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L. Al K2k P22 08, KIL&Fw KoK A Y=L at (& R HE B TR .G, HIdbE R TR
e, Wde # 430070;
2. WdeEt i szEeE, Widb R 430070

WE: R FAEK PRI (citric acid, CA)XAL T 2PEAREAINE T B K 0 B85 (Micropterus salmoides)Tit iK%
RE 1M sE M, DP9 R (18.5320.43) g WY BRIy f S AIF 8 Xt 52, o) % B K M e o oy A6 T 28 440 Wk 5 4 il Ry
0 (T0). 0.01%o (T1). 0.05%o (T2)H1 0.10%0 (T3), TEWIIAHMEE W (DO)N 7.5 mg/L Bk {5 - Fe 48, #4725 h
2 HEAR A, 45 0.5 h l5E K DO, X HRZH DO H9(7.5+0.2) mg/L. M8 45 o5 W & Ho v s he 1 . LA 5
TR, R EOR, HXFRAIAH LG, TO ZH K 1 B il 2% b R BOR 5C 48 AR 2 B (COR) 5 LR (LD) 7 1 ik 3% T =
(P<0.05), FRAFHLAA BTN BEMDA) & & BT, TR T G325 (/K i 3 (caspase-3)
LG Sk B3 THR (P<0.05); 5 TO 44, T3 HET-F B EMRL, MK+ COR, LD 5 H,0, & & I E L
(P<0.05), FHET caspase-3 J R SRk P i 2 FEAR(P<0.05) 25 B RTIR, S PR SEUHA S BOR RGP A A0
50U, EEREILT; 0.1% CA A2 K 1 BeHT 2 ICE M 88 11, M SO S 38 X LR i 15 4 5 1

AT,

KB ATIRIR S, RIDURSS SRR, HLAR I sETR

HE S %S $S965 X ERARERD: A

TIPS AR v I SRR
Jolp 38 IR 00, 2 3 2IS DR ik A T K TR AR BT
PRI, AT 27 figp 2 M AT AW 38 0 S £ 28 1Y) 15
FFREARIET 2, 7K™ IR 00 (1) 248 B 88 28 /2 XY T
I . BT, UV 5T 2 4 7R DB
gl b, AR T ] 500 28 i £ 28 IO JBSE FY
WD MR R, fEsiad Bt moKhgsin
1%L (NaCl) 1] $2 = 25 8L i1 (Morone  saxatilis)
FRFE I 238, 03 o % vl pe Jo It R 7 2 A R 1Y
THE, FFRRACHS BT h e ek b s
#A % C (vitamin C, Vc)n] PLZE 8 (Cyprinus
carpio) & R A MEREME Fliz iy N B N, 2% i I
38 N2 B 1 A U | A 1 A N SR N, R AR

K BH: 2024-02-05; f&1THHA: 2024-03-24.

XEHE: 1005-8737—(2024)05-0576—12

HAET R LR R IR 0.9%0 Ve T 5 35 4 22
7 Al (Pseudorasbora parva)TE AN EL T B94E
T ZEK RN 0.5%5 1% 4= iR, 7T LI
5 R v A A 6 2R AR A B RE T, REZR
HAEBEIREE T BsE T ]

A5 R, B A R AR R (citric
acid, CAVMYAT IR =R (S Ak, 1770
XA AR SR B i, i E SR A 2R ML KT
TE A ik B 5 W A T A I R R 6, AR
Ji7 18 TR A 1 i e R, T L AT LA SR ALK 1 B bz
WRE S AR BE 1N KRR 2 MO AR TE SR
o, Tl A= P2 Fr i R I 7 AR 3R 5 ek, R
FHAT G BR VRS0 0 3 AT BAS (IR B HL25 2 3145 19

E&UH: FEZKEAM LRI HE(2019YFD0900303); H e 9 i A AR 55 2% 4 T % 4 59U H (2662019FW013).
EFE BN XEEM1998-), B, Wi-HFgEAz, BFFETT I oK™ 848 3% 5 1Rk} E-mail: liujialinl 00000@163.com
BEESE: WFR, 2, Ik = @R FE5E. E-mail: xuezhen@mail.hzau.eud.cn
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Pt AT LA O B85 (Micropterus salmoides)
HFTIXS LR, BRI A K H AR B R,
AR s A B FR X Ak T 2 PR U8 T 1Y
K SR HTN AR 1 S LR 52 ), 580K
TE A I A R $ TR 11 SR i I S RE 1 19
ML, LA R F A BB 0GR N FH T 7K 7™ 5 4
HEPIB A

1 #MHEFE

1.1 gf

AT BT A F A R 1 B A 340k [ v K R
SERFREBE R VTR =W r R TR . R0
FRIRTHT, FrfA K H RBEESR R P85 3 R
G N FRFH I . AR IR, KR R (20.0£0.5) C,
pH & 6.7~7.5, DO #JE = T 87% DO WHFIE, &
FA M 0.005~0.009 mg/L, SGJEMIH 121 : 12 D,
BER 2 I (10:00 A1 17:00).
1.2 SEWigit

Peik 375 SRR S] . PR E Jy(18.53+
0.43) g MR M R fa b HOF YR TE 15
MBI KFE(200 Ly, BAIKH 25 45, #EflAE
W, EFR T do BRI A AR S iR
w2, KRR 7 dMRHREE 24 h )5, 7
WHERE 2R 4R DO N 7.5 me/L, FrBERRME (2
SEO I 0. 0.01%0, 0.05%0. 0.10%0H 30 L
HEK I ARKFE (G ald 4 TO, T1, T2, T3
), B 3 B, —3L 15 Gir. IR S A B b
W55 e 2 R s e ) 2R E e, T Ak
fRAAUME 5255 . FESLIAMIAE 0.5 h UxE 1 ¥RoKAR
DO ¥R HIC R T 48K

R A I 34 S 0 45 SR e AT A 3 IR )
[E] 2.5 h (A TO ZH/K A% 4l 1.5 mg/L, K3
ZHE ST M) Phik 375 K RE N (18.53+
0.43) g PRAIR ST B fil K 1 B iy £, o HOF-3
FRTE 15 ANETE KA, BASKAR 25 2%, $&HLE
HiE—5, BT d, B R A G e AR
iR R TdMRORBEEE 240 )5, 57
SR B0 DO Jy 7.5 me/L, FrPEERRYE I (&
SEOTHHR 0. 0.01%0. 0.05%0F1 0.10%0f%) 30 L
HEK IEKEE T, B4 3 G, —3t 12 §1, JF7

RIfsE 1k Fe 4, #EAT 2.5 h 2R U n s BURE
X HEZH DO (7.5£0.2) mg/L, 3 &l B2 HURE
13 HmRE

TER SR 7d 5, WAERTR DR BTEE 24 h, 44
MGLFEHLI 6 &, BRI SAbPRZl i 18 B, it
MS-222 BRI AR TR B, Ifi Y A 9 5 FH
RN VER M JC VRS A FEFKAE 1 mL 1
W o B IR T S AR R I R AN RO
IR it ) L — 2 57 RV 000 2 0t 5 A A
A—2F 4 CHE 0.5h, 3500 g 5.0> 15 min J5H I
AR T80 CHARE KA, HF5et b
AR BB A ACDLRE TS . bl 5 6 f0 B T ok -
T A S L N I, SE AR TV 1R A B ER K rh i
M, I FHIE AR 7K 73 o SO EZH 23 A B0
b, M E T WA TR, TR Sht A
TP L GRRE TE  R R R A SRR . BURE S
R, B PRAE T80 CREAKIR VKA
1.4 IEHRNE
141 BEREWE Kikd DO WEES pH HfE
K BRI (EW-PC19-TV) Il &2 :

T B =F0 T 580 B4 E0x100%; S FEH =
IR U B AR T 1 A
1.42 MEIHRNE 204006 RBC)HHEE FHZ
I B HE RN 200 F5F6 B, ] Neubauer Il 4f
MR E WA T 408 1 (Hb) I fiff
FH I 218 A (R o A ) TR 5 B,
), e e UL B T
1.43 MRFMPFEELIEFRNE 10K 255 K
WG HEH TR e . FEERE G DL 10 f5 KRR
(WIV)A3EE K513 3 min, FHJ5LL 4000 g (4 C)
B0 15 min J5 B RS TIE 2200 o i ik
R GRM K14 DR AL (GOT). WA
R (GPT) . o H AL & (H,0,) . TN &
(MDA). SEFI(TP). K JEEEL(COR). FLEZ(LD)
FH 2 M (GLU) Y 7 5t (B 0 B A ) TR 5 T,
).
144 SERT%EEE PCR {#iH] TRIzol® Reagent
Al (Aidlab, HEHFZEE RNA, RNA $EHU %
BRI U A FE N I EE Sk P
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SCH 56 RE B PCR (QPCRKIN, i B9k 7 &2 M
Hieff*qPCR® SYBR Green Master Mix ( | 3%
YRR A PR A T BT AT BN A 51 B EIAR
i NCBI Pl | 2 A A3 R 101 R B R DG L R 42

1], FH NCBI M3 Fl Primer 6.0 %11 (3 1), LA
f-actin NS REIA], KGR 2 far JH R R g 1 e
P IL, 2R Livak 25007 b /i 2L R Y
FHRT S 5

F1 KHFRETA qPCR 5

Tab.1 Oligonucleotide primersfor qPCR assaysin this study

FE[H gene 591751 (5'-3") primer sequence (5'-3") K ¥ /bp size Ui source

p-actin F: CATGCCATCCTGCGTCTTGA 119 XM 038695351.1
R: ATGTCACGCACGATTTCCCT

hif-1a F: AGGAAGCCGACAAACCTCAG 97 XM_038693142.1
R: TCCTCGTCCGGGTTATGAGT

glut-1 F: AATCGCTTTGGAAGGAGGA 175 KY 952765
R: CACCCACATACATTGGCACA

caspase-3 F: GCTTCATTCGTCTGTGTTC 98 XM 038713063.1
R: CGAAAAAGTGATGTGAGGTA

caspase-8 F: TGTTCACCCACCTTGGCTTT 90 XM_038718636.1

R: CCCTTCCGCTGAGGTCTTTT

TE: F FRIER G4, R #5149

Note: F indicates forward primer; R indicates reverse primer.

1.5 HiELE

B4 B0 % SPSS 26.0 SEi1H 4k 4L BL(IBM,
USA). TEHAT8EH /0T, KA Shapiro-Wilk 5
IR IEZS M, R Levene K30 77 22 9571 -
X R N IEZS A A B 7 22 55 PR i BUis AT B L R
2243 M7 (one-way analysis of variance, ANOVA)Jf:
Pl Duncan's test #1728 . XA IRMIESSr
A 1R BCHE B 25 A8 55 1 8E 5 4T Kruskal-Wallis
ESE0K: K 91 LA Dunn-Bonferroni post-hoc test i
T2 i . A BT A B 1 R o8 1 E+
PRUER(RESE), FiA 45 RS ML P<0.05 24
B FHEHAKF

2 ZERE5HMH

21 MmEKISHEENHEXER

K RIS I R X K T MR A AR
I LI AT 20 R R LT B R R e A
1 75 o 5 %6 FEZH AR L, TO ZH K 11 2269 1fi % RBC
Ml Hb A r PR, (HERAEEP>0.05). 5 TO
AL, T2 4R M EBE R+ Hb &5 W& T+
(P<0.05); T3 41K 11 M6 i 7% H RBC )% & A1 Hb

()& B TH B (P<0.05), I 5% B4 0 B
F(P>0.05),

22 mMEHREHHEXERSHFERSEXXER
KRIE

KRR AT R X K 1 SR A AR
T b R BTRE . A . FLER i s an A
2 iR, SXPRELAAHL, TO4H . T1 45 T2 4 k0
Mgt COR . LD 1 GLU B9 & &3 55 T
(P<0.05). 5 TO ZHAHLL, T2 A1 T3 £HK 1 B G Ifn.
b LD B I BRI (P<0.05); T3 4K 11 2 4y
I3 COR Y& it ik 3 PR (P<0.05), I 5% 8
21 G 35 25 57 (P>0.05)

KRR AT R X K T SR A A AR
THEFREAE SN T lo MAEREREEN 1
FE G KRR an e 3 Brs . 5 X IR AH L,
TO ZH K H S5 E P RS R B 1o 5 #20
FEIB TR 1 5 Sk 0 & (P>0.05) . 5 TO
AR EE, T3 4Lk 1 BB P ALEE S T 1a iy
i S KOV 1 35 B 3 (P<0.05) . 50T BRALAH L, T2 I
T3 21 I F 8 B JHF I v ) 5 W 2 as B 1 1 % sk
- 48 25 T 55 (P<0.05)
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a 25 n=5;x+SD 50 - n=5;x£SD
ab a b ab ab
ab sl c -
20 b 40 s
I a
& o g
S 815 é 230
3 £
%Ew o 520
& & g
5 10
1 1 1 1
Control TO T1 T2 T3 Control TO T1 T2 T3
#5 group 23 group
BT KBS InAT AR Xof R 1 PR S M AR S 30 T IR P 2 40 K () ML £ 28 1 5 e (b) RS
ANRING FoREZR R AL A A A7 7 1B 35 25 5(P<0.05).
Fig. 1 Effect of citric acid addition to water on the number of red blood cell (a) and hemoglobin
content (b) in the blood of Micropterus salmoides under acute hypoxic stress
Different lowercase letters indicate significant difference among groups (P<0.05).
a5 n=3;X*SD b2s5r n=5; x+SD c10 _n=5;)?:!:SD‘°1 a
= =) b < T
2 L b b L
& a a a % 20 T ™ b §3 8
@ 10F b — = — b g = g
S = = Eg 15 ST 6t b
% g =¥ Es i
€s gl dig 10T WS4 c
& i Q= c
—
0 I L ﬁ 0 j 1 L [ 0 L L
Control TO T1 T2 T3 Control TO T1 T2 T3 Control TO T1 T2 T3
#H 5 group 251 group 2 51| group
K2 KA AT R X R 1 RRBTE VEARSEUMMA R I3 T B B (a) . AIAIHE(D) . FLIR (o) & i 1Yl
ARING FoREZR R AL A R A7 7 1B 35 25 5(P<0.05).
Fig. 2 Effects of citric acid addition to water on cortisol (a), glucose (b), lactic acid (c)
levels in the plasma of Micropterus salmoides under acute hypoxic stress
Different lowercase letters indicate significant difference among groups (P<0.05).
a - ~
231 s, 745D 2 31 s xesD
uﬂ“ﬂ 3 Dﬂmﬂ ~N a
M 20} ]
K= 5 K o 5 a
%:,;:Ns 2 ;%'“a 22t ab T
§o L5 b g%
<28 b N $E2 T
Z28s b %@s
E &L 10T T g« b
3 0 '\I4 o 1 L
éE% §E%
g% 057 24
H-E - ; -
0 0 :
Control TO T1 T2 T3 Control TO T1 T2 T3
2133 group 2133 group

B3 KB IATR R X R

23 MmMEMFRIURKE

KBS IR O R H

1

RN

HRGZ M 1 (0) 5L SEKOP I3 10
ANRVINE SRR Ab BRA (A 774 S8 3 25 5 (P<0.05).
Fig. 3 Effects of citric acid addition to water on the transcription levels of hypoxia inducible factor-1a (a) and

glucose transporter-1 (b) genes in the liver of the Micropterus salmoides under acute hypoxic stress
Different lowercase letters indicate significant difference among groups (P<0.05).

i P S A SR S RS AN A 4 i

RETE SRR G

N o R

IR

fipfe SRR AU R AR A N T Lo ()

AH LG, TO 2H K 10 B4 i 3¢ H,0, 5
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MDA 1) & & i 3 T (P<0.05). 5 TO 404 Lk, T1.
T2 Al T3 2K MRS MK H MDA 1Y &84 i
%, H2% 58 5838 (P>0.05); T2 F1 T3 21k 1 i
M3 Hy0, 5 1 ik 35 PR (P<0.05) .

TR e A R RN S B R s i 5 T
Ro SXFRZHAH I, TO ZHK 0 B AeSHFE S MDA
()5 B THE (P<0.05). 5 TO 4L, T3 Ak
1R A I MDA 9 3 i ik 25 IR (P<0.05), I

IR AIAT IR A R 1 B e 2 AR S0 R TG 3 2 5 (P>0.05)
280 n=5; ¥+SD b 80 s %iSD
a
g a - - ab ab ab
5.3 60f — a S e 60 b T
£% m— b b g%
5 b EE
=8 e =3
Bg 4 B E 40
W S ol
ReR ﬁ <
®E 20} w20
pal
0 1 1
Control TO T1 T2 T3 Control TO T1 T2 T3
2151 group 205 group
B4 KBS InA AR X R F PR S MR AU 8 T 13K e i AR S (a) FITA 18E (b) 75 1 Y 52 1)
ARG B R A B2 (8] A7 75 13 22 5 (P<0.05).
Fig. 4 Effect of citric acid addition to water on hydrogen peroxide (a) and malondialdehyde (b)
content in the plasma of Micropterus salmoides under acute hypoxic stress
Different small letters indicate significant difference among groups (P<0.05).
a20r 5 %D b 25[ =5, 54SD
5 g a ab
&, B 20f T
ool T L . o T
£ g 2215t
3 g be
&g 10T §, = 7
& B HWE 10}
w3 4 g
NEZ st R’ F
M 1] 05
pa] =4
Control TO T1 T2 T3 Control TO T1 T2 T3
#5 group 5 group
F5 KEs AT A IR X R H PR S M AR S 30 T JEFIE i S Ak S (o) P TR 8 (b) 35 1 R 52 1)

ARV /INE AR F R Ab B2 (A7 A B 3 25 5 (P<0.05).
Fig. 5 Effects of citric acid addition to water on hydrogen peroxide (a) and malondialdehyde (b)
content in the liver of Micropterus salmoides under acute hypoxic stress
Different lowercase letters indicate significant difference among groups (P<0.05).

24 M AHHERGHEXIERS BTSSR
THXERREKIX
IGO0 NI Y R R=R i (ioe=N ) SIE]
LS R A D S () A A S (b) T TR Y
EMANE 6 iR, SxTIRAAHE, SEIRAE
SECTO 4 T1 KT RBE 3K+ GPT 5 GOT
(A3 P 2 3 T (P<0.05) . 5 TO 4 AH Eb, T2 i1 T3
ZH R T BB 3% GPT Ml GOT b 3% M ik 3 A

(P<0.05), F-5%F B4 I 3% 22 5+ (P>0.05),

KRR AT AGE R X R 11 B A A 2 PR A AR e
TR A b 2 R R K A 3R R R AR 1
TR 8 FHE PR e sk AKSE- B2 an 18l 7 s . 5%
HRAHAH LG, SRR 30 TO 41K 1 MR i
1 cysteinyl aspartate specificproteinase-3 Fll cysteinyl
aspartate specificproteinase-8 3k K #% 5 /K i 2 T
=1(P<0.05), 5 TO 4iAHtk, T1, T2 A1 T3 Ak
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o

o
—
W

151 n=5;x+SD [ n=5;x+SD a

+

—
(=)
T

10 r b

A R BHE HE/(TU/L)
glutamic-pyruvic transaminase
o
AR E RS E/(IU/L)

glutamic oxaloacetic transaminase

. 0
Control TO T1 T2 T3 Control TO T1 T2 T3
£H 5 group 205 group

K6 R EsAnF IR K H R e S AR S0 T L3R b A8 9 R S (a) P A 5 R (o)1 P ) 52 )
ANFINE FBE R R A B2 (R AE7E i 3 25 5 (P<0.05).
Fig. 6 Effects of citric acid addition to water on glutamic-pyruvic transaminase (a), and glutamic

oxaloacetic transaminase (b) activity in plasma of Micropterus salmoides under acute hypoxic stress
Different lowercase letters indicate significant difference among groups (P<0.05).

o
N
n

[ n=5;%=SD [ #=5; 7+SD

a

g
=}

Toe T

—_
w
T

—
(=]
T

mRNA in the liver
-

mRNA in the liver

BT caspase-3 mRNAMIX FikE
relative expression of caspase-3
e
wh

=
-
-

JiF i caspase-8 mRNAM Nk E

relative expression of caspase-8

Control T0 T1 T2 T3 0 Control TO T1 T2 T3
#85)] group #131] group
K7 KR AR AR X R 1 PR A e S MR SR 38 TP v b e R 2 11 K 8l 3 () F1
e R R K R 8 (b) 5k A e K1 Y52 i
ANTR/INE A 7R Ak BEH 6] A7 AE 1 3 2% 57 (P<0.05).
Fig. 7 Effects of citric acid addition to water on the transcription levels of cysteinyl aspartate specificproteinase-3 (a) and

cysteinyl aspartate specificproteinase-8 (b) genes in the liver of Micropterus salmoides under acute hypoxic stress
Different lowercase letters indicate significant difference among groups (P<0.05).

P fiFIIE b cysteinyl aspartate specificproteinase-3 3.5 h JET-F B [FAK(P<0.05); T3 dlFE5A & FISE
(17 KT 1 3 AR (P<0.05), JF SXTHRAATE . OB EEREAR, FET M E A E LR (P<0.05).

HE5(P>0.05),
25 BEESEEmTX *®2 BREAFEHKKILERSEN
N . R R Tab. 2 Real time dissolved oxygen detection in

KRB AR AN R 2 Frs, KR sty water bodies of each treatment group

TR X R 1 PRy e PRI T B FE A R 5 n=25; X +SE;mg/L

AN 3 Fras, KAOINFFEE IR AT R 1T 2 & 7 2 Fhf[E]/h time o AL T~ 3

BT o e . 0 75£0.0 75400  7.50.0  7.50.0

PEARSUIIE FAET R IR ANGE 4 fis. TO 5 0.5 55¢0.1  55€0.0  57%02  7.0%0.1

T1 H¥ e 2 MHAREME R 2.5 h AR EE A5 1.0 33:0.1  3240.1  3.9+0.1  6.0+0.1

FET M, T3 4178 2 PR UM 1 3.5 h ik 3 25 1.5 23+02 21203  2.6£0.0  4.20.0

5 E b B 4 9 4 e N 2.0 1.5+0.0 1.6+0.1 1.8+0.2 3.7+0.1

%%E““O 9 TO 2 H T 2 B FESABEAISET 2.5 1.5+0.0 1.5£0.0 1.7+0.2 3.0+0.0

RIC WA AL(P>0.05); T2 H1F 2 ERE M E 3.0 15500  1.5£0.0  1.6£0.1  2.4+0.1

PR 2.5 h K0 BE R0 A E TR, Bl 3.5 1.5£0.0  1.5%0.0  1.50.1 1.8+0.0
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x3 KPRMTFEENXOEHEI
REMBETEREENTM
Tab. 3 Effectsof citric acid addition to water on

total oxygen consumption of Micropterus salmoides
under acute hypoxic stress

n=25; X +SE; mg/L

i a]/h time TO T1 T2 T3

0 0.0+£0.0 0.0£0.0 0.0+£0.0 0.0+£0.0
0.5 2.0£0.1°  2.0+0.0°  1.80.2°  0.50.1°
1.0 4.2+0.1°  4.3x0.1°  3.6£0.1°  1.50.1°
1.5 52+02"™  54+0.3"  4.9£0.0°  3.3x0.0°
2.0 6.0£0.0°  5.9+0.1"  57£0.2°  3.8+0.1°
2.5 6.0£0.0°  6.0£0.0°  5.840.2°  4.5+0.0°
3.0 6.0£0.0°  6.0£0.0"  5.9+0.1°  5.1+0.1°
3.5 6.0£0.0°  6.0£0.0"  6.0£0.1°  5.7+0.0

W R/ —47 FOR R B9 bR TRk R A B2 A A A B 2

(P<0.05).

Note: In the same row, different superscript lettes indicate significant
difference among groups (P<0.05).

x4 KBFMITEBRYAOBHEI S
REE TR
Tab. 4 Effects of citric acid addition to water on
mortality of Micropterus salmoides
under acute hypoxic stress
n=25; X +SE; %

Ay i) /h

e TO Tl T2 T3
250 8.00£4.00°  8.00£0.00*  6.67+2.30*  0.00£0.00°
275 18.67+2.30° 16.00£4.00°  6.67+2.30°  0.00+0.00°
3.00  28.00£4.00° 25.33+2.30° 14.67+4.62°  0.00:+0.00°
325  34.47£4.62" 30.66+4.62° 20.00+4.00°  0.00:+0.00°
3.50  36.00+4.00° 33.33x2.30™ 28.00+4.00°  1.33+2.30°
W [\ —A7 A TR (Y b bR o B R R b B4 W) A7 7E B 2 R

(P<0.05).
Note: In the same row, different superscript lettes indicate significant
difference among groups (P<0.05).

3 itig
31 KAFmMITEBRILTFIERIMETK
M 22 85451 7 3 BE 77 B9 34 i

TEA WA, RBC Bt RsE nl A ot =
MBS R B BE A1), Hb (458 A BT i LB fiti
FRAS SR RTED, AR EN, AR
BAMT, MZEHUART G828 3 in RBC £t >k
PASH LA TR s ae M, 8(Carassius
auratus)il i3 34N MLE H RBC %0 LLIE W AR AR

B AR 4R BoR, St S8R0
B R AL AMEB R, BTl RBC Al
Hb & #9870, RBC %t Fl Hb 2 i i/ i K
R B 3 B AR RN AR A Bk Y BB T 0SS o TR
0.1%0 CA AT G M 1 T 2 MRS T 3 20
RBC A1 Hb & imili/b, MG i 2 kAR U
SIEDIA) S

M COR HI GLU Ry & % J2 Sz W 18 28 17
(N Ry T e DA €8O 1
AE SR ZU N P N B, i COR Ml GLU & 4%
BETEUY AW RY, BEA R (letalurus
punetaus)TEIZ N A SR AIRET 1 h I
H COR & & & TH, 16 h NI P GLU & &
BT, WL AU, T GLU.
COR I LD & . 2 7h ™) A5 4 g a =,
R (Pampus argenteus)COR 1 GLU & & i # T
=, RWIfi(Lates calcarifer)Ilii&f COR i3 Ft
119200 i A (Ctenopharyngodon idellus) FI 75 i
(Mylopharyngodon piceus) 1¥ 1 55 N 4 5 1L 3¢
COR, GLU Ml LD & & ¥ g 5 7121, #7esz ks
I B0 )5, I COR 1 GLU & & @ FH 5,
MAER AL 25 mg/L Ve J& Al DL 2 B i b
COR Il GLU My &, A or 2 R R, 2R
e S EOR 1B &I T AN O N, B
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Abstract: During the fishing and transportation processes of farmed fish, they are stimulated by various stressors,
such as high density, hypoxia, vibration, and sound, which can damage the fish body or cause rapid death.
Carboxylic acid (CA) is an important edible organic acid that is easily soluble in water, inexpensive, and readily
available. CA is often added as a feed additive in formula feed to improve the growth performance of farmed fish,
maintain intestinal health, and enhance immune and stress resistance. However, there have been few reports on the
use of CA in water to enhance the ability of fish to resist acute stress. Largemouth bass (Micropterus salmoides) is
a widely cultivated and economically important fish in China; however, it is not tolerant of low oxygen levels.
Largemouth bass will surface and die when dissolved oxygen (DO) is below 2 mg/L. Deaths caused by acute
hypoxic stress during fishing and transportation have attracted considerable attention. To investigate the effects of
CA added to water on the hypoxia tolerance of largemouth bass under acute hypoxia stress, using juvenile
largemouth bass [mean weight: (18.53+0.43) g] as the study subject, CA was added to the culture water to a final
concentration of 0 (T0), 0.01%o (T1), 0.05%0 (T2), and 0.10%o (T3), respectively, and oxygenation was stopped in
the water with an initial dissolved oxygen concentration of 7.5 mg/L. Acute hypoxic stress was applied for 2.5 h,
and the DO in the water was measured every 0.5 h. The DO concentration in the control group was (7.5+0.2) mg/L.
At the end of the stress period, stress tolerance, body damage, and mortality were assessed. The results showed
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that, compared with the TO group, the oxygen consumption of the T2 group during the first 2.5 h of acute hypoxic
stress significantly decreased. The T3 group had significantly reduced oxygen consumption and mortality rates of
largemouth bass under acute hypoxic stress (P<0.05). Compared with the control group, the stress-related
indicators of cortisol (COR), lactate (LD), and glucose (GLU) in the plasma of largemouth bass in the TO group
were significantly increased, and the levels of malondialdehyde (MDA) and hydrogen peroxide (H,0,), which
characterize oxidative damage in the body, were significantly increased. The activities of glutamic oxaloacetic
transaminase (GOT) and glutamic-pyruvic transaminase (GPT), which characterize liver damage, were
significantly increased (P<0.05). Compared with the TO group, there were no significant differences in various
indicators in the plasma of the T1 group of largemouth bass (P>0.05). The hemoglobin (Hb) content in the blood
of the T2 group significantly increased, while the LD content and GOT and GPT activities in the plasma
significantly decreased (P<0.05). The number of red blood cells (RBC) and Hb content in the blood of the T3
group significantly increased, while the levels of COR, LD, and H,0, in plasma significantly reduced, and the
activities of GOT and GPT significantly decreased (P<0.05). Compared to the control group, the transcription
levels of the cysteine proteolytic enzyme 3 (caspase-3) and cysteine proteolytic enzyme 8 (caspase-8) genes
related to liver apoptosis in the TO group of largemouth bass were significantly higher (P<0.05). Compared with
the TO group, the transcription level of the caspase-3 gene in the liver of the T1 group significantly decreased
(P<0.05). The transcription level of the glucose transporter-1 (gluz-1) gene in the liver of the T2 group of
largemouth bass significantly increased, while the transcription level of the caspase-3 gene significantly decreased
(P<0.05). The transcription level of hypoxia-inducible factor 1 (hif-/a) and glut-1 gene in the liver of the T3 group
significantly increased, while the transcription level of the caspase-3 gene was significantly reduced (P<0.05). In
summary, acute hypoxic stress caused oxidative stress, body damage, and even mass mortality in largemouth bass;
0.10%0 CA could improve the ability of largemouth bass to resist acute hypoxic stress, alleviate the damage caused
by acute hypoxic stress on the body, and reduce mortality. This study provides the data and a reference for solving
the problem of acute hypoxic stress in fish during fishing and transportation.
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