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18S RNA. #1485 GuoZ™ HSP70 F: 5-GTTG
ACCAAGATGAAGGAGAC-3'. HSP70R: 5-CTGA
CGCTGAGAGTCGTTG-3'A118S F: 5-CTGTGATGC
CCTTAGATGTT-3'. 18S R: 5'-GCGAGGGGTA
GAACATCCAA-3', 519 UK — M A YR
HIRAF S . FSYBR” Premix DimerEraser™
Kit (Perfect Real Time) (TaKaRa)i{ 7] & 7F StepOnePlus
Real-Time PCR % 4i(Applied Biosystems) [ #4773
Mr, o Bk 20 R : SYBR" Premix DimerEraser
(2x) 10 pL, cDNABLHR 10 ng, ROX Reference Dye
(50%) 0.4 uL, 10 umol/L1E % [ 5] #145-0.6 uL, i Fi
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P<0.05F1P<0.013 7~ % 7 i 25 Bl I 3%

2 #£R

21 FHESEMEN R KEEINMEESEKAEMm
FEARI 45 o, 4 Ab FEZH 1) T 38 O 2R 43 5]
N100%- 95.45%- 79.55%F163.63%, [KlT % 7
S i 18R P 1 T v v TR SR A AR R R PR
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3R FEH(P<0.05); 524°Cxf BZHAALL, 32°C iR
HYE R AR 03 T 2 2 T R (P<0.05)1 B &
il 3 P G B AR A (P>0.05), 35°C I 4LiE 8y
Wit TR o Il 3 A G N 3 AR A (P>0.05) 1T 15 A 1
T R 25 TR B (P<0.05).
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35°C I A 2 5 =1 (P<0.05)
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PE 15 B KT HoAh = 2H.(P<0.05), 32°C 4K T-SOD

R 1 FHESRPHMEX 5 RREIE K RER S
Tab. 1 Effects of sustained high-temperature stress on growth
performance of P. clarkii
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0.05).
3 Wig
FEiR e Rt KRBT K SiE A2
TEZK AR R AR, 5P A B M i 88 5 R 5 s A A
TE AR G 2 A A T e N7 ) B BA 8E [R R
22— i v B SRR g — R AR S A, X FR
TR AR A Frma S S B B AR S I B0 R,
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JR BRI F29°C IR R, HAEKMREES
T HALL; 32°C UL Lk s sy A K 7
IR EAR] ., —Lemt R, 5 RJFE B IR 4 ik A4
KRB W IR 25 C A A, B & AR
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(Cherax quadricarinatus) 1) 70d5% 55 K B, 1E
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Effects of sustained high-temperature stress on digestive enzyme activities of P. clarkii
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Different small letters indicate significant difference (P<0.05); the same applies below
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Fig. 2 Effects of sustained high temperature stress on nonspecific
immune indices in hemolymph of P. clarkii
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Fig. 3 Effects of sustained high-temperature stress on antioxidant indices in hepatopancreas of P. clarkii
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FER, Ho E m RAE A A AT I FE AR, AT R AL
PRGN 132 1 oh L o T P R 45 g e s s
SODJ& —Fh B E [ HT AL, 1@t & — ML A
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Fig. 4 The relative expression of of HSP70 gene in different

tissues of P. clarkii after sustained high-temperature stress
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EFFECTS OF SUSTAINED HIGH-TEMPERATURE STRESS ON GROWTH
PERFORMANCE, DIGESTIVE ENZYME ACTIVITIES AND IMMUNE
INDEXES OF CRAYFISH, PROCAMBARUS CLARKII

HE Nai-Juan, RUAN Guo-Liang, LIU Yu-Lin, FANG Liu, WANG Qian, FU Yun-Yin,
LI Sheng-Xuan and LI Qing-Song

(Engineering Research Center of Ecology and Agricultural Use of Wetland, Ministry of Education, Animal Science College,
Yangtze University, Jingzhou 434025, China)

Abstract: In order to investigate the effects of sustained high-temperature stress on the growth performance and health
status of crayfish, Procambarus clarkii, the P. clarkii of (7.19+0.29) g were cultured at the suitable temperature (24°C,
the control) and the higher temperatures (29°C, 32°C and 35°C) for 30 days, respectively. The results showed as fol-
lows: (1) With the increase of the stress temperature, the survival rate (SR) of P. clarkii decreased significantly
(P<0.05); the growth performance indexes including final body weight (FBW), final body length (FBL), weight gain
rate (WGR) and specific growth rate (SGR) increased firstly and then decreased with the rise of temperature. The
growth performance indexes reached the peak at 29°C and was significantly higher than those of other treatments
(P<0.05); compared with 24°C, 32°C of high-temperature stress had no significant effect on the growth performance
(P>0.05), but the growth performance decreased significantly under 35°C of high-temperature stress (P<0.05); (2) The
activities of pepsin, amylase and lipase firstly increased and then decreased with the increasing temperature. The activi-
ties of three digestive enzymes reached the peak at 29°C and were significantly higher than those of other treatments
(P<0.05), the activities of amylase and lipase at 32°C were significantly higher than those of the control (P<0.05), and
the pepsin activity at 35°C was significantly lower than that of the control (P<0.05); (3) Under the conditions of high-
temperature stress, the activities of acid phosphatase (ACP) and alkaline phosphatase (AKP) in serum significantly de-
creased while the activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) gradually in-
creased significantly with the increasing temperature (P<0.05); The total antioxidant capacity (T-AOC) and total super-
oxide dismutase (T-SOD) activity in hepatopancreas were the lowest at 29°C (P<0.05), and the T-SOD activity was sig-
nificantly lower than those of other treatments (P<0.05), while the malondialdehyde (MDA) contents gradually in-
creased with increasing temperature (P<0.05). The relative expression of heat stress protein gene (HSP70) of hepato-
pancreas and gill increased significantly at 29°C (P<0.05) and was the highest at 35°C (P<0.01). The results revealed
that the 29°C of sustained high-temperature significantly promote the growth performance and the digestion but signi-
ficantly affects the immune function of P. clarkii adversely, and the sustained high-temperature stress of 32°C and
above has serious detriment to its survival and growth, digestion, immune and antioxidant functions.

Key words: High-temperature; Sustained stress; Growth performance; Digestive enzyme; Nonspecific immunity;
Procambarus clarkii
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