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Toxicity and detoxification by combination exposure of cadmium and

ascorbic acid in starry flounder, Platichthys stella

WON TAE JUN

Department of Aquatic Life Medicine, The Graduate School,

Pukyong National University

Abstract

In oder to determine the detoxification effect of Vitamin C derivative,
L-Ascorbyl-2-monophospate(AMP), Starry flounder, Platichthys stellatus (mean
length 19.87+0.21 cm, and mean weight 139.47+1.41 g) were exposed for 4
weeks with the different levels of dietary cadmium at 0, 40, 80 mg/kg and 240
mg/L and L-Ascorbyl-2-monophospate at 0, 200, 400, 800 mg/kg. The
accumulation of cadmium significantly increased in organs of P. stellatus and
the highest accumulation was observed in intestinal tissues. The growth
performance of P. stellatus was considerably decreased. In hematological
parameters, the RBC count, hematocrit, and hemoglobin were significantly
decreased, and the notable alterations in plasma components such as calcium,
magnesium, glucose, cholesterol, GOT, and GPT were observed. The dietary
Cd exposure affected the hematological parameters and growth performance of
P. stellatus, and the high concentration of AMP supplementation was
substantially effective to attenuate the toxic effects of the Cd exporsure. In
antioxidant, The SOD, CAT, GST activity and GSH level of liver and gill
were considerably elevated by the dietary Cd exposure. As a vitamin C
derivative, the high levels of AMP supplementation attenuated the increase in

the SOD, CAT, GST activity and GSH level.
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A ArstEAIRE AL 2EYAE fFEcte 553 29T 7 e a9
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HlE}71C(ascorbic acid, AsA)= tHEo] =4 TE9o A A3y
Al 7lsol EFAQ mEF Aotk (Ren et al, 2007). sHARF o] F=
AsAgA o #o]sli= L-gulonolactone oxidase’} §17] uwitof A Aoz
AsAE &4 & o mepA oA AR o EFHHDi Giulio and
Meyer 2008). AsA+ ROSE AA & + A+ H3sk itkshA 24 (Bae
et al, 2012) ZZo| w3 A5z &S 7HAA 7] H(Dabrowski, 2001;
Khassaf et al, 2003) A%, AEE, =479 & A (Dabrowski, 1992)9]
E8S Fu AHRo=A 2R Zg4d $Al(Cavalli et al, 2003;
Hunter et al., 1979; Lightner et al., 1979) 18|11 44 ~Ed 2 Q29
that WA (Agrawal et al, 1978; Ishibashi et al, 1992; Merchie et al.,
1995), W ¥F-S-(Lin and Shiau, 2005)% 2<& 7| Ao #osto}, T3k HlEL
WES AT e tE FQ2 345 A 9 redox recyclingoll = F Q3% o
& Soh(Bruno et al., 2006). SFAIRE A wEA Q] L-Ascorbic acid®] 3 EH =
A st AR AR e A HAo A d, e ==97] Wi
2o Aol &£449 4 Auh(Hilton et al, 1977, Lovell and Lim,
1978; Soliman et al., 1987). Shiau and Hsu(1993)¢] < Ao A=
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FreAls Akt Aol v delA Ak (Tolbert et al, 1975). AsA
FEA &5l st AFZA I A= Penaeus monodon®] AsA ST-FE
=ZA7)+= AMPe] & 59| L-ascorbyl-2-sulfate®] 4¥jZ HEF o™
(Shiau, S. Y., &Hsu, T. S, 199%) ©& ATFZAH=Z AsA Q0]
L-ascorbic acid: 2000mg/kg(Shiau and Jan, 1992)¢] & WhH QlAked
T4l L-ascorbyl-2-polyphosphate(APP)= 210mg/kg, AMPE 40mg/kg
7HA] 7 At (Shiau and Hsu, 1994). Matusiewicz & Dabrowski(1995)<]
AFAo] oA o]F = Oncorhynchus mykisss ol Z3&A &4
3} alkaline phosphatase’} ascorbate phosphate hydrolase® 2}-& 3}
243t AsAE Al & Atk Bagk vp vk o] H 3k A-A I
E Hgorg B dAvoAe Jt=g A diE iE=d =2 AsAY ¢
2k A 21 L-Ascorbyl-2-monophospate (AMP)E A}-83}$3 T}
ool s ¥4 o] flar AF210°C)eNA el 7hsst &
A% st = o] Thesttte ol ow < THE Yol Bol H
1 e A E gAE F de oF T stHolth(Kim et al, 2009). 3l %
AL 9olA AsA9 AAE fFEAC wE AA W &4 channel
catfish(El Naggar and Lovell, 1991a,b), tilapia(Soliman et al., 1986; Shiau
and Hsu, 1995), rainbow trout(Miyasaki et al., 1992; Cho and Cowey,
1993; Dabrowski et al., 1996), yellowtail (Kanazawa at al., 1992), parrot
fish(Wang, X.., 2003) 5¢] o]FollA A% vt AAR il )
Mol dAs F53 Aotk AsAe] a2 ofF, A=), AL e
Abs27d 5l 2 GEAIH (AL et al, 20060 AsA FEAE dHbH o=
AEvttt I o] 8ol thE2tH(Wang, X at al, 2003). whefA] 2 Ao A
= Zegd e Jt=F Ao uE L-ascorbyl-2-polyphosphate (AMP)2]
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Table. 1. The chemical components of seawater and experimental

condition used in the experiments.

[tem Value

Temperature (°C) 12.0£1.0

pH 8.1+0.5

Salinity (%) 33.5%0.6
Dissolved Oxygen (mg/L) 7.2+0.3
Chemical Oxygen Demand (ug/L) 1.17+0.1
Ammonia (mg/L) 11.5+0.7

Nitrite (mg/L) 3563
Nitrate (mg/L) 11.43+1.0




AR B e Table. 20 YERAAT. AR = @tdebd 59
FAATE 2% sASAHS AFAEAA AR FEve] S Vs A
£ "gor Aruele gFagel gtH AT V1R AR
white fish meal 62%, casein 10 %, dextrin 19.42 %, fish oil 2 9%,
squid fish oil 2 9, carboxymethylcellulose 1 9, vitamin Premix
(AsA-free) 1 %, mineral Premix 1 %, coline salt 0.5 %l 7l=% >~
29 AMP Zejujas z} 3o A wkol v st Jt=d
Y aE JMEF 10gy AEZ 02 340gS e 39z HA FAd S
S AzFsgey Jleg TR wmE 3TF AR XTH HA Jl=
" §LEc 0, 40, 80 mg/kg c°Itt. AMP =ZgHXie

L-ascorbyl-2-monophosphate 50g¥ A&=2 2 » 450gs &§sle] 3YzH

b
o~

Ha A9lE T3 ARSHAL™ AMP F=o] mE 4% 7] ARl ¥3d

EoUA 2adee Are ez vEz & A4S F ooild B HolA
WEPH R gEQth wEold MES BirIE W o ALl d ¥
Aol A 48A1F AxAZ T A E Alse AF d7bA -20°Cel A B

At 3l standard curve® ICP multi-element standard solution VI

(Merck)E o] &3} t}.

10



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

Concentration (mg/kg)

Ingredient (%) MO MO MO MO M4 M4 M4 M4 M8 M8 M8 M8
VO V2 V4 V8 VO V2 V4 V8 V0 V2 V4 V8

White fish meal 62 62 62 62 62 62 62 62 62 62 62 62
Casein® 10 10 10 10 10 10 10 10 10 10 10 10
Dextrin® 19.42 19.42 19.42 1942 | 19.42 19.42 19.42 1942 | 19.42 19.42 19.42 19.42

Fish oil' 2 2 2 2 2 2 2 2 2 2 2 2
Squid liver oil® 2 2 2 2 2 2 2 2 2 2 2 2

Carboxymethylcellulose® 1 1 1 1 1 1 1 1 1 1 1 1
a-Cellulose’ 1.08 0.88 0.68 0.28 0.94 0.74 0.54 0.14 0.8 0.6 04 0

v l(t::; fi:: B 1 1 1 1 1 1 1 1 1 1 1 1
Mineral Premix’ 1 1 1 1 1 1 1 1 1 1 1 1
Coline salt" 05 05 05 05 05 05 05 05 05 05 05 05
Cadmium premix'! 0 0 0 0 0.14 0.14 0.14 0.14 0.28 0.28 0.28 0.28
AMP premix'? 0 0.2 04 0.8 0 0.2 04 0.8 0 0.2 04 0.8
Total 100 100 100 100 100 100 100 100 100 100 100 100

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

N e o s W N

. au-Cellulose, Sigma, USA
8. Vitamin Premix (AsA-free) (mg/kg diet): dl-calcium pantothenate, 368:;

Choline chloride, 10; Inositol, 400; Menadione, 1800; Nicotinamide, 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; Calcium iodate, 0.75, Magnesium Sulfate,
80.2; Aluminum Hydroxide, 0.75

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

11. Cadmium premix (mg/kg diet): 28,000 mg Cd/ kg diet

11



12. L-ascorbyl-2-monophosphate premix (mg/kg) : 100,000 mg AMP /kg
diet (MO: Cd 0 mg/kg, M4: Cd 40 mg/kg, M8: Cd 80 mg/kg, VO: AMP 0
mg/kg, V2: AMP 200 mg/kg, V4: AMP 400 mg/kg, V8: AMP 800 mg/kg)

12



3. Bioaccumulation

methodZS ©] &3] 65% NHOs;(Merk, 65% ulta pure)® £aAZl & hot
platel A 120°CE A 71x= A|AHTh o] B4 F7i=o] g =& € w7t

A WHEEAT. FrlEe] ¢ EIE AEe 2% NHO3o 2 &3A1A <
2 3ol 0.2 yum membrane filter(Advantec mfs, Ins.)2 ZH# T 49
A&k th. ELAN 6600DRC ICP-MS(Perkin-Elmer) 7]7]& o] &

B9 FqfEFES BAEH I standard curve® ICP multi-element standard
solution VI (Merck)E o]&3sttt. =4 ME Ul 71=F <42 mg/kg dry

wto 2 e At

13



4. Growth performance

(Daily growth gain), ¥ A5 (Daily weight gain), B]WF:E A4
(Condition factor), +% % A 4=(hepatosomatic index, HIS)ES t}e-3 79|

=4 s,

— Daily growth gain = Final length-initial length/day
- Daily weight gain = Final weight-initial weight/day
- Condition factor (%) = (W/L3)x100

(W = weight (g), L = length (cm))
- HIS = (liver weight/ total fish weight) x 100

14



gl MZo] = Wx &7 9d] heparin-Na(b000 LU., <A 2k)7t A
¥ 138 FAZIE AREEe] W F-A ¥ (caudal vein) &= H-E A & A T
A Yol A total red blood cell (RBC) count, hemoglobin (Hb), 18]
il hematocrit (Ht) @2 €} 8 & SA 4330
total red blood cell (RBC)< Hendrick's solution&. 2 400u] 3|4 A1zl &
hemocytometer(Improved Neubauer, Germany)Z ©]&3to] F3stan] 7 o
2 Algste] gAl Asbsltr. Hb 5 %=+ Cyan-methemoglobin technique
= o] g3 AE kit (Asan Pharm. Co., Ltd.)E AF&&] A3t Hte
microhematocrit centrifugation techniques ©]-83}11l microhematocrit
capillary tube W= d XL Eo}lA microhematocrit centrifugation(Model;
01501, HAWKSLEY AND SONS Ltd, England)® 4°CelA 53t
12000rpm & =2 A= < = 7 (Micro-Haematocrit ~ reader,
HAWKSLEY AND SONS Ltd., England) &3] 5743t}

ANHAS dHE TR, F718E, £288E 457 H38 4°C, 3000g
ANA 5E7F FAEEAIA @HoR ] F BAAA] - 75CH B A
o F7I-dE ZE(Calcium), vF2Yl%F(Magnesium) % 20 ZES
o—cresolphthalein—complexon  technique, vl 1] F xylidyl  blue
techniques ©] €3 948 kit (Asan Pharm. Co., Ltd.)E A}&3lo] A
sttt 7144890 A (Glucose), T A (Total protein), TZd~H =
(Total cholesterol)s ¥4 GOD/POD technique, =% 22  biuret
technique, &= d 2~ H =< Enzyme techniqued ©]&3F Ad4&

k
Pharm. Co., Ltd)E Ab&stel ZEAsan. €3 o ssgyozt



glutamic oxalate transaminase (GOT), glutamic pyruvate transaminase
(GPT)E Reitman-Frankel techniqueg ©] &3t A& kit (Asan Pharm.

Co., Ltd)E AH&3to]l Z41skait.

16



dakst 540 S BAsH] 98 Aol A 3 obriw x4
S AAEAk. AAE %28 washing buffer(0.1M KCl, pH 7.4)& A%
5 7F, ol7kwl o] 10vfell & 33F= homogenizing buffer(0.1M PBS, pH 7.4)
2 Teflon-glass homogenizer (099CK4424, Glass—Col, Germany)ZS ©]-& 4l
RN

Astal T, FAAL 4C, 10000gel A 3087 AT F gEae B

6-1. Superoxide dismutase (SOD)

SOD #7442 WST-1¢] &9 wkgo| gk 50 % inhibitor rate® 743}
= SOD Assay kit(Dojindo Molecular Technologies, Inc.)S A}-&3fe] &
A&tk 1 unit& WST-1% superoxide £o]&9 3¢ w&S 50 % <
A= Als & 20 ul T T4 FoE Yl e SOD activity+
unit/mg protein® = YERH AT}

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

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

6-2. Catalase (CAT)

CAT &4< OxiSelect™ Catalase Assay Kit (Cell Biolabs, Inc.)& A}&

stol RASHATh WS FIEl Wold: wUsSie Fut Ay

17



quinonimine dye coupling AAES 520 nmolA FFE=E =AHs )

CAT® 1 unite 25°ColA 189 H:0, 1pMS #33}

rlr
fol
B
1o,
s
t
T

Bl 2l o, CAT activity: unit/mg protein® YER AT}

6-3. Glutathione s-transferase (GST)

Glutathione-S-transferase(GST)¥ Habic (1974)¢] WH S W sl =4
stttk dA e AlZe] 0.2 M phosphate buffer (pH 6.5), 10 mM
GSH(Sigma), 10 mM 1-chloro—2,—dinitrobenzene, CDNB (Sigma)< <3}t

rfo

Hog EFANZHY EFES FF% 3M0nmolA 30x AR 5EEQ

=A3Att GST activity

il
E[o{t
o
k1
lo,
g
o
)
)
o
rl
-
i
ftlo
>
oo
o
2
e

A3t 3L nmol/min/mg protein® YEFH LT

6-4. Glutathione (GSH)

Reduced glutathione= Beutler et al. (1963)2] Wl ol =2 %At}

AN
A=

il

20uls S 180ulell H7F % 300ul®] precipitating solution=-(0.167
g metaphosphoric acid, 0.02 g EDTA and 3 g NaCl in 10ml distilled
water)E 3 ¥ A I EFEATE o] EF=4] 40ulel NaHPO,
solution¥} 0.5mL DTNB (5,5"'-dithiobis-2-nitrobenzoic acid)E <x}% o &
A7t 3 EFE 412nmolA] =AEgom AFHoR -glutathione
reduced, minimum 98% (sigma aldrich Co., Korea)S AF&3t3itl. GSH

level2 nmol GSH/mg protein® = YERH ST}

18
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1. Bioaccumulation
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Fig. 1. Cd accumulation in liver and gill of starry flounder, Platichthys
stellatus combinedly exposed to the different concentration of dietary
cadmium and L-Ascorbyl-2-monophospate for 4 weeks. Values 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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Values 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. 3. Cd accumulation in intestine and muscle of starry flounder,
Platichthys stellatus combinedly exposed to the different concentration
of dietary cadmium and L-Ascorbyl-2-monophospate for 4 weeks.
Values 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

Cd-AMP Z%Als Hol
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Fig. 4. Daily Ilength and daily weight gain of starry flounder,
Platichthys stellatus combinedly exposed to the different concentration
of dietary cadmium and L-Ascorbyl-2-monophospate for 4 weeks.
Values 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. 5. Condition factor and hepatosomatic index of starry flounder,
Platichthys stellatus combinedly exposed to the different concentration
of dietary cadmium and L-Ascorbyl-2-monophospate for 4 weeks.
Values 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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A freldt WstE YElA &ska, & FH2HES 253 Cd 80
mg/kgoll A F9% SIS YERNAY. 4530 A= Cd 40 mg/kg 9
AMP 0, 200 mg/kgolA <3 S7} UEF A A TE AMP 400, 800
mg/kgell A= ok WstE yvehl A kil Cd 80 mg/kgel A &
7t YeEhgith 2agd4d o= GOT, GPTE A3t aadE &
GOTE 2, 4572F Cd 40 mg/kg ¢ AMP 0, 200 mg/kgol A +23 S71&
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mg/kg®] EE AMP % F3FAA 798 718 UEW AT

il

28



Table. 3. Change of RBC count, Hematocrit, Hemoglobin and HSI in starry flounder, Platichthys stellatus

combinedly exposed to different concentration of dietary cadmium and L-ascorbyl-2-monophosphate 4 weeks

cadmium, L-ascorbyl-2-monophosphate concentration (mg/kg)

Para Period
meters (weeks)
Covo Ccov2 Ccov4 covs C4vo C4v2 C4v4 C4vs C8vo Cc8v2 C8v4 C8vs
RBC ) 246.14+  249.16 252.36 275.43 231.12 234.67 239.57 236.16 195.13 191.67 217.86 220.14
count 20.82%°  £22.95%  £2225°®  +16.26°  £16.40°  +18.00°  +18.84>  +18.48°  +£16.50° +16.50° +16.22°¢ +16.93"
(X10* A 254.43 250.57 271.26 274.14 216.32 218.43 237.14 232.33 190.33 192.57 194.21 196.05
mm?) +£19.61%  +22.34®  +16.34°  +21.95% +16.22" +16.00® +18.21°  +19.05° #16.65° +16.60°  +17.27°  +16.88°
24.92 25.25 25.64 27.73 23.41 23.57 24.10 24.61 19.75 20.13 22.33 22.80
femato 2 £157%  £1.35% 4224 1628 4240  +1.23°  +148>  +1.78®  +2925°  £123° | +£1.33%  +155%
((f/l)t A 24.59 24.21 25.01 27.25 22.70 23.33 23.72 24.04 20.43 20.13 21.79 22.39
£1.48%  £1.35®  £2.40% +2.25° +1.55 +1.33% $923P +1.94° +1.62¢ + 4233 +1.88" +1.57%
6.02 6.04 6.13 6.62 5.77 5.91 5.93 5.96 5.26 5.45 5.68 5.50
femo 2 £0.34®  £0.39%  £0.28%®  +0.31°  +0.28°  +042% £0.27°  +0.35°  £0.43° = £0.33*  +0.36*  +0.38
globin 6.07 6.24 6.31 6.68 5.78 5.97 5.98 6.01 5.26 5.63 5.65 5.66
(g/dL) 4 ab ab ab a be b b ab c be be be
+0.31 +0.46 +0.38 +0.35 +0.32 +0.35 +0.42 +0.37 +0.32 +0.35 +0.44 +0.33

Values are meanzS.D. Values

Duncan’s multiple range test.

with a different letter are significantly different from others at 2 weeks and at 4 weeks (P<0.05) as determined by

29



Table. 4. Change of Calcium, Magnesium in starry flounder, Platichthys stellatus combinedly exposed to

different concentration of dietary cadmium and L-ascorbyl-2-monophosphate 4 weeks

cadmium, L-ascorbyl-2-monophosphate concentration (mg/kg)

Para Period
meters (weeks)
Covo Cov2 cova covs Cavo Cave cava cavs C8vo C8v2 c8v4 C8vs
, 8.35 8.44 8.49 8.53 6.86 7.04 72 8.21 6.55 6.78 7.35 7.51
Calcium £0.54°  £0.72°  £0.73°  £0.57*  £0.51°  +0.53 -~ £0.73®  +0.558  £0.52°  £0.53° . +0.67®  £0.70®
(mg/dL) . 7.67 8.25 8.38 8.43 6.77 6.85 7.42 8.13 6.65 6.71 7.31 7.37
+0.66% +0.62° +0.612 +0.56° +0.59° +0.58° +0.54% +0.542 +0.54° +0.53° +0.66%>  +0.55%
" , 4.15 4.23 4.17 4.26 3.97 4.06 4.09 4.11 3.48 3.41 3.55 3.80
asne £0.22%  +0.23°  +0.25°  +0.26°  £0.23  +0.23%  +0.23°  +0.23  +0.25°  +0.24° = +0.25°  +0.23%
Sium
4.01 4.08 4.05 4.13 3.70 3.83 3.94 3.89 3.35 3.31 3.25 3.66
(mg/dL) 4 b b b b b
£0.25°  £0.23°  £0.24°  £0.23°  £0.26®  £0.23*  £0.23°  £023*  +0.26 +0.24 £0.24°  +0.26°

Values are mean+S.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, Total cholesterol in starry flounder, Platichthys stellatus

combinedly exposed to different concentration of dietary cadmium and L-ascorbyl-2-monophosphate 4 weeks

cadmium, L-ascorbyl-2-monophosphate concentration (mg/kg)

Para Period
meters (weeks)
Covo Ccov2 Ccov4 covs C4vo C4v2 C4v4 C4vs C8vo Cc8v2 C8v4 C8vs
) 87.06 85.13 85.95 84.26 96.82 97.61 95.71 94.68 104.24 103.35 99.47 98.52
Glucose +4.90° +4.182 +4.392 +4.10° +4.78 +4.93b¢ +4.68% +4.36° +4.30¢ +4.54¢ +4.31b¢ +4.06>
(mg/dL) A 87.27 86.21 85.42 84.71 98.43 96.34 97.15 95.49 104.39 103.85 103.58 99.52
+4.31° +4.592 +4.12° +4.75° +£4.37°°  +4.07*  £4.35° +4.07° +4.28° +4.10° +4.01° +4.16%
Total ) 3.01 3.03 3.08 2.98 3.2 3.10 3.13 3.17 3.38 3.35 3.31 3.27
. +0.21° +0.222 +0.20° +0.24° +0.23° +0.23% +0.20° +0.22° +0.22° +0.23% +0.24° +0.22°
I?Z;LQLH)I A 3.03 3.07 3.31 3.01 3.29 3.31 3.15 3.27 3.44 3.41 3.32 3.38
+0.22° +0.212 +0.232 +0.23° +0.23° +0.212 £0:22° +0.22° +0.21° +0.212 +0.21° +0.23°
Total ) 166.75 165.29 163.23 162.74 178.25 180.91 175.92 168.28 189.61 193.10 191.05 194.13
choleste +8.57° +11.64° +7.36° +8.322 +£7.63% 1 £10.79%  +8.32°®  +10.21° +8.54° £10.99°  +10.30°  +11.36°
rol A 166.34 167.43 165.29 163.77 191.81 190.82 181.03 178.38 196.14 195.25 194.17 193.50
(mg/dL) +10.52° +8.77° +8.08° +8.70° +9.35° +9.36° +9.80%°  +11.91° +10.13° +8.84° +9.37° +10.64°

Values are mean+S.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 combinedly exposed to different

concentration of dietary cadmium and L-ascorbyl-2-monophosphate 4 weeks

cadmium, L-ascorbyl-2-monophosphate concentration (mg/kg)

Para Period
meters  (weeks)
Covo Cov2 Cov4 Ccovs C4vo0 C4v2 C4v4 C4vs8 C8Vvo0 C8v2 C8v4 C8Vvs8
GOT 9 25.49 23.61 23.12 23.45 26.65 26.51 25.84 25.75 29.84 29.56 27.41 27.25
(Karmen +1.60% +1.66% +1.44% +1.38% +1.49° +1.36° +1.44% +1.31%° SHk55¢ Hi¥G 1§ +1.43b¢ +1.54
J/ml) 4 25.54 23.71 23.62 23.25 26.73 26.54 25.91 25.79 A 29.74 29.63 277.52
+1.50% +1.45% +1.58% +1.47° +1.52° +1.46° +1.49%° +1.57% +1.46°¢ +1.56°¢ +1.41°¢ +1.59%
GPT 9 12.33 11.48 10.53 10.73 14.15 13.65 13.54 12.48 16.15 15 Yl 15.87 14.44
+1.18% +0.86% +0.84% +1.03° #1.33ke +1.18° +1.07° +]1.13% + 18I 1,275 +1.11¢ +1.29%
(Kj;nll)en 4 12.45 12.54 11.52 10.57 14.46 13.72 13.63 12.57 16.25 15.82 15.78 14.52
+1.07% +1.05% +0.92% +0.90* +1.16% +1.06° £1:12P +1.19% +1.27¢ +1.20°¢ +1.23¢ +1.09

Values are mean+S.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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Fig. 6. SOD activity of starry flounder, Platichthys stellatus combinedly
exposed to the different concentration of dietary cadmium and
L-Ascorbyl-2-monophospate for 4 weeks. Values 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)

Cd-AMP E3Ats wold me Z=rte]o] 1 ofrbnl Ul CAT &4
Fig. 7o Yetlideh. 2+ Ul CAT &42 2, 453 Cd 40 mg/kg © AMP
0, 200, 400 mg/kgol Al 2 T7Fe YERUAA T AMP 800 mg/kgoll Al
E R ¥sE YehA ki Cd 80 mg/kge] EE AMP % 3t
A Feet F7HE YERUAT o7t ] CAT 42 253k Cd 40
mg/kg ¢ AMP 0, 200 mg/kgll Al <93 S71E YeEFWA T AMP 400,
800 mg/kgl A= freolgh WstE YERA Zokal Cd 80 mg/kgel =&
AMP #% F3tA Folgk F7HE dUERldth 453k A= Cd 40
mg/kg ¢l AMP 0, 200, 400 mg/kgel*l 23 715 JeriAw AMP
800 mg/kgoll A& Feldk WsE yUEtdA @49kal Cd 80 mg/kgdl EE
AMP 5% F-3rolA #Folgk 7S YEl AT
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Fig. 7. CAT activity of starry flounder, Platichthys stellatus
combinedly exposed to the different concentration of dietary cadmium
and L-Ascorbyl-2-monophospate for 4 weeks. Values 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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4-3. Glutathione s-transferase (GST)

Cd-AMP EFAIE Fo

_—

of W Axtte]e b, ob7be] W GST &4
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Fig. 8. GST activity of starry flounder, Platichthys stellatus
combinedly exposed to the different concentration of dietary cadmium
and L-Ascorbyl-2-monophospate for 4 weeks. Values 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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4-4, Glutathione (GSH)

Cd-AMP &3 At Fold m& Zrmrigo 7t
Fig. 8o YRSl ch 7+ ] GSH &4 253 Cd 40 mg/kg 2] AMP 0,
200, 400 mg/kgel A ol S7HE UEREAITE AMP 800 mg/kgol A=
Frolgh Was YehA ekkar Cd 80 mg/kgel EE AMP sX 31H
A fost S7HE YERAh 4573 E=3F Cd 40 mg/kg 2 AMP 0, 200,
400 mg/kgoll A Feldt S7HE HEFAARE AMP 800 mg/kgel A= -2 ¢
Wwats YelA] ki Cd 80 mg/kgel BE AMP % FitlA 9
V2 UERIA Y Cd 80 mg/kgel AMP 200, 400, 800 mg/kgoll Al
AMP 0 mg/kgell Hl3| sk HAE e of7be] o] GSH &4 2,
452+ Cd 40 mg/kg ¢l AMP 0, 200, 400 mg/kgol A 23 F71S e
WA AMP 800 mg/kgol e #2ld WEE yelllx ki Cd 80
mg/kge] =5 AMP T% 13HdA F23 5715 YEeERALH
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Fig. 9. GSH level of starry flounder, Platichthys stellatus combinedly
exposed to the different concentration of dietary cadmium and
L-Ascorbyl-2-monophospate for 4 weeks. Values 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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mykiss(Szebedinszky, C, 2001)¢} Salmo salar(Berntssen et al. 2001)2] 7]
A - oA Fo] MY =2 F4& YERW e Thomann RV at

al.(1997)= olelst Ao|ZHH Y 7t=EF F5v oAz A » &

=

.
doz olsu FEUNAY Agste] £ T BT 2Ho px
H

g F v BHasdo

FOFoRE A =S F4S YERHT 12 35 sisrE ¢
3 22 &4 BA4E7] e = olg& = A7|o]H(Amaral et al
2002) wol4 7t=we 3P Wl 542 Ast@e 2Ry EUAE FI b
THA A E&AR] olFo] ARSES HEFHATH(Handy,1996). S dWrA o=
JIEH =& AL, oF Wl =2 54& YEY metallothionein F%9F 7}

=H9° MTLP (metallothionein-like protein)®2] Ao Jojr =23k
7]3#&o)ltH(Dang, F., & Wang, W. X, 2009). W&}t 2 Aol = =%
SAe WE A5y Fo VHd A =S 545 HEE T FdEo
At & si57igo =i e 7t=g AAd FA

ol
Tl
b FEAM NFEA HAHOE FHH7] WRe] NP {54

rlo

& Z (nephrotoxicant) & ¢&#l 4 2 th(Kumada et al,, 1980). ¥ AolA &
g A =2 545 UEPH e, Reynders et al. (2008)9] A 2}
of b= Cyprinus carpio?} Rutilus rutiluse] Ao A tr& Z 2o H|s

=4S vebYth Kuroshima (1987)= =88 283 28 =7 U

L. at al, 2011) ¥ Al 5o 2 & o H|g] B o F50] =
H

A¥d 4 dth(Shukla et al., 2007).

42



g 45 vetdlen, P Allen (1994)¢] A4+ Aol A= Al

rlo
i
2L

-, 72 A7) 1 E, A wHE wEe a3 A9

ftlo
ot
o

24 FASAE I A5 AEsH(Kim, S. G. at al, 2006), &o]e} tj&Eo =
JEZo] 4o F23% JgS v H= FZo|th(Kim and Kang, 2014).
FTdE 7t=mE FolA FasEo 845 S8 obrt

= T%
of FUT £4L E 5 glov AnHom i

nlo] Aol s NEY 2dEE S
7+ aAZ 4 Adth(Pratap and Wendelaar Bonga, 1993). dutz o7 F49]

Ao ARt} oprtuloA =L F3Zo] Yetdt I
H ATANA ol7kn = FtEg9 fFost Ao A
A9k Ao vlEAE S 58S Yedo o2 A5 AH#Z Sebastes

schlegelii® Hol2 Y ==3(Kim and Kang, 2014), Pomadasys

©
>,

fr

LY

[40

e
o

argenteus, Parapristipoma trilineatum® =°]4 7l=8 x%(Fei Dang,
Wen-Xiong Wang, 2009)el A% of7tujel] H]&} Holx =& =45 e

Wtk olAelA 252 RIgte] FE HH st 2Hol7] wEel <59

=% =42 1§ F23 Q4 o|tH(Cinier et al, 1999). ¥ AFoA =&
& 2 4FxF Cd 80 mg/kg ¢ AMP 0 mg/kg 73S A Ls thE F7bo|
M ol sy dEEA @dd. e d7Aded ded t=Ew g
= == WE Cyprinus carpiod <S4 ©E FQ A7]o HlF vt
=4S Yelat(de Conto Cinier, C. at al, 1999), 7} =8 Ho]2] =30

w2 Cyprinus carpio®] o5 3 T2 A7) Hlg @2 H4& e

St Kraal, M. H., 1995). %3+ Pseudoplatystoma corruscans®] <5l A

A

& =%o] BHau¥ vl UdtH(Arantes, F. P. at al, 2016). & <ol A

Cd-AMP E3ALE Folo wE ZAErygle 7lef =2 FLe &) 7 2
2> v ofriny &% £olew AMP Hbe RE A7AA #93%
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F3FS HeEhAd AsAe FE5FH 0 JFE 1A
w59 SAGHNE AT AFAAAY Ft=wE FFE AMNAAE F
Atk AsA9l FollA el 712 Al 23 o] 2(Fe’ )& A1ZE o] &(Fe”)o =
gArFomA HE FTE A ASeH o|AS Hol2d Jt=H ol
of FHEE AA JAHAA t=Fe € AsHAIZItH(Hudecova, A. at
al., 1992). =3t 5% AsA dH = =AU metallothionein(MT) F%E&
F5AZ 4 At (Onosaka, S. at al., 1987). MT<S =829 &5 2 =4
O]

of T 23t sulfthydryl(SH) group®] &%3%F A &A= chaildz

iy
o2
oZ
B>
of\
_0|L
-~
ku
E3

A AsA2 MT®e SH-groupel H]7|'e4<l disulfide groupo= Abs}s =
AE W datstA = Zgdin) e TFE5] doly BdAE ¥

skl 7t=go SAS AT
T UHLewin, S., 1976). 218 W x=E & FY 552 GSHA 4
ot g5o=2 FHlE S ded GSHe $A4A AsAS Zg8 =2 3o
(Cherian and Vostal, 1977; Arizono et al., 1995). Kumar et al. (2009)<]
A+ Aol ot AsA H7bek A Jh=+wol =59 Clarias batrachus
o Zh AL dxRo® JtEgodw =E23ls Wi 8 4L =g 5
2S5 Yeigdth. Wang, J.at al (2016)¢] Aol A 3 AsAo] H7td

Apostichopus japonicus® ZFZ] Wol A =8 =H9o 747t Hud Ht

)

U 7125 JleR AAE 2342

A

oo S WA 54 ATelA dutdow AN H = Wizksta AEE
4 2+ biomarkere] ™ (De Boeck et al,1997), 7+% %A <=(hepatosometic
index) B3t 5% =& e SA4S Hrieted a3 A xE AMEHEH
(Datta et al., 2007). Messaoudi, 1.(2009)2] 7ol = 7t=F wFol 9@
Salaria basilisca®l tE & A9 #HAE YUY 55 =5 A, A

e 59T wE AgAR Qs AgEe] "Hold & dAwRk
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niloticust= w°l2 AsA FH7tell & A9 I&HS gHulAo. 18 a
Wang, J. at al.(2016)°] A+ A3 T3 = =F% Apostichopus
japonicus® Fol2 AsA 7t o8] Ao 3ES EFWAL

Aat7] S8 ol 7Y AYTA 3G o wA F2 AREFTH(Romani
et al., 2003; Barcellos et al, 2004). 95542 X EZH PAEgH Q40
Hol= 3749 Wale] wE o]F9 ion concentration, glucose, Plasma
hormone, hemoglobin, hematocrit value 52 Az|st2 w&o] hat Hr
= AF & 4 Advh(Haux & Larssonl984; Dethlo, Bailey & Maier 2001;
Smet & Blust 2001). & Q7oA Heol Jt=g ko] wE JFES

ol

rlo

=g el RBC count, hematocrit value, hemoglobin concentration ¢ %
et gael Foldh PAE YERAAY, =2 v AMP H7he= 7t
S0 wE sty g4 wEs sz E B2 A
2 dAsA g b gAas vehulth Fol4 7t
2 Sebastes schlegelii< haemoglobin, haematocrit
concentration®] #4AE YEWIZ(Kim, S. G at al, 2004), Oreochromis
niloticus®| W™ Ft=H HAolA Hd RBC count, hematocrit value,
hemoglobin concentration®] #4AE WEM A THAL-Attar, A. M., 2005).

Karuppasamy et al.(2005)¢] dAFdA= 7l=w =Fd wWE Anguilla
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rostrata®] RBC count, hematocrit value, hemoglobin concentration 2] 7+

el

35 =% & At (Maheswaran et

il
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o (Klaaassen CD, 1999), o}x] A}
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of W& Cyprinus carpiod % U =F3Z= o] 78S Hilmy,
AM.(1987)¢] AFolA Te 7l=F x=Fo WE Mugil cephalus® 3
WY 532 £+ F7IE YAy ZY2HE2 plasma lipoprotein

o] a4 BrE ofyt AlxHe] T2 A ey, AH R

T2 A FAolth(Yang and Chen 2003). 7F & AIRHLE o Y& Z
d2HEY HES o7l & F A ojAde dF ZHsHE w58 U

dH A 7] wZo 3
2 4 AtHOner, M., 2008). Joshi, P. K.(2002)¢] AFAZo A= l=H
Zo| wWZ (Clarias batrachus®) @R A FH2HEZ9 Z7}7F et

H

ul gtk @Y FaY £Ee olRe U AU BF FEE Gehhs A
% 98S dh(Mirghaed, A. T. at al, 2017). AT FolA J=F w3
of me grehele dgel ot feld Mzt e et @

A W glutamic acidoxaloacetic acid-transaminase (GOT)2} glutamic
acid-pyruvic ‘acidtransaminase (GPT)+ &8t 2 JAR o] QoA T2
st thFet o =49 =4 Jd¥¢e HAst=H AFEET (Nelson and
Cox, 2000). GOT, GPT+= ztol] S5t 42X, 11| E4A] theFo] o
o2 fFEHol e F Ak (Wuy, J. P at al, 2008). & Aol Fo]2
Jted =%d wE Ax=vde @3 il GOT, GPT+ #93% S7H& U
Ef At Wu, J. P.oat al(2008)¢] - Aol e= 7t=w w0 oS
Litopenaeus vannamei 2] hemolymphatic GOT ¢ GPT &49 S71=
et itk =3 Zikic RV at al.(2000)e] A7 A3elM%E Carassius
auratus BF W9 7t=H2 GOT, GPT ¢ &A4& FostA 71 Al AT
Fol4 Jl=E =Fd g dgoz FrvrEle]l RBC count, hematocrit

B o ) = =
RS o WstE

1:3011

value, hemaglobin ¥ &% W ¥71&, F71&,



JEIQom AMP #H7tE Fold 712F w20 m2 wss gaygo=
43stA A th. Hounkpatin at al (2003)2] oA &= vitamin C, vitamin E
2 AA A FolM dHaie 54 2 A HisEo] g 549 &
3= YERRATE. =3 Borane, V. R. (2013)9] Aol Zl=Fol =&9
Channa orientalis®] AsA 7} @502 Jl=Rovt &5 o
Hlaf doshz Agitol] gk 7t=§ Fdo] AA 3 <kstE ATt

FEe W Qe WFiEAL fFRgelr], Fe oI o Fol W3
4 e 3 A geld ok 4B F% 09e wd ¥ £ 9
PN

= A%

N

I 2 4 <9tkLivingstone, 2003). 43} 2E#H2~E reactive
oxygen species(ROS) AAEE7} AAEEE 23 & wf A3 TH(Sies,
1986). 7t=f 2 HEIZEg ol v T FFS v XL, TFAHNSS
AA st o] AL F AMEo|A ROSe Aoz olox=d(Dorta et al,
2003) 2tst ~2E#H A fE g #Aste] C AAw AFHAoR 2HH
g s WA A By 7FH A o2 superoxide radical, hydroxyl
radicals& A Al 7] M (Galan et al., 2001), superoxide anion(O?), hydrogen
peroxide (H:O»), hydroxyl radical (HO) ¥} #& ROS IA & FLstoz
A Aksl ~2Ed 2 FRAZ A 9tk (Tamas et al, 2009). ROS9] A4
S7h= @uld gl xde] Abst A B o] sk Al Absh-skel A
e WmatE doZ 4 9l on(Livingstone, 2003), DNA &AM} Al 3] A}
S doth(Liu et al, 2009). olelgt ~EH = tg3sto] AEAE= 43t

ZEHAE §945E 559 UHE xenobioticsEHE AARE H 3 3E}Y)

ﬂl

3k ol 71 &S 7HA a2 ¢l =dl(Basha, P. S., & Rani, A. U, 2003), *}
o] Zbof| ol LA E Fald AstHF oz RE AAE BEsHr] s Al
Yol 84 9 vaid o7 gl EA gt (Droge, 2002; Halliwell and

Gutteridge, 2007). Wol7]#e] FAl QAo d4F3l & 49l superoxide
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dismutase(SOD), catalase(CAT), glutathione  peroxidase  (GPx),
glutathione-s-transferase(GST) (Halliwell and Gutteridge, 2007, Matés,
2000; Sevcikova, M. at al, 2011)¢} &4kst wlojo] A A2 HadS =
Reduced glutathione(GSH), oxidized glutathione disulphide(GSSG)7} )&
™ (Sevcikova, M. at al., 2011) &AFst @49 7|5 440 94 3
AFeE-Z 9l ascorbate(Vitamin C), tocopherols (Vitamin E), Vitamin A,
carotenoids, ¥F 5<% So°| 24t} (Chen and Tappel, 1995; Halliwell and
Gutteridge, 2007, Tandon et al., 2003). ©] & Vitamin C(L-ascorbic acid,
AsA)2 FASES A4AI AeH AA-S FAs=H 25 242H o
FE BET FEAA 559 74 54 dFS Hask & 5 o, H
(_)_I:]

ge T7F ANRLEHA SEE dE #fid ¥ e + 3

n)

(Jiraungkoorskul and Sahaphong, 2007; El-Greisy and El-Gamal, 2015).
uepA Ao AHE dFE9 ROSt Aol Alxdl 34kst &
2~ 2 glutathione(GSH) ¥ 22 free antioxidantel ¢l3 F32 <+ v}
(Kim, J. H. at al., 2010).
2hsl ~Ed 2o g3k A HA Wo]r]|Fro 2 SOD-CAT system©] =4
3tk (Messaoudi, 1. at al.,, 2009). & &4 = 23} 2Eg 2o g A WA
ol 71zt o 7 37 #A-83F (Asagba et al, 2008), & =% A AEY
L, T w242 wd = HAY 9A 2 F doHRomeo” et al,
2000; Atli et al., 2006). ©]% SOD+ ROSel| wigh 31 WAl wofr] 2o 2y
superoxide anions H,0,Z H3A]7]= EF53t 98-S Zu]A 71t (Shao
et al, 2012). ©]o]A HyO»= CATol ¢la] H:0 3 0, 2 Zajdth & <
TollA oA t=g wFe wE Avegd 1+ 3 ooprin SOD 24 &
ot F7HE yEWlen, CAT &8 Fo% 5715 et 3itst &

)
o
2 AL g G e FhE AbE AEHA9 dde] o
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(Atli et al, 2006), SOD¢] &4 7} superoxide anion radical 4] 9
S7tE A Aoz wuyn CAT &4 S7F E3 v H0.9 A2
2 93 Ay=z #Ad¥Ect Fang et al. (2010)¢] AFAz}o] wzwd F=35
HH=Fol =EF%  Mactra veneriformisoll SOD 7 yErWloH
Basha, P. S., & Rani, A. U. (2003)2] AF+ZAoNX HE3+ Oreochromis
mossambicus®] ZrellA SOD¢ F7He Wetigleh. CATel digh v & <
TANZE 5 Jt=F =F9 Salmo trutta®l ©}7tvlelA CAT S7}

€ YEFW o™ (Hansen et al. ,2007), &% 7I=+w° =&% Sparus aurata
o] ztol A Egk CAT F7He YE i th(Pascual, P., 2003). Glutathione
S-transferase(GST)+ GSHeFe] A3S T3 UAZAxE Ul dixr E4)
R QR E4Y dFel #oste Hrle oFA maolW, wreA AW
Azt EAE5 Ax Yoz viEE F e FA-HSAE J8AE A
$A1Z1tk(Hayes and Pulford, 1995). ¥ AFelA Hel4 7t=d w=ZFo o
Zetrg]e] 7F 9 ofzinle] GST &4 S7tstdoh GST &4 F7t
€ 7t=de 24 IFod wmE 3 A5 "5 St gt oA
ROS of tjgt Woj7jzto s dAets o] Xt Mohamed, S. at al (2008)¢] <1
TAy o Gambusia affinis® 1A GST A F71E vehyow
Basha, P. S., & Rani, A. U. (2003)¢] A+4A3 X3 Oreochromis
mossambicus®] ZtlA GST &4 Z7FE Jellidth GSHE &34 9l
FASA RN, Abst 2EYAE fddte 554 28 & ¢ o, o 3
Aol GSH+= ROSell 93] 4tsl= o] disulfide(GSSG)HH = gke A vt
glutathione reductase(GR)oll &3] ©A] GSH= 2 ¥ tH(Stohs  and
Bagchi, 1995). & A7-ollA Fol4 7t=g =Fdl wE F=riefe] 3t 5l
ol7}n] GSH level> Z7Hs WY om Dabas, A.(2012)9] A4 ol &=
3 Jl=H w0 93] Channa punctatus® ZtellA GSH level® &71=

it
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Uel ATt Schlenk and Rice (1998)2 GSH, metallothionein® 22
cytosolic thiol-rich proteine 7F=F 3 Agste] AlX W 7l=F9 a4

E FAFO RN 224 Abst 2EYAE Wol & 5 ltkal Halskglv
AsAe= A& Az dde &3] ROSE A7 ste] Als

B2 fATOEA AWI 2 AvEA DNA, A% AWz Ave o

Hl
=
o
*
riot
ro
4

4ol 9%L & 5 9t ROSS oI

filo
LR
08
>
Y
+
%2
=
%
5.
o
jab]

=)

ElNeweshy and Said El-Sayed 2011; You et al. 2000). w2} AsAZ 7}
= AfretdZ o] AEAkst AMNres o EA AU Tasd o =
AENE AL 5 drk(Sayeed et al, 2003). . Aol A AMPeO
7t ZAenele geold JtEE =Fol wE FAkst 54 F4ES dAT
A3tA ATt Yadav, S. S. at al (2015) ¢ AFAF}oA Hio ==F
Heteropneustes fossilis®] AsA 7l B0 W w=ZFH %S wo] wls] 3t
dl4e] SOD, CAT, GST®| &Ao] d#8] sty o] AsAdl <
sk ROS9 #AA=E Qs8] SOD 2 CAT &A40o] Ast d Aoz Aty ozl

A7 Ase BEEe] g 46 o AMPY ¥4 EiE
Ad7] 1@ dolH=d #4¢ @ 5 Adw BEH
Aol B5, v U o]F 12T B weh 7 JFgL
7] Wl F F Trd e WE B AT EAHew A%

ool Aok & Aom ApmHT

51



7tesw =0 wE Arevge] SAGE dig HEgw C FEAN
L-Ascorbyl-2-monophospate(AMP) 9] dl=a 35 &Rlsl7] 98, =t
2 (G A 19.87£0.21 cm, Ht AT 13947141 @& 7F=F 0, 40, 80
mg/kg =2 AMP 0, 200, 400, 800 mg/kg ¢ TE& AAHslo] AlRE

W Fol WHOR F 4T xFAAL ACSE =EFFES /0L 7
=
2L

EF it RBC count, hematocrit value, hemoglobin concentration &
22 gy AgoMe Jteg =F6 WE 7% FAas dErd L,
AqX= F714Ed Za, vtadlsd frlded EFa=, 29

T4 GOT, GPTe #el8 Wsls Yepuaxu Fouz
oAM= Fold WMItE YEhA FUT TtEE =E2 FEY
dAsta gaoA Foldk WMIE UEURL =2 FFo AMP Fol=
e 54e g3t ZaH ol 31, ofrhvul o] At
Fol4 Jl=g wFo wE MIAEYs ARZE H7EE
th. SOD, CAT, GST, GSH+= 9o 575 etk Ast=Ed 2o
o2 Gasinbgol A FatslEd AMPE JtEH kEo] wE ats)

&
Lo
o
o3
I

=
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