=
i

5 ikE REPOATS

R K 5 8F ML A& AR FR R R2 NG
E R, kST, XHE, FER,

VA DI &

(1. PEDK=REABTEbe BB el Rl S EY = I R RE iR s, IR Fi5 266071; 2. &
R ARSI AYEE G, TR T 510632; 3. MG FF A X KRIFEKF=HRAHR, IR MG 264006)

WE: ARt K E 8 (Scophthalmus maximus) KL 4 & 3G 3 b Fo 2000 ST A2 T BORAE AT 89 T4k, A
FRREAN8C. 21°C. 24 CHA 27 C ANREMHE, KA 1C/Mh A REE, TR EH 18£1CHH
AT 96 h LM 2B Gt AR M 96 h AR E FE AN E fo K IR A ALIE AR T A AL 5 R A,
fE pH 7.85. 3 E 29.5 A a R A EH T 6.5 mg/L 69 RS54 T, FHRIAE 183.65£15.99 g i K K 674 &
96 h FHAL4E K LR & (UILTso) A 28.05°C; i3 A A= pi8 B 18] 2t o 3¢ 6 _E AR & (EPI). &/t B2 (Cortisol). £
AE(GLU). iR A A B IR (GSH). A2 AAb 49 3 AL B (SOD)An a4 B BA B (AKP) & B /& A G ER 5%
), Mk GSH #h, BEAMan A A 2L F R LM atER, AL ah R BPl A AR E K2
B AR, Bl — AR L 21°CAA R &; A4 Cortisol 42 64 vk 5L B 18] (LR & A & 48 5
AT R AR A 2R F B et A4 48 h AR F1A; 24°CA= 27°C 4 GLU A & R4 B 1) 2 284
JEleA . Brih 3 h~6 h BPARSME, EAWRESBEEMX, 20°CHEN 2RI S a4 %, A

GSH 4 & 4= SOD & HAX A A m B0 h~3 hy St B A AR F £ 7, AR AKP FHAE 2h B
FRTTRBL, 48 h BN R H & Fxiign, BAZBELREZEAMX.

KRR K EF(Scophthalmus maximus); # AL, Gk & 3547

hESZES: S949 X HEAFRIRED: A
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IEF RS, TR R, POV At
FEAAFIRE R, AR AL AT
P 3RS 1 0 2R R AR IR R i 2 A
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T AREE, [R]A i i A PR A AL 4 bt BE A5 7 UL M S
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PRI 0038 10 i 1O

KEZE6E(Scophthalmus maximus)Je=—Fh & IR b
H fi(Pleuronectiformes)2s, BE & AR H E L KM
RIS T 1% 00 K R Bt o o 3 AR K TR A T R AR
KRR AR A, SEEIEAXT T 10~15 om R ELAS
fhfh, 76 5°CRYZKIR S T A AT ORFR AR B £ IR
A, HEEGE A KKIRAE 13°C~20°C, 1 FLF 1 #h A%
RGN, Hedpeid A= KK IR A BIEAR, KA T 23°C
A KR 25 PF TR S i A K SR i i 2 1 M,

X EHES: 1000-3096(2020)01-0122-10
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RS R TR bR 0 sh A AR Ak, DU 23 B oK 35 B0 )i
FRON A S 0 R s AN T O P AL, R R EE B
T e Y 5 RN 95 BH R SR B e R R S R AR S5
1 A

1.1 SEE##

SLHG AN G I & X K IFK =4 FRA /T, 4t
2N )RR A A M A, AR R E IR R
18+1°C, FiAg M4 21.98 cm+0.53 cm fAJFifE 183.65 g+
15.99 go BEFEAR TR 36 T AR B ST 4, S

ISTTTESZ I KA 2T 72 48 h, 7K 18+0.5°C, 2 4
A
1.2 EBEHFRIEEF X

SEG KA SEBRKAR 300 L, SEI6 7K R 28 AR
FERYUETRE /K, pH 7.85, £hJF 29.5, TAN<0.1 mg/L. i
JFE DAER AR (1 000 W) R IR AL (HXSWT-210, K%
IEH kA TF & A BRA mE R, IR EE+£0.57C, 52
RO K (kB2 3 Wid), IEW R, A
& 6.5mg/L UL I,
1.3 SHREHTEE

PEAE 18°C . 21°C . 24°CHI 27°C 4 AN BE RS BE
MREEEE 3 PATRE, BAPATREA TR LA K
ZEiPgta 10 B, VIR 18+0.5°Cat JgigK, %
1°C/h TR 2, FHEI i B, DA B I8 3] Filik
BRI 5, #EAT 96 h miMhia Sea, SeEe sl
JE T AT 4 St BT SET- %, R Probit Al
A3 A7 3845 96 h FET- 3K E] 50% A9 BEE, 1EhR
Z2 W A TP = R LR BB EE (96 h UILTso, Upper
Incipient Lethal Temperature 50)'". 52563 ] A HEAH,
B SR ZE B AT R N, B 4 hll & 1 OKIR
Vi U pH, B 24 h idsRAFATRESE TR,
It KB RIBRIET- A, aiRFET LUIsiEfih 15 s WER
A
1.4 R HRE

SR FH b R U R B N SRR, DT Al RN BT
K E2 O RIS &y fa A AL T8 bR R e, A IR
HBE 3 AFATHE, BASPATREA FIR R RS K32
fr4fi £ 30 2.
1.4.1  MBHEEMSRE

EWEARR 0, 3. 6. 9, 12, 24, 48, 72 fll

96 h BEHLEUFER I, R ERALTATRE S BEHLEURE 2 R,
I 6 R, SR JE K AR SR, AN P R
B KA, DA akE G X ] — 4% H AT HURE

R U SR M A5 A X 2 R A R, EURE R £ TR
B, IR A BT R O 200 mg/L #Y MS-222
V7K R AT RO R R (10 s~15 s Bl JC S ), 8
KR o SR I 5 2% 2250 I 20 uL 19 1%
R . T BRAEME . SREMFEAE 4°C
HIRA PR, L 4°C L 4 000 r/min 2.0 10 min i
M3, 13 T—80°C kA R FE4 .
1.4.2 MRS S AT

i Elisa (M EEE, v By i 3 Bz Joi e
(Cortisol, Fish Cortisol Elisa Kit ml003467)F1'% |- i
Z (EPI, Fish EPI Elisa Kit m1920078)¥¢ & ; i FHIf i
it Ao 2 (P o, RGO o 4 1 T il (AKCP)
FIAA SR 23 IO K (GSH)HE B /3 M (o 2 e vk (R
S, )RS i 3R R L AL i (SOD) i 1 5
et 8 2 R AL G - AR A il I (R A, )
G50 i 5 46 2 A (GLUY MR B o #0E J5 h5 BR ) &b
iR
1.5 RAESH

KEEHF 96 h 1) UILT s Fl 95% AJ 15 [X 8] JT] SPSS
17.0 A4 LIAE e A InA a1 )5 (Probit) k3K Hh o 1M 2%
A AL R AR EE DASE Y {E 4R 22 (Mean=SD) %, I
SPSS 17.0 #{4AUH 2 J7 253 M1 (Two-way ANOVA) i
ARS8, IFRH Tukey’s £ L3447 IR — iR B AN )
FisF (i) R[] — B[] A [) 9 B85 2L ) 1) 22 5, P<0.05 Fow
BEEER
2 %R
21 ATAHARK

TR EE B 4 % 2t 2 B 36 7= A B
(AT A RN, e ik 20 FE AR AT A e 7 B TRD 4 A, R I
FERE R0 o X BB 4118 °C) K22 B A& AR50 & 010 AR %o
LRI, WO . WCSIER, REJEIH 2Rk 21°1C
BRI (0~12 h)FRAHXT % #E, 24 h J5EUKAR
m T 18CHL, k. VKA. REIEH; 24 CALL LR
W12 hyfRRDRIUEE, WEsh %, JUHE K K
e, Ja IR EAR S, R AR 16 R BE A N
B, 27°CLHSCm R (9 hyta ik A e K2
8, 52BN, OB R AR, AR AR AR
s ERAL(24°C ., 27°C)ER 5 I M KiE SRR B R
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TR, HA AR B ASARR BR B, S8 T A AAE
AR D s HUGK, B

2.2 HALHHILEE (UILTs))

XHHRZH 96 h PN SLH i 3 AE NG, ToSH R .
HA S5 TR B OHEM K 3 h~9 h)¥#REH

F1 AETHINSEMEBENNNSEGRILEE

FET- NG, Sk RN O K32 B () BB RN WL 1,
21°CHAY 1 BAMATE 48 h NHIRFET:, 24°CHI 27°C
Y1 7F 24 h~96 h PN AN[E LB FET 3R, FET- R
JETFE AWK ETE. SPSS 17.0 o LI 3 B A7 s [
T (Probit)ik K H KZE6FE 96 h B bR B IR N
28.05°C, 95% B {5 X 0] 4 26.52°C~31.84°C .

Tab.1 Acute temperature stress and upper incipient lethal temperature 50 (UILTs) leads to lethality in juvenile turbot

45 JEECC) S K55 96 h ZHMET-EE(E) 96 h B EIBHIEIRE(C) 95%H 15 X 7] ('C)
1 18 30 0
2 21 30 1
28.05 26.52~31.84
3 24 30 6
4 27 30 11

2.3 SHfiR AAIS AR R
2.3.1  XFHE NS IR T B e

L P88 R 0 i [) B4 0 35 6 i 2% B 1 i 22 (EPI)
A AT B E R, L AR B A A AR
(B D F—IRET, B 18°C41ah, #ui i3k EPT
B I 3 B ] () AE K 2 B B TR TR
— A mE], 21°C 4L SE EPT & HEH 12 h 5 & 4k
e fE, H2 3w T X 4L (P<0.05), 24°CHI 27°C4
EPI 5 & W FEAR 5% AL MY, L3R (6 h~12 h)
T 4 240 T X B 20 /K - (P<0.05)

1M 3% J 51 B (Cortisol) & 5t A2 it & . W38 Bsf [|] 1

018C ®\21°C ©24°C @m27C

P A AR A S35 2 (18] 2) 18 CALIL I M 3K K
Jo T i B A A R AR I KT, AR, S8 ot 2 i 2
ok il A6 B [ JE R 2 35 TS R A
YITE 48 hik B mifd; [Al—Mria il iE], 24 CHRI27°CHA
I3 Bz Jo ek i ik P8 7 Ak i 7 B ] A B £ 1, T
385 3 h B 6 h BILIE 2 & T4 B 2H (P<0.05), 21°C2H
L5 1 25 R o i e i 7 FSF ()0 F, 036 )5 9 h ik
EE T (P<0.05), 24 h 1 48 h S RUEES T
24°CHI 27 C4(P<0.05), BN R4 2 5%,
232 XtmbEEEREHE

I3 MM (GLU) & 532 18 82 . Jolbae B 8] B 38 HAR

MEZT7 22504 [ *

I i) *
20 EHAE * 45
18} . B
CH

g 5o aBem LN
"&b
= o
o K Lo
EEH aA ﬂ
o I
(7 o
E : 2
= 3 2
>< F o
¥ F o

) =]

=] b~

e =

- )

HH' 1 1 Fo

12

s ) /h

SRR B a8 0 SR B Im K LR R S E R
Fig. 1 Effect of acute temperature pressure on plasma EPI content in turbot
xR R 3BT AR AE S R R A (P<0.05); -7, AR ZR 43 BT 45 R AR 1 25 (P>0.05); B b AN Rl/NG S b3R8 7R [ — il BE AN (] B[]
TEAE 35 22 5 (P<0.05); RIFKE 128 [F— B[R] [R] 3 BE 4177 3% 22 5 (P<0.05)(F )
“*” denotes a significant effect in two-way ANOVA (P<0.05); “-” denotes no significant effect in two-way ANOVA (P>0.05). Different low-

ercase letters above the column indicate significant differences between time points in the same water temperature group (P<0.05). Different
uppercase letters indicate significant differences between water temperature groups at the same time (P<0.05) (the same as below)

124 TEPERLF 12020 4F /5 44 45/ 45 1 3]

K 1



e IRkE REPOATS

KURZRT5 2253 Hr: UL *

1400 018°C ®21C 024%C 827C it i) *

1200 ¢

800 |
ah 600}
2 400}

200+

SEHAEIT *

RN RN

Pl 2 ol B2 I3t X S 0 it ¢ g o e 5 P R

Fig. 2 Effect of acute temperature pressure on plasma Cortisol content in turbot

g (& 3). Fl—RERMAT, 18°C4l GLU
R AR — O R RO, LREH GLU &
BEGLR B, (B 25 5 A8 1 3 (P>0.05); 21°C 41 & &=
Wi 300 P i) 52 B8 T A A%, 48 h )R GLU & &
23 m T WHA R (P<0.05); =i ZH(24°CHI 27°C)GLU
o B A R SR TH R R R H, 3 h~9 h BPR
5 THMART, 2 96 h TREREANME . [F— b EtE
T, GLU &a5REA L, LKHI0~24 h), GLU
SRESIERESTEMX, 27°CHME 6 h)ikF K&
2y k%t HRALIY 1.5 4%, SRS (48 h~96 h), HAR ik
1 GLU & a5iREZ MK, 21°C4 GLU & &AL F
B (E, 1 24°C A1 27°C 4] GLU NPk [ ARk
3, BFEALT 21°CH(P<0.05),
233 XEANESEWER

T 8 R0 lp 2 RS () S 25 5 o) ol 2 340 D PR A I AR

cC

=

B ]

AP R/ (mmol/L)

L L T L

8¢ B18C ®21C ©B24C B27%C

(GSHRY &A1k, (A& TC B &S HAEH (E 4).
[ —IRE T, 18 C4LIMIE GSH SCE6 HW P JC i #1E
Ak, 21°CALBR 48 h fik 2 FEAIRAE, FLAd R a] s B A
FEARAL, 24°CH 27°C4 GSH 25 % U] i B[] ZE K 32
WIRRAR, B3040 (0~3 h)f 2 & T 5 (24 h Bk
96 h J7)(P<0.05). [a]—Jpra iy [a] T, 4 e EE 2H A1)
HALLRIFO h), 27°CAIMYK GSH & i & M T HAth
S (P<0.05), UL, ALK GSH & & o i
EME2Z R (P>0.05),

12 768 A8 Ak 0 6 AL it (SOD) i M A2 T BE . It [A] B2
ZHAEMM RERW A 5), Hzma e 2R BT
00, ZEMG 0~3 h I 3E SOD 16 P S S E MK,
B0 s ] 3K T 25 (P<0.05), A 6 h )5, &1
JEE 21 R 45 Jop 36 B DD B3 A ) s A0, ST B M 22
(P>0.05),

LRI 2577 2 50T i *

Ief (i) *
LHAEH *

12 24 43
Hst [al/h

P 3 AR IR A X DR 52 B o 4 ] 2 W 5 ik ) 20

Fig. 3 Effect of acute temperature pressure on plasma GLU content in turbot
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80

O18C @21C m24<C

AR SRR e H K =/ (umol/L)

B27%C MR ZE T 250007 T *
s fi) *
ZHAE -

2% 48
I i) /h

P4 el Tl 30 X DS M K D R 4 IO T PO 5 6 14 52

Fig. 4 Effect of acute temperature pressure on plasma GSH content in turbot

O18C ®21C 824C
120

100

80

60

40

LI L R/ (UimL)

20

@27 KUHZT5 2853 Hr: I *
Iif (i) *
SEHAE *

bA

cA

bApA

12 24 48 72 96
I [a]/h

P s o I R Mol X DR S B af A e A i A S P ) 2 )

Fig. 5 Effect of acute temperature pressure on plasma SOD activity in turbot

2.3.4  XFAEFESME G BB T iR e

i 25 Bl P 3 T I (APt M 32 R B8 L 3 sk i)
LHAERM R ERW(E 6). R—iRET, 18 CHM
21°C41 AKP 3% 96 h N JC i #1254k, 24°CHI 27°C
ZH7E 24 h N TE b E AR Ak, 24 hs B e B i) 228 4
BT o [ — Wi aE], PR 4l AKP WEMEAE 9 h
WASAR T X IR, 22 5% A B3 (P>0.05), 12 h B E1L
TXF IR AKP 7% M (P<0.05), 48 h J5HUW 41 AKP
T D 5 3 1 TN BB (P<0.05), LT R A L
EIEAC,
3 Wik

A AR TR B, PRI IR AR AL B AL
PRI RGBT e, 2
VKL PFIRATR | B SEAT O SR IE O, AR S0,

A RE RS, (HL IR B2 i HOE TR L, )2 S B
AL, H BRSBTS, M E e R S, X
REZEF Lt FE T FNAT N RN HEAT LU, 45 R
76 18 CYIFREEER 1°C/h KTHEERT, Bkl
(24°CHI 27°C)RZZ 9256 LI 45 SR B L i sl A 55 L o
SRR 2 S A AR L, T I S0 )58 ¥ e AR 3 0 A%,
B R e KUK (R T, 96 h i R AR BUSE IR EE
(UILTso)ly 28.05°C . RZZBEXF 2RI AT R RO
5Kt (Larimichthys crocea)™ . WLE8(Oncorhynchus
mykiss) POV TR B 25 ML, UTLTso 1% F 1 G- filh
(Sebastes schlegelii) Fl K U 7~ 28 i (Hexagrammos
otakii) % Ve ML 0 M, {ARE = TR & PSR RGE
I RSEGERE 24 h UILTs0(26.54°C), X Al GE5 AN
PRI A G, MR RA 1°C/h FHREE, )5
HRMT R R, 2R RS
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[FlFf 2 UILTso Z E AR R . IR . THE

018°C ®21°C 824°C B27%C

Tl W AR e 5 #/(U/100mL)

AR T 2% 1R 55 22 b R R 0 B LA I 17,

RUR 7 25007 L *
Wil ] *
SR *

8 N2

IS al/h

Pl 6 R I P X DR S B o ik R % 2 ) 2 1

Fig. 6 Effect of acute temperature pressure on plasma AKP activity in turbot

Bartons*? 1 38 X6 FRBE 7 1 38 0 00 9% o B
SCRANZE N Ay WA, A P0IBT iR, —
JECIR-VE ARG, W2 A s, R
Jof VY Bt B R A R Y R AR, 3 e R
U I A% AN L A 2P A A Y LR I e R R, B8
M LA e . B EARR L H O EAR R ACE R
RN, TR - R AL SR (HPT G,
WG R Fe il 2 B L IR R R RO ZR (CRH) L FEAR
5 IR R (ACTH) . B 18] 41 21 i Jo 2k [ s
YR, UMK R REE S R EPE A
FFEF A, TR SobE N I T B0 6 3 RSP )
K40 OV U A0 (Schizothorax prenanti)* V45 2 Fh
01 288 Bz JoT I 0 e SO DR T e, R O R IR
Je 0 S Y B O SRR A AR R s R S AR o,
) FG b 12—, 2ot AN 2 R 33 BT ot 3R A T
PRI T, 360 0 B S T L v ) ) 7 R ] 55 L
A SR DG, TR, 7 B R, I R o
St I 0 R SE K S I T IR B R g, 45 a4
BITE 24 h~48 h KB i fH, % 96 h /5 i 2 m T % id
4 o M 3E EPT & it WA R Ha H, Sl (24°C
A 27°C) & R ha F(6 h~12 h) i E R T X R4,
T At B[] 5 % FEZH T i 35 25 5%, { 21°C4H 48 h )
3 R TR HRAL .y eI, HPT S VR A A K32
0 22 P ek B 0 B 1 b O S A, Il 3R R o e T
DAAE Ay kB I S g B PN A I S R bR i ) . AR SRR
FH IR R T AR AL R R B, X 24°C RN
27 CHN B AL AE BRI (3 h~6 )R I i V4 1M 2 B2

o T i B AT o A R B R 3 B 1 IR A, T 21°C
HNMTFHERZE 9 h LS, LA 24 h~48 h (& EAE MK
AR bR fe A R, ISR o AR AL R A R 3R
F1 R 7L KA XS B, 24°CH 27 °C IS B0 2H 78 30 % 3
(0~12 h)RIZRBE M e sl A0 6| JOT BN 22 1) O OIR 385,
I 3% Bz S5 e i AR T, 21°CHNIAE 24 h 5 A
FEH Ui Sh A B R, IR R P i i B ]
I ERORG =

B (GLU) & i 2 f 2 AU RE VR o, 2 ok
5 F A 543 fif VB S 2B VR W T, IEROIRESTF
LR 3 2 45 A XE 2 1 KT, G AL AR BDIR S AR 1k
FIANFEIAEE R 7 Al o Rk, R AR B g P
a2 Re AR AR, R4 TR 27°C) A
PR ZE BT il A A sl s, FMAJS 3 h~6 h B
KR (E, LS A R R, 1 21°C L
I BRI AR f a3, Bl 24 h NJC B AR
1k, 48 h J5 2 TH o 3K P IR T £ 2 I 1
M3k A, FESE RGN, BT, HLARRIEEE
&, IME ST R, RO R 2 s TR,
S50 1A T A IR R AR AT, BILIR e B B S A
SRIEIN | PEMGHR N TR AT AR AL, R AR R
RS, IO A S HPT el R e i SR P AT 6 2R
G, AR 0 T D I A 3 S o bRURE S A 1 B 0
LA 174 T v 0 e e T 5 BODL R R e A K BT
e 1] = ST 1 T SO 112 B = D KB A 3=
PR B R R o, BB R E R 2, [
IF, 48 h e HR07 2L i 5% i 3 R o e o S R A
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B, LI 7R S0 56 £ RT BB AL TN S IS I R B B
HHOCHIF 9 A 3% B #0288 1B 5 e T st 22 ) 47 6 A B
ML, R T LA 3 TR R A O
WEPER AR A, (H0E S5 2 RN SZ BH, A5 i K7
— L WA, T e IR R R SCRT AR 45t R T M 3R B
BER RS TR 2 20 ARSI v K SR BT il A AR b 1
AEAE SR 5 38 L I 1T ML, U0 X 0y il
v HPL Sl 20 2L By o s J e i 2 W oA e g A
S5 A T 5 A DG 5 R 3R 3 7K ST it 7 A8 Ak R R AT R
AMFGE o % 0 28 I 5 1) 52 1) A 22 £ D5 A
FUFRLAY G5 25 20 s aT DUE Ry K35 B A
PEIRE I RAFHEBR, 503K Bz T B AR b ) A8 f B AR
181, 24°CH1 27 CHARFLALAE A RT3 h~6 hyks I 1t
WS, BT R S i g B N ORI B
RS W IR EAR G, 21°CNTRIEIR % 48 h 51
W EA BET

ek B R R s ) £ 2Bt SE Ak BB T, K IR T R A 4
e 2 R AR A, S BOMUAR AR FCR A, 42
4 A B EEROS) ™A=, M S8 E kT, 51
PUARPT AR R B KA A gE R W, (02858 5% TR
Joip 360 T R o Y B SR A it T R RN R g, g
SUAR 5 i (Takifugu  obscurus)\® FI4E 2F #F (Paralichthys
olivaceus)™ % KW, miRAYEMNA T, KE6E
3% SOD A% A GSH & M 7E M a Wi (0~6 h)2
PR E ) BT, R B I A BER A,
B0 6 h 5, 3% SOD A% F1 GSH & ki iy 61 st
[B) 2B K TG B AR AR, oA RIS IR BN
FHOCE, [a]— BBORE B ] 45 30 32 401 [B) G 8 35 Pk 22 5
Ll OV45 57 5 K 22 0 2 30 A R 5 R RN v T % R 114
Rk B 30 S, A S R R K AR T LR (25.5°C A
29.5°C)A IO h Al 6 h)IfL i SOD B & 8.3 I
FHikaF, M 25.5°C4L SOD G 0. 6. 24 h [A] o i
PE2E R, 5D A RARRL, e ) 0 i 3k
SOD it i 1Tk, T J5 ] SOD R AR B 3
PEARE . FELR I, vIRE S e, s iR B
ROS PR, w4 M LA R AT BR 2R
ONEN:E B =R SRR e b 1) SR 7 S ER ]
FEF, TR W] e By B A A i 02 S I 1Y) o B 3 i
1 QAR T PR 36 ot 2 0 B £ O R L T B AR A T b
5 i) B4 9F 9 0 T8 AT ARLY, A B 4R A O 0 1
[IREE =R A SRR W T Y (A =B~ B0 N O
SRR B SE AT R IR AESE, Hom % SOD il
I F1 GSH 75t AN REHE M SR AL ) S0 Ak B ROIR 2

4 Tl T il (AKCP)J2: £ 28 o 22 (1 R Ao S M e g2
bR B, TEAE T 2R g4, EoA B fE A L iy
WEMEM, WEREREMRETRER, S50 %
i R . SRR AR, OO s PR AR AL Y 5 M,
ST 2R EORASPY TR it X 25 i AKP
T ME BB AR G AR R 35 /0, R 8 P2V 4R 68 (Pampus
argenteus)P RN B FE A5 R, 1L7E AKP 161
BEI 2 T e S T B S A ST R, E R (12 h )
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Abstract: In order to investigate heat tolerance and sensitive plasma biochemical indexes in large juvenile turbot
Scophthalmus maximus during heat stress. Acute heat stress of was applied to juveniles for 96h (average body
weight 183.65+15.99¢) acclimated to 18+1°C, and 4 temperature gradients of 18°C, 21°C, 24°C, and 27°C were set
using a heating rate of 1°C/h. The survival rate and changes in plasma biochemical indexes were measured. The
results showed that under the environmental conditions of pH 7.85, salinity 29.5, and dissolved oxygen>6.5 mg/L,
the 96h high initial lethal temperature (UILTs) of turbot was 28.05°C. The plasma content or activities of epineph-
rine (EPI), cortisol, blood glucose (GLU), reduced glutathione (GSH), superoxide dismutase (SOD), and alkaline
phosphatase (AKP) were significantly affected by the water temperature and stress exposure time. Moreover, there
were significant interaction effects between water temperature and stress exposure time on these indexes, in addi-
tion to GSH. The plasma EPI in the heat stress groups gradually increased with the prolonged stress time and was
always highest in the 21°C group. The cortisol activity in the heat stress groups was increased concordantly with
increasing water temperature, and the trend first increased and then decreased with the prolonged stress exposure
time, reaching its highest value at 48h. The GLU content in the 24°C and 27°C groups increased and then decreased
with the prolonged exposure time, reaching its highest value at 3 h-6 h. The GLU activity in the 21°C group showed
a gradual increase. There were significant differences between the control and heat stress groups in the GSH content
and SOD activities only at the initial stress stage (0-3 h). AKP activity in the heat stress group was significantly
lower than that in the control group at 12h. It was significantly higher after 48h of stress, and the increase in am-
plitude was positively correlated with the water temperature. Relevant studies can provide a theoretical basis for the
management of turbot cultures, breeding of high-temperature resistant varieties, and anti-heat stress technology.

Plasma cortisol, GLU, and AKP content/activity can be used as sensitive indicators of heat stress in turbots.
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