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EZVE S, moE, TEMA, BE, KXE, RER
1. W E KR 2E 5T B B K TR, LR 5 266071;

2. DRSS, L 201306;
3. WA S E Y I R RE R E, IR HE 266237

TE: NEITKEEBE(Scophthalmus maximus) XIS R 5L 10 15 B K AR IR G000 T B4 2 BRI Jes 75 H A P 31 22 57
AT 1 BRI K AR B 1Y M 1 [(169.95£13.55) g] AMEME [(170.08+19.02) g] KEEHE, B #A T Hiilfi 5 4 43 JE (critical
oxygen tension, Peyi) I /K H A A UM B2, 4 BT 1 AN SEU M0 N B2 1 8 Vs ik U4 0 T IV A 3R AR AR R A - FIDEBT 4
TBBE ST . RS HR | ISR R FAR A SR 5220 A . S50 WoR, MEMERSEOTAE Po WA B S 40 N (3,34
0.23) mg/L f1(3.224+0.17) mg/L, JC I E MR 2 5(P>0.05), KA 6 h 5, MEME K ZEHF 1M 3K H7 FilE (cortisol, COR)
We B, 481k W I A i (superoxide dismutase, SOD). i %8k & i (catalase, CAT). 4+ Mt H KT %A 1k Py i
(glutathione peroxidase, GSH-Px)7f 14, ™ % (malondialdehyde, MDA)% & FIMEM: K S5 6F (5 40 il 20 H (white blood
cell, WBC)¥J {8 2 7} 15 (P<0.05), H CAT. GSH-Px J&EFN MDA 5 & A8 1k H B 35 147l 25 57 (P<0.05), COR ¥ & |
CAT 5 GSH-Px &1 &t MDA & 5t 28 b 34 5 Bsf (] M A7 4F W 2528 B (P<0.05). (K438 6 hf5, MEMERZEET
MRS PR | BB/ A L R R S S, N B 5 B S 0N (P<0.05), Ik R 3 6 /1N
AR AR R R TS A AR b i 2 4 22 (P<0.05), {HIC W EF MR 7. IRE IEREMA 120 J5, FiR&IR G fRE
Wik 2 2% OK T (P>0.05) . ABFGT R, EAVANNAZME T, MM RSE6E4E MM CAT. GSH-Px {& A MDA &
i AETE AN 25 S, RS B 4R v IR DT Gk T M ke 22 LR RIS SR S B0 A A R S A, [
BT WA R AR R, IR B HE A S A E AR SR A T LA S R IBORR F RE 1, DT 3 5
RIS A TE W M, LR 2 O 5 e O PR AR
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FEHR AT IR B S B LA BE R AR L i BRAR
FIXT RS A3 B FE 1 o 8 Carassius auratus)! VI
BEA 8 (Oplegnathus punctatus)!" MK W8 (I BF5E
KB, R ] o B2 40 g (RBC) . H 41 il
(WBC)X H Fid = Jz it B(COR) . #i %4 (GLU)
I 2T 11 (Hb) ¥ 5 28 22 A1 4801 383 B ) MILAZR i
Yi. ollPIEge LB, #EFifh (Pelteobagrus fuvid-
raco)sz B\ EWP A B, 38 3 R IR 8 AR A B
LT (SOD) | i S AL ZU M (CAT) . 4+ e H ki %1k
Yy 1 (GSH-Px) i 1 F1 1S i 8 (MDA) 7 >k
O ik PR 30 %k s B P SR A o BRAE R 2R
(A IF I 25 B, e JE B K AR 5 il U A8 Ak, a2k
T 3 A Y I T S AR A e B 3 i A
SR A1, 3 AT 1) R S %) T A P O T b el A
45 I & . Boran % U 9% & L, o #f
(Oncorhynchus mykiss) V] i i 34 i 68/~ < B
SLL) . [&] HE
(interlamellar distance, ID) . J&i < (perimeter) FlV/)»
B8/ 95 BE (secondary lamellar width, SLW)%
AR R 25 A Rl AR, A AR AR
fiff S K A T B IO Z2 40K, R A B AR 32
AE 1 R NN B i A 281k . 1X 5 Bosch-Belmar
DSVt R Y 28 5 (Dicentrarchus  labrax) ¥ 55 38
TR AL . PRIIE, 0 2IFE W GG S 3 B
AL AT BN AT . A A B AR AR R . AR
520 ZU 25 55— R A N WL e 42 7= HLAAR 38 1 A1
AR RE

KZZ6E(Scophthalmus maximus)> J& T 5
4 (Osteichthyes). #tJF H (Pleuronectiformes)., #
Bl (Bothidae) . ZZ#F & (Scophthalmus), ¥ 7K
AR, BRMEE . BT EER
T ACTE K FRAE, (R  pE 4 7 0 5 =X
FERR R AF T i D HE T AR IR E, Toiesefk
T ARG PR K FRTE A 2 5 e AR IR, AR REFRAE
IR TE Vs Al A B, R R o R 22 6 1 7
FRTH S T AR K FIAETG i e sl T ARk, K
IR O A T REFAMARN T AR
PERE . AT . BR PERERI S LA O,
AR, KEEHFAR T 32 58 7 LA K XIS A b8 J5
(AT N A AR AR AL R R AFAE PR ) 25 7, H R

(secondary lamellar length,

RUARGE o FET I, ASHTSE I i D0 M A A2 o
AN Pei, WA AR 32 BIME, 0 AT AR A
P PR S T e S AR R A 2R B A
PUAACRE S . MRS, DS P R M 8 24
GUB S A, 2 WSS S IR 40 a A= 2
iy 7 3 A R A R E VR 25 5, B RS
iy 2R3 fe B 7 B DT AP 4 it o e 77 42 (1 BRI A Bl
FNE AR SCHE, RIS 3 oh F 5 Al f S AR A A2 3
INRRRLEHIN IR/ P ER kA6

1 #M#EFE

1.1 EIE#

S RS2 B I B T R X R K A R
AR, SRR S S AT BRI, i
TrMERfEsrE, 3 300 BB, MEMES 150 B, #igak
FF . PRJEfEREE, HEREBEGRME 1| PR, K
FEEEET IR T T IR OK RS, FEA/KIR(16.0+
0.5) C, A EH)E(8.38+0.19) mg/L, FHE 30,
pH 7.85+0.5, S AME/NT 0.1 mg/L, BHF 2
A, B HERF(9:00 F1 16:00)4% M R iREH G
Y Sl A TR BRA T, R E R &
IHEBRIREFZEME, SCHRTAEE 24 h,

F1 EXLERAKXEFEMEELE

Tab.1 Basic physiological data of
Scophthalmus maximus
n=90;x+SD
/g K /em 4K /cm
body weight body length total length
i female 169.95+13.55 16.71+£2.94 20.84+2.39
1t male 170.08+19.02 16.92+2.61 20.95+2.34
1.2 LWRITEHEMRE
1.2.1 XKESFEEATZELIE G H 50K (critical

oxygen tension, P28 ST If Bl i) 35 4 3
SN BT P I it SRR B, £ AR ST A7 g

M) ZAE IR o R A MR KGR 6T Py, SEI0 S5 3
PR X, EME R ZE 6T 53 5 90 L 9 F%5H
AN, MEMESS 3 (10 /AR, 3t 60 Btk T iiss
5. SEEGRIRZZGEEEE 24 h, SCERTFUR A SC G
WK ZRGE, R IR} 50T S 30 Al 0 A7 25 £, bR
Y H RS S, B T2 TR 5 485 i i A U
AL IEMTIK, AZ86031 B Wi fs, Sk &I
SRR s A SRR B AR A, AR i AR AT il AL A Ak
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SRE ARS8 A% MO, [mg/(kg-h)]. 115
N W/ Il

MO, = ([0, ~[03],)x =
K, [02]n (mg/L) R HURERT ] 5 ¢ Bt A0 5 it S e
B [O2]n AT —/EF] S VR EE; v AP =
SRR 2 AR ¢ (h) R INFTE] A 2, T 1, Y TR
BW (kg)h fa i {RTE ,

Peyie D2 AR 3R FN S KT R A Wk 122
YEE, MO, By S T R B0 5 3% T B, 1D
M Perito

I R A0 3R 000 5 - W I 3% 7K A i A A
A RIS, X S 06 £ i UK RN AT, AL
IBUME M U R B4 3 R, e SR AR A L
(B8 55 T 5 (1L IRFFAIE 0 1 IRIFI R, 4
SEEC S 5 e, LR G R SE BRI A5 R
(X /min).,

1.2.2 REBEMRERLIE  7EHHKZEZE Pe
FEAy b, VRS0 B A R, fE R 3 T 4 £ A
Pt 21T, PRI B 2 T, FERA 6 h 5T
WR RS, KR IEHIEME 12 h )5, MEMEREE
BEAT Ry AN B IE HORAS, FF ik, TR
G E M R A S, R E 1 X R
(Control)F1 3 MAbFRZH, R4 3 AT, Kk K
ZREEAR A 12 S FRFEAR(90 L, 10 JB/AH). AbF
W3R Py 5544 FAREAUINE 6 h (MH6) ., K& 1E
WIR A K 6 h (MRO)FIT 12 h (MR12), XFHE4ZH
PRFFIE B K, AbBEAL K RE AR, KA
VA0 0 N B R MR KGR BT P B, ST PEHAK
PR, oAV i eV BE AR AEMEIE SR BT Py,
VWM BT CE T4% H gl A 700

123 H&EXE SN LRMEEILIER 6 B,
BT 100 mg/L ) MS-222 [k R, B EB
FR KR ML o IR AR — 10 B PR FF T 7 EDTA-Na,
Pt s, HFRMImY RBC., WBC, Hb FI
LYNM B (Het) . 59— EJR, 4 4 C.
3000 r/min &.0> 10 min B F3&, 77 F-80 C, M
FHREM M2 COR M GLU ¥RJE ., 5256 1 R 4R 1L K
ST R A ) IR J0E A AR 2H 20, BFE BB AR T
—80 C, FHFAIM i k8 S Ak 15 fL i (SOD) . 3

AL A BF(CAT) . 43 bk H K a4k 4 i (GSH-Px)
TEPEFITN B (MDA) & i, SAZURIET 4% 2R
H S (FR AR AE DR AT R ], G1101), il
VESRA Y] R o RIS & 3, Ml e R 22
P 591 5 S HE R 100%
1.3 Ik EIB AL IEFRE T

RBC #1 WBC %¥(H . Hb & & Het, Rl
B 4 20 10 40 A 53 BT AL (BC-2800vet) &6 I o, 1 3¢
COR &t R A M R 28 A e i (RIA), 7 &
(KIP128000) W [ db 5t Jb 7 A= W He AR5 T o 12K
GLU ¥R & R AL, 355 & (F006-1-1)1 H R
SRR TARRWESE T, ELRERAVE AL IR 2 IR
UL,
1.4 BrlEf SN IstRe N

FFELH 2R H (g), $2HE fE(g) + AR (mL)=1 : 9
B EL I 0.9% i ER K, VKoK Il £ 10% 1940
UMM, 45 3000 r/min B5.0 10 min Ji B E T
M e A L L g (SOD) . g Ak A
i (CAT). I H it AL ¥ il (GSH-Px) T 14 1
P (MDA ) B 22 1R I3 5] 6 0 1 e o i e
Y TR RT o BARSRAE L RS IO G Ui B 15 .
1.5 ERALYRH

o s B ] 4UE T 4% 2 B AR A1 7 1,
100% . 95%. 85%. T5%PIKi R EENi K, —HRKiE
BH, A W4 R (R 7 B2 7, KH-BL), B R HLORE 7
57, KH-Q330)# 17 JE N 5 um 2], —H
ZEWLEE . 100% . 95% . 80%. 70%IP9H: 4 & i K Al
B, ARG (RIS, G1120)#F1T HE Y€,
R IR E B, BT R MR (LEICA, DM500)%k

BT . FEHLEEL 5 5K BRI R
DN /N R B (SLLY . B8/ 1 9 BE (SLW) . /)N
Fr T HE(ID) . /0N LR (BET) L S/ A K
(perimeter); [A]EFIHSLEL/ N AR . 342 L IER
SRAEHG AT AS )21 e 0 i S o
A R385 (PAGE) *:

PAGE = L x1
(SLL + BET)

00%
1.6 EIBESHT
S 24 I DL B H AR ME 25 (X £SD) R /R . 3K

IBIEFIF SPSS 25.0 A4 EAT R R 5 22504
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PR A R X REE S AR b TP REST A A RE T B B ZH ZUR2 i 1) 1 5 25 55 881

(one-way ANOVA)Fl Duncan £ 4%, KA
F I Z M (two-way ANOVA) [H] 594 51| 2 [6] )
ZHAEH; A GraphPad Prism 9 #Ef74 ] 3%,
P<0.05 R/RZEF B,

2 HBRE5HW

2.1 KREFREAMZEEN

ERFRW], SEEOEIE R ARy 56.13~
71.59 mg/(kg-h), fii WP 1ERILA, HEMER
FEEA AL — 3, MEMEREEGT P R(3.34+
0.23) mg/L, HEMERZEGT Peye 29(3.22+0.17) mg/L,
TETEENEEF(P>0.05, & 1a 1 1b),

Wt female Py, #8DO: (3.34+0.23) mg/L

90 -
= 80r 2 -
g 707 T S e
<E eor e B -
H_g 50 ) . . .
g’.g 40 g
g3 e
w|E 21 e
£ 10 "

0 L L L L L L L L

0 1 2 3 4 5 6 7 8 9

VAREU/K T/ (mg/L) dissolved oxygen

2.2 RSB XY KZEET 0% K BREE . BRI SNE

TR E AR, MRS BT I K GLU W T
HEA(P>0.05, Kl 2a), TR REE 6 h
J& B TE R (P<0.05, & 2a), a0 WE S 1k
(P>0.05), Ml KZEHFIMS COR ¥ W& T+
(P<0.05, [#l2b), i 6 h 5, MfEfh COR VK i 3
= T H A B RIE(P<0.05, & 2b), K& % i
12 h )5, MEMERZEBE GLU 5 COR ¥R ¥ 5%} IR
HIC 3 2 F(P>0.05, & 2a f12b), [l GLU ¥
J&E 5 s ()RR 91 T 8 2 22 BAE I (P>0.05, & 2a),
i COR ¥ Satlal fik p A B & HAER (P<
0.05, & 2b).

90 -
80

70 [ e B
60

501 L
40 [ ’

301

201

10r

0 1 2 3 4 5 6 7 8 9
VSR E K T-/(mg/L) dissolved oxygen

metabolic rate

A%/ [mg/(kg-h)]

L ) AR (b) KBS OP 16 52 46053

Fig. 1  Critical oxygen tension of male (a) and female (b) Scophthalmus maximus

SR EJ7 25347 two-way ANOVA:
it [E] time *
r — 51 gender NS
37a #n=3;%2SD AT A interaction NS
1 M female b
S a AP male b
s § 2
E‘g‘ 2+ ab ab @b a
~ 8 a
i g 2
&8
g2
€3
LR
Control MH6 MR6 MR12
KbFHZH treatment

PR B /(ng/mL)

XUHE KI5 25347 two-way ANOVA:
s} 8] time *
. =3 - #:5] gender NS
30 b " 3’xiSDd R H AR interaction *
™ ¢ 1 M female
8 aor 0t male
B
£30f
2 b
§ b
-é 20 [ a a a a
&
S 10¢
0 . . .
Control MH6 MR6 MR12
Qb3 treatment

B2 ISt R A I e ik St A A A S5 B 4 W () 5 R TR B (b) e JEE Y A8 4k
Control: XfHi41; MH6: fIR4 /M8 6 h; MR6: PRI 4 6 hy MR12: PRI R4 12 hy *Rom WA R T5 2%
MM 2E S (P<0.05); NS 7R MUK Z J5 28 4047 22 5 A .3 (P>0.05); TR KA
AN E BRI [F) P 51 2 (] 2% 57 Wik 35 (P<0.05).
Fig. 2 Changes in glucose (a) and plasma cortisol (b) concentration of
male and female Scophthalmus maximus during hypoxia and reoxygenation
MH6: hypoxic 6 h; MR6: reoxygenation 6 h; MR12: reoxygenation 12 h; * denotes significant effect in two-way
ANOVA (P<0.05); NS denotes no significant effect in two-way ANOVA (P>0.05); different letters on
the column indicate significant difference between groups of the same sex (P<0.05).
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2.3 (RSB K ST 1M % 4 1B A LIS AR R 20

AP E 6 h s, MEPERZZ 6T R WBC £0H W
FHN(P<0.05, ¥ 3a), IKEIEHEMA 12 h )5
WBC %t H 5 X I41 76 i 3% 22 57 (P>0.05, ¥l 3a),
etk RZE6F WBC £ H AR AR S E R & IE 5 %
fifg S8 A b G B AR R (P>0.05, 18] 3a), e K 2E
fif RBC % H il Hb W& 7EAR A8 6 h J5 2T+

SUHEE I 25T two-wayANOVA:
i [i] time *
431 gender NS
A HAESH interaction NS
- 100 @ n=3;x+SD b 1 Mk female
g b P male
80 | T
5 ab b b
Q a a al a ai
g 60
g
S 40+
=
20
=
F
{0 o .
Control MH6 MR6 MR12
KbFEZH treatment
WURE T 25T two-wayANOVA:
Bif ] time NS
5 gender NS
A2 H EFH interaction NS
1 Ht: female
100 ¢ /M male
k=l n=3; x+SD b
2
]
8 80 ab ab ab ab
£ oL ab T
% 60 2
B o4l
®
a0
B 20 -
&
=
0 .
Control MH6 MR6 MR12
REFRZH treatment

B H2E 5N B E(P>0.05), IRE A 12 h
Jii 5% B4 G B 3 2% 5% (P>0.05, & 3b il 3¢)., Het
AR A2 30 TR 52 T 8 2 i At 78 v 55 X6 B2 T
BT P>0.05, B 3d), K36 WBC %(H .
RBC ¥(H . Hb ¥BEF Het Ska]Fodk: i) i
ZHAEH, HIJ #0255 (P>0.05, & 3a, 3b,
3¢ 1 3d),

SR EK T 225347 two-wayANOVA:
Fi} i) time NS
H#:41 gender NS
A H AR interaction NS
= 20rb y
3 _ 1 M female
£ n=3; ¥+SD = At male
3
= b
O 15¢F ab
@ ab 1 ab ab ab
~ a a
E 10
S
m ol
ﬁ 0.5
=
g
0 :
Control MH6 MR6 MR12
KbFHEZH treatment
SUHE 25T two-wayANOVA:
A H] time NS
5] gender NS
R HAEA interaction NS
3 MM female
30 rd _ M male
n=3; x£SD a
a a a
1 a
B a T a
Jen L T T
S 20
=
5
= 10
&
0 1 1 1 1
Control MH6 MR6 MR12
REFRZH treatment

Pl 3 RS S o B A B 1 A0 (). 2L AN AR (b) L ZT 2R 119K B (o) R 200 AR () PO 5 )
Control: XJF&ZH; MH6: KA 8 6 h; MR6: Pk E R4 6 h; MR12: YR E 4 12 b
* IR 5 22 001 22 5 0 3 (P<0.05); NS Fe/R B £ 7 224007 22 B R 1. 3 (P>0.05);
HETE AN [R] /N5 2R 32 708 [R] 14 31 241 ) 2% 57 1 3 (P<<0.05).
Fig. 3 Changes in WBC number (a), RBC number (b), Hb concentration (c¢) and Hct (d)
of male and female Scophthalmus maximus during hypoxia and reoxygenation
MH6: hypoxic 6 h; MR6: reoxygenation 6 h; MR12: reoxygenation 12 h; * denotes significant
effect in two-way ANOVA (P<0.05); NS denotes no significant effect in two-way ANOVA (P>0.05); different

letters on the column indicate significant difference between groups of the same sex (P<0.05).

2.4 (REAHMEXT K ZESTATAEH S 68 ST R R
R A0 38 o R v, ME A R SE 6F JHFIE SOD |
CAT .GSH-Px Il £ F MDA & & i3 T} & (P<0.05,

% 4a, 4b, 4c il 4d), SOD. CAT Fll GSH-Px jif 1
TEVK S 7 A48 6 h i S5 IR 4 G I8 3 25 % (P>0.05,
[ 4a, 4b Ml 4c), MDA S &27EE 12 h J5 54 R
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RS R X RS S AR bR . TPAEDT A AL e

ZH 25 0] () 531 22 57 883

TG 2= 57 (P>0.05, B 4d), KZE6HF CAT,
GSH-Px {if 1 Fl MDA & 1t 28 4k 34 5 B[] A 5510 A
WEZ AR, HAAE B E I 22 5(P>0.05,
4b, 4c F14d), i SOD i P4 5 B} ] F4E 71 G i 35 52
HAEH(P>0.05, K 4a).
2.5 (RSB XY K 2= SF I IR 0 & s
(=N SR UN 1 s 3 N ﬂmﬁimﬁéiﬂl
- AR AE B af 6 h B2 3 1 (P<0.05, [&] 5a Fll
5b), WKE A 12 h 5, BEPERSE R RSC R
x4 A 3 22 57(P<0.05, & 5a), MEEKEE

5 % BR 2 TG i 5 25 5(P>0.05, 1K 5a) ; i
WEE 52547 two-wayANOVA:

i8] time *

#:51 gender NS

a NSAZH.AEF interaction NS

500 - n=3;x+SD

g e ¢ itk male
# 40f o b ab  ab b
e —_— — ——
2
35300
#15

<
i a
'E\!( 8200 o
e
ﬁ 100 |
RN , | ,

Control MH6 MR6 MR12
Qb4 treatment
15rc¢ — WHE 72T two-wayANOVA:
n=3; x+8D FifJi] time *

3 é c 5 gender *
s % T NSZZHAEH] interaction *
g o 1ok b 1 MMk female

o = /i male
Nz

17
= 2 L
=5
€2

0 L
Control MH6 MR12
RbFRZH treatment

1 MM female

1) I W2 431 2 349 55 % B 4 G I 3 25 7 (P>0.05, &
5b)o REE P AL i 58 T W 451 556 27 ) 1] 114 52 i
i35 (P<0.05, & 5a 1 5b), A4S e R 1R
R 5 B ) A ) G S A BAE A, HOJC
MEF (P>0.05, & 5a Fil 5b),

REE B I F RS T AR/ 20tk 1) i 22
PN S (1] 6a). MERERSEGFZ ARG 6 h /5
i/ SLL . ID FIE/N i i 23 i (P<0.05,
&l 6b, 6d Fil 6¢), it/ SLW &g /N (P<0.05,
Kl 6¢) MK 4 12 h 5, MEPERZEHE SLL . SLW
ID FE/N R K 550 B8 4 A7 7 I 3 25 5 (P<0.05,

WK F 25T two-wayANOVA:

Hi} 8] time *
orb 5] gender *
) n=3;x+SD d NSAZHAESH interaction *
g L 1 1 M female
g § e male
~ .éﬁ
e 5
85 4~ be a  be
4r abc al
i &
X a
il
0 .
Control MH6 MR6 MR12
KbFELH treatment
FUHE J7 2517 two-wayANOVA:
50 B‘fjrﬁl time *
B = 5 gender *
o n=3; x+SD NSET AR interaction *
g 40 F < d 1 Hf4: female
= Em EdE male
£t .
é g 30 . b
& 2 a a a
2w
i
ﬂgl 101
0
Control MH6 MR6 MR12
KbFEZH treatment

P 4 AR 30 R A T M S i R A5 S T S AL A Pl )

i A AL A (b) |

A IDEH R S A (o) 105 P AN T 8 (d)

A

Control: I 4; MH6: fIL4Hi# 6 h; MR6: RE M4 6 h; MRI12: IREFMA 12 hy *Rm WHEF o £ 5 B
(P<0.05); NS F/R MU &R 7 2081 22 57 A 1.3 (P>0.05); AHTE IR R/ING 7083 2% [R) P 1 40 18] 22 53 5 3 (P<0.05).
Fig. 4 Changes of hepatic SOD (a), CAT (b), GSH-Px (c) activity and MDA (d) content of
male and female Scophthalmus maximus during hypoxia and reoxygenation
MH6: hypoxic 6 h; MR6: reoxygenation 6 h; MR12: reoxygenation 12 h; * denotes significant effect in
two-way ANOVA (P<0.05); NS denotes no significant effect in two-way ANOVA (P>0.05); different
letters on the column indicate significant difference between groups of the same sex (P<0.05).



884 K R R 2 %30 &
=3: X+ . .
= ’Eﬁ,?;female WUHEITEIFT tvo-way AROVA: n=3;¥SD  SURKIEAM two-wayANOVA:
m EME male Hi) gender NS 3 WPk female ﬁ%ﬂg;:;;
100 a d d ZZHAEH interaction NS 60 b M male SCEAEF interaction NS
a ab = ¢ ¢ b ab b b
i
g 80| )
< § L 40 |
~ay Q
. 60 g8
S 2
i 5 & T
40} 5 2
& % 0
® R
I 20 =
Conltrol Mﬁ6 mG MRll 2 C01I1tr01 l\di'l6 Mi{6 MR 12
AbFHZ treatment AbFfZH treatment

P 5 ARSI TP 2 T e S R M 52 B SR S 48 (2) A5 W IR (b) Y 28 4
Control: XfHE41; MH6: fIR4/HME 6 h; MR6: KA 6 hy MR12: KA 12 hy *Fom UM R J5 220 W 22 5 3%
(P<0.05); NS F/R MR 2 5 2400 22 5 A B3 (P>0.05); HTEEIRR/NG -5 3% [ M 1] 41 18] 22 53 2 3 (P<0.05).
Fig. 5 Changes in PAGE (a) and respiratory rate (b) of male and female
Scophthalmus maximus during hypoxia and reoxygenation
MH6: hypoxic 6 h; MR6: reoxygenation 6 h; MR12: reoxygenation 12 h; * denotes significant effect in
two-way ANOVA (P<0.05); NS denotes no significant effect in two-way ANOVA (P>0.05); different
letters on the column indicate significant difference between groups of the same sex (P<0.05).
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Fig. 6 Changes in gill histomorphology of male and female Scophthalmus maximus during hypoxia and reoxygenation
a. Gill histomorphology; b-e. Changes in SLL, SLW, ID and Perimeter of gill lamellae,
respectively; MH6: hypoxic 6 h; MR6: reoxygenation 6 h; MR12: reoxygenation 12 h; * denotes significant effect in
two-way ANOVA (P<0.05); NS denotes no significant effect in two-way ANOVA (P>0.05); Different letters on
the column indicate significant difference between groups of the same sex (P<0.05).



57 PG RO RSO AR . ST AE SR U IR P22 57 885
[ 6b, 6¢, 6d Fll 6e); MMk K26 SLL, SLW 5%F 3 itig
TG 3 35 92 5 (P>0.05, [ 6b Al 6¢), ik L A, .
e o ;)(Pf?) o P 2 e S 26 00 9 T B 9 £
cerimeter —g »J AR 4 N Vo, 5 -
60 F1 60), K6 SLL. SLW. 1D il perimeter " IEBUBATE I RAOT R, P {0
€)o aly N N crimeter
o {56, 2 B e M (G AL 32 Al RS20 PR,

5B )RR S 2 T B 2 a8 AR, HLJE e R
£5(P>0.05, & 6b, 6¢, 6d Fil 6¢).

HEE 6P IE F 8/ B S Z2HI R (D 7a); K
E=N SERUN S AN 3 N O AN TR VN N
AR . BERIG AR | IE S RIIRAE DU AN [ FE B 1
SHE A (& 7). ARG 6 h B, il R SE B
JIN R A i A R R L o 4 A LB S 5 B T (P<0.05,
Bl 7b F1 7c), HAESRIIRIE S5 Xt B2 22 7R i 3
(P>0.05, ¥l 7b Fll 7c); KB B fR4A 6 h )5, MEMEKR
Z2WEEE/IN R AR BG4 5 %) B A S 22 5
(P<0.05, ¥l 7b F1l 7¢), WiPKE 12 h )5, HE/NA
AugAER . FEFI A . MK MIIRFE 5% B4 TG
% % F(P>0.05, & 7b Fl 7¢).

B0 Py (A R F 57 58 5 8 h R UE AL £ 5 Fi
PR IR . A 2AE N 206 Fhok A= A= Y% it
Z I KB, B R E O (1.54%
0.07) mg/L0 i k25 6F 76 K 1A 5 g | /N T
2.0 mg/L WHBAET- BT, AHFST & BH, M vE A
PERZZEE P 73904 (3.34+ 0.23) mg/L 1 (3.22+
0.17) mg/L, HICW EMHR 2R AR ENR, 5
1 £t (Opsariichthys bidens) 1 58 #E 4§ (Zacco
platypus) W@ TAREM Z 02, H Poy 732510
(1.86+0.10) mg/L F(2.44+ 0.20) mg/L, £V GF
fifi(Sebastes schlegelin)PHITFFE & I Py 18
4 3.96 mg/L, BEAHH Py 3.15 mg/LM2, 155

a 1E% normal #ER clubbing 144 hyperplasia ABX hypertrophy PR %E necrosis
T SR P, ‘ﬁq*ﬁ“"%a, AT e A

/ / ,/ /
Ve ,./ ) /e
~SIIe PPl

~ v

JE-K hypertrophy [ 34 hyperplasia

o 3R3E necrosis
PR clubbing W iEH normal

MM female

—_

(=3

(=]
1

B =) ]
(=] S (=]
T T

secondary lamellarmorphology o
[3%)
S

R LTEAS HB/% percentage of

(=]

MR12

MH6 MR6
AbFHLH treatment

Control

P 7 ARSEAE RIS IE I i S R R T i 20 U 25
B b, MEMEREEEFIGEGFERLA UL A LU, ¢ MEMERGESFREE T2 U 5

a. KEFOTHEZH 2H

20_pm

[ R5E necrosis HEX hypertrophy W 34 hyperplasia
AR clubbing WM 1F % normal

TP male
o« ¢ 100 ¢ — |
93
% S 80
)
§§ 60 -
g )
S8 40
Ka
RE
g 20
g3
& 0
Control MH6 MR6 MR12
AbFHLH treatment
> L)
& Ll

* 7N B L LI 2 LU I 4[] 22 5 I 35 (P<0.05).
Fig. 7 Proportion of gill tissue morphology during hypoxia and reoxygenation in male and female Scophthalmus maximus
a. Gill tissue morphology of turbot; b. Proportion of gill tissue morphology in female turbot; c. Proportion of
gill tissue morphology in male turbot, * denotes significant difference in the proportion of gill
histomorphology between groups (P<0.05).
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Gender differences in the hematology, hepatic antioxidant capacity,
and gill histology of turbot (Scophthalmus maximus) under hypoxic
stress
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Abstract: This study aimed to investigate the tolerance and physiological differences between male and female
turbot (Scophthalmus maximus) in response to hypoxic stress. Female (169.95+£13.55) g and male (170.08+
19.02) g turbot of similar sizes were used to determine the concentration of dissolved oxygen at their critical
oxygen tension (P.;). Furthermore, changes in blood physiological and biochemical indexes, hepatic antioxidant
activity, gas exchange rate, respiratory rate, and gill histomorphology were analyzed under hypoxic stress and
again after reoxygenation. The results showed that the dissolved oxygen concentrations of male and female turbot
under P were (3.34+0.23) mg/L and (3.22+0.17) mg/L, respectively, with no significant difference observed
(P>0.05). Turbot plasma cortisol (COR) glucose (GLU) content, white blood cell (WBC) number, hepatic
superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSH-Px) activity, and malondialdehyde
(MDA) content were all significantly increased (P<0.05) after 6 h of hypoxic stress treatment. Meanwhile,
significant differences in CAT activity, GSH-Px activity, and MDA content were observed between males and
females after treatment with hypoxia for 6 h. The gas exchange rate, respiratory rate, secondary lamellar length
(SLL), interlamellar distance (ID), and perimeter of gill lamella of both male and female turbot were significantly
increased, whereas the secondary lamellar width (SLW) of gill lamella were significantly decreased (P<0.05). The
clubbing and matrix hyperplasia at the end of gill lamella of female and male turbot manifested similar results to
those of the SLL (P<0.05), with no significant difference observed between the sexes. All aforementioned
parameters were recovered to normal levels after reoxygenation for 12 h. These results demonstrate that there were
physiological differences observed between male and female turbot under hypoxic stress conditions, especially in
CAT activity, GSH-Px activity, and MDA content. These changes aimed to meet the metabolic demand of the
organism while enhancing the activity of liver antioxidant enzymes to alleviate the oxidative stress damage caused
by hypoxic stress. Notably, males exhibited greater tolerance to low oxygen levels than females.

Key words: Scophthalmus maximus; hypoxic stress; physiology and biochemistry; antioxidative activity; gill
histology; gender difterence
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