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SRR EIEN B R BRAREMISERFTERERIE
eEAl

oORT, B R, BIRET, BREEC, TAA, ER

(1. B¥EHE R KFE S5 aribe, Bl 2013065 2. EVERETERS: KFERh R IR & I8 -5 R B T B s S0 %, b
W 201306; 3. THAEFMIARAF, THE AL 753000)

o OE N TSR ER IR WA X H AR R (Macrobrachium nipponense) 21 2345 ¥6) FN3% 375 He )8 15 3L R 2 3K
USRI, DL H AVRARGIUR[ (3,12 £ 0.42)g AR SN G, 1 e b4 T B R AR B 1 20 PR30 5250 451 96 h 2l 8FE
W RE (LCy,) , AL IR [ 3 B X I ZH (1.5 mmol/L) | e 2 25 i 2 Ab 38140 (10 mmol/L) , #4791 96 h iy e i
B 2tk e SE . &5 R, A VE R & 0 Bk R R B 96 h LC,, {5k 16.89 mmol/L , % 4= ¥k &
6.47 mmol/L . A Lt TR AKX R, B 1o i P2 o B 285 W 300 B 0] 1) S 4, 5236 2 1) 4 A1 iz 40 L 5 S 4
ML HES ZE L, IR 22 FF G I ORI G s 76 S IBRAR 2 8, 20 20 09 4l R S TR v B 20 A PR 383 e T AR RO v
T4 BTN 18] Y 10 RSO 5 70 M 3 2L 0 ey, S0 4 P 40 B 108 280 I v 2 55 UL P 2 28 P 8 A1, M T8 TR B IR
48 ) R 5 A T G R - A T A 1 P S TR . A S B I 96 h Y SE I R B, H A TR R A 20
LIS R 5L IR (CA3 Fl NaK-ATP) 3235 1 ¥ i 35 5 T4 IR AL (P<0.01) , T H A< VMR R dl 4Uh 932
75 FE IR ZE P (CA3 FN NaK-ATP) &35 i AR R IR 32 I 30 ) 1 3589 Jd 3 w8 1 5% R ZH (P<0.01) , {FL 2 7 B EE 1
196 hitf JLRB B S RAZF A RE . IR, 56 AU L, = SRIREL R 2 vk bt 2 230 H A
IR IR AR 3 20 0™ AR S R B2 30405, F08 38 R R 09 A DG SR R e ke =22 S v S R AR R 3,
AHIFE AT b e SR WK FR A H AT R A P S BRI 2 5 R
K HRVEAR; BREEMA ; FEH R 85
FESES: S917 XEERES: A

BEE I EROK IR H 4R B = ORI X e 3R i py PR A RR A iR 52 RE 7 , i) v

(1 8 B8R BT AR P 3 AE 64T o PRl R BROK 2
— PR AR Ry 1~50 o/L iy Al PR Bk B,
AR BRI AR ER B BB U, ol T 2K A
(9 pH AR R £ B S8 5 v, 8 1 LM B SRR ik
HEETCE M AR RIS O, WA RE BN T
VAR R HIF R BB . 57 R K il A
BT RIK IR S [ ) BT M 2 — o BRIR
R LA s K A S W 3 SR 2 —
2 7KACHREE IR ZA T e N R PR PR TR - 67 2 8 A IR
P ECHAT T, M 15K 2 BOK A sh Wk LA AE
TRBBUK BN IEH A RO BERE o SR, ko

Wi BHE: 2024-10-28 f&E HHEE: 2025-04-11

AR B ( Gymnocypris przewalskii) #1 FL FCHE 2
111, ( Leuciscus waleckii ) 2550 Tif £h B £7 25 38 1o 2
i 3% R IR Y g R Y- A A R R 8 T AT
N7 ey R B i BR BT, R 5 Bl R K AR B 5
FEARAR B N, 2B SR 3 S 40 Na®
K. Ca” Fll CI' (38 i R IR B 1 AR B R . 82
2 F R AN M AN ik A BRI R  B F R i 2
S 3 4 W 1 B 3 A ok A v 2 3 U T Y 32 A
M, AL 4% Na'/K'-ATP fiff (NaK-ATP) 1 fix 2 I5F il
(CA)"M B, 54 (Oryzias latipes ) 755 T 15
Ttk T 2 i, S B0 MR b 2, RN B I CA42-

EEWE . EEESHA SRS 00 & /% 5 (2023 YFE0205100) 5 57 5 [0 7% [ 16 X T 4 0T 431 %1 (2022BBF03034) 5 |
T T A Ty A PR R H (TP2022078) 5 iR BF 173141 (23XD1421600)
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1252 SR C S N S SO 34 4%

like 5 R 32 35 1 J 87 38 2!, 07X F B (Scylla
paramamosain) 8 UL CA Kk i BH L,
FEER B30 T BT 2 ) CA JE PR 338 5 3 Tt
e PR RS K B 2 R 38 i AR b
B 375 s 11 AH DG L PR ARG, X 70 328 25 i
B OCHHE L PR B L S

164, T W am X K A sl W A K BB
A B A A0 5 2 ZUEE R 5 e O A AH Ak i )
W, Py SCLLAE 5 F AR A e B [ X R
(Fenneropenaeus chinensis) 5 % K {H IF
(Macrobrachium rosenbergii) 4)] W8 1£ 15 0, & 24 5%
kO 77 375 R I S BRI 5 YAO 2514 % BTt A ol 5
3 15.7 mmol/L i) PRIE Hh , R fify 2 2 2B W JE
SRR IR LA 5 LISE 7 R U R 1 AF
(Exopalaemon  carinicauda) 5 W§ (Siniperca
chuatsi) 7 8 mmol/L 12 fifke 12 £ 5 2 Jofr-38 " 4100 i
HAE R AERE [ X 6841 2035 18 R 407 5 5 42 A
SEUR BRAE = R R ER DR R B N S5 R e B A
Ak £ i 2K T E = AR DG PR Rk A2 4k
D5 R AEN NI S K P00 A6 T 3 T T Bk R R
FE W38 R FL&H I X UF (Litopenaeus vannamei) i3
ML B E 2R RIB IR, ZHANG F A &
P Tl 2 6 2 3 15 S LA T T S B 2 2 A
YT IS

H 7 ¥ ¥F (Macrobrachium nipponense) X 44
FHUF, BT EIRAK TR E B A TR Z
— o AT SR R AR Ao Y TN 52 P, AT LATE
KT 8 mmol/L Y &y 8 ER BUK h #E AT IR 4 A
1o B RE T B B PE A A A R E D H R CT
B 32 JW0p 300 5% H AR T MR AN () 2 2 285 ) 1) 5 il 3 A
DLPEAHE . ASWFE 1 Sl SR A T kR
ARG B0 T HASTH AR 96 h 2P Stk B A4 A
S A Y21 BT U W VR B W e Ak
iR R A W38 T H AR TR HR5 38 T 1 36 R 3Rk
B, ] e 08 252 8 | JHF IR i 1 i 1 2H 2R 235 4 1Y) 78
1, W35 FH LUK A BT H AT BR 25
el 8 3 A e 107 3 R, SRy S T A i T s
RIELGOK AL TR SR HEBRIE 2% |

I BPRH

11 bR
SR PR HASTER | 3 T B2 3 A
B ) A B LA 55— IR 52 2
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300 F& 4l R, A BT 5 Ol (3.1240.42) g KK R
(3.44+0.45) cm. SZ5 UG T AE T 5 28 5 L A
PR ) SI 16 35 1l 20 > SR B AT (100 cm % 60 cm %
50 ecm) TSR 15 d, B R AR HOE B a4
Fl b TS A5 AR CHR BT i ~40%) 31K (7: 30,
11: 30, 18:30), FF2L 7840, B H #7K 1/3, [A] I 7E
FRIH F G0 NI B , LABRAIS B ASTR EF B 58 A%
B S K Ry i s R SR KO LA 3 A
7, IR R R K A i 4 (6.3+0.2) mg/L,
Vi K (27+1) °C, pH 7.6~7.8, BRIREL I HJ 1.5
mmol/L, 2 & ¥ £ <0.3 mg/L, W fif fig £h ¥k [ <
0.02 mg/L.
1.2 2MpmEiRIE

UR S 57 B 3t 3 ik 2k B A X (B 7E 1.94~
3.32 mmol/L, PG At A Fili 8 0 /K Sal Y k32 Ky 1.7~
20.0 mmol/L"™ . AHFFE FHAK hyad JERES A R K,
FFER I A Na,CO, F1 NaHCO, LA 15 5k 2 £h
BB, JF 181 F 0.1 mol/L % HCI A1 0.1 mol/L (¥
NaOH HEA7 100 , 2811 24 hfa 5 o F T o2k, A
W E 6 MRIRER BB AL E 1.5.5.10.15 .20 F71
30 mmol/L, >R FH R Bid i A 125 W 000 52 56 7K AR sk 1R
ARG, 38 A T A R R R ) B K AR £
FEOR IR Fh 08 Wk BEAR S |, 45 S 00 20 v A B TR R ik
B S AE R (1.52+0.04) | (5.06+0.05) | (10.35+
0.12) | (15.66+0.17) . (20.88+0.24) #1 (31.12+
0.32) mmol/L. AR £ 0 246 B i 3 N
B EAEE SR E T CE 10 AR, 5256 15 1H]
ANPEORBC A TR o S R v B ER 4 Y
TGS IE O, DR LA 5 AT Uk 2 S i A 1A
B R Bk, X 38K S8 S 7 A T A R A
BET22 43 BIAE 12 .24 48 196 hid sE & LHAE T A
B, FE TS5 B R B 5 o 4 IR IR kT
S BER E (LC,,) , A A

IC, = 1g*[xm,i(zp ~ 05 )] (1)

1 LC, A 2 BOOE VR B 5 X, oy S5 Rk A ) 40
{HL 5 ¢ R AT 9 2 X 4507 o ) 2518 5 p ARG H A
TRURFET R 5 2 4R BE AT B AV B
48 h P HAL e FE T L 0.3, 15 2 (e FLUFERR LA 24 h
548 h > BEOEH B Z FFJ7 -

R AR 2 SRR v B 25 R, B T IR K IR 4
(1.5 mmol/L ) il =5 Bk i 5 5 52 ik 361 2H (10 mmol/
L), B3N EE, A EE SRR 20 RBAT .



6 1 T HE, A SRR IR ER B W0 X H AR MR LA A RIS 15 T 15 25 R 8 9 52 ) 1253

— K P R FH T Ak 85 2 o 5 56 7K AR Tl 1 50 i 2
T2 W 2, B K He oK Il 3 7 0 3E = Y
Na,CO; NaHCO, K- R PR Eh 0 B o i , S50 4]
H154 96 h, S50 [ g R4 AR ot 2 3%~5% M
Ok P A R (2R BT & 1 ~40%) 3 IR (72 30,
11: 30, 18:30), %M 1 h 5 £ 6l 43 TR AR
AT AL rp BSR4, AT AR A S (2) 115
B HRIEJF AT H 8L
p=(p'-c)/(1-c) (2)

s p IIIE G BT H 5050 p ok S 56 4 5%
FFASAET 5050 ¢ A BRZ BB T 1 2050
1.3 H@mRE

X REZHAE SR SR I FE M0 24 (48 F196 h 5
SKAERE S FEREAS SRR 8] 5 M WE 4 b A4 37
BT B AL E 2 FEMF , 7 TG B i i) 41y B 4 M
8RR AN B TE A2, BT 2 mL B LB
8. Jizp 3 5 T 1B AR L 2L 4% 22 58 S I TR I S
S FH TGRSR, i 18 2H 28 2.5% 1Y I RV TR
[ 52 J5 T FL BRI, A1, 7 AS ] Jolp 3 Asf i) g8
AT HE 2 0 30 2 v S SR B T 3 3 BE AL BE B 3
JFE MR, 8 TG TR fiff ) 4 43 5 JE SR J R 4 21
BT 2 mLARAEE R AE T80 *CUKFR IR T
= S ESY il
1.4 HAAVIFFIME

e 4% 22 5 H S 1 5 e AR A PP e
JHF TR B AN iz i A 2, 2 Mo P8 st /K AR B, P
TR TS AL A B R AR A T i e
1t e 5% Y MLE L) EIARAS 29 5 um JE B 1R
iR SRR AKE -2 e e R3] | i 7
Yefe kb B R A ER S R, A OlympusBX -
50 BUSEN AR TS I IR . L BR 2]
HIE, 23 BIAETE R H AR IR B 1 mm? (9 718 41
ZUREAS ,7E 10 min PP HLE A 2.5% % R kAT
4 °C[E 2 4b B, PBS 22 bl iE 47 3 R ol , BRIk 5
2510 min. 1% #kR 4 °CJ5 i [E 2 AL BE 2 h 5 , F
Ul PBS i i 7 3 YR s, B 10 min, &
i 22 370 466 B T /K AL B R4 T Epon8 12 F1 48U A £
A3 5AE 37 .45 F165 °CHRYTEIRAR h E1k , B9R
B 24 h, Y0 B9 E 7 . FIH UltracutE i 1)
R AL BUREA HEAT D) 7 A B, I (687 FH 7 7 L4
AT RRET I T YL b B, 32 ] JEM-1200EX 3%
SRS T AL

1.5 KHKEEPCRIH

{8 Trizol 142 B H A 75 HR 2 7 8 R FB A
H AP E RNA, 7351 R I 1% 35t w5 I i Tk
A3 60 BE T R AG I 2 U RNA (14 JoT f GRS
T F 5T B 4848 1 RNA i Hifair® I 1st Strand
cDNA Synthesis Kit i % 587 G i A7 s % 57
SR F % 6 5 i PCR (qPCRO) G 75 B B e A [
i) & CA3 Fl Na' /K -ATPase 3 P 55 K F- o fii
H Hieff UNICON® qPCR SYBR Green Master
Mix {77 &, L B W AR &R, I7E QuantStudioTM
3 Real-Time PCR Instrument $} 47 £ 5 %€ & PCR
N, B-actin FEFNE R NS o Xl BEZH A0 b B
2H %y iR 8 55 M 6 R 41 21 89 cDNA # i ¥ 17
qPCR Jp 7, I B8 3 i . 286 T qPCR 4L
it 27k A BT B S Y bR R 25 R
7~ (n=3) . ffi H Graphpad prism 3% /4 #4754 nT
WAL, A SEE A RS ) P s an e 1 s, A
PRAGZH AR A5 1Y H A TE I 5 PR 41 25080 vh 3R A5 C43
M Na'/K™ ATPase K& X 7 51 i Beok it 514, &
BF 905 9 i A T AR TR Ry A IR\l &
o

x1 ZBETRAMSIMRERFT

Tab.1 Primers and their sequences used in this study
GIE R JPAI(5"-3")
Primer name Sequence(5'-3")
F: ACGCAACGTGCACAGATTTC
R: CCATCATCGTTTCTTCCGCTTC
F:CAGCCCAAGACGACATTCCCATC

Carbonic anhydrase 3

Na/K* ATPase
R:GTCACCGCAAGCCAATTCAACAC
F:TATGCACTTCCTCATGCCAT
p-actin
R:AGGAGGCGGCAGTGGTCAT
1.6 HIESH

S B fd ) SPSS Statistics 22.0 #4443
B, & H Student # £ 3 bb 4 A 2 [B] 22 5 & 4k
Ph P<0.01 Al i 7K, I 3R0oR , IR T2 3
HHe B T U9 7 R A8 e B 28 T 2543 BT (One-
Way ANOVA) .
2 Z

2.1 2MERERE T E BB X B AGE iR 4 B S

o TR 882 %o A T W &0y B £ 2 B pE vk 2
FR 28 2R D3R 2, 700 HRZH AR R £h 983 4 5 mmol/

http://www.shhydxxb.com
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LW S2gedi v, B AR MR L IR RE A5 IE 7 7716 o 1F
R =5 T 5 mmol/L Y S 2H i, H A TR ER R 36
IR X A S N, W R A S bR AE 57 GRS
rh PR EUE Bl R Y R IR S BIE TS . 48 h
P H A VR AR R ) FE T35 5K 51 50% S D 1, H
Wi 5 2 8 IS (B R, FE T B R . 3 Ao g Kot
H AR VR AR 2l R 3544 08 2 B ol 0, B AT SR 4 R A
24 .48 1196 h [ LC,, B J& 43 51 4y 52.89.39.24 Fl
16.89 mmol/L, 715545 i H 7 77 U &I o1 X6 ik 12 £
BRE 1) 22 =k J& R 6.47 mmol/L
2.2 SMEERERELEE E BE X B A B HR 4 dR 2 A0
BT R RS B R IR0

WM T -1 fizs , % HR ALY H A 78 HR 4y i
LG5 R SR WM L e 248 L K ST 240 L HE 2
FEH T AU Z5 R L SR G2 R S R BE R
RS 5 TFE B R R B 5 38 24 h s, 8 22 Bl %
JE B R A R G (TR R T -2) 5 ik TR 6 1 % W 201 &2
48 hm, b R 4 5 S A gn e HE B 25 6L, IR U2
s IR R A IR G (R T -3) 5 S fik R Eh 0
J&E 30 22 96 h i, b Rz 40 it S A 40 i HE 51 25

I ¢ 8

L, SR ZZ A, Bt 20 A i AR B S (IR T -4) &
WP I -1 FroR , % BEZE wp  JHF [ i 200 ) 485 44
PRIFIE R B3 A0 B850, /NS 1 SE 2 4 T ik
B S AL ; B R R B e 24 hE , B 4N
HIs S AR O st RS Ak (B T -2)
IR SR BURE Fh a1 48 h i, 25 AL B4 Fp s i i HL
HEFIRAL , R 41 Mg B B /D, th T AR R i 3
KT BT /NE W 5 2540 & A2 A8k (R T
-3) s BRFRER BN M0 96 h i , 54 IR AR /1N a1
PR, I INE S I 2 A S AR (BT -4) o

®2 BHABIHREBRHEHEESIMSELR

Tab.2 Preliminary test of carbonate alkalinities stress
for juvenile M. nipponense

B Alkalinity/ 24 hAET: 48 hiET: 96 h3ET=

(mmol/L) HR/% /% /%
X} H&ZH Control 6.67 10.00 16.67
5 3.33 13.33 20.00
10 10.00 20.00 33.33
15 20.00 26.67 40.00
20 23.33 33.33 73.33
30 30.00 46.67 96.67

AL 2 Pl

L [ - h U 4

L BORX IR 52, BRBEINIE 24 h2H ;3. BRBEIIN 48 heH ;4. BRIELIMMA 96 heH . SL. IR ERZERpAs il s SW. Ml s HC. 4l .
1. Control freshwater group; 2. Alkalinity stress for 24 h; 3. Alkalinity stress for 48 h; 4. Alkalinity stress for 96 h. SL. Slightly curved

layered epithelium; SW. Swelling; HC. Haemocytes.

EhR 1
Plate |

http://www.shhydxxb.com
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Effect of acute carbonate alkalinity stress on the gill histology of juvenile M. nipponense



6 1 T RS S VERRIRER B a0 H AR TR IR

ZH LR SR NS 175 e R T 3 PR 3R 3R B 5 ) 1255

- H 2%~ 9 4 - _or o roxd >4 -
LR HREH 52, BB I0MAE 24 W2 ;3. HEEIRIA 48 h2H ;4. BIEEMA 96 hH . B. /-4 ; R. SEAFAIML; TV, F5isifl.
1. Control freshwater group; 2. Alkalinity stress for 24 h; 3. Alkalinity stress for 48 h; 4. Alkalinity stress for 96 h. B. Secretory cells;
R. Storage cells; TV. Transfer bubble.

B 2EmkER o B Xf B 7578 SR 4 4R AT IR BR 42 AR G5 A O 20

Plate I Effect of acute carbonate alkalinity stress on hepatopancreas histology of juvenile M. nipponense

2.3 2 ME0RER BB BhIB XY B ARGE HR ) BR A iE
HALEH B

TR L -1 Bz, 6 BRIROK 4 H AT R 4l E
o T8 A R AR A A, 5 X IR AR LL , BRI R
3360 24 b5 ) 28R g UL PA JR PR | AR i B A
A AR AR T (T -2) , L2 > Bl o e i
D38 48 hoint, FEUL P SR IR R AR B A ) B
(I-3) , 7ERKBR 555 Wr 38 96 h I, 4 R 17 18 45
B vl R FNULIN 22 J5 B W] S R I, O EL S 5 9 e
FHRL DA (I -4) , b s B R L B 2 Jp 38 T o2
SEIHEHL . MV -1 FrR R IR
A H AR I a8 BB HES B0 s 5 X IR
FAEE, kR AR a8 24 h SR I TE TR B K E
FICHH AR Ak U A T8 2 B S 1 T A

A (IV -2) 5 10 R 55 0 5 38 48 ik, Hoig i 40 6
By (IV -3) 5 17 2 3k 5% JBh 38 96 h i, o
TH 98 B I 75 1T BRI R (IV-4)
2.4 S2MERRER ELEEE BB XF B A B IR 40 4R 5E
FERATHEXERRIENZMm

Gl 1 s, H A TE B 6 2 20 rb ik I I Tl
(CA3) F1 Na'K'-ATP i 5 [H (NaK-ATP) 16 5 )%
Joir 38 3k AR b SR8 B 2 TR R (P<0.01) .
W 2 fi s AR T HEL L, B AR TR R e A 4 21
W CA3 Tl NaK-ATP & R 7688 5 a6 b e 7t s e
REAG, B IOl 24 h e, HLAE B B AR 241 2 rp 3638
T W TR IR 4 (P<0.01) , {H 76 B i 38
96 h i, HJHF RAE L L CA3 Tl NaK-ATP 3 5%
KRS EHERADE .

http://www.shhydxxb.com
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50 pm V
—_—

&) —

L HORXT AL ;2. RS0 24 W2 ;3. GRS MG 48 h2H 4. BRUR M0 96 h4l. i S il B R PPy Sk ek oy L - LD 2 508 i €4
B, SR (0 -SE TE Y

1. Control freshwater group; 2. Alkalinity stress for 24 h; 3. Alkalinity stress for 48 h; 4. Alkalinity stress for 96 h. The arrows in the
micrograph of the intestine are expressed as: red-muscular thickness, orange-fold height, and green-fold width.

BRI fxBREL 6B BB Xt B 7378 4R 4h 4R 57 18 B R 45 A B S

Plate I Effect of carbonate alkalinity stress on intestine microstructure of juvenile M. nipponense

1. Control freshwater group; 2. Alkalinity stress for 24 h; 3. Alkalinity stress for 48 h; 4. Alkalinity stress for 96 h. The arrows in the

intestine are expressed as microvilli length.
BRIV 2EmkER 6 B Xf B A8 HR 40 R A7 B A B RS R0

Plate [V Effect of acute carbonate alkalinity stress on intestinal microvilli morphology of juvenile M. nipponense

http://www.shhydxxb.com



6 2

JiE L A5 SR FRER B0 I Xk AR T MR 2 225 K S 125 e R 5 25 PR 8 f 52 i)

1257

mm S HRZH Control group B B /IAZH Alkalinity treatment group

ok

—/

96

—_

S = Y LWL 0O O
T T 1T T T T 1

*k

*k

il

mRNAMIXFFEIL
Relative mRNA exprseeion

12 24 48
3 B 1]
Exposure time/h
(a) HEZHE CAZFER Fe ik
The CA3 gene expression
profile in gill

E1

mRNAFIX} ik &

= 30r *k
2 25r **
§ 20 F xx hakad
=
10
SO A | W
Z 4r
~
g 3
2 2t
=
=1
2 9
12 24 48 96
i SERENTE
Exposure time/h
(b) NaK-ATPIERFik 1%
The NaK-ATP gene expression
profile in gill

SMERRER B R B BB XY B AR R4 AR ERAE A RS B R T E E R IR R

Fig.1 Effect of acute carbonate alkalinity stress on expression of osmoregulatory gene in gill of

juvenile M. nipponense

mm XT8R2 Control group B R A4 Alkalinity treatment group

>k

5 o0
02 40} -
H &
®E 20F
< | Il
EZ 20,
=<
Z g 1.5+
éé 10}

S5t

S|

12 24 48 96
li7iSERngLa]

Exposure time/h

(a) HBZHL CABKEH Feakite
The CA3 gene expression
profile in gill

&2

PE

mRNAMIX ]

SRR B AR EE BB XY B AR R AT R BR A R

g 8 .
§ 6 | ok
R
< oL
Z
220
E 15}
210t
Zost
2
12 24 48 96
JHlyea st ]
Exposure time/h
(b) NaK-ATPH ik
The NaK-ATP gene expression
profile in gill
BEFATERRZNZIE

Fig. 2 Effect of acute carbonate alkalinity stress on expression of osmoregulatory gene in hepatopancreas of juvenile

M. nipponense

3.1 HZABIRERER Eh 0 E S RME B IRE

2 FUHE VR FE T2E A Uk P R A et K A%
KA S YRR F R e b, AT O SR GE A B AR L4
o ALK, BRERER BT H A VE I e
96 h i LC,, & 16.89 mmol/L, % 4> Uk J¥ K
6.47 mmol/L , 3X 54T AE 75 B AS I3 MR AR R R
Bl i 32 7 S 50 9 B 9 45 A AH AL (96 h LCy, Ky
14.42 mmol/L, % 4= ¥ £ 7 4.71 mmol/L) . 7EH
SC B I AZ 1 ST M RAE R B
FE P R B 1R 6 18 BE 30 72 h, LC,, M 8.26 mmol/
L, & A R AE Bk 2 55 %% 4 3.5 mmol/L B H A=
BT F il B, AH S B8R 7 T 5 mmol/L B, B

B BE TR KBS o« A AT O 5T T i AR
& (Eriocheir sinensis) % @A HHER BE FRK IR 20 E0
Bl 58 AR AR TR A2 41, 25 SRR, H 96 h
NaHCO, §§ & LC,, N 69.74 mmol/L, % 4> ¥ i
18.25 mmol/L. # & AC5" "%} FLANIEXT IR AE AR L
T R &k 80 R Bl /K S8 2 e B R IS R L A
pH 8.11~8.72 i, H: 96 h 1 LC,, 4 10.49 mmol/L,
AR E Jy2.77 mmol/L., il bk gh 5 i n]
ST, AR T S e P LA — S 138 g
71, BREEAE R ER A8 I A K 7 SR B ol
32 AR EE HABIREEF TR AR
B HHRE

FH 52 5l W 3 R S 2 S 0E A7 s 1 A
WA AS [) %) P 5 PR B B 4 K 1

http://www.shhydxxb.com
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THCUR BT B A% o 605 2 0 45 ) 3 i #85 JO Pk o 4, 2 T
S 7K AL B ) W N5 08 TR T T RS . B
JEE W38 2 S BOERSS 08 22 25 K 453405 , [R) sl R JFC 5
FACHANE S RV DIBE . B, 5K 75 20 6
5% R IRAE 10 mmol/L % filke i 5 i 2 3 6 8 11 A
12 hi, 35 B 22 fish 5 HE S S RO | i 248 P
i P B 52 5 o IR B R AR BE 3 T IR K
FUIRHES 0 B BE 22U T4 M il & S5 A e 8
1 A BRI e R 5 ACHIFSY A R i Btk R R B
JUl 36 25 1 R H A Y A 0 2H 2 48 R 451 40 45 SR A )
G o MEMRHASUS M E AL B W2
R ) 2 . AR £ 2k B 4 \E
26 40 BN F A0 B R R PR T R 6% X R
TSI T IR v Y R 240 (B &t A ) AT AT &4 i (R
S ) 5o A B A R e 6 AR AR AR R
B EWh 8 5 T FL A I 0T 0T i iR 4 2 B 4
JH AR 348 R s B TR S 45 4 7™ T AR TE 5 i S Bk
HEVMF 5 £ W, = 0 R T & (Portunus
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Effects of acute carbonate alkalinity on tissue structure and osmoregulatory
gene expression of the oriental river prawn (Macrobrachium nipponense)

XU Kang'?, XUE Cheng"*, LYU Zhimin"?, CHEN Lugian'*, WANG Yongli*, SUN Shengming'

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. Key Laboratory of
Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean University, Shanghai
201306, China; 3.Ningxia Taijia Fishery Co., Ltd., Shizuishan 753000, Ningxia, China)

Abstract: To investigate the effects of carbonate alkalinity stress on the tissue structure and osmoregulatory
gene expression of the oriental river prawn (Macrobrachium nipponense) , juvenile M. nipponense (3.12+
0.42) g were subjected to an acute carbonate alkalinity stress experiment to determine the 96-hour lethal
concentration (LC,,). Based on this, the control group (1.5 mmol/L) and the carbonate alkalinity treatment
group (10 mmol/L) were set up with triplicate to carry out the acute stress test of carbonate alkalinity for
96 h. The results showed that the 96-hour LC, value for juvenile M. nipponense under carbonate alkalinity
stress was 16.89 mmol/L, with a safe concentration at 6.47 mmol/L. In contrast to the control group, with
the extension time of carbonate alkalinity stress, the gill epithelial cells and columnar cells in the
experimental group were arranged disorderly, and the secondary lamellae began to swell. In hepatopancreas
of M. nipponense under carbonate alkalinity stress, the volume of B cell internal running vesicles
increased, and the boundary between some hepatopancreas tubules was blurred. Compared to control
group, the height of intestinal mucosa and muscle thickness of juvenile prawn obviously decreased in
intestine of M. nipponense under carbonate alkalinity stress, and structural integrity of intestinal microvilli
in juvenile prawns was deteriorated with the increasing time of carbonate alkalinity stress. It was found that
the gene expression of carbonic anhydrase 3 (CA3) and Na'-K* exchanging ATPase (NaK-ATP) in the gill
tissues of prawn in carbonate alkalinity treatment group were significantly higher (P<0.01) than that of the
control group within 96 h. The gene expressions of C4A3 and NaK-ATP in the hepatopancreas of prawn in
carbonate alkalinity treatment group were significantly higher (P<0.01) than those in the control group
within 24 h, but there was no significant difference between the control group and carbonate alkalinity
stress group along with coercion time extension. The present study shows that high carbonate alkalinity
stress can affects the gill, hepatopancreas and intestinal histology of juvenile prawns, and the osmotic
pressure regulating gene expression pattern shows a trend of first increasing and then decreasing. This study
can provide reference data for large-scale culture of M. nipponense juveniles in salt-alkali water.

Key words: Macrobrachium nipponense; alkalinity stress; gene expression; tissue structure
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