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Tab.1 Composition and proximate analysis of the experi-

mental diets
/%  ingredients NS HS
fish meal * 45.0 45.0
a- a-starch 35.0 50.0
. . 15.0 0
microcrystalline cellulose
Fish oil 1.0 1.0
1% 1% premix Feed ° 1.0 1.0
2.0 2.0
carboxyl methyl cellulose
. . 1.0 1.0
calcium dihydrogen phosphate
total 100.0 100.0
. . . NS HS
proximate analysis (% dry weight)
dry matter 91.7 90.5
crude protein 30.0 30.3
ether extract 5.02 5.05
digestible carbohydrate 36.2 50.3
gross energy (kJ/g DM)° 17.0 18.5
calcium 2.0 2.0
total phosphorous 1.5 1.5

Da— 68%.b— : CuSO45H,0 2.0 g/kg;

FeSO47H,0 25 g/kg; ZnSO,7H,0 22 g/kg; MnSO44H,0 7 g/kg;
Na,SeO; 0.04 g/kg; KI 0.026 g/kg; CoCl,6H,0 0.1 g/kg; VA 900
000 IU; VB, 320 mg/kg; VB, 1090 mg/kg; VBs 2 000 mg/kg; VBg
500 mg/kg; VB, 1.6 mg/kg; VC 10 000 mg/kg; VD 200 000 IU;
VE 4 500 mg/kg; VK; 220 mg/kg; 1 000 mg/kg; 165
mg/kg. c— 23.64 kl/g, 39.54
kl/g, 17.15kl/g , )
Note: a—Fish Meal: protein 68%. b—Premix feed: CuSO45H,0 2.0
g/kg; FeSO, 7H,0 25 g/kg; ZnSO,4 7H,0 22 g/kg; MnSO44H,0 7 g/kg;
Na,SeO; 0.04 g/kg; KI 0.026 g/kg; CoCl,'6H,0 0.1 g/kg; VA 900 000
IU; VB, 320 mg; VB, 1 090 mg/kg; VBs 2 000 mg/kg; VBs 500
mg/kg; VB, 1.6 mg/kg; VC 10 000 mg/kg; VC 10 000 mg/kg; VD
200 000 IU; VE 4 500 mg/kg; VK5 220 mg/kg; Pantothenate 1 000
mg/kg; Folicacid 165 mg/kg. d—Gross energy (kJ/g) were calcu-
lated using energy equivalents 23.64 kJ/g, 39.54 kJ/g, and 17.15
kJ/g for protein, lipid and digestible carbohydrate, respectively. The
other is measured value.

1.3
3%~4% NS
HS , 3, 8:30 12:30
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1.6
RNA  RNAiso Reagent
SYRB RT-PCR SYBR®

Prime Script TM RT-PCR Kit I (Perfect Real Time),
PCR PCR ,
Takara( ),

Eppendorf Mastercycler personal PCR , Mini-
Opticon(Bio-RAD), MJ Opticon Monitor(Bio- RAD),
(Bio-Photometer, Eppentoff),
( )
1.7 PCR
HSP70

50~100 mg

, RNAiso Reagent

RNA RNA
OD , OD260/0D280 RNA ,
1.8~2.0 RNA
HSP70

SYBR® PrimeScript "™ RT-PCR Kit
R SYBR Green I
PCR

H Ct
-AACT
2

2

[S-actin
HSP70

. 5xPrime-

B

mRNA RT

Script™Buffer (for real time) 2 plL, PrimeScript™
RT Enzyme Mix 1 0.5pL, Oligo dT Primer (50
umol/L) 0.5 pL, Random 6 mers (100 pumol/L) 0.25
pL, total RNA 500 ng, RNase Free dH,O 10

uL; 37°C 15 min, 85°C 55,4C
PCR Primer 5.0 R
fS-actin (GenBank: AB039726.2)
HSP70 (GenBank:
PCR ,

P1 P2
, P3 P4
AB092839.2)

100~150 bp, :
Primerl: TTG AGC AGG AGA TGG GAA CCG
Primer2: AGA GCC TCA GGG CAA CGG AAA
Primer3: TAC ACG TCC ATC ACC AGA GCG C
Primer4: CCC TGC CGT TGA GAG AAT CCT
PCR SYBR® premix Ex
TagTM 11 (2x) 10.0 uL, PCR Forward Primer(10
pmol/L) 0.8 uL, PCR Reverse Primer(10 pmol/L)
0.8 uL, (cDNA ) 2.0 uL, dH,O 6.4 uL;

: 95°C 2 min, 44  (95C 5,
62°C 30s,85C 25, ), 72°C 3 min,
65C 90°C,
0.27C 0.02 s,
1.8

SPSS(Ver 16.0)
(One-way ANOVA), +
(x+SE) , n=9
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Fig.2 Effect of the same carbohydrate level diet on hsp70 in liver, heart, spleen and kidny of Allogynogenetic Crucian Carp
(Carassius auratus gibelio) at different times
Different lowercase letters represent significantly difference by means of LSD multiple comparison in the same group between dif-
ferent time periods (P <0.05), * represent significantly difference by 7 test at the same time between different groups (P <0.05).
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bohydrate diet on plasma cortisol changes of Allogynogenetic drate diet on hepatic HSP70 mRNA expression of Allogynogenetic
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Different lowercase letters represent significant difference by
means of LSD multiple comparison in the same group between
different time periods (P <0.05), * represent significantly
difference by T test at the same time between different groups
(P <0.05).
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Effect of high dietary carbohydrates on plasma cortisol levels and
HSP70 expression in allogynogenetic crucian carp (Carassius auratus
gibelio)

MIAO Linghong', GE Xianping'?, XIE Jun'?, LIU Bo'?, PAN Liangkun', ZHOU Qunlan', CHEN Ruli'

1. Key Laboratory of Genetic Breeding and Aquaculture Biology of Freshwater Fishes, Ministry of Agriculture, Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China
2.Wuxi Fishery College, Nanjing Agriculture University, Wuxi 214081, China

Abstract: Nutrition is one of the most important factors influencing the growth of farmed fish. The effect of diet
on growth, disease resistance and immune suppression is well established, including over- and underfeeding, but
the effect of nutrition on stress is less well understood. When fish are stressed, their ability to resist attack is
weakened, and stress is considered a primary contributing factor to impaired health in cultured fish. Dietary car-
bohydrates are widely included in fish feeds to improve their physical quality and to provide an inexpensive
non-nitrogenous energy source. They may induce nutritional problems, however, as excessive levels of carbohy-
drates reduce growth rate and are often accompanied by poor feed utilization. High blood glucose levels and ele-
vated hepatic glycogen deposition are among the most frequently described metabolic disturbances. In addition to
changes in growth and intermediate metabolism, excess dietary carbohydrates have been speculated to influence
the stress responses of fish. The adrenergic response and hypothalamus—pituitary—intrarenal (HPI) axis are acti-
vated by stress. The HPI response results in increased plasma cortisol, levels of which are widely used as an indi-
cator of stress in fish. The effects of dietary carbohydrate levels on circulating cortisol have not been extensively
studied and results have been inconsistent. Heat shock proteins, particularly, HSP70, rapidly up-regulates cell sur-
vival during stress, thus protecting cells from damage and restoring normal structure and function. HSP70 is also
widely used as stress biomarkers. To establish if stress is induced by high dietary carbohydrates, plasma cortisol
levels and HSP70 expression were measured in allogynogenetic crucian carp (Carassius auratus gibelio) fed dif-
ferent carbohydrate diets. A total of 168 carp (body weight 35.60 g+1.11 g) were divided into two groups, with
three replicates. The NS group was fed a normal diet (35% carbohydrate), while the HS group was fed a high car-
bohydrate diet (50% carbohydrate). Fish were maintained in aquaria with an automatic temperature-controlled
system of recycling water for 5—10 weeks. Plasma cortisol and HSP70 expression in the liver, heart, spleen and
kidney were determined at 0, 6, 12, 24 and 48 h after fasting. In the HS group, plasma cortisol and the expression
of HSP70 mRNA had increased on day 70 compare to the NS group. Furthermore, plasma cortisol and HSP70 ex-
pression in liver was increased at 48 h after a 24-h fast compare to the NS group. A 50% carbohydrate diet appears
to induce stress in allogynogenetic crucian carp but the reason for fluctuating levels of plasma cortisol and HSP70
expression in liver require further study.

Key words: allogynogenetic crucian carp; carbohydrate; cortisol; HSP70 expression
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