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T FE N R HLIX 294 0.64 12 hm? AR EE L BlK 1
BEUR, 2 7 A AR T AU 55% (B EE, 2017),
HmUK A m . M. = pH. BT 2SRy
Mo REBORK A0 TCIEAE XA I K IR BT i A A7 a4
K (@A, 2009), A 751 & I FHER K T, FHF
N G BlEE R A AN S | HE T K85 EE (Luciobarbus capito) . Ji
¥+ $i F (Chalcalburnus chalcoides aralensis), fE% fi
(Leuciscus waleckii) 1% 4F ff1 (Oreochromis niloticus)%
it 5 B £ ST J FR A (F B AMSE, 2021), T £R A £0 2K 78
FIA R, L AR R E B, T B RS R R
ABHLRE M R KB e 4, X ER B K PR 038 B 1 g
25, Sy RN IR - 35 AR 1 T R AR () 2R 4,
2020), FAFEQOIAIGTRA, 7FERmK %58 i it
H, Zead 3 S YA AT LA R A AR B T R R
HARK . Pra e e vk 5E 55 Jr w388 frdt & .
WFEEQ2DHMIS RN, B ER 2 /L TR
Y4k 75 =X i w1 f§ (Oncorhynchus  mykiss) 7% i i& 7 i
K, Bk B R AL AL B (SOD)TEPE . 77 bk H K
it (GSH-Px) 3 1 FTH -5 (MDA) 7 it 5 %F FE 4L A kb
ThELS BEWEQ)IREY, &7 d L
1g/L {1 Eh B gt A, 3 G fifh (Sebastes
schlegelii) ) 45 B 5% % il (AST) . 72 TN 5% A B (ALT) Tt
wL, MIMEBER . IREWRE . HE AR E R,
Z/DREQO2DIFFE R, LIEER 1 g/L M HOR
X} 14845 (Acipenser  sinensis)4)) £ i 17 1 7K £k B2 9
feat B, B SRR TS, K Y rh AR 4
HBBEEMEEE FNa' A ClO T & e 4
FRRGE I o AH & T 082 9 Ak 1) AH S F 5 38 A L
A .
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(Barbinae) . fif1)&, =440 T VY 0 A9 5LV R R VAR K
B, MURE Ik 5~10 kg, J& Y4 SR BT
e, i HA SRR A2 PSR L k) AR
PR 6 S Tt M A O R IR AP (R 55, 2012a),
2003 N2 HI TG A 24, TR 7E K iR
AN T EFH ARG, 2011; Blpit4, 2010), %
B AW 2F (1 BAESE, 2009) . FRAEH AR (R H %, 2012b)
ST THITT R THIOCHESE . 48 = KAF(2013) 5T R,
Y 15 %) 39.80 mmol/L B &l a2 KA 3 1R
R 8 4 £ P B AR R R e AL R I IR AR R
W, H4hfa s AL K o 20.57 mmol/L. K e 7
b, B B SR AP A AL EES 77 . MDA
o R R Y R R B OE A O
(R FIESE, 2021), H T AR BEAE7E TR 587 1 B9 52

I B AL B T R TR A b L) 2 i Y g5 X
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PO A IO P8 55 T T B 5 R B S 4 £ 228 5 R Ak s
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TR B 60 &)y £ B[ R KRR 2 5 B R e K
PR ITIE 22 SE R B, AR (15.0943.54) em, K
R (13.66+1.26) g LHTFIATT, AR = FIEFRK
PRETNE SR 7 d, BRI ARK, BHRY
) R4 K 173, B 5% 78 b i i 4 (DO) PR F5 78
Smg/L VUL, pH A 7.4, KEFEHITEQ22.0£1.5)C,
FR 07:30 ZEA AR 1%k, 2 h b akiH A2 (e
W o AN [R]BRRE A0 S 56 K SR PR S, 2 d Y SR KR
NaHCO;( [ /=43 Hr gl ) AT Be i, - FH R ma e e 72 F
AT 5 TG U
12 XWAHE

SCER ol E YA . RIS A, B
M E 3 AT, BT HRIE RS — B0 80 R fid
FER R4, DIl . ek 8 37 5 1 Kk & T
20 mmol/L BEEE /KA F It 7 d 5, SRIEHE K ARBRE
HEIME] 40 mmol/L; ARYIMLA]: KEEEOTEIRK T F75H
7d A, B KR R E] 40 mmol/L; 25 H4H -
KB — ELIR K TS5 o DI R A Ak 20 23 3K £
AE T 40 mmol/L fRJEKMAK/GHI 0. 6. 12, 24, 48,
96 h LA Je 7 d B 7 ANEFE]S, FEALIKEE 10 B,
231 40 mg/L MS-222 JBRIESS , X FLHEAT I A E
L ZURE YR o SR AR B T IR 4 2R i 37 20 TR LR
f£o R 2 mL JUAS iS85, IEHIFR busefE 2
kR S MR AT 2 IR AL ] . 25 4L AE X R 1Y)
i () P AR A 7R ) 3V 1) SR Aok R 2% 2 7 9N £k 0 )
) DO . KRBT | /Kb Ol FE 3730 e — 2k
FEFRFERT 24 h 452 1R 4R, FUORAEI RIS R 74K
Ab T
1.3 HHRNUE

B A AT ALY M50 2 Oy, 1 OB e o,
&R FH 301 1t Y 240 L 3 AT { (BC-2800Vet, Mindray)il]
FEFLLTANM . FHARRR I/ VER L bR E AN R S i R
MAEAR s 59 1 & & 2 h 5, LA 2500 t/min 5.0
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10 min, HCEWEW, AR5 HT(BS-240Vet, Mindray)
N HC i A ) BT LR RS R AR 7R I R T 4 2 R
IR B (AST) M 2 iR & (IFCC ). WA 2 %
R ALT) I E U £ . SR E (UREA)II & 144 &
CERAHN - 2 TR WA L) . A 20 B (Glu) I 350) 4 (i
AR AL B ) . 8 T (ALB)I E 57 A (TR P i 4
XTI AT o M3 B3 R VK S R,

VK538 3 T (Osmomat) Bt 50 pL i3 HE47 I &
(mOsm/kg). FFHERE S H 9 SOD | i AL A (CAT).
A e H KB (GSH-Px) Fll MDA Y458 JH B 5t 8 il e 2 7
R S AT I AE o

1.4 HIEST

KM SPSS 20.0 #47 B &R J5 25 53 M (one-way
ANOVA), JFXf 4 1] i 20 P A [a] I 5 14 5 25 4 22 S ok
17 Duncan £ H 4, P<0.05 HER T, FdEd
4 DL 2 {E 55 fE 22 (Mean=SD)F/n o K ST AHEA
1) A 2 H00K 30 25 17 90 Ak 21 R DAk 4 s 1 /N Y S
FE2E 7 I (P<0.05), ] GraphPad PrisM 5.0 4k
HHEATAER
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24 h i), BIALZE B4 e bR 2 AR TR Ik 4, 1R
T 48 h B UAH 2 (P<0.05) . 7ERSEE Mrif 26 7 KA, 9
21 o (R IV F 1 96k B 40 Y R A A i )
TR, A58 E & T2 H4(P<0.05).
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PRE /N . Z040M0 . 1212 1 A I T AR
IR T = 5 B AR A A2 Ak B 3 (P<0.05) (& 2), Wik
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Effect of alkalinity acclimation on blood white blood cells, lymphocytes, neutrophils, and monocytes of juvenile L. capito

ANRIRE 5B [F] I AN [ 2b SR Y .35 22 53:(P<0.05), AN[A/ING - RER TR — Ak BREE AN [ 3T 5835 22 5(P<0.05) . Tl
Different capital letters represent significant differences in different treatment groups at the same period (P<0.05), and different
small letters represent significant differences in different periods of the same treatment group (P<0.05). The same as below.
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Fig.2 Effect of alkalinity acclimation on hemoglobin, red blood cells, platelets content and hematocrit of juvenile L. capito
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WS | IRBWREE . M55 R 2 e T 5 B AR
AL F#(P<0.05) (& 3)o 1 6 h~7 d B BURERT
)5, DI fa i) B 8 F S 3 B/ N R YA
(P<0.05)o YL A I Ak 21 A i 2% 3 2 R0 i b
TEITE 48 h WP PRE(E , (B AR N
FARYMELL(P<0.05), YILLLTE 24 h BF 1ML B35
FIR VR B YY) 25/ NFARYIMEL1(24 h) (P<0.05),
YL iR M3 BB IEAE 48 h 5P TREE, 1
KYMLLITE 96 h J5 A FFREWIFEAR . 55 7 Kf, 9
RN N (1 A S g S e il T N m N[
(P<0.05), H575 H4AH G i #4255 (P>0.05).
FEME S 7 KA, DAL fa R G il 2K R 2Rk B
FARIMEL (P<0.05), M IMMIKBBEELE 3 42T
BFH2E5(P>0.05),

£ 0h~7 d I, YIfLL AR YL ikl AST Al
ALT ¥ 2 BE T 5 J5 B A B AR fb #a #44(P<0.05) , % 0 h
S, WAL 3% AST F1 ALT {834 5 25/ T [5] i
KUk 4 (P<0.05)(F 4), BB EE THA
(P<0.05). YiIfbdl fa R 7E it 0 h F1 7 d B, 13K AST

A ALT {E X708 % 25 5 (P>0.05).
23 HFHEmSLERS

YAk 21 F ok Yk 4 fa AR JF A SOD . CAT .
GSH-Px. MDA 7£ 7 d B8 B v Bl 9 34 2 S T
J5 AR B 78 AL 4 (P<0.05), 25 [ 20 0 JG i & M AE 4k
(P>0.05)(I¥1 5). YL fafR7E P8 24 h B # SOD F1
CAT WE(EXH B E/NFRYMLATE 12 h BB IE(E
(P<0.05), Wria % 7 Kut, YI{L4Hr) SOD Fl CAT {H
Y10 E KT R YL (P<0.05), B R EHE TasHAH
(P<0.05), Yk fiATE 96 h HBLAY GSH-Px I {H F1l
48 h H B MDA IEE 34 5.3 /NF AR DIHE 4 (P<0.05),
i 7 d Bf, YI{kZH GSH-Px Fl MDA {H & % T &
YIfb 2 (P<0.05), S A4, YL GSH-Px
AR 21 25 55(P>0.05).

3 i
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AR RAL TR IR AR B, RS iV 8 bR ) AR A T
TE—E R T S WL ) FE AR (5K T2 88, 2020),
AT ES S on , DI ZH 0K WAk 20 1) K i 41 47 ifn.
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Fig.3 Effect of alkalinity acclimation on plasma osmotic pressure, plasma urea,
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R0 h PRI . M2 A B B E T TR
Y Mz (A, XA v AR RTS8, A2
MAILET 6 P 21 200 B 2 A% W {1 R /N R B i)
KE, DAL A 28 77 5 v v B8 1 i ol e R
RR AN IR G AN SR 1 = I 11 7) 51 B =R N
FEACRHT I (WSS, 2016; Wk iN5F, 2017), IfLd
fRTYERL LSS 7 R, HOM LT 4n i & & | L& A
S BT ARYIEA], 5 R Yk KB 6 A
Eb, DR i fa A 48 g o v U i aa i, TR N A
F/D B g SR AEREHLAA A£G .
3.2 A Ik X K B 80 M 4% 4 32 A4 4L B B2 N

0 8 Ay 1 Bl LR P RE SR VR TR0, ik
MBE KV B 2 A 5K R BT i aa T e AR IS B
A4y 1K ZR (Wagner et al, 2004)., 1t 7%5(2004)
WEoEHE , FREEM0 25 R M2 i AR 1k, an L
25 T Mg TR 1 Jo A% [ Pt ) - v, i 2 L9 ) 2 R L
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PR EY s T A4, X5 FREFQQ019)X 7 FHR
fifl(Carassius gibelio) IR 4ER—3, FHi755(2019)
X} B Gk % 1 (Leuciscus waleckii) i B 5 Hh i [R] R %
B2/ <t Al RS L R EOREER TN e e (e b L = W 1
W R TIROK BLIRAE P 0, ARBFZE o, DAL 2 K i
FERLFLES 7 RE A b o B 2 TR Wk AL, HR
PR R R 2 2 B A 1) R Bl 0 &)y £ 6 4030 AT T %
Rk A, 2017), SECLREECHACERAT, 1M
W B A AR 3 R KO o MURFEEURRRAR, 75— 72
FEEA R T AARA K ARNES, 2012). YIFLATEN
WS 7 IS BT 40 5 R 2T B P R W E KT
KYMEL], Wl ml T 290k 5 KB R A R AT
JITREAR

1 2830 3 AL (1475 378 T R 19 0K 38 I 7K IR 58 1 A8
b, MHLARB B R AT — e BRI 5 25 i fa R i AR K
KRB, CENSSEORIET (RS, 2013), A&
R L5 A WoR , o0 3 YIRS i R B0 4 £ 1l K 5 i3
JEAEIRL X 40 mmol/L A48 5 ik aes At JH 7 355 5 iy 4541
NI 5 B B R S R EE R R St YIS
F14) A 8 00 7 07 X B i e B, AL AR L 28 42 Wi I
(I e AT 1B AN =) il S = s BN N R Y TR
JEASARISE | FHXF A DAk 2H 5 A 2 B M TR ) o 9
i (Partridge et al, 2002). ¥ [E58#%(2013)%] # 7 fF
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LR AR IR BB/ | 2 2105 95 1 Tk B RS 8 BT T
[i) S A 2H A A TPk 4 R B 328 55 T A el P 30
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AefEE T B BT BB RN T 40 mmol/L Bl JE Y
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B 7K 85 P Sy oA S T A SRR T B B R, TR —
SEFRIE b4 ta AR AE Aok 80 9B B AT RE S, A
7 1 g AT 2 B /K B 858 1 338 1 M o AR 9 9 P 4 £
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B S8 T (BSR4, 2007), ABFZE T, Y4k 4] A
F YN LH K EEEE 23 AST A1 ALT 16 P A 525 A v
YRR T A4, Ui 2 4 ARTE e a4 %2 3] T
BURE et o D Fh 2 e A 2 e 11 905 A T A5 [R]85
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There are approximately 64 million hm® of low-lying saline-alkali water resources in

inland China, accounting for 55% of the total lake area. The characteristics of saline-alkali water are: high
salt content, high alkalinity (high pH), and complex ion composition. Most freshwater fish cannot survive

or reproduce in these conditions. To utilize saline-alkali water resources for aquaculture, researchers have
introduced salt-tolerant fish, such as Luciobarbus capito, Chalcalburnus chalcoides aralensis, Leuciscus
waleckii, and Oreochromis niloticus. In the initial stage of aquaculture, fish fry are not yet adapted to
saline-alkali conditions because their body structure and physiological functions are not underdeveloped.

The survival rate of juvenile fish is low because of the stress response to saline-alkali water. Studies of

saline-alkali aquaculture have shown that proper acclimation can effectively improve the survival rate,

growth, antioxidant, and immune properties of fish.
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L. capito belongs to the Cyprinidae family (subfamily Barbinae). It occurs mainly in the Caspian Sea
and the Aral Sea of Western Asia. L. capito is an economically important fish, with adults weighing 5~
10 kg. The species has excellent breeding characteristics, high saline-alkali tolerance, varied food habits,
fast growth, delicious meat, and strong stress resistance. In 2003, it was introduced from Uzbekistan to
China. To date, research has reported on L. capito artificial breeding technology and breeding biology but
has not yet considered salt-alkali domestication.

To study the physiological adaptability of L. capito to alkalinity with regards to blood physiology,
biochemistry, and antioxidative stress, we used juvenile L. capito (13.66+£1.26) g to test NaHCO;
alkalinity acclimation. The control group was cultivated in freshwater. The acclimation group was
subjected to 20 mmol/L alkalinity for 7 d and then placed in 40 mmol/L alkaline water. The
non-acclimation group was placed in 40 mmol/L alkaline water. The experimental media were prepared
with tap water and NaHCO; (domestic, analytically pure) after aeration for 2 d, and the alkalinity was
measured and calibrated by acid-base titration. The fish were fed once a day and fasted for 24 h before
sampling.

Blood physiological and biochemical indices (water osmotic pressure, white blood cells,
lymphocytes, neutrophils, monocytes, hemoglobin, red blood cells, platelets, platelet hematocrit, urea, and
albumin), as well as indices related to the liver antioxidant system of juvenile fish in 40 mmol/L alkalinity
water, were measured at O h, 6 h, 12 h, 24 h, 48 h, 96 h, and 7 d. In the control group, the same sampling
was conducted at the corresponding moments. The physiological and biochemical indices for both
domesticated and non-domesticated fish initially increased and then decreased across the sampling period
(P<0.05). In both the domesticated and non-domesticated groups, the antioxidant indices of fish liver
tissue, superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GSH-Px), and
malondialdehyde (MDA), increased initially and then decreased across the sampling period (P<0.05). The
peak values of each parameter in the domesticated group were significantly lower than those of the
non-domesticated group (P<0.05). No significant changes were observed in the control group during this
period (P>0.05). The peak values of leukocytes, lymphocytes, neutrophils, and monocytes appeared at
48 h in the acclimated group and at 24 h in the non-acclimated group; the blood hemoglobin content, red
blood cell content, platelet content, hematocrit, SOD, and CAT peaked in both the acclimated and
non-acclimated groups at 24 h. After 7 d, the urea, lymphocyte, monocyte, platelet, red blood cell,
hemoglobin, and albumin content of the blood and aspartate aminotransferase (AST), alanine
aminotransferase (ALT), SOD, CAT, GSH-PX, and MDA content of the liver tissue were significantly
lower in the acclimation group than in the non-acclimation group (P<0.05), but the plasma albumin
content and glutathione catalase in the acclimated group returned to the level of the control group
(P>0.05). Studies have shown that after alkalinity acclimation, juvenile L. capito are less stressed and the
body tissue shows less damage and greater recovery under high alkalinity. At the physiological level, the
body has higher adaptability. This study provides a theoretical basis for the establishment of saline-alkali
aquaculture technology for the cultivation of L. capito that is based on the adaptability of the species to
gradual changes in the alkalinity of the environment.
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