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FEE b8 9 2 E Il X A 8 42 (Luciobarbus capito) AT . 1 A 48 41 A 4 AL R G Bt vE R R B
o, AFREE 44 NaCl#Z A3, 6. 9 12 g/L)fa | ANk AEA, B o4 T F R & E
WTHEE 3, 6, 12, 24, 48, 96 h 1 7d KEEAT | B Fn 4 4 op BR 14 86 BR B (ACP) . 4% M 5 7R iy
(AKP). At H kit 2 1 4 B (GSH-Px) 8y 78 M fn 77 — BE(MDA) & & oy & 14, DR i o B B8 K
WA, SREF, EHEZEMET, KGENAF, BFfaa 8 $ ACP, AKP, GSH-Px #L 4 1
BEH7E S . MDA £ EURMEK RS EMME MW EKHEREARTHR, MESTREN
T Y, EpB T4 24 h WAIGITAE S, & 48 h TR A TF4; i, HEE
BRI, KB, BB ag 3 HiatmBmiEls. MDA ERMWFEX iEAEHNEREE
DEEMAM, KA EWELE T, ACP, AKP 7% 5/ fn MDA 4 874 & 4 4t B 2 51 4
1.42~2.15 Ulg prot. 1.01~1.87 4 [X 2 {i/g prot 1 13.05~57.27 nmol/mg prot; AT 41 % & 45| %
1.27~1.96 U/g prot.0.31~0.86 4 [ ¥ fir /g prot #1 17.02~55.98 nmol/mg prot; & 41 £ 1| # 0.98~1.96 U/g
prot. 0.13~0.84 4 X ¥ {/g prot 7 8.33~53.93 nmol/mg prot, & 414 # ACP. AKP & /j 2 MDA 4
e T, #2414 T GSH-Px #97& 4 AF . F a4 a0 5 B 4 5 5 44.41~114.77 | 16.52~67.59
#19.07~48.00 7 A1 AL, FF44A % GSH-Px & 7 B & T HAEA L, Wsh, o if ks 7 25 B
IR B A B R G IE B A 197.00~355.50 ng/L. 4 AT, fE 12 g/L thE 2 i T KRS ot A
ST, EWMERMTREES, RALTEEIRFEARBNENGE D

KEBIW O ASE; WA E; FRE; HEHE

RESEES $965.199 LEAFRIRAS A XEHRS  2095-9869(2021)01-0056-07

R AR A A RSN ETEREE &, SWEERRNGERE, RN A KR a F 10
KWz —, XMaBMERAC™ RS, 2019), EKk Yy, WA E T A B, W (Malondialdehyde,
H (El-Leithy et al, 2019)520i i, BFZE R0, 73k MDA)ZEGHERSE, 2015), MiHLA N A R4 S i e
RTEFE A R KR B, LA e RE N A B R 2K, R W BR B (Acidic phosphatase, ACP) ., B4
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PR fiff (Alkaline phosphatase, AKP)FI4F bt H ki3 A4k
Y (Glutathione peroxidase, GSH-Px)%5 N 7E{% 7 HL
b sz ok AR — R R T R A AR
B 5 D00 A B 2 A R O 5 R 4 T T R A T AR
Mo MK BALFa sty & SE0UARREE
AL PEHLRE TR, H T R AZAIET(Li et al, 2017,
Hoseini et al, 2019; 551, 2014).
K60 Ry B FL (Cyprinidae) . V&l (Barbinae) .

it J&% (Bar bus) ff. 2 (Nikoriski, 1958), HFl, T K
T 1) 8 5 35 R A Y BB AR TR AE A AE (AR, 2014)
HEREFGES K&, 2013), BB REEOEREE, 2011)
ST o FERPENLRE A FEIE J5 T, AW B A T 4R
AW 5 AL i (Superoxide dismutase, SOD) ., i3 & 4k & i}
(Catalase, CAT)TEAT . "B FIHZH 41 b A s 23 A8 b (kg 2,
2014), AT 48 7~ £k B W38 X IR 8 6 ML AR G 328 1o 384
IR s, LA kg R Bk 0 bl 7K 358 ) 57 i 2 A4 5 o
HER A NS5, ARWESERIN A A TRl EE BE A T,
KGRI B AERZA 2 ACP. AKP. GSH-Px #i
MDA Z5 4 A0 N 3 S 5 LG K2 B K A8 1k, L
10 ) B R B 38 0T K 85 i e 4k B T RN AL 1 K
TRy RE M

1 RS %
1.1 LIl

SU £ B H KRR 2R ST B S e VK P
5% TR 22 336 ok o BEHLZE 300 B A K H(25.0+0.5) cm .
R R (95.00£5.56) g AUMEERRE . ARALIE ) MEFE
WEFE 3d, EFRMAAKRBER 2 dWANRK, KN
(24.0£1.5)C,

WRIE HEEQ014) LS R AL E LR Z5 5, &
SEERIEE 4 > NaCl FREESCHZH(3. 6. 9 1 12 g/L)
FUT AR B, BEABR S 3 A P74, 550
EWOR RS 2 d 1) A RZKRT NaCI([E ™=, B4 7
RN 200 L 03RS ET P aEATECH], I FHER D =AY
(¥ =5, SXT713-02 BRI A o . 5 T T
SEMJGRRGE 2 do 45 LI AL LRI 20 BB R R 1 T
FI 7 d BT A2 SEE, SER I KR R (24.0£1.5)C

1.2 LBHESHEMRE

BHSW T T RIT 3. 6. 12, 24, 48, 96 h
17 d BEATRES R, ] 40 mg/L Ay MS-222 {E5056
AF TR A B TS BRI , 3 38 S 00 2 7 1 ]
T3 FATHBEYLRSE 1| Bk, HREIRE. B
R KR AR MW EEAS, 4°C 4 F 3000 r/min B0

10 min, B EIHW, —80°CLRAERFIN ; vk I fif &1 55 4%
fo, REHN . BMEHL, A 4°CHd a4
EROKIE P, K 40 T 5 T A R AR, AR
PRAEEI

1.3 ARSNBISERA I E KRBz E

BLO0.2 g fiF. B REEAIZUREA, F2 R SRR
Fo 19 INATRE ) 0.86% 4 FHER K, FHLH LTS
(MM400, Retsch) 10000~15000 r/min A B 10%2H 21
A1 KA IR 10% 23K 4°C 241 F 2500 r/min 25
> 10 min, HCEVWEW, FTME ACP. AKP, MDA
1 GSH-PX 25 S AL R B A, M50 &0 B pg ol
Y TRER ST

K FHREEE S 52 1% ELISA il Synergy HTX £ 36
4 (Bio Tek)IM e A 18 1l v £z i, 570 &0
i A WA BR A ] (Cat.# m1003467-C).

1.4 HEHWH

SCUS 45 R ] SPSS 20.0 5 Graphpad prism5 i
1T BA I 277 2243 B (One-way ANOVA), SEI 45 5 F 7
PIE bR 25 (MeantSD) R /R o [H]— B[] 25 AR [a) 5
£ 40847 Duncan’s Z 8 U, P<0.05 #R2E7 B3

2 HBRE5HW

2.1 EEMHEX KEEEEAT. BER ACP FE NIRRT

R L T n, AEMp I w ], A R B 3 B ]
3 FNALZUrf ACP (135 ) IR AR B 0 T v 1 8 5 T
FEAR R FR B 2N, REEE AT . AR ACP
15 1 B A )R] S 4 38 22 5 B TR R RO TR AR
AR fR S JIF L B RS ACP 16 1 43 il AE ik 12
6 1 24 h ik FNWE(E, Z 5 %4 TR TRE; ik
IKXFHRAL 3 FRAHZUh ACP 3% H1 (07816 35 il 23 1 A
1.27~1.42, 1.46~1.62 i1 0.98~1.17 U/g prot, FE¥&A
S5 I AR RS AR AN K, A, B ACP 6 )
0 TR, AR R S (3
A3 1.27~1.96. 1.42~2.15 F1 0.98~1.96 U/g prot.

2.2 HEMHEX KEIEEAT, G AKP iF BN

& 2 AT, FEEREE MR A I, FEAH R 36 A (]
T, B, BRI LR AKP 1% 7 B £ R B T
FETHRE(P<0.05); MTER —EL WA T, KBEE 3 Fh
HAUP) AKP 315 7Bt s ] A9 S K IR 2 58 EFHE R
Mot TR b IFRE 4800 AKP 3§ )
TE 12 h Bk, ERZHZUUAE 24 h LA ; A
B2 H 24 h FF4R T REIF# T 752 M 6R 4L 217F 48 h
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Fig.1 Effects of salinity stress on ACP activity in liver,
kidney and gill of L. capito

ANF/ING F 1 FRR 25 5 8 35 (P<0.05). T[]
Different small letters indicate significant differences
(P<0.05). The same as below

B FIEE TR, RAKXT IR 3 Fh414id AKP 1
& FERE S 0.32~0.37, 1.03~1.23 Al 0.98~1.17
4 IR0 /g prot, TEREA LI R rh AKP I )22 {04
.3 (P>0.05), AKP {if JJ7E B A 4Urp 1 3 5 T HA 2
Fhel gy, HAERF . B AEE 4 20 i AR 1k v BBl 43 5l
0.31~0.86. 1.01~1.87 1 0.13~0.84 4> [C B/ /g prot,

23 HEBEXT K0T, B8R GSH-Px FHE

A

HIPE 3 R, WA E e i e s, B L A

B i [E] Stress time/h

K2 EREEM X R EEEEAT | B FIEE A2 AKP I 150
Fig.2 Effects of salinity stress on AKP activity in liver,
kidney and gill of L. capito

M) GSH-Px 15 JBE: FE s i s ; B ihia
RIS, AR 3 i 2] 21 (1) GSH-Px 1% J1 7EAH
[ £6 B2 i T 2258 B IS T B8 TR 22 b
RN 220 GSH-Px 36 JIE R0 24 h 155 1&
B, SRLSUNAEMNE 6 h k2Tl ; B FIEE 21357
96 h i #a T FFa, FFAZUNTE 7 d B TERE ; K
XTHRAE 3 Fpgl it GSH-Px 1% J1 784k 36 Bl 43 1k
44.41~46.68, 17.19~21.59 Fi1 9.07~13.18 7§ J1 8Ai%,
AL B AR 2 A K, BLA, 2L
GSH-Px i /1t & T8 MEEZHE, GSH-Px 1EF.
B A 2 (4 T 3 L 0 44.41~114.77
16.25~67.59 F1 9.07~48.00 i 1 B .
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Fig.3 Effects of salinity stress on GSH-Px activity in liver,
kidney and gill of L. capito
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Fig.4 Effects of salinity stress on MDA content in liver,
kidney and gill of Luciobarbus capito

U4 MDA #5435 18.63~22.55, 13.05~18.89
Al 8.33~11.32 nmol/mg prot, 745832 ih A8k
AKR(P>0.05), HAM, MDA 7 HH7E S LH4 g = T AT
FEZH Y, HAENF | 5 FNEEZH 20 i 28 Ak S B o 5 ok
17.02~55.98 ,13.05~57.27 f18.33~53.93 nmol/mg prot.

2.5 EERMB XK EEE0 M iFE K R iR 220

F AL 5 AT AT, KRR 1 3 B S e A a0 40 )
[)— Wpa i )R, Bt 8 B T v 22 35 T s O S L
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K, RERAE I 3 Bz A L e ETHE TR, JFE TR
MRS LT P Y B TR e 24 h IR ik
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RS 1 375 R TR PR M 197.00~355.5 ng/L., MMiik K
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Fig.5 Effects of salinity stress on serum cortisol
concentration in L. capito
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ACP I AKP F iR 1k A 25 i R Ak 32 20 T L
el R, R A ALK S e HLAE 1% HE 2 45 b (Sara
etal, 2008), AW A, 12 g/L =&k Pria 4l - K ik
B B ANER R ACP AT AKP 35 1 255 T Hifth 3 MG
PR, RUIER S, MUARMEERE K, 251
PR B S B iR AL 0 L B R fL L R2 1) ACP
AKP I MRS, R J) 30 AF (2008) X E H £
(Rachycentron canadum)7£ £k B 38 T B A 58 75 th
RS 1E . FEAHRIERBE T, Whai ) R i 3 Fopi 20 40
H ACP I AKP i 71 i 3 b FF, IF7E 24 h YRR o
Jiia 48 h JFZ A T RITE T2 (B[R IbE
T, BEAWRE AR BT R, e R B L 2 AR 1Y)
A ) o 2B K FARER 4L e, AN[FIZLZT ACP Fll AKP
6 KA RO R TR R], Hodr, BF41409 ACP
I AKP 35 J1 20 WIHE 7d 4 d ik FHfazs, B4l
2 FE G 1 37E 48 h ik FPACIRAS | M BE 21 21 AKP
6 I7EE 96 h VK TS5 . B4 4rh ACP fil AKP
T JIFE 4> 1M 1.42~2.15 U/g prot #1 1.01~1.87 4 [%
(/g prot, FLAE 3 FRAILUT IS M f s, HAKE B
A, T2 2P G P SRR R ) B ] DU i T 4
41, XAl e I AN B S A MRS RR A G
WAL, SRS S 500 0.98~1.96 U/g prot il
0.13~0.84 4> [CBfv/mg prot, SBZH41 ACP I AKP %
JIRE Pt B ] IR A, 3] fig 5 i B o B B A
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GSH-Px Z ML T35 B b i) —Fh i, fig
DL GSH Ry % 54 I W [ fift i Sk S R Bl A fk
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$11YEH (Arthur, 2000), AT 45 R BoR, KEFED
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Effects of Salinity Stress on Antioxidant Enzymes and
Serum Cortisol in Luciobarbus capito

ZHANG Yuting'**, YANG Jian?, GENG Longwu?, WANG Yu'??, JIANG Haifeng?, XU Wei*"

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai  201306;
2. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin  150070;
3. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs, Shanghai  201306)

Abstract This study examined the effects of salinity stress on the antioxidant system of the liver,
kidney, and gill and the serum cortisol levels of Luciobarbus capito. Four NaCl salinity groups (3, 6, 9,
and 12 g/L) and a freshwater control group were set up in this experiment. Further, we detected the
activities of acid phosphatase (ACP), alkaline phosphatase (AKP), glutathione peroxidase (GSH-Px), and
the content of malondialdehyde (MDA) in the liver, kidney, and gill, as well as the serum cortisol level at
seven salinity exposure time points (3 h, 6 h, 12 h, 24 h, 48 h, 96 h, and 7 d). The results indicated that
under salinity stress, the antioxidant enzyme activity, MDA content in the liver, kidney, and gill, and
serum cortisol levels were increased and then decreased as the stress exposure time increased, after which
they tended to be stable. They reached the maximum value within 24 h after exposure of L. capito to
salinity and reduced within 48 h and stabilized within 96 h~7 d. Antioxidant enzyme activities, MDA
content in the liver, kidney, and gill; and serum cortisol levels were proportional to salinity. Further, ACP,
AKP activity, and MDA content were higher in the kidney than in the liver and gill under salinity stress.
ACP activity was approximately 1.27~1.96 U/g prot in the liver, 1.42~2.15 U/g prot in the kidney, and
0.98~1.96 U/g prot in the gill; AKP activity in these three tissues was approximately 0.31~0.86, 1.01~1.87,
and 0.13~0.84 king unit/g prot, respectively, and MDA content was 17.02~55.98 nmol/mg prot,
13.05~57.27 nmol/mg prot, and 8.33~53.93 nmol/mg prot, respectively. However, GSH-Px activity in the
three tissues was 44.41~114.77, 16.52~67.59, and 9.07~48.00 active unit, respectively, indicating that it
was significantly higher in the liver than in the kidney and gill. In addition, serum cortisol level was
197.00~355.50 ng/L under salinity stress. Overall, L. capito can become normal through self-regulation
under 12 g/L salinity, indicating that they have strong adaptability to saline environment.
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