dEEA
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Figure 1. The accumulation of As in the-liver of tilapia, Oreochromtis niloticus exposed to 200ppb

and 400pph of arsenic at 207C, 25C and 30C in freshwater.
Vertical bar denotes a standard error. Values with different superscript are significantly different

(P <0.05) as determined by Duncan’s multiple range test.
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Figure 2. The accumulation of As in the gill-of tilapia, Oreochrontis niloticus exposed to 200ppb and

400ppb of arsenic at 207C, 25C and 30C in freshwater.
Vertical bar denotes a standard error. Values with different superscript are significantly different

(P <0.05) as determined by Duncan’s multiple range test.
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Arsenic =& A7l dHAdAe] WslE Ht(Hematocrit), RBC count(Red
Blood Cells count)®} Hb(Hemoglobin)& ZAF8StH Table 2).

Ht2k RBC counti= 20T 30CelA 10458 237 57kt ow,
25Tl A= 200 freldk S7kE uERd. F=EE 200ppbXitt
400ppholl A o] &-F7FE& Bt

Hbe- 20T 25Tl A= 20l F93 A7t HERleH, 30T =
e 2o v 1049 204 Felsk S7tE H.giT

2-2. dAF7NEE

dd F714d 89 W= Table 39 YeAT 334 W Z¥(calcium)

o yrE eny wETnhg fo s sAG dasgod v

E FA sEe L5 bl AR el B R ekt

vl 1Y ¢ (magnesium) 2] X2 W ® #AFHACE 209 FoF 25T
=ZA170 detgote] A W vbavlES FYAUA Ao o
TRl A= 1093 209l frolskAl ST T el AT W ste

2 Aol hehbA sk,

_17_



2-3. dA RV

o

Arsenic =% A3 vERY "Hepvlete] A RUAEE 2ARE T @A
(total protein)¥} &% 3= (glucose)E FAFsF9th. Table 49 vehd 2
Fof o] TPE EE 2%olA 10€3% 20¥ el /93 S71& Hou
sk wE Aol yEA dTh
FRIZE U279 vudle] 1090 RE % FelA FosiA &
7hskdvt. ZrE v 2099 400ppbel A & &k A a8kl e 30°C -3t
Me BE sE7kA AT YERs

ﬂJlJ

= AFdA 0 AEE "Helyete] dAH e A GOT(Glutamic
oxaloacetic' transaminase)2} GPT(Glutanic pyruvic transaminase)2|

35 @3 Y (Table 5).

= ogge wgor, 20958 300 =EA AgelN Y 2 F

A3 Wl GPTY ¥% %3 GOTS v$=3k okito] vebut AE
Aie m=E:7|Zko] Frhghel wet vl o®2 Frhstgl o, 30T =
EA171 detgole] GPTe Wert 713 aA e

_18_



Table 2. Hematological data from tilapia exposed 200ppb and 400ppb at 20C, 25C and 30C for 20days.

10days 20days
control 200ppb 400ppb control 200ppb 400ppb
20C  Hematocrit(%) 17.5042.08*  30.75+1:50° - 23.60+1.81° 19.20+4.20" 28.83+553°  30.25+3.52°
RBC (x10%mm’)  26.13+2.29°  47.67+161° 37.75+6.60" 2760385  49.6+307°  51.25+572°
Hemoglobin(g/dL) 3.20+0.36"  347+028"  3.230.20° 3272024°  2650.25°  2.66+0.25"
25C  Hematocrit(%) 2833+ 058" 29.40+114* 31.68+3.21% 29.0+1.41%  31.0+2.64" 33.33+152
RBC (x10%mm’)  43.40+844™ 3075x6.73° 32.38+4.50™ 42.30£2.17™  48.10+11.78° 51.60+8.93°
Hemoglobin(g/dL)  3.14+0.06” 2.8620.25" 2.71+0.19" 3.18+0.03" 2724019 2.28+0.71°
30C  Hematocrit(%) 18541.29° .25.0%1.73"5-.32.67£4.50° 18.0+0.82°  37.50+3.11% 38.67+2.08°
RBC (x10%mm®)  47.60+4.03" 46.00+2.65° 58.25%5.87" 49.67+4.04"  65.80+6.30 70.0012.73°
Hemoglobin(g/dL)  2.94+024°  4.012067°  3.96+0.72" 2820.10°  4.69+068"  4.09+0.43"

Values are means*S.E.(n=5). Values with different superscript are significantly different(P<0.05) as determined
by Duncan’s
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Table 3. Changes of plasma calcium and magnesium in tilapia exposed to arsenic for 20days.

10days 20days

control 200ppb 400ppb control 200ppb 400ppb

20C Calcium 11.85+0.10°  14.71+1.81% _1630+2.19° 12.1840.58*  13.84+2.03"  12.31+0.98"
(mg/dL)
Magnesium  553+0.38*  7.12+0.34" 6:60+0.82" 5.66+029* - 652+0.35"  6.60+0.69"
(mg/dL)

25C Calcium 11.11£0.97%  12.08+0.62® + 13.15+0.57° 10.86+1.46° 15.08+0.99""  12.20+0.43™
(mg/dL)
Magnesium  6.86+0.16"  6.81+0.36" 7.22+0.41° 7084039  6.04+0.17% 6.11+0.46"
(mg/dL)

30C Calcium 11.07+1.87° % 16.35+0.83°  13:25+0.83™ 11.7740.93% 13744048 14.92+1.85°
(mg/dL)
Magnesium 5.64+0.35°  6.97+0.40% 7.05+0.17 5.52+0.25% 6:21+0.37"  6.57+0.23™
(mg/dL)

Values are means*S.E.(n=5). Values with different superscript are significantly different(P <0.05)
as determined by Duncan’s multiple range test.

_20_



Table 4. Changes of plasma total protein and glucose in tilapia exposed to arsenic for 20days.

10days 20days
control 200ppb 400ppb control 200ppb 400ppb
20C Total  3.64+0.26° 414+0.11% 4140297 3724023 43940117 494+0.61°
protein
(g/dL)
glucose 85.73+13.0"  80.28+15.26™ 88.68+5.17" 82.76+8.60" . 90.30+5.60° 68.53+5.37°
(g/dL)
25C Total  3.73+0.14° 3.89+0.10™ 3.95+0.28° 363+0.14° 421+0.07 4.34+0.08°
protein
(g/dL)
glucose 65.50+7.87° 97.94£2053"  96.96+13.33" 61.78+9.82°  104.84+1953"  63.79+5.79"
(g/dL)
30C  Total 3.72+0.12° 4.18+0.16" 4.12+0.25" 3.72+0.14° 4.4140.24 4.12+0.25°
protein
(g/dL)
glucose  83.78+7.94% 111.67+11.97* 112.71+28.16° 84.67+6.38° 60.52+862%  60.06+9.02°
(g/dL)

Values are means*S.E.(n=5). Values with different superscript are significantly different(P <0.05)

as determined by Duncan’s multiple range test.
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Table 5. Changes of plasma GOT and GPT in tilapia exposed to arsenic for 20days.

10days 20days
control 200ppb 400ppb control 200ppb 400ppb
20C GOT 38.52+2.00° 61.47+11.90° ~71.98+17.06" 37.29+1.64°  67.53+0.94 90.13+7.59°
(karmen unit)
GPT 26771197 32.09+2.40° 31.33+2.30 25.26+365"  36.18+2.68° 4451+1.37°
(karmen unit)
25T GOT 54.68+10.17%  53.68+2.30% 53.28+4,33 49342469 | 8580+1096°  87.80+2.31°
(karmen unit)
GPT 23.19+1.96° 26.75+2.26° 29.20+1.06 22.79+1.74* | 45.15+3.17° 57.96+1.88"
(karmen unit)
30C  GOT 38.82+3.80 40.08+5.88 61.96+0.31" 40.83+4.15 72/71+2034°  115.99+19.86°
(karmen unit)
GPT 19.17+2.92* 29.29+3 51" 42,08+3.99° 90.77+3.40" 42.99+4.61° 51.71+5.50°

(karmen unit)

Values are means*S.E.(n=5). Values with different superscript are significantly different(P<0.05) as determined

by Duncan’s multiple range test.
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Figure 3. Glutathione level in the liver of tilapia, Oreochromis

niloticus exposed to the different concentrations of arsenic
at 20 C~in freshwater.

Vertical bar denotes-a standard ‘error.

Values with different superscript are significantly different

(P<0.05) as determined by Duncan’s multiple range test.
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Figure 4. Glutathione level in the liver of tilapia, Oreochromiis

niloticus exposed to the different concentrations of arsenic

at 25C+in freshwater.
Vertical bar denotes-a standard ‘error.
Values with different superscript are significantly different

(P <0.05) as determined by Duncan’s multiple range test.
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Figure 5. Glutathione level in the liver of tilapia, Oreochromis
niloticus exposed to the different concentrations of
arsenic-at 30°C in freshwater.

Vertical bar-denotes a standard error.
Values with different stuperscript are significantly different

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

_26_



0.5

I control
i a 1 20-200
a I 20-400

o0

0.4

| i

0.2

a

glutathione level(mmol/g tissue)

0.1 \\

0.0 - .
10days 20days
Figure 6. Glutathione level in the gill of tilapia, Oreochromis
niloticus exposed to the different concentrations of arsenic
at 20C.in freshwater.
Vertical bar-denotes a standard error.
Values with different stuperscript are significantly different

(P <0.05) as determined by Duncan’s multiple range test.
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Figure 7. Glutathione level in the gill of tilapia, Oreochromis
niloticus exposed to the different concentrations of arsenic
at 25°C.in freshwater.

Vertical bar-denotes a standard error.
Values with different stuperscript are significantly different

(P <0.05) as determined by Duncan’s multiple range test.
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Figure 8. Glutathione level in the gill of tilapia, Oreochromis
niloticus exposed to the different concentrations of arsenic
at 30C, in freshwater.

Vertical bar. denotes a standard-error.
Values with different superseript are significantly different

(P <0.05) as determined by Duncan’s multiple range test.
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Figure 9. Glutathione reductase activity in the liver of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 20TC in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 10. Glutathione reductase activity in the liver of tilapia,
Oreochromis niloticus exposed to the different
concentrations of arsenic at 25C in freshwater.

Vertical bar. denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 11. Glutathione reductase activity in the liver of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 30C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 12. Glutathione reductase activity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 20TC in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 13. Glutathione reductase activity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 25C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 14. Glutathione reductase activity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 30C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 15. Glutathione peroxidase lactivity in the liver-of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 20TC in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 16. Glutathione peroxidase lactivity in the liver-of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 25C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 17. Glutathione peroxidase lactivity in the liver-of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 30C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 18. Glutathione peroxidase lactivity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 20TC in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 19. Glutathione peroxidase lactivity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 25C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 20. Glutathione peroxidase lactivity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 30C in freshwater:

Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 21. Glutathione S-Transferase activity in the liver of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 20TC in freshwater:
Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 22. Glutathione S-Transferase activity in the liver of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 25C in freshwater:
Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 23. Glutathione S-Transferase activity in the liver of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 30C in freshwater:
Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 24. Glutathione S-—"Transferase activity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 20TC in freshwater:
Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 25. Glutathione S-"Transferase activity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 25C in freshwater:
Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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Figure 26. Glutathione S—-"Transferase activity in the gill of tilapia,
Oreochromis niloticus exposed to the different
concentrations - of arsenic at 30C in freshwater:
Vertical bar denotes a standard-error.
Values with different-superscript-are significantly different

(P <0.05) as determined by Duncan’'s multiple range test.
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2007), Lannig et al. (2006)2] 1ol A = o]¢} w2 Cdoll =&A]7]
oyster?} thE bivalved] ¢ <% 4 2A #A7F ok o

@]
o
Bty emeh FAd Bd AT A o

w5 JUACE ¢ WS eEn A s &

K

1898 #AE FH2
time-dependent®} =& FTod TR =F Fof 7be3tH, Ed
organ-specificet @ A AAZ =0 Rl weby detd 5 )
TH(A.S. Cherkasov et al., 2007;C.M. Liao et al, 2005). & <d-7-olA]

= 2A3F A9 Aol BAT A qurt objulel o B e



w7l AW oprln] U & As A el &4 Y
X

3 5E NF YD 4TRSS qun dnel g sew
A7 # o (Oladimeji et al., 1984). H3F of7lm|oA ko= H| A7} &
FHRE o ostrld ©§ Be ¥R wazt 49

]_
th(J. Cairns JR et al, 1975). FA9 =& 59 =% =
wol oprtulelA vE 2AEY ¢ w2 H48 Hlvs d A3
= Has ot Reynders et al, 2008). oA dAFoAm 7d Fot
1ppm] H] 2ol waterborne o2 = A7l Go}y|ole] olrfulo]a] 7k
nuh o g2 doasse] vugth uFd a5Ed T a2
a

o] rainbow . troute] o}7fnle] A= AHFE ALstaE M

6]

tilapia®] ‘obzmlel 7Hde7dek AdE S shxivkeE Batzh Jvk(Tsai
and Liao., 2000). o]&}F o] AUl 48] Aol= Hlae] &4, X,
AA Wl #HE wEAFE 295 &lE, A d el weE vkt
yUeld 5= A tH(Soundararajan et al., 2009).

oAu gk g2 Wl 2EHES] FAH) alew aEHY
o|Z7 02 plasma-substrate ¥%9 WEe A S R ;e W=
AR Ak ofarollA w7 FrlEae 4 v EE EFse

Sl d x| Fi= dukd o7 =L stress indicatoro] AF o] Foll A T}k

= kY HAye dAsty ARE WEAE F o, o
o} A o] wekS A A 3cH(Ishaque et al, 2004). @ HsHE g3 e
oAl A HA Edd ==HIAES u Ayt Wakek oA gx
A7l duE SA4s] gt AEHASH(Suvetha et al,
2010), Hbh, RBC count®} Hteo] Y F7p8h= B Ee] ey
(Mattsson et al., 2001). RBCE 9 %4, b4, =¥ &3} carbonic acid
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gas® S53a WZen ot WAW "o 4AYEL wsti

)

il

=& A golth

Aol A mlie mEE Aol dvtEAby dEyaE w2 E
7|13kl wel FobekE S UEdIdY ey s eI 2Rle] A
20T 9 25C=EAZ 7oA 20dol #Zasdtd o, 30CTFH =
<78k th. Hematocrite 7] B4 =% $ #AastsE Ao] 9
o A H#E5 =% Fde FUrske Aol JrtHWilson and
Taylor., 1993). 5% of o]gk oAt W= oy =il

iy

==
A2 ATk vls=sk AakE UEFHTH(A. Larsson et al, 1980:.].
Drastichova.“ et  al, 2004;H.D. Smet and R. Blust, 2001;C.A.
Oliverira/ R. et al., 2006;Heather ‘B 2006;G. Federici ‘et al., 2007).
B Ao A hematoctit, RBC count®t hemoglohin® W= W] A7}

ob7tm 8] 4 oFIAA ol =2f e dFe M Ao=

A7t o579 ofZkrlEgLe opbH] VTS AATIA o2 1)
of 7h2 wghbr]Epo] ks ol el o AhA AP S FEskY, o
o] gk red blood cell systemo] 4 2] compensatory responsel @ H-
S5 A E AEEkz] flE o dl e eHes S A3
Z Alg 9 e v4aE AEH A ure o7 RBCY swellingd &

7Fel 4 &S 712 (Nemesok and Boross., 1982), o]#3F 1% 3
nfEAE O FUtel FRE 7|F ASoE AZAArE 2 Aol A B

W2l &% dlRazdle] ¥l S ga AR gEE
Art S EFEHE Y Z7}E arsenicol] 98 =g oz WHAR IR

=279 replacement?} 4 A4S FH37] Hg FUE AL

2 B v E IAEFEHE FAE H AR 203 haemopoietic
processes®] ol uEld = vt dlRE RN o WEEs o
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F TV AEHLE QI tEEH Yoy ZEEAH R R R
o] &7k} A#o] ¢tHKang J.C. and Min E.Y., 2008). &3l ~E
25 537 5k oy A] thate}t o Fo] WASEEH oy A A}

ATHS. Lavanya et al, 2011). =% 7|7to] ZojAFE plasma
glucose®] A+ H|AZE 3ty AXH ©@5gEe HEd o §9
Ayt = Az v (Bhattacharya et al., 1937).

GOTsF GPTE Mz 3 TAXESAe] AxZ AREH o 5 oH,
ol#| gk JAe FUle b EAolG AL ZdE B 4 dtH(Yang
et al., 2003). i AFollA R Ul \GOTe GPTH 1047 20d o #
T3] SU7bekA T A FelA AL dlo] EAc e Fae do U
7t A SHo =& Qs 1+ &4 2= AZLEU(S. Lavanya
et al, 2011). €wtd o = GOT7} § o] Z7}akx| gt WAl PAE &=
el Aeele GPTZF ¥ %2 1457k Estth GOTSF GPTE A9
7t F AN GRbgo R 2EYER Q% vkgow B 5 gl
o™ (Roy et al., 2005), HlAxZo 23k P ¥ APEHS FRdE
ko) Al el g4l AF3ks Wk ol (Limuro et al.,1998).

EYAE {FE3+= pro-oxidante}
antioxidant &34 ¢ g3 Aol 9Ivh(Shila et al, 2005). T+

& wEHS XT3 oy BAHEAY 93 free radical®} oxidative

=
B>
b
e
g3
lo
[-4 (]
it
oX,
rlo
2
L&)
[>

stress 2 WS-8 experimental rats®}  freshwater  teleost,
Oreochromis mossambicus, tilapia®} goldfish(Carassius auratus

gibelio Bloch)s oA A5} FTHSoundararajan et al, 2009). ©
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& AFoA  Ho]F50] arsenic compoundsi= reactive oxygen
species(ROS) =, superoxide anion radical, hydroxyl radical®}
peroxyl radicale] /S FIIsFo =z A ¥ &4 £UaL Wy
o] tHBurdon et al., 1987; Blair et al, 1990). Sakurai et al. (2005)
9} Sculiga et al. (2002)el 4] A% A0 arsenic =F Al AH3 ~
Ef ol ek M¥eol AL GRY GST #Z2 GSH-related
enzymes® /3¢ W3stel GSHE skt s el 3o GSHE $
A A v&kel A W Wsle  Fed JEEs (]
Ventura-Lima et-al, 2011). GSH level2 A &AW ol A
Al Bl EEEEs UedlE 838 A gt dake Aol Al free radical
scavengerél GSHS F7F4 7] A& ilepitt. GSTe Zvf =-go} g
o GSHe HAAV|IAE 3023 B GSHE kst 7= 4A
S BA AHA o free radicals®t WFS-3THY. Sun et al, 2008).

=
==

=

e
=

ofN
b

ole} o] GSHE redox reactions fA3lal ROSSE 9914 E4&
Holgli=d 23 9shS o (White et al, 2003).

oAl A 10ell Et obrkw] o] GSHFERES] WStk #E A
Fakov 20del BRe RN AEe 9kl GSHAAE Hlth
o= 20l MAe] HA4o] FvhE Aem AW nie o A
HH21 2l oxidative stress WAL o] ®IE7sA S UERAT . d ol
wEF Al ofFedA GSHe #Aarl Haso] glouvj(Afonso et al,
1996;Yuanyuan S. et al., 2005;Federici et al, 2007) W AFFEo =
Z MNolx= GSH¥ %9 #47F Had vk 9JvR(Stohs and Bagchi.,
1995;Valko et al, 2005). ¥+ &3 & %9 Hlid S4 =&
Al datAow GSHES #HAE  f-=3cK(Bhattacharya A. and

Bhattacharya S., 2007). /3 =% A GSH7} 5713k Bk glow



Fx8 4 (S, Lavanya et al, 2011). €14 &= WA =%
71Zke] ZoJAH 43 A~E# s WSO 2 adaptive mechanism©] -
HA oA el A ARgE= GSHYEH GSHA 9 Eatd o] TAsta
o|Z glsle] GSHE o] #ad 4 Jrh(Kang J.C. et al, 2010). &
g Hlaoll AV wE: A AALHHE FAAAAH ATPAA 7 &

Jo F=u) ol GSHe S A7 aAkst &S =W AA

= A7 =F A w29%9) oxyradical®] A ¥ free radicalsE Al
Adl= 58S A5HAl 7] oxidative stress-related damageZ =39
tHElia et al., 2003;P. Kabitha and J. Venkateswara R., 2009). GSIH
system< oxidative  damageE Wo{s}= redox cyclings %3kt
aEy m) A HA7|EexFE Al redox cyclings AFEdE cell
signaling-& 4] A7} redox statusell GBS 7| A AE 7)o W
3= 7tA vk w3k 22 U necrosis®b apoptosisol] &3 A EALE
=3t Ramos et al., 1995;Skurai et al., 2004).

2 Aol A GSHE =S #Haw oA ol S7kd v&eke A
gk Agk A AEYAE Fol7] 9t ARHA

=
H Aow Helth GSHY =& %4 Yol =718 vl &9

oX
)
r [0
=
B>
b
rHe
hu
3

0.
@]

A

@)

]

o,
=5
o]

lo
%
2
LS
ofp
)
ol
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glutathione- & 7149 EA& ZelyE Aolgtal YEeERH S Y.
Sun et al. (2008)91 4 GSH| # A7) 2E#H A0S 93k 28 7]
del a4z HEusigdrh 2 dFelAE GSHeE  GSH-related
enzymes® W3z w|Fo] Hol wAz 3 o] 289 FIE A
Zyslo] Zvh o= # AFelA d7¥ GPx9 GR &4 #HAE 3
e 59k GSHYE GPx &84 49 7|2z gy v
GSHY2 GPx&4e Ao FFE Tk d77F asdd
(C.B.G. Ruas et al, 2008). %3 GSHE A d&& 3= GRY &
d7 42T GSH a9 9ol 2 4 AtHG. Atli and M. Canli,,
2010). T3 e A7]e] #Zad AXd GSHE =9 GREALS
ATHP,  Kavitha and J.
Venkateswara R.,. 2009). ¥ = fltollA 5% glutathione
reductase(GR)S A2EH 2 374 ol A Al ] GSH/GSSG 3342
FA3H7) 913te] GSSGE A A 7]= 583 s ghr)
Glutathione peroxidase® H-0:5 +3l5te] H.0¢F 0.2 wHE=U
GPx7} &€ ¥Hdst7] 9siAE GSHZF # 8t GSHE GPx7F
Wikt A s BEalskE Aol A GSSG= WSl E T GRell o3
A oAl 3 E o] GSHE HEo{ A& cycled o] FUH].S. Lee et al,
2008). 2 Agol A 7+ U] GREAL 20TE AL} BE 25 F3h
A 1093 2090 FAAskelew ofrbu] dol Ak 10¥e el ow
28kgivh GPxe] &4 S GRI W=d e Btk GPxE
P el A 10Y 5B A ow ofbrbn] el A= 1093 20 3

>
b
i

=X
ol
=)
2
)
_\7\_1‘
o,
o
do
ki
uot
)

ot

|

Nl A gakst wolmAl GRS GPxE]al GSTe| &4 e #a
I8, o= wmE I A aEal 246wl gEA debdy

(ld
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(Maiti S. and Chatterjee A. K., 2000). Arsenite= sulfydryl groups
o wkg-she] W e) x4 MYS frstal(Wang et al, 2004) ]

AL @ 345 BN HAKter et al, 2005). HE3, W49 =

(ALA. Rageb R and B. Matkovics., 1988;]. Ventura- Lima et al,
2007). Ax %9 v 2o Clarias batrachusE =% A GREA o] A&
3l

) o™ (Battacharya A. and S. Blattacharya., 2007), 2.5 ¥ &

sl delajole] Ry ol rtwmlo Al Awdk ko] GREAH S ATV ML
At Afonso et-al, 1996). H3F cadmiumeol- 3t == 2171 2}y

ol M= & Aol HIHUTHX. Zirong and B. Shijun., 2007).

oA GPx &4 o] Sol A= A g o] AT

oA HiuEow E3F], Ahmad et al (2004)2 ¥W=ao Anguilla
L

o] LAEAd @77 eFH] A S wW GPxBA o] T8

ko
ne
e
S
=,
tr
n
i
2
1l

oJu st} GSH level, GR' 28] i1 GPxe) 71+ 3283l 4H3}
2EHAZRYH HZ3Y AR B Aol A yERY GSH level,

GR Z1¥]3 GPx&4 e #a+ compensatory enzyme %7} dojut

>
a2

o3
=2
2

SFAEYHAZEE AAUNE KT ¢ §e F3 5 oA
Ul e s e § 9tk GSHe =9 WEE 20T9 25T
TZF vk 30T ztel A v =2 A verwvl 23 GRI GPxEd 9
HslE GSHS 22 48 Bodvh Aoz &0 F7istd &
T W=7 FUbskaL o] ® <lste] HlA FFE UhEE AE ol

Copper®d 4% A220C)HTF a2(300C)olA 719 AbA Av|=
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¢lgte] =Ado] Frbetlvke A7k ward vk 9l e H(C.S. Carvalho
and M.N. Fernades., 2005), &%} HlAg5E7l 7152 HALE O
7ttt d7% HaE ol (Bryant V. et al, 1985). ¥ -
AA vEbd GSHE =9 GRy GPx#/d 9] Wate 2w vAas4
Adgo] A& ASRE ARHW, v ASAAH 259k A A
o @2 A7 das Aoz Azbdr,

GST+ multifunctional molecules®] ™, phase 1[I  xenobiotic
metabolizing enzyme©|t}. F53 GSHel 23S ZvjAl7)= 9es
sto g AXE HI3 G (Townsend and Tew., 2003;Pellerin M.,
1994). J. Ventura-Lima et al. (2009b)2] ¢1tol A H] 4ol w=ZF4H
commom' carp( Cyprinus-carpio) | A= =4 7+ t}& AL g Ao HE &
VERITE 2 A6l A e GSTHEE (3t oprbu| ol A oh& A
& WA AT 1087 20l s AAsE AgE UE
o o7t M E R E SEFREelA 1029 209 718kt
olF HlA FASEFEH&AS BTy 93 7 JFEA dEfo=
015t Z o 23 olH(]. Ventura-Lima et al., 2011), °}7}n 1t} 7ol
oxidative damage©l. Wgsk 7|Ao 2 Ab@Z ). A. Figueiredo et al.
(2005)2] Aol A paraquatd] ==A]Z tilapia® 7+ W GST#H A7)
AR o™ Y. Sun et al. (2005)ANA % 22 A7 BHars Q)
GSTe =4 =4 Edd iz Aol A4 43S v
(Faton et al., 1994;Hayes et al., 1996;Hayes et al, 1993). GST&= %
< ofFdA Qs Ee =S W SIS 5 Jdow o=
sot4 ez Wi 4§ ¥wgoer B 5 lvHHayes and
Pulford., 1995). ZLeju} GSTY @A 4Av 2 dE4 ofsh &g 4ka

F 27k Agz B 4 Qov, 4g aEds AR s ¥



& Agee BAVIASRE sty ARSI AL wo] AgomA FaA
& FEIIAIN, =& 7]zbo] soldE A7 oxidative stressv A
3t £ B 9hE-9 lossE Qlste] aad] Aol dAE 5 vt

(Y. Sun et al, 2005;Livingstone., 2001). =23 23tE8 4 E73),
GSTee] Aol gk =8 ol Hiuxo 9l
Ventura—Lima et al., 2009a;]. Ventura-Lima et al., 2009b;Sanchez et
al, 2005), ¥4 =% organismolA GSHeFES] i thekst
GSTEAH 9 s Fukdt(G. Atli and M. Canli., 2010). ©|¢} 2ol
GSH$F GSTe HFxdAlel #3 7= wol-olFo]A4 ArHY. Sun
et al., 2008). O.V. Lushchak et al. (2009)8] <15-ol A chromiumol
==A1Z1 goldfisholl A GSH gtk GSTY a7k #E=gloH, 7t
e =417 €#3ole] 2k Ul GSHel GSTY HA4ak Hialxo
ATHX. Zirong and B. Shinjun.; 2007). &3k Regoli et al. (1998)2]
ATNANE GSH3FE GSTEAES #art @AY 28y
mercury®t copperd =% musselol A GSHE L2 #H42 GSTY
Aol =7e ¥zl 9l oW (Canesi et al; 1999), P. Kavitha and
JV. Rao. (2009) oA = &&} 3] o} o) of7pm| 1f-GSHS| 749t GSTE
2 gAY S BRI

B dAFoA Hla= ofF9  hematological, biochemical®}
enzymological profiled] 22 FFE 73theE AL & & A4 ®
g vl A AStAEdAE st ol XA uhE tE FEe
2 Uedth 2 AR 2R wE 549 s dtbsiAe W
E AHHEgon olE vlid w=EH o

Tk 3 AESHE A F= fieldd A 440 ZUEE Al @5

o]F o] BlAaEAde] A4l biomarker®= A o] Abgo] Thgsirtal Al
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29t GSHeF GR, GPx 12l GSTe A5 @70] 43 A
e 9

= o] ol%olA Qou uvh A% aAse 749 A
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