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CAT. GSH-PxFnAKP# &M, ZAEELHF, #EO. 10, 20fu302k F 4, M 8F FH
M fn 7% SOD. CAT. GSH-PxfnAKPU#E M, JF# AT T LA MK E 7R MELR. HRE T
O 7% SODVE £ 2 M2 F 6. 12fu24 hif MAM B Z EFA T LaAmas, 4
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HEFEMEER TR ES ., QmFECATE WA A M &% F il T 12524 hit £ I &
FRHENAEWMERETROES, EEMEMETARAERERZR . @M F ¥ GSH-PxiE
%Eéﬁﬁ@ﬁ%iﬁ,%1%&%%F%EWV%%£% @ ifn 7% AKPE P 72 Ji 28 J&
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Je % % 4 11 (Oreochromis niloticus), J& T #f
JE H (Perciformes), i fiF}(Cichlidae), J&— )"
a2, BRIEARERE KA. S
B 2 RERERZEAL O, BAREN
VM. EAER, JCFLEEEK 1A (Streptococcus
agalatiae)ljs 1) 2 2 45 % E 7 s SR il R 2
CA MBS R, 2 A 55 3 58 W 3a R ] LA
il J& % & JF i S e AR R AR S P, $ e R X
% a6 1 KEE BR TR (S iniae)) 5y BT, X 3
B 2R 355 0 38 PR 5 R R TR 55 75 G DL 1Y
T RAFAE— € WA OCPE , X AT RE 2 i T 30 58
38 R e 2 AR o i AL S g i B0
PRI, ) B B 5 DR 1 o 2 3 2 2 K F- 1 52
XK FRAE M B A E L, HATC TR
Pl B AR T, =L T
AR AT T, A R EXE 2 B HE M4
S B AL BB = o R, ASBIFSE N S
NG PEPIAS AR, X B a T e B A Ak
M3 SOD, CAT. GSH-PxHIAKPIF % JLI 43
febn, DL e e B A T 2 4k 0 T o L gk
BRI Y 2y i BEAT IR 9T, I 48 R ER EE X e B
B AR R A OCTR AR 2, e B A Y
UK SRR —E S

1 MRS T

L1 SEREMR

SRHEE Ak AT RP E AR fig,
PR AR A, (R TCI . T6 HIER . LK
FH o B 44 BT B FAR R (35.0+5.0) g, A, STIRTE
ENTK TR RGN AT . SR TT IR BT AR IR UK
g 35 R T N AR, A H AR a2k, S
5 T 68 FH 118 58 7K Ay S04 IR K R I 7K i 18 T 17
i, I YSIIProl0305h & A T4 U .
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ENCR YA ECEY o S5 B B 0Ok
W), SHAIISZH, RS0 2H 1 ' 51 HURE B[R]
M, BRI SE IR A, SRR AT, K R
1 Bt AL 4 T 21 S ) 35 28 A P (42200 em, 155100
cm), HA60E, TEIR/AKTEFE10d. LRI Ih
Jo . ERBESFISH BT Rk RER E 2= HARERE
8B O AF Ty X BRAEFEANAS . A3 G AS 00
IR 6. 12, 24, 48F196 hit fTHURE, &AL
5 20 1 BB ] S BEAL I 102 £
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12ob 3E O i 5 e S U0V R JE okt
MEZH). 10, 2013041, HH3NF1T, BAFAT
1002 . SCITF AR TT, BEALKS 4 41 % 4 053 1 3]
124~ % P FR FE Al H (B 42200 cm, #5100 cm), 4
D100 1, FEIR/K PR 3210 d, 18] R A
TRy H BRI R S, H12
AABENL SR A A S0 4, R A A 48 in 26 B 1)
JrE T Ok, Wik N sk 1. AER B S A
VB R FE 5 T 46 R 0188 1 S 86 . 52 56 30 ] R
PR By 208 H M2k, 41K 30 min,
WGt E ., LWMECHKIER RS, @
1 E LR A H Bk 13k 4E R K R G E, B H
KK i, AR A A T 1.5 mg/L, WAH R
ANEF025 mg/L, pHN6.8~8.0, ¥ fift S & B A
RT3 mg/L, KERAT I = I RRH A R A
A A A I 4 ) A AT R . S 4 R R
Ko BASLRA BB TAT, BAPATHI0E

x1 BUHREIEIREPRBYLER
Tab.1 Salinity acclimatization of chronic salinity stress

HEEH
salinity
group

IR H2R O H3R H4R O WSRO HieR
day 1 day 2 day 3 day 4 day 5 day 6

0 0 0 0 0 0 0
10 0 0 0 0 5 10
20 0 0 5 10 15 20
30 5 10 15 20 25 30

K FE BRI T RS,
MAZ PR E 10, 2013020 DL R X6 BB 2H (040 )45 2H
() B EAT BE AL PR L RLAS 857, RT3k
JoT AR [ P 0. 200, BifATL 43 Sk A 2 4 RN X HE 4L
BLR S o i 1 5 S0 06 fa RIS W3R 2, SEIf
JFH G 7145 R T Bk (THNO090 )3k [ H 1L R 2 28 47
A2 RN T I — 0 R R (BHDE:
PRI, FEAE28 °)C R R 24 h, o PREURA sa %
E A BHIR A B 95 3, 7E28 °CA& M4 M R 5%
12 W5, HeMGHTIH B 3236100 < 109 Ho G4 K0 35
10 h, 753§ & BRAES 000 r/min F 25035 min, JF
BRI A K ES, LHEREE
VR FH G B TR AR AR AT T BOE S e
M55 2 5.0x10" CFURY T AR i A7 1 48, XF B4
TSR K . Gt 14 dISE T2,
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Tab. 2 Experimental design of S. agalactiae
injection(average body weight) g
A HEEERRE HEHPBS  O+EERRE 0+PBS
group  salinity+S. agal salinity+PBS  0+S. agal
A(10&0) 245.1£3.1 244.8+2.1 245.9+2.6 245.6+1.8
B(20&0) 205.0£2.7 204.7£1.9 204.0+£2.5 204.2+£3.0
C(30&0) 175.6£3.0 175.0+£3.3 175.2+2.1 175.3+1.8

A HATAL BRICIS 5 A B AR SR A% Sz g 21 v R S 26
Notes: the numbers in brackets after A, B, and C represent the
experimental salinity for each group

I mLP RN, =k F7E7 500 r/minZ.> 10 min,
B LW, HTIRSR . AN FHWST-1
PRI SODIE M 5 A AT UL 6 5 K CAT 4
1 P LG €5 1 46 I GSH-PxTE M 5 i FH fHORR s 46 T
AKPIE o S25 w5 B350 & 1k R o
W) T RRFFT AT

B AT S KO 2K FH SPSS 175k 44 3k
17 ¥ A & 7 22 43 HT (One-Way ANOWA), it
LSDE 1T Z H B /B, 45 5l V- 3 (4
HE1R (meantSE)F /k, P<0.05 M 7EAE L H M2

EFE0  salinity 0
¥

O
60 r W #5)%5  salinity 5
b a W 215 salinity 15
a a
3 40 a?
3 b
£
2
g
xn 20
0o U
6 12 24 48 96
I 8)/h
time
(a)

2 HEH

21 UFMEMEERENESTEaRE
HEREEERXE TR

Il SODIE M 78 Stk 5 B W38 Ab 385 6 /112 h
Y16 Bt 6 FE T e 0 S 2R b R 9 #5(P<0.05),
T£96 hith, 5 B 1541 SODJE M AH %5 T 58 B 541 &
R (P<0.05); TEMEPEER AR IETT, R 30
20 1) SODE P4 AH %5 F HoAth 41 . 2% 1 FEAIK (P<0.05)
(B 1o I CATHG M 7E Sk £8 B Whid J5 12F124 h
BF 87 L0 0 B 5 T v T S R G e (P<
0.05), ZJ& 45 H M A fETE i 3 Pk 22 7 (P>0.05);
A PSR B T, &4 2 18R A7 AE 3 2
5(P>0.05)(%12). 1ML 7% GSH-PxI& PEAE 2t i )5
6 hits FLR kB T = i T R A #E E(P<0.05),
12 hitf 5 BE S 1 1 10 35 (K T 041 (P<0.05); 7E12
PEERBE A T, 45 9250 41 GSH-PxF P 5 21 Y Bl
AR BT M REAR A A, R 23040 I T A
2 (P<0.05)(&13).

60
H 2 a
= b
3 40
£
2
g
wn 20
0
0 10 20 30
i
salinity
(b)

1 HEPHIBTMESODE ML

(@)@t
AN [ B AL 2 TR A7 AR R M 2 R (P<0.05), A

RSP ()N PR G . (a) B T AN R REARRR R — I IR AN [ £ B 2R 2 (] A7 AE 5 3 1 22 3R (P<0.05),  (b) I T AN A 7 BRAR R

Fig.1 Activity of serum SOD under salinity stress

(a) acute salinity stress; (b) chronic salinity stress. In figure (a), different letters indicate significant differences between different salinity groups at the

same time(P<0.05); in figure (b), different letters indicate significant differences between different salinity groups (P<0.05), the same below

22 2MMEMEEHENEZTIEEMF
AKPE M ) 520

L7 AKPIE PE 76 2Pk 25 5 30 )5 6 hig Bl h
B T TR B B R (P<0.05), Z R4
Z A1 TG i 3 A8 4k (P>0.05); 18 PR BE A T,
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5 FE 2040 AKPTE P AR 8 T HoAth 25 41 10 35 M T F%
(P<0.05)(IX14).
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o1 O /%0 salinity 0 T
8+ a [ HAES  salinity 5 6| a
71 W 1S salinity 15
5+ a
S 6 3 i 7
= 4 £ 3
S5 5
2 2
1} Lr
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6 12 24 48 96 0 10 20 30
It []/h #HhE
time salinity
(a) (b)
B2 HEMBTMABECATEMEEN
Fig. 2 Activity of serum CAT under salinity stress
120 O %0  salinity 0 350
W #5%5  salinity 5 .
100 W LS salinity 15 300 + ¢ a a a
a
b 2 a a
= 4 ab b3 a ab b a ~ 250 |
T 80| b a £
=} = 200 ¢
= 60 H 2
X =
; & 150
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40 +
& % 100 |
20 H 50 |
(U 0 .
6 12 24 48 96 0 10 20 30
It []/h #HhE
time salinity
(a) (b)
B3 HEMHETIEGSH-PEEEN
Fig. 3 Activity of serum GSH-Px under salinity stress
25 ¢ O #:/0  salinity 0 35 ¢
M 25/E5  salinity 5 .
20 L3 WIS salinity 15 30 -, .
ad = b
— a —
E 15T E 20|
2 2
% 1.0 | % LS r
1.0 |
0.5 H
0.5 |
(U 0 .
6 12 24 48 96 0 10 20 30
I [8]/h HhE
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(a) (b)

4 EREPETMEAKPE ML
Fig. 4 Activity of serum AKP under salinity stress
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W 2 AR SR 45 R B, 10+S. agall W5 5
14 LT R 50+S. agaldl Z A1 G B M2 55 20+
S. agal I BE )5 14 BT R B EVER T0+S. agaldl,
30+S. agall W5 J5 14 dFET- K 5 F 0+S. agaldl ,
AR B 3 22 5 (1F15)

3 iR

BB AR T A, M ERA
— BN BE Sy, P LAAE — B VS R A
CHMUIGREN, FathEmar, eo¥%
Ik 0 FFE R B A 17~201" i 20 B A T i A
Yt 2, Je B B Ak nT DL7E K B (R
34y AN, WL, AUFRERESMHET
WHEO, SHISE3NEE, EEMin T ikEo.
10, 20FI305840 4 2, B HAFHIRYE M .

RN IREE RS Y, HA TR R
GERBBEATELE, ERSFUERERE RS E
BER . K, brEb R g B R & WA
Mo RS EZ hSOD. CATHI GSH-Px4%
R, HT R &R T . SODZ —Fh i
FRPUEALEE, RERIEBRVLANFRAIIROS, 4 H
54k MH,0,, B, £ GSH-PxAICATSE fiff iy /F
F R 4k 25 f k"™, SOD. CATHIGSH-PxAY %
P a AN R e BB, B
B RBERR R AR R R, 2 AE
PR £ 5 e #0 T LU % 9 a0 B A AR e R R
M, kRN E R, e B 2 R 4 SODTE Pk 1) 4
T8 J5 Pk & CATLA F GSH-Px{f M 19 56 F B# 5
PRAZ . Ud B R B a6 B T B 00 B Je B B A
BLAA P 7T B8 7 A2 K 1 HyO, AR X X Fl i3 . =
T 48 B5 A0 7E 96 hivt Pk & 2 A 252 R i K-, R
R R R =X et i SER IR o8 E o B
AR R RR A, AL T DU A8 N B SR 1S HY
KRS o XF = 8 A BE £ (Epinephelus moara)ilt
T2 MEARER PR iA 6 b, H SODAICATIY WG M &
T B E TR, 685 (Lateolabrax maculatus)TE
2 Pk B 38 1 dJ5 SODFI CATIE 1 i % T+
A2 T 1UR21 di SRR &2 % 0 % KPP, DL kg
U 40 25 B A AL R Go AE 2 M BE 3 Y
YERB N E %, FERE a2 R — i 2
5, HRH TS — B 0 aFsE . B L
&, PR R ST 2 R b A A xR AR
P EL A BB, 3R B AR 2ot R B i b orT B
E LR, 18R R, SR
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100  —=— SEEEIO+EERRE  —e— Hh/ZO+EBERRE

90 salinity 10+S.agal salinity 0+S.agal
. | —a— #hFE10+PBS —v— hFZ0+PBS
£ 80 salinity 10+PBS salinity 0+PBS
SE 70t
F,\?r§60. L Pjplajajalala
ﬂ;ji ) 50 L agatatarldardrldra
>
+ 5 40 + al2
B 2 30
s 2 o f2 bbb
10 F fa
blb da 2 3a% % O O b O fr firgn
01234567891011121314
I ) /d
time
(a)

—u— HAE20+BEERT  —e— ERJEO+EERRE
salinity 20+S.agal salinity 0+S.agal
—a— EhJE20+PBS —v— #HE0+PBS

100 - salinity 20+PBS salinity 0+PBS
90 | ]
2?80_ ajajafaja aj ja ja ja ja [a
£E 70}
o =
B2 60t
i—lj o 50 t
=2 bbbbblblbbbb
£ § 40 b
B 2 30t
5 20
10 H
/b, biy bb bb bb b bb b by bp b bp bp by
01234567891011121314
I ) /d
time
(b)
1000 r | omrsorptss  —e— SRIEO+BERREN
_ 20 salinity 30+S.agal salinity 0+S.agal
£ 80 |—a— #h£30+PBS —v— #hFZ0+PBS
& Tg 70 | salinity 30+PBS salinity 0+PBS
M- g 60 L
»1_10)50_ af a A & da 9 & A g q o
>
§g40' baaaaaaaaaa
Hgg 30 b3
z 20
10 | afa b b b b %5 50
LLGhbb b b bbb
01234567891011121314
I [a]/d
time
(c)

E5 TRZETRSTE&MIZTH RS
FTIEREF14 d BRI TER
() AT 53 5298 RIFJE T (b) BA K B LI R 20105
(c) CHY #9208 B SE T3 . AR FEERWFE — WS
A7 15 2 35 1 22 57 (P<0.05)
Fig. 5 Cumulative mortality (%) of O. niloticus at
different salinity for 14 d post the challenge of
intraperitoneal injection with S. agalactiae

(a) cumulative mortality of group A in the challenge experiment; (b)
cumulative mortality of group B in the challenge experiment; (c) cumu-
lative mortality of group C in the challenge experiment. Different letters
indicate significant difference between different groups at the same
time(P<0.05)
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SODHI GSH-Pxif 1 #B 7& £ J& 30°F &k 3 [ %
(P<0.05), 5t W48 P £ 5 3 T £ 32 30} 2 =5 410
il TR E AL R GG, X H A e
AT R, X — 5 R5 DUE R BF R 45 R 2R
oL, BPbE PR £R B W ae nl DLREAR 2 3E A A
B 1) 2 R Bt A AR OGBS PENST, ZengSFE R R
K 8Lt (Larimichthys crocea) 12 V£ &£ FE W38 il
1 Nrf2-keap Ll % F# AKX T SODSE il (19 16 4, XK
J B LV AE WA G 2 F UL R T B s AR T
2%,

AKPYE N 4 PN B 0 40 Jfd 375 il 1R 19 A 75 il
e LB o T LR, S 5t
W, R EEA SRR AR, e
B AR 0 7E 2P ER FE B8 T 6 hitf 19 AKPI 1 .
# T B (P<0.05), B 2tk EE B2 b 3a w] LA A
AKPTEPE; T196 hit 152 22 1E % K F-, B2 HE
R DN VR B 1 48 P R P38 Y 3 7 vhoR) DLE
A i N ER B S ISHY K AR BRI, 3k — 45251 15 SOD
FICATAFMEE LI, WS AR e T, %
I fa 7 £ FE 2001 300, AKPIE 1 5 2 B I (P<
0.05), ULHAERBE20 /% DL 1 i 7K A4 X JHL 3 4 1 W T
S 5, RE e S 3 ER A S 8
FI10J& 24t BLAKPTG L9 F 98, 7K A= 4= P AKP
TR B 5 L TR 0 B B BB G,
11552 (Apostichopus japonicus)TEHEZALB WA )5
HAKPIEVEFEAL, IEXF UL 9K & (Vibrio splendidus
NBI3)H 5y JEPEAR 5 A6 85 I {7 % e B C21
HAKPIE VT &, X A HKH 3R e, DL
SR, ERRESAISH 2 hia S Y JE
JE B AKPTE M TR, (H2 S AR 4] DLZ i Ly
SHIISHYER B, AKPIK S 28 1E % /K F-5 #8820
DA B0 e AT DA AKPYS M, 19 LRk e
P 1) XU

TCFLBEERTE , MR NBIGEEER TR, J&—FfpiE
LR PHMER, A RLGE A KR B IR, X
el B AW R FE, EERS ALK
B AR 0 B BRI 2R R AP, AR T
BEERTE 5 A AR R B B Rt S g 1
RWgan, BA -2 EL. oAm
WEoE R, R AR Ak T DL 7K A= 3l W % F 5
(1) A 77 A B R 52 5] 4 i A B £ (B
coioides)TE # FE M\ 345 E| 61 2008, XF %5 35 9N 14
(V. alginolyticus)¥ 5y | 1 25 TH & W5 1 o 68
(Pangasianodon hypophthalmus)TE £k FE 10A0 % T 38
BOT, XF& e Q1 (Edwardsiella ictaluri)it) %
[l 7K 77 % 45 /) sponsored by China Society of Fisheries

BEAERARY, TP B AR mAE A F R T A
KHORAEFEZE 5P, B 46 1A o AR ) 1 e &
AR 0 e 0% PR R B b0 R SR — BRI s, R
T fE SR B 25 S, T G 3L EE BR B X T 100 g
AP AR I Ew, HAFERN S
FUE A A PR SR P, I AR 2 IR 1 BEXT 10,
2013058 B T 1y 2 | 00 52 50 21 #6043 i) i ) AR
M OER BE X R . Z5 2R RH, ERE20M130 T 1Y
B At BT AR TR Y E T IR, 10 Y
A B FE T R MEAR T X B2, U8 A A 18 1k i 2
T, FREE20F30M PR R B T 2 AR o TR AR RR
R0 G S, TR B2 1041 %A X — B4 . Chang
GRS R S AN AR, AT BE
X i (Ictalurus punctatus) 43 B 15 2] — Bk 45 Bk
W, IR ES AR E N e B B AR RN,
KA TEREO, R 154 B A A X 4 K
WO BN TR . ARV, SOD,. CAT
GV EEM AR, HEMN TR 5KA
A= WX B0 1 B SR AR AE — E W G ERE . in
R AT, SOD. AKPIGEM Rl S8 T%
A 0 X T K B 3K T By B 3 m ™, 25 G AR 5L
B R M T, SOD. GSH-PxFl AKPI%
PRI Bl R B T T R ARG — S5 2R, RN gk
iR B JHiE T SOD. CAT. GSH-PxFIAKPA: 3%+
K 5 1 ) R ARG Je B 2 I £ TG 3L B BR R S
SR T R MO 2, SR B R 2 1 3 LR
ARk — 2P RE

4 ZEig

SR e g, SHLSH KR TE
iy 368 0 39 2% ) 3% SODIE M 1) L1, i GSH-Px |
CATFIAKPRTE M, FIRES X e % & e LA
AR AR R T R0 1 A XURS: 5 2 Al A e R
360 DA 22 A Ry 1 T A R v T DL T I N R
BESTIISHIIKAR , ZFI8 bRk E 2 1E 5 KT,

16 PR ER BE B E SE g, AR ER EE T 200,
£ 1 W 38 2 40 ) 13 H SOD . GSH-Px Al AKPIP)
TP, WSS, R, EREE20 LA Ak
T AR X T T FLAE BR B A B M . AE S PR R
PR S B R R R . e B B R
KT K 7758 8 BUTE AR T 20 AR AR p ik A 7 o
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Effects of salinity stress on immune-related parameters of
the Nile tilapia (Oreochromis niloticus)

CAIRan, CHENLimin, XINYing, ZHAO Zaoya, YU Xiaozheng,
HUANG lJinfeng, LIAO Zongzhen, LI Wensheng "
(State Key Laboratory of Biocontrol,

Institute of Aquatic Economic Animals and Guangdong Province Key Laboratory for Aquatic Economic Animals,
Guangdong Province Important Economic Fish Healthy Breeding Engineering Technology Research Center,
School of Life Science, Sun Yat-sen University, Guangzhou 510275, China)

Abstract: In order to explore the effects of salinity stress on the immunity of the Nile tilapia (Oreochromis niloti-
cus), we conducted acute and chronic salinity stress experiments on tilapia with body weight of (35+5) g and some
immune-related parameters of the serum were tested. In acute salinity stress, the salinities of 0, 5 and 15 were set,
and the enzyme activities of SOD, CAT, GSH-Px and AKP in serum were detected by sampling at 6, 12, 24, 48
and 96 h after stress respectively. In the chronic experiment, four salinity levels of 0, 10, 20 and 30 were set, and
the enzyme activity of SOD, CAT, GSH-Px and AKP in serum was detected after 8 weeks of stress. The results
showed that: SOD activity in serum increased with salinity at 6, 12 and 24 h under acute salinity stress, but at 96 h,
enzyme activity in the salinity 15 group was significantly lower than that in 5 group. Under chronic salinity stress,
the enzyme activity of each group decreased significantly with the increase of salinity. CAT activity in serum
decreased significantly with the increase of salinity at 12 h and 24 h under acute salinity stress, and there was no
significant difference after that. GSH-Px activity in serum decreased significantly with the increase of salinity at 6,
12 and 48 h after stress. AKP activity in serum significantly decreased with the increase of salinity at 6h after
stress. Under chronic stress, the 20 group was significantly lower than the other groups. In the experiment of sus-
ceptibility to Streptococcus agalatiae after chronic stress, the susceptibility of the salinity 10 group to S. agalatiae
had no obvious difference compared with 0, the susceptibility of 20 and 30 groups were higher than 0 group. This
study showed that both kinds of stress could cause changes in immune-related indicators: acute salinity stress
experiment showed that the salinities of 5 and 15 caused oxidative damage to the tilapia, but tilapia could gradu-
ally adapt to this change. Chronic salinity stress experiment showed that salinity above 20 could inhibit the activ-

ity of many immune indicators of tilapia, resulting in increased susceptibility to S. agalatiae.
Key words: Oreochromis niloticus; Streptococcus agalatiae; salinity; stress; immune-related parameters
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