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AEEEMEXNKOZE55E AT, i i
Bt 1. HAREG R NKCCla RixHyEm”

Wt EEAT OB OB & R0 BRES HEE® Ruak”
(1. BgEEREFAKTSAamER B 2013065 2. HEUKT RIS BE BRILK 7 0 55 i
A AT AT WA AT FIRAM A SR E LTI E R M 510380)

HE K 0 B 4 (Micropterus salmoides) = % E £ B2 & Kz —, BF— W #Hh%, £HBA
PRUEEAERABS, BEAARZEREM A EHSERFAFTREENEXREE, AFRUK
FHQ03+13) g WA D BHFhHRAEZ, FRT FARZBZEO. 5. 10 F2 15) 89 it 5256, A H
FAENES, BEEEE, AMEEE., A2FE LMK NKCCla HXHEMMHEN kK E, 2R E
T, KOEHMFESEE, Na WE ., ClOREME R FBRELMESEN AT HIATERLE WY
Fra, ®E 15 53)F 10, 5 foxt B4 A F £ § ¥ % F(P<0.05), HRTAHE4, Na'/K'-ATPase
(NKA), Ca’*-Mg*-ATPase (CMA)Ffuit &t A B (CAT) W E AR E S 10 HEE i, E4E
10 2 0EfE, {EEF 15 B THE 10 BF T #(P<0.05), #EAfFALFWELI, HE 1510
B, ST RaEREN S, RERANALN, ARBENEN; THE S w, 4
Ffg AR ZE Y, Wi, NKCCla HEAESEFGH kA K FEFAR LN, HHE 5. 10
15 8, NKCCla Wkt &3 825 T B 4(P<0.05), M4k, A xEoEH, & HEB(COR)S
Na', K'. CI', Ca’" R ## NKCCla Wk EGEMA(r=08). % ik, KoEH#AELE S K
FIHBEFWHENYE, MHEE 105 1S UtAT Bo L8y RERKASEK —E NP, A5
RERT KT B4R AR SR & B R 54 RIEA B

KA A Be HhEME; BHERT; BEKE

FESES S965211 XEAARIRED A XEHS  2095-9869(2026)01-0138-13

KO RB&5(Micropterus salmoides), 154 M &, VI K S5 RV IR A S AN 05, BN AR L e LA AL Tr
ML K a2E, IR EEEAIRK ST, HRATHLIX T AR I 7K 55 £ D S e e A= i o
PRIEC PR S5 200 . TG JULT) il 35 e R 32 3 2% 4 75 Bk (Bai A% o FRFE AR R DR AE, 2024), SR, FREPEAL
et al, 2008), ZYFPEAIE N E . AR, SR BB FER AR AR A BRI, S S5O T PR P K A
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s R RS, kM5 | & DX I Je ik

R BEAE R FR K h— A EHE AR IR T

FEA0 28 RO oK AE A AR K R B AR EE S oA &

S (B 45, 2020) 247K R ER B 7= A 1938 15 1
HWNIREEBE EALTR, KAV T3S ET 6
SETHAERAC, T AR R KA A W A7 SR A A K R
(Liu ef al, 2021; Hegazi et al, 2014), #K1ii, #i/K¥E:
BEFANBERLS TEINTARRRER, KA
Y B BRI IR NGB B R S5NRB B R,
HONIABE R T AR, R K AR AR ) Y IE R AR B
g, UEREESHIET ., BETETKAEAY RN
JERRa R, BEEETY RESBEMAMEA
5o W% (Oncorhynchus mykiss)IH llfa £h FE fp i i, &
AR Y Na' /K -ATPase (NKA)F1 Ca*'-Mg**-ATPase
(CMA) % 1 2 4 Bf 7+ 5 (Huong et al, 2010), B4
(Acanthopagrus schlegelii) e [ XHIKER Mrif i, FHAARPY
1) Kz JE B (Cortisol, COR)V i it 25 £h B 1) T ey i 7
Mommsen 2§ (1999) A AfF 57t 1IE BH T fa 1A Py Bz Jo s ik
FE AR 5 B TR FIRE LR IS LA OC . LAk, BR
BiE AN, SE AL 3 e e B AR A 32 3 i 2 R
BWFR A, JEB FAE{i(Oreochromis niloticus)TE T
X R BEAR AT, LR P AL P AL (SOD) . i
AL A (CAT) FITN 8% (MDA) 2 B8 T & i L %
(Dawood et al, 2022), Ding %5(2023)#F5¢ KB, fas
TEER B W30 B 2 S BOE MRS (ROS) I 7= 42, IS
AR, T4 CAT #1 SOD I 52 FM Iy, )
P AL RE 1 78 10 0T R B 136 J5 R 2 ARG . 2SR
ZEAL ] R O 2R A AR AR, W R A i R 2
TRk, B, BB YR A £R K b 3R 5
Iy, e % WAk (Song et al, 2021)FI4EB A Trachinotus
ovatus) (Liu et al, 2019)%%,

TR PR o ELAT O R B S LR R R L, B B T
LA EE AR . KO ROTTEEL R T 8
AF B A 1 N R (R IR IR 42%) . e AR R R AT
(2 28%)ZF P4 (Sun et al, 2023) AL 1% A& WHMT . R
B O AP FEIRT T kB XoF I gy 38 TR AL B
P R BE B 11 15% ) )52 00 G T L5, 2022), KB 5
P I (A1 NKCC1a)W B | 1835 F 8 5 1 Ly
HLHI AT REIIEGT o X 5T i (Na' /K -ATPase JA#EHL ]
) . 2 A (B o s 1 ) 1 Ak ) S A =X A e
JEERE X b (Mommsen ef al, 1999),

AHIF 5T T UK 22K R G4 s R 1 R o e A [] 6
JUR3E T 1 2 A R e o AL, R R A v A Ak L 1A
fitii% . NKCCla FEH 5 X WA B b 5 2 4 45
b, R R HERTE IV RE T PR AR R o ST 4 K A T

AU ER BRI A 2R Pl ogE T SR RO S E , O O RG E
P4 SR K 5 BE OB B2 WL 7 204 S AL B AR B
XA R [ 1 £ SR 4 = () B A EE B SR

MR 5TTE
1.1 SEIesr#

AR 2ROk 1) AR R IR = Al A R A A
Wt 2R JF R RGoK IR, BEfE
1£(23.0£0.6) ‘CIR/KIAIE FF54 7 do #EdbMIm, & H
TR 2 YRR AR AR, B H M TA A B
1 pH ERIIE, B2 d #IK 50%, #54 S I
B FRES NS SR M (20.3£1.3) g HfEERE (TG
B AM . WS BEE . 2B IE R TS .

1.2 TGt 5EmRLE

RGPSz 45 50, kPR 3 ARG, 10
IS PEATER EE A 525, IRAKALEREE 0)E A Xt R4 .
SRS ER KA FH VL PE $hl B A FRA R K S O], 52
WITHAET, KRS 24 h, B4H 3 ANEE, H0FE
2 OS0JR M, SCIAAE N 100 L BOHKITIRKE .
SEESHAN], B H RN 2 A SRR RS, B H
KK 5 , B R 2 A <1.5 mg/L, WASRR£h<0.25 mg/L,
pH J 6.8~8.0, #MFA S #H>3 mg/L, F#EHYIG
EREEN 0, RfJEHAE 12 h FETHE 2, RFIK A ER
JE 24 h J5 , WA SEEG AR Y 3 AFATd I 3 B fh .
i F MS-222 (0.03 g/L)fa FHRRFSR RR I, 7 R i
Jok 7 FH JC T v 5 2 200 pL L&, 4 CICE 4 h )5
B9.0>(4 000 r/min, 4 °C) 10 min 5311, [N, R4E
JEFRE B (v ) A BB A 4L (56 — 8 5 Y PR B TR A,
B I e 7% 280 C UKAEIRAT .
1.3 MmiFEERNE

L35 5 38 50 2 K VAL 3K BT A PR 2>
F VKB 5 R L(BS-100), Na“, K", Ca®". Mg*"#i
Cl Y% B ot g i A= 0 T AR F 9% e v B4l 50 & iR A7
i, LA A4 RGBS AT o LR R o A 0l
TH LR R VLR EE e S0k A5 FR/A 7] ELISA BHifFt
Rl G TR, B R UL 517 .

1.4 S3F0PF R E M E

0.2 g BB LA, He BT SRR 12 9
AT 0.9%4 #ER K, HALZIFE L (MM400)
10 000~15 000 r/min fFF 5 5%, 10%ZH 21503 o K il 45 47
1 10%25)3¢ 4 ‘C 444 F 2 500 r/min 25.0> 10 min, HX
WA TR . SRS WA T E NKA
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CMA Wit F LIE® A TIE SOD Fl CAT ik, fr
A A8 bR R FH pE i AR ) TR AR O B R AR &
HEATARI, ELARER AR F BRULEH B T . DLl
FH 22 B 0 s A 2% A BR 2\ 2 2 fig B 45 X (Biotek
Cytation 5)Faill H-W G EE (450 nm, 1 em J648).

1.5 SEFFHEAZ ST

PR SR 2 2T 4%Z 5 P (Biosharp, H
FEDEE 24 h J5 B 3558 LS RE SN (70% . 80%
90%F1 100%) 1) & Btufe FE rh I K, Fifi J5 A 37 A7 i B
Hr il AT A HLRM2016, HFEDVIA 4 pm JEH)
HAY Fr, B HIRARRGLLG A, Ba M PR
B F 7624 BB (Nikon Eclipse E100, HAS) it
R E TS,

1.6 5 RNARE. cDNA B RERRIEST

Fi B TRIzol 250 4 A b B 5 4 B R i 1 21 21
SRNA, R 1%3BE B EE RS LUK A Cytating 5 23]
REMEAR IO ORI RNA A il ) 58 BRI B2 . R
PrimeScrip™ RT reagent Kit with gDNAErase i &
A I E 8% cDNA, R LightCycler96 qRT-PCR {3
T QRT-PCR. ¥ cDNA Fi B 5 f54F 4 qRT-PCR 54 .
FUWAERF:95 C 305394 °C 55,60 °C 30s;72°C 305,
HEAT 40 MR ; I ffR £ 95 °C 55,60 C 1 min,
95 C 1s, Lk -actin N SFER, K] 274 Jrikit
BN L 22 15 4 (Livak er al, 2001), FEH 51451
TEAE R IR 1, AL A TAY TR R
A BR S B A

®1 XERABMNSM

Tab.1 Primers used in this study
IR GenBank %5 514 b 1 R
Gene GenBank No. Primer (5'~3") Length/bp efficiency/%
NKCCla XM _038733157.1 F: GATGATGGCAAAGCTCCAACT 210 92
R: TGTGCCCTTCCCTTGTTTCTT
PB-actin XM _020651307.1 F: AAAGGGAAATCGTGCGTGAC 171 95

R: AAGGAAGGCTGGAAGAGGG

1.7 ¥IEZmIT5 ST

K JH SPSS Statistics 26 BTG F2# M1, SR
FHHLR 2 5 2253 FF (one-way ANOVA), fifi | Duncan’s
LT 2 E KK, L P<0.05 #iE R BEA %
FEN, SRV EARER(MeantSE) &R o

2 RS9

2.1 MmiFEELIERF

FEARTA R BE A T, Na™fl CUMR ¥ 5 1ML 75 B 15 %
AL AL, B SERENINRIEL, SR 15
1A Na'fll CUHREE DAL 885 FR IR 24 3 i T
il 3 £H(P<0.05) (B 1a~d 1c), SXFRRAM L, T
KA Ca™ W JEAEEL B 5 FIERFE 15 4 3% ETH(P<0.05),
MERE 10 20 5% FRZH TG ik 25 22 5%(P>0.05) (&1 1d., &
1), I35 Mg® M B 7E 3 3 5 A MIER 1 10 4 .35 71,
HAEERE 10 B3k 3 B = fH(1.05 mmol/L), 7EERFE 15
20 5 FFEZE 0.56 mmol/L, B F LT HAl 3 41(P<0.05)
(K 1e), HAb, ML ST LA Na il CIoh By, 1
Ca®", Mg Fl K g/l

22 FEERESHEIAEKE

TEARFEREE AT, L5 Bz I s R L 25 v JoE 1
AFE R RS BT XA, RS, 10 f1 15 4
(R 0LV B o vk FE X 2 b, H S ERIELL; 46
JFE 15 ZH 1 I35 e BTk B 3k 3] 685.44 ng/L, W3
T H AR B 2 (P<0.05) o 1ML 77 8 3L 28 Ik 3 e e 1 ) B
TEER 5 2H(987.91 mIU/L), W#Fm T HAL 3 41, &
1M, $RIE 10 FIERE 15 41 M yE 7L Z9RE BE LT
Xt BRZH (18] 2) (P<0.05),

23 SEMEHE

TEARFEER AT, R 5. 10 A1 15 4189 NKA
T P AH AR TR BRI 25 T 153 (P<0.05) o AR TXF IR A,
CMA FHEPEAEREE 10 418 ETHR(P<0.05), M 7EELEE 5
i 5% BE 20 TG 35 2% S(P>0.05), NKA FI CMA i
PESEEREE 10 BFIRBR A, $hEE 15 BB T %
(P<0.05) (K1 3), 2 Pl i HEAEEREE 15 M9 T FE AT RE &
58 2 245 0 PN il 1 K TH AR AT — B &R

24 ELEEES
TEARFELEWSA T, 3 ANLE4UFD SOD FiE
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Fig.3 Changes of NKA and CMA activity in gill under different salinity stress
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PR IR 4 b 2 o, EREE 10 AR TR S 4
W LT RO R 15 414 SOD TG ik
210.57 U/mg, 3% & T A 3 41(P<0.05), FH CAT
T PR e Ak e #h  SOD K], HAEERBE 5 Fl 10 )
B LT, HAEIRE 10 Bk 3R = w i v
35.72 U/mg, W35 5T HAlh 3 41(P<0.05); ihE 154
) CAT BEIE PEES R 10 4L B, HA5EE S48
T EZEF(P>0.05) (K 4).

25 BRFMPFARFESH

P S P 6 &t 0B T X ok F R s R
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0 5 10 15
£hF Salinity

& 4

A B 5, XTHRALRIER B 5 21 A 8 4H 2254 5
%, AAM A KUNER s FEEREE 10 B, &
AN K, -3 AR AT BB 4H (19(8.3+£0.9) um &
WK 2 (14.621.3) pm (P<0.05), /N F ] BE dy 3o B
ZH Y (15.2+1.8) um 28 4(23.5+2.4) um (P<0.05); 7EEL
BE 1S B, 8N EAEI ISR IS, BN
[i) B 4 1S N (P<0.05) [FIRERY, AR b S5 6 b
oL X REALFNEREE 5 2H ) B RS RS2 R A 98 e B T
i, FRARAIEECE IE 5 (P>0.05); $hE 10 AT T
I RIZESE, HARRAN M A 78 2(P<0.05); RFE 15
Y B AL IR 2 A 908 IR TR R v, #0005
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Fig.4 Changes of SOD and CAT activities in liver under different salinity stress

K s
Fig.5 Histological changes of gill under different salinity stress

NGNS SR Rt

A, B. CHID ZICREEE 0. 5. 10 F1 15 THUSEAIZ. GF: #2Z; Gl 875 PIC: E40M; CC: S4fiE.
A, B, C and D represent the gill tissue under the salinity of 0, 5, 10 and 15, respectively.
GF: Gill filament; GL: Gill lamella; PIC: Pillar cell; CC: Chlorine cells.
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Ko AN[FEREEMM A T i 2 22 1

Fig.6 Histological changes of intestine under different salinity stress

A, B, CHID MR 0, 5. 107115 FBAL. VI: B%E; GC: MRAM; SM: T2,
A, B, C and D represent the intestinal tissues under the salinity 0, 5, 10, and 15, respectively.
VI: Intestinal villi; GC: Goblet cells; SM: Submucosa.

*2 SRMBARFIERTL

Tab.2 Changes in gill and intestinal histological indices

kv LRI Salinity

Index 0 5 10 15
S E R 8.3+0.9° 8.6+0.7° 12.6+1.3° 15.1£1.1°
Diameter
of chlorine cells/um
ke 18.0£1.5° 20.0+1.0° 25.0+2.2° 28.5+4.5
Quantity
of chlorine cells
48 24 5] BE. 15.241.8° 16.3+1.6° 23.5+2.4° 31.7+3.1°
Gill filament
spacing/um
Bk 4 i % = 22.3+1.5° 23.1+1.8° 35.6+3.1° 39.8+3.7°

Quantity of
goblet cells

T SAMLL 100 pm B BEER 22 NECRETTR, AR
ARAAMILL 50 pm FLLL RE I 206 MR TFAE . Bl LI
HEPRHER LR (n=6); A [Al/INE 7 i R R AN ] £ B2 4 =22 1]
225 3% (P<0.05)

Note: Chlorine cells are calculated as the number of gill
filaments per unit length of 100 um, and goblet cells
are calculated as the number of intestinal villi per unit length
of 50 um. Data are presented as MeantSE (n=6); different

lowercase letters indicate significant differences between
different concentration (P<0.05); the same below.

2.6 EBFBFHR NKCClatiFRixE

MK 7 T AR, NKCCla FESE i) 2351 pliEh
FERR MR, HAEERE 15 K3 Em, BEST
Hifth 3 2H(P<0.05), NKCCla TEMh ik 5Hrh
AL, Horp, R S RN IEAE R E LS
10 4 EmTHE S HSXRA; HFE 15HEES
TFHAh 3 4H(P<0.05), ILAh, 6 NKCCla H9FRIA &
T AL, RYIHRREEAHLE R

27 AEHEME T EEIREXED T

& 8 Al UL, I EEHE(Osm) S Cl AR i i
(COR) 2 FHHMHK(r=0.95), 5 Na HEMALF=0.8).
Na“, ClI', K'fl Ca®" Z [H| A IEMISEM:, e T e
FE A0 AR E A5 R g P ) A2 4k . COR 5 Na™ K*, CI,
Ca>' i NKCCla WA w S EMK(=0.8), #
FLE (PRL)BR S Mg (R HH56(0.3<r<0.5)5h, HHAh
FE bR M o (r<0), NKA iS5 CMA i i A0 %
(r=0.95), Hrlfgdb=e g i Aok 28 74z i % . 6
' NKCCla Wik 5BiEE . Na'. K'Hl ClI 2
AR A (r=0.8), MilmHh NKCCla AR S
MIF B % E KA CIZ [ 3R A 5 (0.6 <r<0.8),
A, 6 NKCCla FRiEw S50 NKCCla M3
TR LA TE R BEAE G (r=0.8) 0
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Fig.7 Changes of NKCCla expression in gill and intestine under different salinity stress
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Fig.8 Correlation analysis of each index under different salinity stress

Osm, COR, PRL, NKCCla 1 I NKCCla 2 7} MCER MG B SEIE . K, 3£,

it NKCCla WZRiA s M T NKCCla (R HE
Osm, COR, PRL, NKCCla 1, and NKCCla_2 represent serum osmolality, cortisol, prolactin, the expression of
NKCCla in the gills, and the expression of NKCCla in the intestine, respectively.

3 itig IR, RN RK S miRSM S . Nk, a2k s
R AR 8B 1Y (Gao et al, 2017), RE B %
31 REEEAEI A HRGISE EE TR FEVE A KB R R Na' . K', CI . Ca®'

M A S RIS, th THURNAMBIER B Mg B g, RIX LB Y R 3 BRI T NKA
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il CMA 3% 2 AN CHERE , OB 5805 R B
H—EBEZ (Zhou ef al, 2024), NKA iy £ 5 4E &
4 Na 28 H Al ok K KR A I N (L et al, 2021).
TEABEFE Y, K B 233 Fe R 1 AL 2R 30 i &2 2
) B8 7 R G PE AR AL . Bl R TS, Na il CLk B
WERN, X5 MEBEREN LA EER—RE 1),
RS HTR, BEES Na il ClHA sIEARX
(r=0.88 1 r=0.96), XFPIEAHICICHR e T a2 im i
FEWMC Na Al ClUSR I X AN AL = SR R B 175 1B R
e ISR, NKA BTG PEIESREE 5 FIEh T 10 i) i
FIbE, e T Nat i KU s s AL . AR
M, TEERAE 15 iF, NKA BEEPE TR, S35 K6
B BN HCHE R B T, 3R ek BE AT AR X i 2H 4
T ARG, TR NKA B Sh e (K 3a). %45 %78
¥ A1 (Ctenopharyngodon idella) W5 HH 15 3] T 3%
F§(Liu et al, 2023), CMA &35 15 P87 1) 7 — K ik
Hebr, ATLUK Ca™ M, O Mg &AM
(Zhang et al, 2019), AWFFEH, CMA FETEEEAE 10 Bf
FOTHPEIE SR 5 M2 W B B THRT Ca2 I B [k )
—F, XKW CMA 7E R Tl 5 Ca2 F1 Mg
M E R iR B T, SR, 7EEREE 15, CMA
EHETRE, S8 Ca WRIETHR M Mg> W TR, X
A REJE T = SR B X R G IR B e, 7E
T 08 %) B i S0 R WA B CMA T 1 Bt £
(Tt B0 T g, (Had S iR B CMA T
YE) T F#(Xiong et al, 2020),

FRZ BB LASS , — SR A 2R A T8 8 T
W A AR, RT3 A R AR R A B R o
RINB IS 1) sh 5 F-fif(Watanabe et al, 2016), K75
L (COR)J&:—Fh 2 55 T 7 (6 2575 385 1A 717 ARG A9 B2
JiZE [E i (Saravanan et al, 2018), 7 R EE#E 5 T H NO
A REFNOS) 1k, BHIKT NOS X NKA Byl fEH ,
AT S 384 5 - 18] ) 38 4 (Dang et al, 2000), TEAFST
Hh LY R O R B A R ) T R T, R
SRR S5 T BB RN . 10 40 5 R
e BB T HA 3 4H(P<0.05), TFBHE AR 4
PR R R R . Bt ARG AT R B, RS
Na’'. CI'}¢ NKA FFAERRIEAC(>0.9), if— 3+
T A RN R BE 38 R OCEEPE T . LAY R B
TE i 8 B IR 1R 55 W 6 (Cyprinus  carpio) [ [ EE/K
-5 TR K4 (Saravanan et al, 2018), Xf K0
(Luciobarbus capito)WF5E [FIRE B, 5 56 BE A5G AHHK
FARER i P35 ) 5 1 DRl i R o st v B 26 v (K T
&, 2021), BREZBTRESN, fi#FLER (PRL)M I FEAL A
A E BN, AEBT 1R B IR FANE K 43 itk A TH

AREER, BB E KT ) E 248 F5 (Manzon,
2002; X4:58%F, 2011), FEARDISE D, ML FEAELLE
10 ZHFERRE 15 20 KT X IR ZH (P<0.05), X 52
BB Ak I AF T 45— B, R R L R A R
J3 (%) T T AR (Y amaguchi et al, 2018), %3 —IiHF5%
WHRH, MBI PR S E R AL 20
L83 e 1 RS 1 bk shis e L A8 55 119 B
W2 UK HE J171 2% (Breves et al, 2014), 94X 1M , TEERE 5 I,
MR Z KT B & T R PP R0, X ] G A
£ 7F £8 B Ak o B v R T R DU 338 48 AR A I B S
WG I 5 B RS B — AN E LR N . LR RS
KU TR FRE, FRABEIREZ SN
(Manzon, 2002; McCormick et al, 2006), B, £
HUHEAMRER R BE v] BE S e A L A 400, AT
W HGE R BB R AR L, 1Ak, MR E S Na*, CI
Ke Mg* A (= —0.79 . r=—-0.58 Fl r=—0.69), FH]
PRL 3 o B A B -3 358 ke By 1k 85 -3 2k, DA AE =5
IR R ER . LA LSRR, R
VU, B2 U5 WA 7K - 2 46 B A T v imi 3
AT A St 28 T X R B I8 TE 1 PR P bR 2 — 5 T i
FLE 5 £R B 2 A S AR OGO R, AT AE IR /K A0 IR
K & EEAE

32 ARHEMEXNKARGRENLE NI

BB 3 FE R Ak, Pria I Rg T 2 0 2008 1 4k B2 1
AR 93— FE K &K (Chowdhury et al, 2020), SOD Fl
CAT JEHALH AN AL 58 — B B4k, J& bt
RY AL ER Sy, SOD Al it Ak S 0 s A
T E ALY BB 1(0,) , 4 HFL 164 H,0, 1 O, CAT
MK H,0, #:40 HoO, ARAPHLIAR %32 i3 4 F Fh St
B (Jia et al, 2019), AHEFEH SOD 1 M bifi 5 1
JE R I, U R R W E S T AR N B A
LR GE, HEh R m b R o B 5, A3 B9 R B
FEER BEARBR, 128 SOD it FH R, $E H,0, i
W, ffifd H,0, WEFREE CAT AYIG PRt pE 2 THE
(Zhang et al, 2022), X S5AHGEH CAT BIEELE 5
10 B EFHAHAF A . LIRSS RAE D E i (Song et al,
2021)MI4E ¥ (Lateolabrax maculatus)(FZF25%, 2021)
HRA SR IE , BIAE = 28 B2 A T, SOD & MEAT CAT
TEPEARE BT . (EHAAEREAJE, SOD {EPE7EER
15 W 4edr s for, T CAT IGPER B2 TR, TIHE
T SOD fiff i i A= BUK 5t 19 HoO,, 2 111 14 #6 K i
CAT [iff, X—25 35 ¥ 6E W (dcanthopagrus latus)WF
FEHF R ILE CAT 1&E MM HI LS (Lin et al, 2020)4H12L,
H,0, Y3 & B8 ml fE il 4 i SO it il CAT 14k,
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o fish & A B T4 S S B0 D) BE 32 B (Sies er al,
2022), RRGLEHThcHE— L RIUE,

33 AREEEMEBXXOERLHRZH RN

A7 R B AR E R W EESE, P
G5 e oy HLEAE IS N AN A oA B i B e
KA AR o B T R 0 28 IR K5 7% B TR 7K BR
SRy, A PR A R B R R T R SRS A A T Y 1
FHIEAT N 5K A EE 1Y B F 28 3 A e R R N B 19
S i DU 6 v 28k I WSR3 SR R R e 95 PR i
A K (Boeuf et al, 2001; Abozeid et al, 2021), [HI,
F 58 T 1 R 30 0 8 28 Y s e 38 Y 38 o B R i 1 41
2R ()5 B2 BT K PEAG (Gewaily et al, 2021), FEASHIT
FErh, Bl R B3 0, G U M T oK
B8/ e AR TR TR 5 i 2 SR R R 4
Jn, ARG 0, W AR s o s
SR (Dicentrarchus labrax)W)Eh FE & D 5 W& & B
W& (Masroor et al, 2018), =W R 01 B2 i 3 oo B 5 B
T 12 () FIORS YD Bt () LA X953 Rk Ao SR
R 15 B, 8/ B V5 RN i 2R W R i AR
TN LBUE S RE T BEbE =R B . AE e B B HE A
T F A (Tachysurus fulvidraco) %) 5 B a0 A9 55,
Bl R R T, SR AR, A i v
2, B[R RE H PR LR 4H LG 0 i iz % 6 4403 0 7% 114
M4 (Dawood et al, 2022; Tian et al, 2020), {H15 1 &
SR, A FOULEE 21 1) 1 18 FROIR A ik 2 3 AR W] g L
ARCAE : —J7 T K - R B iE R pids, )
— 5 T AT BE TP B TR UL % (Rombout et al, 2011),
X JE SRR 5T R 2R B R B A R 0 A K PR RE T R
PEUE T A SRR

34 AEEEENKOES NKCCla EERIEH
A

2R BT i AR A, A0 2800 i i B B TR
iz I PR RS (A NKCO) Rk KT AR R 20 L 9 0 4%
FhEh B 1 MK 43 19 8 5 V-5 (Pol et al, 2023), NKCC
iR s E I, L INa 1K 2C10
1) L B T B S s iy, 4G NKCC1 Fl NKCC2
W Fh 5L [K 7 7 (Hebert et al, 2004), NKCCla fE N T
PG 2 () SR Bk A, FEfE T, NKCCla @0 T
YRR ICHE, @At E SR CUP B Eh IR BE h i B
FHEM S FEM e S B FRCRK S, X4
FHAWS % 2 6 B (Hiroi ef al, 2012), TEAHISY
e, ORI SRR N T ER BE R B, 88N NKCCla
H PR A SR TR T, R 15 PR RE

HEREE T HAL 3 4HP<0.05) (K 5), % —J5H,
NKCCla TESEP ARG LS T, S Hr
i ERH NKCCla MR ESIMEBBEE . Na', K
Fl COR HYAHE B EL(>0.9) 5 T (7<0.9), AHIFSE
Rl NKCCla RiEWF R THiE, 5686
(Anguilla japonica) W %% & 5 5 M & 5 B L — 3K
(Cutler et al, 2008), UESZHTIEER B35 N A% DA E o
HAFEREN R, thIE 15 B, NKCCla Fik BikIE(E,
R B R R TR A BT, WK =k B ] fig i 1
FRHLH ) 555 520 RE . — 2B ARG TR A (AN NKA
il 5 R TR R ), A0 A7 2K A S 0 i b2
1 I (Grosell et al, 2006), 5EF L Z AF AL,
K BT NKCC1a 9 38 AR e 0P ] 5 S e HL T 0
JO7 SR W6 8 A o S P Al 1) 1 08 32 3 4 2 AR, AR
Ji T8 K 43 W, 3K — R AE B 30T 9 /K £ 2 (Inokuchi
et al, 2008) . L4 ,NKCCla 5 COR = 40K (7>0.9)
PEIR H o v G A W B T 3R A2 AR (GR) R = HL e
SE(Kalujnaia et al, 2013), {H 7538 13 )3 2h 745 & 5L 8 0k
— Bk,

4 g
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5595 3% R 0 R A S P (7=0.88 F 7=0.96)i1F 52 HiAE J %
BBV BT D RE ML, IR T EE R Y 2 R bR
KEEFE (S5 . BiBE M NKCCla Fik¥ R IFEAH
K) AR FE W PN AL T =8 AR S . 7E 0~10 £
FEYE RPN, R F R A A] T 2 07 R b AL
JNE, Bt AL B P (SOD Al CAT) 5 88 Al fizs 21 21 25 44
(18 P )3 A A S R R B 32 0 5 (AR BE 15 5]
KW CAT MM MAL U405, BRIz £
N EE . BeAh, ERMrAfEdE T NKCCla WIFRIK,
NKCCla TESBFIg e B 20 S e Rk pi=l. b
WRBFEN, KOBOTEERRE 10 LIRSS HA M
PALFRIE AN T 1o eAh, ZFITES RN IR s i A=
KAERE | M3 R0 LA 3 FhRic BRSO R BRI T 4L
P FEMS %,
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Effects of Different Salinity Stress on Osmoregulation,
Antioxidant Capacity, Tissue Damage, and NKCC1la Expression
in the Largemouth Bass (Micropterus salmoides)

LIU Yang'?, LI Shengjie?, TIAN Jing?, ZHU Tao?, LEI Caixia®, DU Jinxing?, SONG Hongmei’"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Pearl River Fisheries
Research Institute, Chinese Academy of Fishery Sciences,; Key Laboratory of Tropical and Subtropical Fishery Resource
Application and Cultivation, Ministry of Agriculture and Rural Affairs, Guangzhou 510380, China)

Abstract The largemouth bass is an economically important fish species in our country, which
exhibits a certain degree of salt tolerance, rapid growth, adaptability, and superior meat quality. It has
great potential for aquaculture in saline-alkaline water. Therefore, in light of the greater expansion of
aquaculture to saline-alkaline regions, it is of vital importance to explore the osmoregulation and
physiological responses of largemouth bass under different salinity stresses. Although previous studies
have highlighted its moderate salinity tolerance, the physiological and molecular responses to graded
salinity challenges remain unclear, particularly regarding ion regulation, oxidative stress, and
tissue-specific gene expression. This study systematically investigated the effects of salinity stress (0, 5,
10, and 15) on osmoregulation, antioxidant capacity, histology, and NKCCla expression in
largemouth bass, with the aim of establishing a comprehensive framework for evaluating its adaptability
to saline conditions and developing sustainable aquaculture strategies. Largemouth bass, with an average
weight of (20.3+1.3) g, was subjected to stress experiments under various salinity conditions (0, 5, 10, and
15). The initial salinity of each group was 0, followed by an increase of 2 every 12 h. After reaching the
specified concentrations for 24 h, three fish were collected from each of the three experimental groups.
Serum biochemical indicators, osmoregulatory enzyme activities, antioxidant enzyme activities,
pathological tissue changes, and the relative expression levels of NKCCla were assessed. Statistical
evaluations included one-way ANOVA and Duncan’s multiple comparison test (significance at P<0.05).
Our results showed that the serum osmolality, Na® concentration, and CI~ concentration of
largemouth bass increased to varying degrees with the rise in salinity, with significant differences between
the salinity 15 group versus the 10, 5, and control groups (P<0.05). Correlation analysis showed that
osmolality has a strong positive correlation with Na™ and C1~ (»=0.88 and =0.96), which reflects the
strategy of osmoregulation in fish by actively absorbing Na" and CI” to cope with the external
high-salinity environment. Serum cortisol concentrations increased with higher salinity, indicating
that cortisol actively participates in osmoregulation. The cortisol concentration at salinity 10 was
significantly higher than that in the other three groups (P<0.05), indicating that high-salinity stress
promotes the release of cortisol. Correlation analysis found a strong positive correlation between cortisol
(COR) and Na', CI', and Na'/K'-ATPase (NKA) (>0.9), further supporting its key role in coping with
salinity stress. Notably, NKA and Ca*"/Mg*"-ATPase (CMA) activities peaked at salinity 10, but declined
sharply at salinity 15, suggesting enzymatic dysfunction under extreme salinity. Superoxide dismutase
(SOD) activity increased progressively with salinity and peaked at salinity 15 (210.57 U/mg),
whereas catalase (CAT) activity peaked at salinity 10 (35.72 U/mg) before declining, indicating oxidative
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stress overload at higher salinities. In this study, chloride cells in the gills gradually increased and
enlarged as salinity increased, while the gill filaments were gradually damaged, accompanied by shedding.
Intestinal tissue showed an increase in goblet cells with rising salinity, in addition to damage and shedding
of intestinal villi occurred. This indicates that the largemouth bass responds to osmotic stress by
enhancing ion transport (gills) and mucin barriers (intestines). However, the pathological features of gill
filament shedding and intestinal villus breakage at salinity 15 suggest that tissue repair capacity may be
inhibited by high salinity. Notably, the hyperplasia of intestinal goblet cells observed in this study may
have dual implications. On the one hand, it alleviates osmotic shock through mucin secretion, on the other
hand, it may interfere with nutrient absorption efficiency, providing histological evidence for subsequent
research on the decline in growth performance under salinity stress. Moreover, the expression levels of
NKCCla in the gills and intestines were tissue-specific, and the expression levels of NKCCla at salinity 5,
10, and 12 were consistently significantly higher than those in the control group (P<0.05). This study
systematically analyzed the physiological and molecular adaptation mechanisms of the largemouth bass in
response to different salinity stress. These results demonstrate that largemouth bass effectively modulate
ion regulatory and antioxidant systems at salinity 5 and 10, but suffer from significant physiological
impairment at salinity 15. The tissue-specific upregulation of NKCCla and its correlation with cortisol
levels suggest a coordinated molecular response to salinity. This study provides critical insights into the
salinity threshold of this species (10), identifying cortisol and NKCCla as potential biomarkers for stress
assessment. The results of this study provide a reference and support data for the culture and development
of largemouth bass in brackish water environments.

Key words Micropterus salmoides; Salinity stress; Osmoregulation; Enzyme activity



