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28 d , 1.3
e 0. 02 mg/L , 3d,
Cu , (0. 018%0. 001)mg/L, o s s
;0,007 21 g/kg, . NN , —80°C .
(147, —80 °C .
[157, 1, (SGR)
s . AOAC SGR=(InW,—1nW,) /X100 %
(1995), W, W, (g);t
1 (d,
Table 1 Ingredient and proximate composition of the basal diet 1.4 Cu
Ingredient Contents/ % 1:3
Casein® 25.00 ’ 3
Gelatin” 6. 00 A N N
12 h . 100 mg 500 pLL
Dextrin® 33.50
, 10 mL , 1h
N b
CM-cellulose 5.00 X 100 mL
: : b
Sodium alginate 20. 00 (ICP-OES, VISTA-MPX, , )
Vitamin mix‘ 2.00 Cu R
Mineral mix* 4.50 1.5
0
Choline chloride” 0.50 ’ (0. 86%
=1/9 4 °C,
SO/MFO* 3.50 ’ /9 ’
1700 ¢g 10 min, o
( )Proximate analysis(dry weight)/%
Crude protein 30. 81 [16] (
b
Crude lipid 3.85 , 0. 563 g/L)
Crude ash 11.01 (SOD)
24 Sigma B N . gb: ] ’ S()D (U)
< 1kg 1mL SOD 50%
,120 mg; ,100 mg; ,30 mg; ,40 mg; s SOD
800 mg; ,200 mg; »4 000 mg; .12 mg; B12, (CAT)
0. 18 mg; C,4 000 mg; E.450 mg; K3.80 mg; [18]
) 1 pmol
A,100,000 1U; D,20001U,¢4: 1kg
:NaCl,0. 4 g; MgSO, « 7TH,0,6. 0 g; NaH,PO, » 2H,0,10. 0 g; °
KH.PO,,20. 0 g; Ca(H,PO, ), + Hy0, 8 0 g; Fecitrate, 1. 0 g; (GPx) Li
ZnS0; * 7H; 0,141 2 mg;MnSO, « H.0.64. 8 mg;CuSO, + 5H.0,12 4 (1ol
mg; CoCl, » 6H,0,0. 4 mg; KIO;, 1. 2 mg, Na;SeO; « 5H,0, 1. 0 mg. GSH 1 ymOl/L( )
G R (GST) Habig
Notes: *: Sigma Chemical, St. Louis, MO, USA." . Shanghai Chemical , ot .
tzo] | 37 °C 1 min
Co. , Shanghai, China. ¢: Vitamin mix, each 1 000 g of diet contained:
thiamin HCI, 120 mg; riboflavin, 100 mg; folic acid, 30 mg; pyridoxine GSH 1 HmOI/L
HCI, 40 mg; niacin, 800 mg; Ca pantothenate, 200 mg; inositol, 4 000 (GSH) ’
mg; biotin, 12 mg; ascorbic acid, 4 000 mg; Bjz, 0. 18 mg; vitamin E, Anderson ' o
450 mg; menadione, 80 mg; retinol acetate, 100 000 IU; cholecalciferol, (TrxR) DTNB
2000 1U.4; Mi 1 mix, h 1000 f di ined: NaCl, 0. 4 g; 22
: Mineral mix, eac g of diet contained: Nal g [22] , DTNB
MgSO, « 7TH; 0O, 6. 0 g; NaH,PO, « 2H,0, 10. 0 g ; KH,PO,, 20. 0 g;
Ca(H,PO,)2 » H20, 8 0g; Fe—citrate, 1. 0 g; ZnSO, » 7TH,0O, 141. 2 °
mg; MnSO, » H,O, 64 8 mg; CuSO, » 5H.O, 12 4 mg; CoCl - (TrxP) H, O,
6H,0O, 0. 4 mg; KIOs;, 1L 2 mg. Na;SeO; « 5H,0O, L 0 mg. ¢: Soybean (DT, 240 nm
oil and menhaden fish oil (1 : 1). TrxP o
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1 mmolH, O, . 1.7
(Trx) SPSS16. 0 (ANO-
Elisa , 450 nm , VA), (P<C0. 05), Tukey
1.6
(MDA) Sahin 2
sl Mecocci ER 2.1
22 000 mol/(L * ecm), 2 , Cu
nmDNPH . DNA Ch- (P>0. 05),
ing 5 DNA F , Cu , (SGR)
F=(X.ona — Xoona )/ (Xgooma — Xaona ) » X ) (P>0. 05),
;auDNA DNA, ssDNA DNA, 92. 50%~98. 3324,
dsDNA DNA.,
2 (LA) Cu ( + ,n=3)
Table 2 Effects of dietary lipoic acid (LLA) on growth and survival of abalone Haliotis discus hannai
exposure to waterborne Cu for 60 days (mean = S. E., n=3)
Dietary LA/g * kg™ ! Initial weight/g Final weight/g Specific growth rate/ % Survival/ %
0 3.1840.01 4.49+0. 14 0.50+0.08 92.50+2. 89
0.7 3.172£0.05 4.3140.09 0.5140.03 95.8340. 83
2.1 3.15£0.01 4,4640.08 0.5840.02 98.3340. 83
ANOVA
P P value 0.376 0.514 0. 507 0. 150
F  F value 1. 155 0. 745 0. 604 2.643
2.2 Cu Cu (P<C0. 05),
3 , 0.7 g/kg Cu )
N N N Cu (P<< (P>>0. 05), Cu
0.05, 07 21g/kg \ N (P>0. 05),
Cu (P<<0. 05), 21 g/kg
3 (LA) Cu Cu ( + n=3)
Table 3  Effects of dietary lipoic acid (ILA) on Cu accumulation in tissues of abalone Haliotis discus hannai
exposure to waterborne Cufor 60 days (mean = S. E. ., n=3)
Dietary LA/ Serum/ Shell / Muscle/ Mantle/ Gill/ Hepatopancreas/
g kg pg+ mL pgt g’ pgr g’ pgt g’ ngrg ! pgr g’
0 10.6941.41° 5.74740. 36 13.6140.19° 22.584+0.55" 18.474+0. 35° 27.05+1. 65"
0.7 4.9940. 49" 6.9140. 40 10.07+£1. 17" 15.134+0.78" 14.99+1. 06" 9.17+1.76"
2.1 4.5641.41° 7.0840.41 8.19+1. 40" 15.524+0. 50" 13.28+0. 54" 13.34+0.72"
ANOVA
P P value 0.019 0.097 0.029 0. 000 0. 006 0. 000
F  F value 8. 327 3.528 6.759 45. 658 13.726 41. 251
, (Tukey ,P>0. 05),

Note: Means in the same column sharing a common superscript letter were not significantly different (P>>0. 05)as determined by Tukey's test.
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2.3 (P<<0.05), 0.7 g/kg
4 . GSH (P<<0.05),2 1 g/kg

SOD,CAT .GPx,GST GSH (P GSH )
0.05, 0. 7g/kg SOD (P>0. 05),

(P<C0. 05),2. 1 g/kg SOD TrxR, TrxP Trx

) (P>0.05), 0.7 (P>0. 05),
2. 1g/kg CAT.GPx GST
4 (LA) Cu ( + ,n=3)

Table 4 Effects of dietary lipoic acid (LLA) on anti-oxidative parameters in hepatopancreas of abalone Haliotisdiscus hannai

exposure to waterborne Cu for 60 days (mean + S. E., n=3)

SOD CAT GPx GST GSH Trx TrxR TrxP
Dietary LA/g » kg™!
0 7.34+0.08" 4.40+0.12" 12.15+0.16° 2.21+0.04¢ 4.86+0.38" 296.20£1.12 2.50£0.02 4.62£0.13
0.7 11.8140.88* 6.6940.59* 20.3840. 44" 2.84+0.03* 6.5040.27* 294.68+0.47 2.5740.06 4.4440.26
2.1 9.8940.58" 7.0940.47* 14.35+0.70" 2.5940.03" 5.67+0.10"294.83+1.32 2.52+0.06 4.56+0.14
ANOVA
P P value 0. 006 0.010 0. 000 0. 000 0.015 0. 000 0.001 0. 788
F  F value 13.473 10. 707 76.425 24. 344 9.103 22.419 14. 822 0. 248
:SOD, (U/mg Prot) ; CAT, (U/mg Prot) ; GPx, (U/mg Prot) ; GST, (U/mg
Prot) ;GSH, (mg/g Prot) ; Trx, (ng/L); TrxR, (mU/L) ; TPx, (U/mg Prot),
s (Tukey ,P>0. 05),

Note:SOD, total superoxide dismutase (U/mg Prot); CAT, catalase (U/mg Prot) ; GPX, glutathione peroxidase (U/mg Prot); GST, glutathione S-
transferases (U/mg Prot) ; GSH, glutathione (mg/g Prot) ; Trx, thioredoxin(ng/L); TrxR, thioredoxin reductase (mU/L); TrxP, thioredoxin perox-

idase (U/mg Prot). Means in the same column sharing a common superscript letter were not significantly different( P >>0. 05) as determined by Tukey’s

test.
2.4 (P>0.05), 21 g/kg
5 .07 21g/ke DNA (P<0. 05).,
MDA (P<<0.05), 2.1g/kg 0.7 g/kg (P>
07 0. 05),
g/kg (P<<0. 05),0 7 g/kg
5 (LA) Cu ( + ,n=23)

Table 5 Effects of dietary lipoic acid (ILA) on the oxidative parameters in hepatopancreas of abalone Haliotis discus hannai

exposureto waterborne Cu for 60 days (mean = S. E., n=3)

DNA
Dietary LA/g * kg™! MDA Protein carbonyl DNA strand-breaks(F value)
0 28.37+0. 22° 7.994+0. 39° 0.1240. 02"
0.7 25.33+0.07 7.87£0.63" 0.25%+0. 06"
2.1 25.8640.51° 5.04+0.77" 0.3740. 05"
ANOVA
P P value 0.001 0.025 0.023
F  F value 25.103 7.31 7.591

(Tukey ,P>0.05),

Note: Means in the same column sharing a common superscript letter were not significantly different (P>>0. 05) as determined by Tukey’s test.
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° ’ 1998, 67(5): 1069-1073.
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192.
GST GSH - SOD [4] Bagchi D, Bacghi M, Hassoun E A, et al. Cadmium induced ex-
H, O, ’ cretion of urinary lipid metabolites, DNA damage, glutathione de-
- OH s [34-35] N pletion and hepatic lipid peroxidation in Sprague-Dawley rats [J].
CAT s I_I2 ()Z Biol Trace Elem Res, 1996, 52(2) . 143-154.
[5] Lemairon P, Mattews A, Forlin L, et al. Stimulation of oxyradical
° . ° production of hepaticmicrosomes of flounder ( Platichthysflesus )
GSH and perch ( Percafluviatilis ) by model and pollutant xenobiotics
o GPx GST GSH [J]. Arch Environ Contour Toxicoh, 1994, 26(2): 191-200.
s s [6] . . . Cd*™ \Pb*"  Zn?"
LA , Cu DNA Lyl » 2006, 30(4): 399-403.
, LA [7] s . Cu?**
SOD,CAT.GPx  GST ., GSH o - 0, 230 S0
[8] Reed L J. A trail of research from lipoic acid to alpha-keto acid de-
LA ° hydrogenase complexes [J]. J Biol Chem, 2001, 276(42): 38329-
; LA 38336.
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Protective Effect of Dietary o-lipoic Acid on Abalone Haliotis discus hannai
Ino Against the Toxicity of Waterborne Copper

LEI Yan-Ju, XU Wei, ZHANG Yan-Jiao, ZHOU Hui-Hui, ZHANG Wen-Bing, MAI Kang-Sen

(The Key Laboratory of Aquaculture Nutrition and Feed, Ministry of Agriculture; The Key Laboratory of Mariculture, Minis-
try of Education, Ocean University of China, Qingdao 266003, China)

Abstract: A feeding trial was conducted to assess the protective effect of dietary olipoic acid (ILA) on ju-
venile abalone Haliotisdiscus hannai Ino against the toxicity of waterborne copper (Cu). Aabalone (initial
weight (3. 17£0. 01)g were fed with the diets supplemented with 0.0. 7 and 2. 1 g/kg of LA each for 60
days under waterborne Cu exposure (0. 02 mg/L) in a static water system. Results showed that the specific
growth rate (SGR) of abalone increased with the dietary LA contents. However, no significant difference
was found among diets. Compared with that of control, Cu concentration in serum, mantle, gill and hepa-
topancreas significantly decreased in abalone fed with 0. 7 and 2. 1 g/kg LA supplemented diets. The aba-
lone fed with 2. 1 g/kg LA supplemented diets had significantly lower Cu concentration in muscle than that
in the control. Such decrease was not observed in abalone fed with 0. 7 g/kg LA supplemented diets.
Activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione
S-transferase (GST) and the content of glutathione (GSH) in hepatopancreas significantly increased with
the dietary LA contents. Compared with that of control, the malondiadehyde (MDA) content in abalone
fed with 0. 7 and 2 1 g/kg LA supplemented diets significantly decreased. Protein carbonyl content and
DNA strand-breaks in abalone fed with 2 1 g/kg LA supplemented diets significantly decreased. The pre-
sent findings indicated that dietary LA increased the anti-oxidative capacity of abalone and decreased the
Cu concentration in tissues. To some extent, dietary LA decreased protein carbonyl content, DNA strand-
breaks and the level of lipid peroxidation in hepatopancreas of abalone.

Key words: Haliotis discus hannai ; o lipoic acid; copper; anti-oxidation; feed



