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iR E RN A 2 S R AE Y
EBTUFEXERRE

EOEM oA B O BRUT E OB ksl
s I R Y S

(1. FERERFKESEM%E BB 2013065 2. KGRV B S R8s e H & S Ln s
REK PR AT ST B KRR IR HFE 266071)

BE B &5 04 5| ¥ 8 F 8 (Cynoglossus semilaevis)t g, £ E#E KT, 2L {bx
BN EEZRWEEZ — HIRK SR M X EF G ARG R R A X R E e,
AARBBFEEH - N2RARZ AN Ly, EXESARAEHEMELHG5C)E,
R0, 3.6, 1240 24 h X EAFMELA R, 34T A AR~ 42 % € 3% (HE)M TUNEL % & Jf WL &
SR ARAG T UL, T E A LB E I X B (MDA) S & A B2 A % £ ] heat shock protein
family A member 1A (hspala). heat shock protein 90 beta family member 1 (hsp90bI)#a
dual-specificity phosphatase 1 (duspl)t k£ L b, &R T r, 2 M5 5 8 2 K 08 & 6 5 B
AHARXAENERETMHA BN B REAT; HAH K BESOD)ERETEME 6h HEEFH T
Xt PR 41(P<0.05), A Bt k3t £ (64 B8 (GPx) & M 78 & i e 12 h B 2 2 5 T 3 41(P<0.05),
LA B (CAT)7E M A2 % i 28 0 h B B 3 & T x4 B 41(P<0.05), MDA 4 &7 & i it 24 h
M % 5 T At B2 (P<0.05); # ik % & & 3 B hspala #0 hsp90bl 4 F A E B Oh fr 3 h B £
FLERRE, B KXER duspl AR iRME 3 h B EF FRLK, F LR, AETER
BE, FEEGHFELEACES, EHANETEAREA AR mEFREER, FHER
MK EE KK, ZARTABNLEREGE T RMEG NI, A EEHRAAERL
TWRAEURTTRMEGRBANETERESE,

KA FEHESE; cMmEhE; FIE; ARAT; MALE; ARTEAREE
FESES S968.1  XEAFRIEEG A XERS 2095-9869(2024)04-0024-10

IR K= b R EEN SN EZ 2014), KEAILBE EEE MM AR ERET .
—, K FRFE MR R B IR S E K (He et al, A R4S (Chen et al, 2020), H AR AR W 7K

* [H 2 H I & TR (2022YFD2400401) . H E K 7= B 2E 0 55 BE FE A Bl 45 9% (2022 TD20) . [ I 7K £ 7=l AR Ak
ZPEE B E R K AL(CARS-47-G03) . ILZR A T S0 & T 0500 B - & Be = A BA S HI00 H (2023ZLY S02)F 1L ZR 48 28 11 223
2RI EEE . £ 7d, E-mail: wanghrun@163.com

O WBEEE . Bk, PETEPER T, E-mail: chensl@ysfri.ac.cn
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R S iy ISR eSO RS A I EP S A o 25

LR /INIR BE U 2, ABAESERRA = B b, 58k K iR
A2 G RS SR A0 277 AR RN, AN AR B ) g
. AFIEEE T A R, EESREMIIET (Liu
et al, 2018), K /K THE M T M ZVH IR, &
MR AL . RBERIITIR R SE, PR45E rh A B0 e
2> gt — 52 W AR B9 1 % AR PR AL BE (Yanar et al,
2019). KA = IR PRI 25 X0 A7 A AN AT B 545
{1587 N R ENERZER Lo vk N A I KR % N B O e ]
K A0 ISP BIET(Xu et al, 2018).

e S s R RSN, S SRR
F(Kim et al, 2019), BFFEFRW], MR E ALK
FOLPEE A LY E (L (SOD) . i AU fk AUl (CAT) Al
AW H K ALY B (GPx) S P AL, LUE IR
13 Z B G VE 4 (Chen et al, 2020), W58 & B, b
(Oncorhynchus mykiss) (X ik B§ 55, 2017) . 7 &
(Paralichthys olivaceus) (1424¢, 2010), 3E M il
(Alosa sapidissima) (BWI5E, 2020)% & Fh 2 (414
AT TR A e TR AR A e . R, HiéAfE
Pl 1% 1 2 1 T A Sy e A g TR B 5 e ARk B CR S
M EEHE R o FEPUIAN I fE v, R FE R 2
S5 LS, 2022), ANFEFEEEHRMNFT, KHE
fifi(Micropterus salmoides) “fL85 3 5" %)y JH k12
A hsp70 F1 hsc70 ) mRNA 335 2 F & P30 15
JE B T REAS 5 B THE T BB (4, 2021)
T, Wang 55(2023)iF 58 & 8L, BE D i (Danio rerio)
g 5% U S P Tl R T T (dusp 1 I, WHIRLEE A A B L
B, F B P TSR ) RE A AR o A i e )
TE 4, % DUSP1-MARK-DRP1 #i#F 58 %W, duspl
A RE X 4 45 4R R T B 58 B MR AR AL I T R A R 5
FEAEF, T 4R 20 A S A D RS 2 T R I X 4 i
S BN ML o R, HEN duspl HEPRBTE
IR P ) A R v R A E AR

¥ 5 B8 (Cynoglossus  semilaevis)J&— I i 7Y
JRE B2, LR BT . R IE 56, B2 T 2 a
MHMEAR R . SR, £ 1) feFd e, 25
T T 2 i B8 ) AR A AR R A TR, LA
KA RN, H 2 S BIET(Guo et al, 2016), T
VE Ry 0 2 At w A S B8 A DG B 2H 21, A iy e i
i & P B FH (Liu er al, 2016), Bl 2108
5 4> L DR 2H I 7 (1) 52 Sl (Chen et al, 2014), 43 FFric
W B E Fh(Sharifi et al, 2015), FEHHER(Lu et al,
2021). FEF GRS AR (Cui et al, 2017) 9% L M &5
FPEHUR AT A RO 1 SRR RN (S 4, 2022),
e o F B EF e R R 28 T
— BB s R AN E AR B AR . AR, T2k

i RS 2 T S R M 18 T 9 A R A S i i
ZeTHR Ik B R A 2035 C)Ja, e 0, 3. 6.
12 J% 24 h RN 04T IR AR~ YL £8. 74 (HE)
A TUNEL Jeff,, WLE I 2H 20005 B 1k S 20 i ) 1
B0, M DT AL RS T AR AL, ARSI R SR
FFHEH heat shock protein family A member 1A
(hspala) . heat shock protein 90 beta family member 1
(hsp90b1) % dual- specificity phosphatase 1 (duspl)F)
FRAEA BRI T T SR 2 S IR A T B2
ZUN . AR B AR AL K o T KA L, WD ARTE
T 0T R R A e 17 R 3 AL, ST e
T i B o A R B R AR R S B K

1 #RERFE
1.1 A&

ST F WS B 4h £ [(22.6£2.2) cm, (78.7+
10.6) g] M F LR 44 40 65 11 165 BH B 96 7K 7= A BR 2> #]
AR JORE . W 15

1.2 TLEAER

ST FH £ 8T 3 T R B IR R 35 5 4K /K A5 (1 000 L)
W, ETREK R uEK, KR 23 °Co RIS T I
b, B 7 do

BEE T IR L A S R AR BRA , Hod, X R4L(O)
e 23 CTIEWFE, AMmiEarHEL, 2.5 Ch
B THE ZKIRIA S 35 C g #hAT 2 Pk iR b3 52
55, 2N E 3 AT, B T 27 B,

1.3 HmXEE

B IR T Z SR EE (35 CH)RIITEE N 0 h, 43
WIFE 0. 3. 6. 12 124 h 5 p[a] S EBUTHEH 2L, %F
WL A 2t S R W BT 4 A i B AL IR 2 e fa,
MS-222 BRI, FE#8E TAE G A 0 G Y 55
JI BRI TFAR TR AE IR LSRR o TG AN
PRI 2 SR A T P R it 2B A VRS ) Sz BV R T L 3R
J5 e 280 CUKFEIRAR ; FTHAED] A oA St fifi
2 R BEORAE o SIS A 38 v K 7 B 5T
B¢ B 1 K 7T 5% T4 B 2 B3 2 ) BRI A T

1.4 FFREALARAETE $//ER HE &

RAERE LT, B AYII—PIRRE R e | 2
3 mmx3 mmx3 mm JFAEZHEY, 7E L 5F H T E E
24 h, RIGHEHT] 10%L BT, G REHkE 2
WK B, R A YR R A BRI E
JHF WA 500 A
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R WA 4 B BT R 2H 2300 BE U e B e 220K, AR ik
T HE Beta, e ikE A, MR REs, R4
KR

1.5 TUNEL #:iul

F4 A S U 2H 20 s 1 e i et K, T e
HEE K B2, B, =IEF6 . I, 40k
DAPI B4+ 543 T TUNEL 440, 5%
KA, SRERE.

1.6 MELENE

FRIGE 2 IE AL 20, AR AR s i AL 9 AR
1) 1xPBS R 7219, 4 'CF 3000 r/min 5.0
8 min, MU [V E BT A (LS J1. SOD. CAT., %
GPx il 1 PE X 9 — % (MDA) & &= 81 1 &4 26 4R 0 i
ELISA 35 & kil o FARE 5 10 S8 1 7 it (TP)R A
A AR ) T RRAIE ST T 1 2 T B R o
W 6 B {8 % F 2800MF %4 22 Dy RE AR {3 5

1.7 RNA i2EUK ¢cDNA &
i Fl TRIzol 357 B HU BE AR & 5L RNA, 2 2
A RNA MR JEF OD,60/ODogo fH o Bl 1%3 5 b 5E

x1

AT BRI L UK BETIE RNA i, Btk i fik 1
A RNA i ] TaKaRa i 5 & 347 RO 5% .
1.8 LR EE= PCR &

i 3 S e 8 f PCR(QPCR)AG I 7 1o 3 iyt
A[a) s ] g5 05F hspala. hsp90b1 F duspl F R 782 1
TR ZUP YRR o Lh B-actin AFE NS HE
A, SIYRYE hspala. hsp90bl F duspl FEF O A
BEF AT, RNiA RS SYBR Premix Ex Tag™
Il (TaKaRa, HA)VPEHHA, EA&FRN 20 pL: SYBR
Premix Ex Tag™ Il (TaKaRa) 10 pL, 1FSZI05]44%
1.2 uL, c¢DNA #itjix 4.0 uL, RNase-Free 7K 3.6 pL.
i | ABI 7500 Fast Real-Time (Applied Biosystems,
FENAFHATE R TR IR 1, R
FEFF: 95°C 30s; 95°C 35, 60°C 33s, 40 IMEIF;
95°C 15s; 60°C 60s; 95°C 155, K 224kt
BN hspala. hsp90bl F duspl WA ik .

1.9 HiERGIT S

SRR 3 ] SPSS 26.0 B A Y LR 2 0 254y
Hr(one-way ANOVA), P<0.01 h2= 54 i K F,
P<0.05 A2 5 3 KF . ] Origin 2022 #KAFERE o

AFRABWNEIMER

Tab.1 Information of primers used in this study

5|4 Primer 751 Sequence (5'~3") FEHFF5 Gene ID
hsp90b1-F CCAGTAGGAAGGAGGCGGAGTC LOC103380288
hsp90b1-R TCGTCCACGGGCTCTGTCAAG
hspala-F GCCAGTGCGAACGGAAGGATG LOC103393458
hspala-R GCTCTTTCTGCTTGTGCTCAAACTC
duspl-F TCTCTGCCGCCGTACTACTATGG LOC103391114
duspl-R TGGGACGAGTTAAAGGAGAGGAAGG
p-actin-F CCTTGGTATGGAGTCCTGTGGC LOC103393304
B-actin-R TCCTTCTGCATCCTGTCGGC

) R M 25 ¥ TR L, AR = ) 1 1 5% () B 4 58 3 22

2.1 2T IRE X B & 65 AT A28 22 % T2 50 40 i
R0k

APk R A T, 2 AT 4L 20 B AR A
B 1R o X BRI 20 20 P I 40 B 253 [BE , HE
GIEETE, YNML AT, ARRE R TR e, JEARTE
WHE ., WA, I (E 1A). i 0 h J5 k4
Mo AL IE I B 5% (- 1B); 3 h i, Bl
Y e TR AR B A0 K B (B 1C)5 6 h BsF, IFZNi
HEARZE Y LR 52 T H R R ik DX R U s B AR )

JFFIE 28 Y0 AR X ek 2D, 4R A A7 T I 2 A — 00 (1]
ID); il 12 h )5, FPREZLZUB R e, 4
NS IC Y, B A M d B =S i dl, R ) SRR
AL, AR, R R R B, DU
FY K AR (& 1E); NG 24 h
Ja, TSR S B, T LA 2R i ==
MO LI BT A R SR BT 7 A B 23 3, 200 )32 AR
RAE, i (] 1F).

A v L 30 i R U 40 A O 2 SR A
B2 s o o BRZH R E A0 RS R, (A T
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Fig.1 Effects of acute heat stress on liver tissue structure of C. semilaevis

A: XHEZL; B~F: miMHa410. 3. 6. 12 F124h, HBIR=20 pm, HCC: JFAIMEZE; Cv: huefiik; LC: JF4Iif; BC:
MANNL; AB: IMANMEIEREE; S: 25l Pn: ANMEAXIESE; 1. Wi 2. BRBESIE; 3. SRSEPAERASTR; 4. AN Z HER5E
A: Control group; B~F: High temperature stress group at 0, 3, 6, 12, and 24 h. Scale =20 wum. HCC: Hepatocyte cord; Cv: Central vein;

LC: Hepatocyte; BC: Hemocyte; AB: Hemocyte aggregation; S: Vacuole; Pn: Nuclear pyresis; 1: Congestion; 2: Lipid vacuole;

3: Necrotic cavity; 4: Hepatocyte extensive necrosis.

P12 TUNEL 3% € R A 2ot o e a6 Ak 3501 24 e < 853 O 40 e 0 1

Fig.2 Apoptosis of liver cell of C. semilaevis after acute high temperature stress treatment detected by TUNEL staining

A: XM B~F: WiHa4 0. 3. 6. 12 f1 24 he
W ATOGURIEW MM, SaFOuURMET AR . HHIR=20 um,
A: Control group; B~F: High temperature stress group at 0, 3, 6, 12, and 24 h.
Blue fluorescence represents the nucleus of normal cells,
and green fluorescence represents the nucleus of apoptotic cells. Scale =20 um.
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55 4 0 T B R R 22 R 1 A B AL RIAR O LR 3 5K 29
WEZH (K 4A)., hsp90b] FEikAE IR IMNA )G & FiHE #4rh SOD. CAT Hl GPx I&PE¥FHaE, i fFEZH 2

ik, 78 12 h kB KME, AXT AR 7514%, 3. 6 fll
24 h AR IA B 5 X FEZH G 60,70 11 40 15 (& 4B).
duspl FEH B ik & 2 SeTHE R G THE B,
3h Rk B E TR, HAR ] 5 S X R 22
SR E (K 4C),

3 it

JHFJEE 2 £ 2 AE 55 A i 136 2 A1) oA Y B 2
21, YRz B0 5 2 B A2 ik . A0 R
Pt . AR SO SR B (RO, 2015), 7E 37 C2&
PERIREME T, KO RET LT 357 B0 2
2L . A0MIAZ I R . A S PR S L AR <5 I SR (il £t
4, 2021), £ 27 C Ak IR R, O CAF b
(Sebastes schlegelii) () JFFREA i W i, -4 B HE51)
AL, B A0NE S B A Ak A ) S BR 2 LA R
A MIAZ S A, MAE 5 C 2AMEANREMNE T, FFIEAH S
WA B R IEREE, 2018), AMFRE AR, MiE
e et B S [AD A, A A B 4 . AL T
(apoptosis)J& FH JE P . A0HfL [ A0 P ESE T,
SRR AR 40 AE T (programmed cell death), &2 E
1240 i ) — R AR IR I FE TR (SR AR 58, 2022), BF
YR, PN | A i 2R A4 A sk S A B 5 AL
A, I F B4 T (Luo et al, 2016)., AMMEIHT-HY
FHOCHIFGE & SR 22 6T 240 Jf ) 7 S IR 45 P i 6 1A
WA TR A caspasse3 (Chu et al, 2023) . caspasse9 (X
BIEAE, 2021), p38MAPK (T 285, 2022)%
AR B, e A0 S SR B e Y 2
MLUA T B4, SR 5 St — P40 A e O T A A2
T S 7 g iR 38 TP A IR AR A

e ek A 3 2 T 0 2 A SR AN B, S BUE R
fii. SOD. CAT il GPx Je fffAR i %l 8 A0 W i i) 3 2
Préa L, MDA VMR BT AL Y e 2= Wy, nl LA
S B AR H X A )R 08 0L SR A B BE (Zang et al,
2012), v, SOD 4 Ak Rt 1k 751 18 - ke 5]
HEAE], e B R S H LT R R (TR A 4 4%
2010), VER—FhZ B HTE ARG, SOD H4 i ik s
16} H,O0, F1 O,, T2 CAT 44k H,0, 23N H,0 Al
O,, MIMIEERE A o5, AR BT S A O (E R
4%, 2020). GPx AEMEALIE JEPEAS DE H IK(GSH) 22 B4R
A e H BK(GSSG), 42 #F H,0, 73 , 1A # 11) H,0,
W JFURCC T R IEAL E I (Ning er al, 2016). BFFEA
G4 X W 68 4 Sk 68 (Salmon  gairdneri) %) fa 3t 4T 20k
a8 WLA L . GO BESEA

(B AU S M i (2B PH AR, 2021), IR BE TR
Xt AR W) 7 (Sander lucioperca) I WEHT A AL Bl 52 )t
#, FHEAWI] SOD . CAT I GPx {f M I (L [ AL
4, 2017) o FEHABAK = Py 2 S5 2R, fildn,
H {8 ¥F (Macrobrachium nipponense) T = g fiia T,
JIFIBERR ) SOD il CAT TPk i 2 = T X HRAL, 3R]
RN A O = N AN E =W A B A G DR
2022), XL (Haliotis discus hannai) F1HF 3 b5 U1
(Mizuhopecten yessoensis)#A7 = il PR AE 4 #H, H MDA
PN, AR R SR AR S TR BB AR A R S
(FEURIE, 2017), [AIME, A5, SOD. CAT. GPx
TG MDA 5 2 78 2M: SR E 24 h 93 H B &
(Tt . Horh, SOD W& PE7E Stk M il Bha 0 h B &K
TXTHRZL, 3 h B R3S TR RAL(P<0.05); 1M GPx
TEPEZE S IRMA 0h Ml 6 h WM T X M4, 12 h )5
2 i TR IR AL (P<0.05), B AR AE Ak, T
[ X=X =0l 1 SIS0 ST IR =Wl s i St oz ) |8
[F) A A P 7 A RORE, IR TS, W B
PE YU E LB A IS MR SR AR Z B B . UL,
L DA A, v e T e S 2 v SR A P
T 2, o G o PO RS AL R G LAV B it
2 A R BE .

PR T34 M (heat shock proteins, HSPs)J&—25 /5
FELRSTF (A B L K%, B RTZE Z M A iR b 254
RIN, e AL N R e . YU | A
185 L B I BE 1 (5K R OBAE, 2023). Hsp70 FiI
Hsp90 /2 H A B 1) 2 DGR L, TEARTA T
ZHIMESE . WS, R AR b 23 1 2 S ) AR
i 2 3 DR 1Y) 3R 58 (P IE ME 5, 2023) . XTARERHETT
28 °C, 30 ‘CHI 32 CHY&IRINAE, ML hsp70 KA
()28 T A P a B )3, 7E 24 h WESE LT
TRER R, I HAEAS R BP0 T R E A B
ER (BB, 2022), hspala B hsp70 FEH,
RIEE ARG E W RENZ —, &R T REd
B8 &2 M AR A W0 AR 3% B 4% (Yebra-Pimentel
etal, 2019), WA, hspala FPTEZ ) 2 iR M0
SRV TSN Tl o S v (154 LIV AT=IR =10 B 1 B Uk
W hspala B&PRE 0 5 SRHKHT I N 3500 G LA
TEA 5 TR A T e I 2 PR AR i e A SC AT Fh N -

WFREW], duspl FEPIE A T 4 AME 5
AR VO 2 W R AR AE R R PR T RE (38 % T A,
2018), WFFE A& BL, FE5 fi(Ctenopharyngodon idellus)
2 BRI 8 K 202U sk i, duspl FER &
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g3

BEAEVS AT A0 A 0 A R R T R 4 rh ok AR
(Shi et al, 2020), X BE L IR G o527 4 AE 4 i 17
duspl Wi, P47 10 CARIRALEE, & BUREMN G T 40
JHL B O T B A3 J8 2 R T R, 3 A Rt T X
WA, Ui duspl 250G N EE R, EAGRME
TREM I A (Niu et al, 2017), AW R, (EQME
R AR, dusp 1 FE A TR H 2 B R A
XA HERTERS R duspl FEPREMR R & R0 5 H7E &
PR RN 6 h B R GA S W E T, TR it
B 4B OE T TS R AR 2 T HL, R 3 duspl FEA
eIk 2f LES SRR, I EH Y duspl FH TR
e il D e AT BB A HE LR, X IR ST Lk £ 2R
o a7 P AL B AL TR A TR

4 it

A 5 38 3 0 W AT 35 C 2k i
i, EHC24 h N S AR IFIEH LY, S B4R
Y. AR AL RPN RN AEAKCOT B N SN, S
SR, Lotk e i 38 23 3 i o T R I 20 4
AT, FIEPUASTE LB RS & A S, B
SOD. CAT. GPx il MDA Z540 & AL AR CFR b 77 A 78
LA R DUIAR S, IS hspala . hsp90b1 F duspl
SN A G 3 D]t 3 2R 58 DUV IE 7 R e W 36 4
RIAFIFEN o LA 25 RALARW] 1 235 S 7E 21k
SR S E R NS AT S AN O = =1 BB IV i s e 2 1
14358 2 fige p AN e iR R AP R HAA 4R S L.
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Physiological Changes and Related Gene Expression of Cynoglossus
semilaevis in Response to Acute High Temperature Stress
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Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract The Chinese tongue sole (Cynoglossus semilaevis) belonging to Pleuronectiformes,
Cynoglossidae, Cynoglossus, is distributed in the sea areas of Korea, Japan and China. C. semilaevis
has limited natural resources and no long-distance migration, which is suitable for the development of
aquaculture in coastal areas. After more than ten years of artificial domestication, C. semilaevis has
become one of the main mariculture species. Water temperature is an important environmental factor
affecting the growth and development of fish. High temperature in summer can cause stress and even
death of C. semilaevis, which is one of the important factors affecting factory farming and the
promotion in the southern coast. However, the physiological and molecular changes of C. semilaevis
in response to acute high temperature stress was still unclear to date.

When fish are stimulated by high temperature, it can cause oxidative stress, resulting in a variety
of toxic effects. It has been found that there is a significant correlation between high temperature and
the activity of antioxidant enzymes in many aquatic animals. Therefore, changes in the activities of
antioxidant enzymes can be used as an important indicator when fish are in a state of oxidative stress
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under high temperature stress. As a tissue related to detoxification metabolism and immunity of fish,
liver plays an important role in response to high temperature stress, thus the tissue structure and
apoptosis are also important indicators of liver health status after high temperature stress. Heat shock
proteins (HSPs) are a class of common biological stress proteins, which have biological functions
such as anti-stress, anti-oxidation, and regulation of apoptosis. HSPs are also involved in the
resistance of fish to heat stress. Recently, it has been found that zebrafish (Danio rerio) is extremely
sensitive to temperature changes after knockout of dual-specificity phosphatase 1 (duspl) gene, and
duspl has the possibility of maintaining redox homeostasis, so it was speculated that dusp/ gene may
plays an important role in fish resistance to heat stress. In this study, heat shock protein family A
member 1A (hspala) in the heat shock protein HSP70 family, heat shock protein 90 beta family
member 1 (hsp90b1) in the HSP90 family, and duspl gene were selected to study the temporal
expression characteristics under high temperature stress.

In order to explore the effects of high temperature stress on physiological and molecular
changes in the liver of C. semilaevis, a full-sib family of C. semilaevis was selected as the
experimental object to detect the oxidative damage and heat stress-related gene expressions. After
continuous heating to high temperature stress conditions (35 °C), liver tissues were collected at 0 h,
3h, 6 h, 12 h and 24 h, respectively. Hematoxylin and eosin (HE) staining and terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) were used to observe cell damage,
antioxidant enzyme activity and malondialdehyde (MDA) content were measured, and the expression
changes of stress-related genes Aspala, hsp90bl and duspl were detected. The results showed that
acute high temperature stress could cause obvious pathological changes and apoptosis in the liver
tissue of C. semilaevis. The activity of antioxidant enzyme superoxide dismutase (SOD), glutathione
peroxidase (GPx), catalase (CAT) and the content of MDA in the high temperature stress group was
significantly higher than that of the control group at 6 h, 12 h, 0 h and 24 h, respectively (P<0.05).
The expression of heat shock protein genes hspala and hsp90b1 were significantly up-regulated at 0
h and 3 h after high temperature stress, respectively. Heat stress-related gene duspl was significantly
up-regulated at 3 h after high temperature stress.

In conclusion, oxidative stress occurs in the liver of C. semilaevis under acute high temperature
stress, in the short term, the body can mobilize the antioxidant system to accelerate the removal of
reactive oxygen species and activate the expression of heat stress-related genes. This study provides a
reference for analyzing the response mechanism of C. semilaevis to high temperature stress, preventing
the occurrence of massive death in summer, and carrying out the breeding of high temperature resistant
varieties.
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