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Tab. 1 Formulation and chemical composition of basal diet (% DM)

Ingredients Content Chemical composition Content
( V¢ )Casein (vitamin C free) 27.5 Crude protein 32.12
Gelatin 6.50 Crude lipid 6.68
Calcium dihydrogen phosphate 2.75 ’ Nitrogen-free extract 37.91
Soybean oil 6.00 Lysine 2.26
Soy lecithin 1.00 Methionine 0.79
(50%)Choline chloride(50%) 0.15
( Ve )! Vitamin premix (vitamin C free) 0.50
? Mineral premix 0.50

Dextrin 10.00

o- a-starch 25.00
Microcrystalline cellulose 9.05
Carboxyl-methy cellulos 11.00
Ethoxyquin 0.05

: 1. Vitamin premix (IU or per kg premix): A Vitamin A, 900000 1U; D Vitamin D, 250000 IU;

E Vitamin E, 4500 mg; K; Vitamin K;, 220 mg; B, Vitamin B, 320 mg; B, Vitamin B,, 1090 mg; Bg
Vitamin Bs, 5000 mg; Pantothenate, 1000 mg; Folic acid, 165mg; Choline, 60000 mg; 2. Mineral premix
(per kg premix): CuSO4-5H,0, 2.5 g; FeSO,4-7H,0, 28 g; ZnSO47H,0, 22 g; MnSO4-4H,0, 9 g; Na,Se0;, 0.045 g; KI, 0.026 g; CoCy,-6H,0,
0.1g;3. (NFE, %)=100%—( Moisture+ CP+ EE + CF+ Ash)%
GCTCTTGACTTCG-3'; R4: 5'-CCTCTGGGCACCT —0.304x+9.817, R*=0.990; y
GAACCTCT-3' 10 X Ct

; 123—152bp HSP60 HSP70 HSP90 mRNA
50—100 mg , B-actin , Ct
RNAiso Reagent (Takara ) , [13]
RNA, 260280 1.8—2.0 DNAase | C
RNA RT , p-actin 05g , 5 (pH
PCR . RT 74 1:9 wiv) , 4°C 10000 r/min
, RNA ( ), 20min, (
RNA DNA SYBR C) ,
ExScript'™ RT-PCR Kit (Takara ) cDNA
HSP60 HSP70 HSP90 mRNA SYBR 16
ExScript™ RT-PCR Kit (Takara ), SYBR SPSS 16.0
Green | Real Time PCR (ABI (One-way ANOVA) Duncan ,
7500 PCR, USA), Real ,
Time PCR PCR : Holding stage (P<0.05) +
(50°C2min; 95°C 3min); Cycling stage (95C15s; 60°C (Mean+SE)
60s, 40 ); Melt curve stage [95°C 15s, 60°C 60s
(Date collection), 95°C 30s, 60°C 15s] 2
cDNA, s HSP60 2.1 C
y=-0.310x+10.65, R*=0.991;
HSP70 y=-0.361x+13.38, 3 , C
R>=0.995; HSP90 y=—-0.314x+ , C (C3)

10.29, R*=0.996; f-actin = , 4 (C4) : ,
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#*2 ZEHRPFIMARKERN Ve WHKE 4 & MERERIFNEN
Tab. 2 Effects of various levels of V¢ on serum immunological indices of juvenile M. amblycephala
Ve
Supplement Ve ALP (U/L) TP (g/L) Alb (g/L) C3 (g/i) c4 (g/i) GOR

in diet (mg/kg) (ng/mL)
0.2 41.33+4.31 18.05+1.19 4.37+0.14 0.035+0.006" 0.010+0.0010*  514.69+19.30
33.4 46.07+7.91 14.62+0.67 4.37+0.09 0.039+0.004° 0.011£0.0001%  442.64+11.79
65.8 41.7743.24 17.27+1.71 4.37+0.43 0.040+0.007* 0.013+0.0008"  502.26+10.44
133.7 43.25£1.50 16.50+0.87 4.32+0.25 0.040+0.005* 0.014+0.0012°  489.45+59.73
251.5 46.20+7.17 19.99+0.78 4.97+0.09 0.042+0.003 0.011£0.0013*  519.81=10.19
501.5 43.30+4.02 20.41+1.22 4.95+0.39 0.057+0007° 0.011£0.0006™  556.18+10.43

(P<0.05);

Note: Values with different superscript letters in the same column are significantly different (P<0.05); the same applies bellow

*3 EHRPFEMARKFR Ve 3 H K4 &M ELIBRMF M

Tab. 3 Effects of various levels of Vc on liver antioxidant indices of juvenile M. amblycephala

Ve
Supplement Ve in diet (mg/kg) SOD (U/mg prot) ASAFR (U/g prot) MDA (nmol/mg prot)
0.2 149.58+11.20° 346.73+30.29° 13.13£1.07
33.4 179.38+12.05° 516.62+37.40° 12.47+0.50
65.8 191.47+9.72° 565.12+12.43° 12.39+1.31
133.7 192.11£17.66° 586.32+3.38" 12.12+0.88
251.5 195.27+11.51° 513.52+21.98° 12.55+0.49
501.5 160.64+15.43° 490.05+26.23° 12.51£1.23
, 501.5 mg/kg C3 251.5 mg/kg HSP60
62.86%, 133.7 mg/kg C4 520.54% 708.72%; 251.5 mg/kg
40.00% (P<0.05) HSP70 814.59%; 251.5 mg/kg
C (ALP) (TP) (Alb) HSP90 107.12%
(GOR) (P>0.05), (P<0.05)
TP Alb , GOR Ea <
CZ 251 muSP6o
2.2 C EE @ HSP70
2 , C X § 20{ =HSPY0
N7
, (SOD) ES b
g N 1.5
(ASAFR) , , 53 a b
T b
, 65.8 133.7 251.5 mg/kg 2 < 1.0 b
SOD 28.01% 28.43%  30.55% % S s b )
(P<0.05); 33.4 65.8 133.7 251.5 mg/kg 501.5 3 . b b
[ 0 £ o . .
ASA 48.99%  62.98% g g 334 658  133.7 2515 5015
69.09% 48.10% 41.33% (P<0.05) Tl Verk S
(MDA) (P>0.05) Supplement V¢ in diet (mg/kg)
2.3 C HSPs mRNA 1 Ve HSPs mRNA
Fig. 1 Effects of various levels of Vc on three HSPs mRNA ex-
1 , C pression levels in liver of juvenile M. amblycephala
, 3 HSPs 2.4 C
, HSP90 , HSP60
, HSP70 , 133.7
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EFFECTS OF DIETARY VITAMIN C ON THE NON-SPECIFIC IMMUNITY, THREE
HSPs mRNA EXPRESSION AND DISEASE RESISTANCE OF JUVENILE WUCHANG
BREAM (MEGALOBRAMA AMBLYCEPHALA)

WAN Jin-Juan'?, LIU Bo" %, GE Xian-Ping" ?, XIE Jun"?, CUI Su-Li"* and ZHOU Ming™*

(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China; 2. Key Laboratory of Genetic Breeding and Aqua-
culture Biology of Freshwater Fishes, Ministry of Agriculture, Freshwater Fisheries Research Center, Chinese Academy of Fishery
Sciences, Wuxi 214081, China; 3. Shanghai Ocean University, Shanghai 201306, China)

Abstract: A 90-day feeding trial was conducted to determine the effects of vitamin C on the non-specific immunity,
three HSPs mRNA expression and disease resistance of juvenile Wuchang bream (Megalobrama amblycephala) [initial
mean body weight of (6.40+0.05) g]. The fish was selected and randomly divided into six groups and V¢ supplemented
at 0.2, 33.4, 65.8, 133.7, 251.5 and 501.5 mg/kg diet, respectively. The fish was fed for 90 day. Compared with the con-
trol, the contents of serum C3 of the 501.5 mg/kg Vc group were increased, the contents of serum C4 of the 133.7 mg/kg
Ve group were improved; the hepatic SOD activities of 65.8—251.5 mg/kg Vc groups were enhanced and the hepatic
ASAFR activities of all treated groups were enhanced; the expression level of HSP60 mRNA of 133.7 and 251.5 mg/kg
Vc groups were improved, the expression levels of HSP70 and HSP90 mNA of 251.5 mg/kg Ve group were significantly
improved (P<0.05); the survival rates in all treated groups were significantly higher than that of the control at 12 h and
24 h after injecting Aeromonas hydrophila (P<0.05), and the survival rate of the 251.5 mg/kg Vc group was the highest.
Other indices, such as total protein, albumin, serum cortisol and MDA were not significantly different from the control
(P>0.05). Therefore, the basal diet supplemented with 133.7—251.5 mg/kg doses of Vc could improve the immunity of
juvenile Wuchang bream effectively.

Key words: Wuchang bream (Megalobrama amblycephala); Vitamin C; Non-specific immunity; Three HSPs mRNA
expression; Disease resistance
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