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Effect of Nanometer Selenium on Nonspecific Immunity and Antioxidase of GIFT Stressed by Cadmium
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Abstract: The objective of this experiment was to assess the protective impacts of nanometer selenium(NSe) on antioxidant and nonspecific
immunity in genetic improvement of farmed tilapia( GIFT) stressed by cadmium. GIFT were randomly divided into five groups: control,
CdS(Cd stressed )and NSe low, middle, high doze groups(NSe L, M, H). Basal fish food of NSe L, M and H three groups were added
NSe by 0.125 mgSe kg™, 0.250 mgSe kg™, 0.500 mgSe kg™ respectively every day for 30 days, Control and CdS were given basal fish food.
At the fifteenth day, CdS and NSe groups were exposure in cadmium solution(0.5 mg+L™" Cd*) for sixteen days. The results showed that 0.5
mg- L™ Cd* cadmium solution weakened GSH-Px, ACP, AKP, LYS and Phagocytic activities of GIFT tilapia, increased MDA content, com—
pared with control group. Compared with CdS group, NSe carried an contribution to enhanced GSH-Px, ACP, AKP, LYS and Phagocytic ac—
tivities of GIFT tilapia, reduced MDA content. This present experiment indicates that NSe supplementation could effectively ameliorate dete—
rioration of nonspecific immunity and antioxidant function in GIFT tilapia stressed by cadmium to a certain extent, strengthen protection a—
gainst cadmium exposure.
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SR (CACL-2.5H,0, 7344l , AR. ), 4K (_E
W IGEA KRB ERAF), WREK. B EE
(LYS) . PRI BE PR B (ACP) R MEBE R I (AKP) . BT
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BT T REAR M H R ) o

723PC A WA e T (BEANER A A FRA
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1.2 RISER

RIS R 3 HEECH] K98 KA 2 51 4 B
0.125 mgSe +kg™ (NSe L 41 ) .0.250 mgSe -kg™ (NSe M
20 ).0.500 mgSe - kg (NSe H 2 )i A FEAl H AR (FHT
JEF AR H ). RAZRY KRS EMA
YK, FREIR ST, K, R/ LRI E S 2.5
mm A4 A EORLRDEL, BRT RS2 5 KR4,
B-20 C vKFHREE
1.3 R HA&

B b EK PR B K L B 5T D A 2K
REGRMENEEZ AR 1 ARG, EF 120 B
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(CdS) , PKARA =57 2 (NSe LM H) , NSe L,
NSe M #il NSe H 4143 5% M A I 0.125.0.250.,0.500
mgSe - kg™ GAHH IR IR IERL, 5L 30 d, Control A1
CdS 2 MEIERIER] AESS 15 d, XF CdS NSe L .NSe M
1 NSe H 1 / 0.5 mg-L' C&*(Z M8 GB 11607—1989
Qb K FRARE) BT RLE (9 Cd> ¥k BEAS AT 0.005
mg - L7, a8 ¥k B 15 A HE VR 19 100 A5 ) W W AT
A 16 d B E A0, IREG R4 K 3K 50% , 3+ 4b
B CPERANFREWRE, R 2R, 5H
09:30 1 16:30 43 2 RIZME, H MR & (LUFAEH T8
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3d BRI, K 25~28 °C, FFRAZEA RIWHLT
A, UMHIEFRFE K R R KF
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(625 nm 4k, A= FEE K EZF, A=0.08~0.1 ) B 5% 1.0x10°
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AR SR RS 5 200 5 e T P 7 PR A (AR R ) o
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FESE 31 d, ARAb A EY 16 B, F K B A R K
YRR 1~2 K, R R 28K, B EEE R E
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KA BOE T RRTE 4 CHKFE T E 2~4 h, 54 C
R B, BRRRERE K, FRE I IE R BE" Kekh
WA AR KR 10 /5, KIBSIKIE .4 CTTELO
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(10 000 r-min™,20 min), B EVEWCR A H IR 2
LYS &1,
1.5.2 M5 MR F7 002

KR R#F RIS, WSR2 40,1 HR%
JFZR AL PR A BB R | A UBE L, BEI E = 40
MAREEM 5 1 LLE IR R, Hil4 1y , AL
€ ACP.AKP.T-AOC.GSH-Px & /1 #1 MDA & &, H
o, BERR GNEIACP R AKP 357, Hoihigil e
LYS V&, ZHATRER BRI E GSH-Px 1E
P, Fe* B R E T-A0C, BifE HZmR kil
FE MDA & &, BARMNE T 1% UL 81T .
1.5.3 [ 40 A e T A ) <

BY 100 WL HLEEiL, M A 100 wL (94 8 AR A Bk
B, $859,25 °C 7K# 60 min, 7K ¥ /6] 4558 10 min
PN 1 U0 S R BGR AR Fr (AN IR S ),
P BEE E 10 min, ZE4H/K PBE/S , Wright [RYL € 15
min, JKPEXT 556k, B8 T 114 100 ~E 400, DA
WS EOFIA 0 73l s B 40 ML A R Ts 1 A
B 47 kb (Phagocytic percentage, PP)=100 > H 48 il S
55 7% Wk ) 240 L %5 /100 1 3 4 B x100% , v W9 %
(Phagocytic index, P1)=100 ™47 241 B 75 Wk 41 B S
$7/100 > rh PRI
1.6 Gitsath

FH SPSS16 M HEATHE 2404, AU ZE R
R FBSIREA ¢ BT 30T . BEEEIFR APy
(B +FR1EIR (Mean+SE ) ,n=16, P<0.05 HE R B E P<
0.01 AEFHBE

2 ER5H5H

2.1 gokifixtimimE TF A SRR R TI8EH
=21
2.1.1 SRR T B A i AR RS W P v B B
palisp-al

mE 1R, ML 0.5 mge L CA2 v i a /E
16d )5, &EFIEAKRRFRAME S LYS iFH
FEA, 55 Control 40 LR, LR RFNW 19 LYS & 1
BB AR (130=2.172,P<0.05) , IfLIE LYS ¥& S1#%k B 3%
FEAR (120=2.843, P<0.01) o 24 1ER} PRI R 551 2 ) 44
KAJE WA S A & Bk LYS IE SRR
A—ERNRTYER, FEI—ENFE-R LR, H
H1LA NSe M Al H B RYE A B3 . SRiaZH(Cd)
FHEL, NSe M 21 22 57 18 2 (IRFREEK :13=2.099, P<0.05;
MLY% :120=2.436,P<0.05) ,NSe H 2 2 54k B ¥ (k%

180
—-@- Skin mucus

160 - -O- Serum
140 |

120

LYS B#iE 77 LYS activity/mL
S
S

NSeL NSeM NSeH
2H 51| Groups
CdS 5 Control 40 F %5 : *P<0.05 , **P<0.01 ; NSe 4155 CdS 40 %5 :a
P<0.05,2a P<0.01, Fl.,

CdS signs in figures signify comparison to the Control:*P<0.05,**P<
0.01; NSe compared with CdS:a P<0.05, aa P<0.01. The same below.

1 AKX $mEANE & = % e Ak A E BTSRRI
Figure 1 Effects of Nano—Se on the activity of LYS in body fluid of
GIFT tilapia stressed by cadmium
B :15=3.072, P<0.01; I35 : 1=2.941,P<0.01), Ak
R BIHEREAR T = 2 AR S RSB ML A9
VA TR 0, T AEDRLHR I — 8 391 B A R KA PT A i

AR 3 P i LK) o e 2 A A TR T R
2.1.2 XFERME T 2 Ak A0 M A I A A
WK 2 fis, 5 Control %2, 24 CdS L) 0.5 mg+
L CYEEHalER 16 d J5 , 5 & F e (I 4 A
TGV B B K (PP 1 1=3.126, P<0.01; PI:2,=2.473, P<
0.05) o ZPER P AN [R5 & AOGKAN S , 4R a
FIREHE B 2 AE f B4 A S R R R —E
RIRAPER, HER—ERT R ER, KL
NSe M Fl H AR VEF BE . 545 CdS ALk, NSe M
HERTE (PP:13=3.147,P <0.01;PI.1;,=2.508, P<
0.05),NSe H 42254 2 3 (PP:15=4.245 , P<0.01; PI.:
t3=3.082,P<0.01),
2.1.3 XPERE T 2 AE LT FP BRI 1 R
WE 3 s, 24 CdS DL 0.5 mg- L™ Cd* ¥ W ipiA
YER 16 d J5 , 35 & & AF ELILTE T I BERRBEHE J1 T RE,
5 Control 41 &, Ho MMy H A ACP F1AKP JF 1 8 3%
A (ACP:15=2.582, P<0.05; AKP:13,=2.695,P<0.05 ).,
LR A I [R50 B A AR AR , xR 8 5 | 2 FY
& B AR PRI R EA —E BRI,
HER—EMFNE-HKFR, HAF NSe M AR
AKP fIfEF 2.3, NSe H 4184 ACP Il AKP f){F ]
H@ 3, 5 CdS tb#5, NSe M 410 B 355 T AKP 1% /)
(25=2.436,P<0.05), 1 ACP Fi1 AKP }% J77E NSe H 2
g W5 (ACP:15,=2.507,P<0.05; AKP:1;,=2.796,
P<0.01),

Control  CdS
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Figure 2 Effects of Nano—Se on phagocytes of leucocyte of GIFT tilapia stressed by cadmium
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A : The activity of ACP in serum of GIFT tilapia; B: The activity of AKP in serum of GIFT tilapia
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Figure 3 Effects of Nano—Se on the activity of phosphatase in serum of GIFT tilapia stressed by cadmium

2.2 MK IRAME T F I S T AL RSN

K 4 Frs, 24 CdS L 0.5 mg- L™ Cd* ¥ W iie
fEF 16d 5, HEFIEAamMERELIETHR, 5
Control 2 He%% , H My H A9 GSH-Px 1% J14% BH 2.0 55
(1=3.361,P<0.01), T-AOC 7K V- B A (£5=2.573,
P<0.05), MDA & Bk B ZEHN (1%=3.658,P<0.01),
PRI B30 B A9 KA, YR a5 1 A
B P e T AT B R R A — & AR
ER, I EH—E MR B K FR, Hd NSe H 41
PRH 1M 3E T-AOC 1E B 3% ,NSe M f1 H 41 {3
GSH-Px F¥f#{fk MDA S EER¥E®, 5 CdS |
55 ,NSe M 0B B3R T GSH-Px i& f7 (£:=2.592, P<
0.05), FA% T MDA & & (1:=2.613,P <0.05);NSe H 41
{8 1% T-AOC 7K F-(1:=2.685, P<0.05 ) B B F+E5 , GSH-
Px V& FTR93E58 (£5=3.712,P<0.01) F1 MDA &5 & (t=
3.483,P<0.01) BRI B2 .

3 i
KFR e T 4 R (C)  ZE MK P BB

THEtREE EAYHIAY, & EE REE Kk K EWRSE
B AR, FLRFE KA 3 B B 0 DL R
g1l H R K A R A A TR AR BUAR B o SR Y
o5 B B 4 B NS R 55 B A e, (B2 4>
WA —SHLHIEASRIN . BRTAR, IR
EEMERAN—REERAS, KEWREH 55
e 2 Pl 4 L2 i 17 3= A R SRR B T (ROS) #2 i 4
HapE Bt A AL A2 e H oK 2 B R IE S
G RS A AN B B R R AT R R A Y
— P IR K R 2 H VR 2 R R T U, B A
MRUFEEALR Y, BHZEETF 0.5 mg-L?
Cd* B4RV A MBI 52 K IR SR 4875 Y it 7K Az sl 490 oy
iH AR,

4 e S T REAE AR A B HE Bl .25 1) B 4
RRPEGEREMNY, AARPEETEARET
0.5 mg L7 C&*VEW 16 d Ji, FEFeRtk e fabn i i
AR LYS iE /18 T (P<0.05), LYS 2
F R4 F S R G R LA B A, R A
IR B B ELA , BB IR AIE BRZ AR PN A4 40 B <5



1048 ZFBSE  GOKIXTRIPNE T & B 2 e IR e i e A AL D RE RN

201146 A

= 200 aa
2 10} W)
3
n..T 160
T - 140t
& a
E b 120 +
f 100 |
% ok s
I
Z 60
L]
40 1 1 1 1 1
Control CdS NSeL NSeM NSeH
8 2 5] (Groups )
= (B) a
o
& 7t
]
2
%o
)
® 5t *
]
o
<
R
3 1 1 1 1 1
Control CdS NSeL NSeM NSeH
2 3] Groups
30 - Hok
< 28 + (C)
g 26 +
§~ 24t
= a8 22r
= 2 20}
g a
4
5: 16
= 14 aa
12 +
10 . , . . ,
Control CdS NSeL NSeM NSeH

2 3] Groups

A HEF A MEA N H M BT 1B 5 B R A M
S EMREIKE, C. B A MERN R
A :The activities of GSH-Px in serum of GIFT tilapia; B:The level of
T-AOC in serum of GIFT tilapia; C:The content of MDA in serum of
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B 4 AT RINES B S Fa S IIRENRm
Figure 4 Effects of Nano—Se on the function of anti—oxidant in
serum of GIFT tilapia stressed by cadmium

JEAAR, FEREA-IB RIS, AN AR R B P , $H 17
EHLA BRI RE™, Mgyner K SEBF90 R, fIR 2
KIG BN ARG T LYS 8935 71 B 25 T
20 a2 (GRIBRYL 7% LYS 1% ™7, T4 iK% B rh
A TS R T B 2 R i AR R P LYS 75
T TR RS & B eI Rt i T %
B VEAN S AT IR SRR , 237 A Vs B
KRB AP R . ACP RIFEHA AR
B, AR HEEDIEAAE 0.5 mg L7 CA* % R 2 &

16 d J5, I+ ACP i& S BEAL (P<0.05), 5
Sarosiek B SIS 45 R —3™, AKP BEEHES5H
MLBERAR I, RS DNA R AR K e R EA %
AKP K42, BT LA A LA A N 40 42 A 4 AR
k1 ADP BEBRALTE B ATP $2L BT TR M TCHLEE , B B
ZRER, W E A K, a1 o AR 4 Sk e e B
FP AR, 8 B EATE 0.5 mg L7 CA* R
R 16 d J5, MLIE AKP 1& J1 F#E(P<0.05) . A M54
TE fa IS PR oy P R OE T, AR B
FETE 0.5 mg- L CIRWRTRI6d 5, AIRE
Wi P B 2 R (P<0.05)

MURTERRIRE T A ig A (0:-.-OH FTH,0,)™,
FEBAHLRGIAE , 40 - B Bt A LB R TE R R A %
Bh YR 2 RAVE IR IR (PUFA) T 5| 2 A —
RIVEAE R, XA 4 s R — R AL aE
RE YA ALIHA T AP RBT LB R S AR
PRE N R , e Xt AR W R v R E, N
(MDA) £ B %5 & /R B A AR R 258
FE4), MDA A B A2 /0] DLRIE: S WS R 3 o
B/ DL LA A T AR A A B B R,
ML Y B B A 1 2R A P E AL B AN GSH-Px CAT #l
SOD Z5#F AT 15 BRIE M4 B B B TENLIR A LR 4 1 B
RN AR EEEA, T-A0C 2fE&iliAkRpiE ik
RESTIIFETR , B R AL L 40 . 212U 7=
GAAERE RGBT A LRE 1945 B 7K. Casalino E 5
B & BRAR A SOD F1 CAT [19EHE , Ham sl H s
Rk, AR, HESEARET 0.5 mg-L?
16dJ5, IME GSH-Px i J1H1 T-AOC 7K -HH & %
fi (GSH-Px; P<0.01; T-AOC : P<0.05 ) , MDA & B4}
BEWEN(P<0.01), UiHIEHE (0.5 mg L™ CA*¥AVR)
16 d #7%5 & F JE AT E L RERE K

Tl S — b BE R AL 1A N 7E o %8 I RE 3R S o)
RB AR T B, HoAu e Th B 20k AR R
iR ARAR MR B AT A E M R —
GSH-Px BB AL JE .0, ATk Bk o i, %
kP B EALS A AR R R ERREE EEEM, W
H M EEIR A , SRR A B DNA R AR
SERE L, HFIR RE M 38 B2 A0 3R K S AT,
YA DA R A% AT 8 TT R A N B DA R
R BN A TR YRR T, AR TE 80 nm L)
P, S BTG o SRR AKX BB R , A AT B K B
B ITRA  INITEAS SCR B 9K R R TR
B, A3 A) LRI AR (RS 0 £, T8
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AW LB, SERMA A S, 9K R AR
B ¥ JEfINE GSH-Px IE f1F1 T-AOC /K-, R
MDA & &, FEH—EMHN BN KR, 0E TH
Joir38 BT B 5 B B AR T R AL T BE IR, U T
MUR BB A5 , HorP L NSe M I H 4HACR B3, X
5 Ognjanovic’ B I %R 5T 45 R — 51, BT FEIET L
B, YOI = T Fa T 5 B B dE AR R Fh A
R LYS 177 40 A W v o 30 58 1 Vi
FREAS 17, st T RbhE B N 75 8 B A R R
PEGPERE T T R SRR s T 4R a8 Pt AU 25
& B A PTE LTI RE A FEAR, RIG R T Hi A LAY T
J1 AEFERR AN B IR BE R BRI T AR
BN YR R e R, AT G & 8 B IR A iR
R T RE ) B A A SRR R S T RE P R
HEEEER, HEWIEELME Ca WFE, T
Ca B AIEfE Bt &2 Y, EEBMmSMEIALART
5 R RS I HEE Y, SR T R
W2t i P Ca®* A B FF 3 B Ca®*-ATP i E
Wi Ca s, MR35 & 5 JE f A W Th RE >k
YU RaER, SR HAEAR R e T RE
T Xt -4 KA 7 8 (AR I 5 B 0 ELARVE AL iR
Rt —2 5T,

4 g

(LR a X & F A ErE R gk in
ACP AKP.LYS Fl 4 A& WS A . RER
F 0.5 mg L' CPEW 16d 5, 5T IEMAIMFE
ACP F1 AKP {RFFEA M H LYS 11 TR, B4
LA A S IS . R AR 5 B B Rl S
PRPETIRE T R

(2)fmME Xt B P e A5 ts GSH-Px,
T-AOC MDA ¥ A, ZETF 0.5 mg L CEVER
16dJ5, HEFIEMAIMED GSH-Px & 1) T, T-
AOC RBJI/KF- T, MDA & B340 . R a5
[CEZE | SRl 2 A

(3)GURAT AT LA 5% 55 38 B 5 | i 1 25 88 B
ARRE SR T RER T B . SRMA 4 L, gk
W 5w 2 A s PR IR S . PR SREROR ML
LYS #3& 13w, B4R ARG ISR, JE 23—
FERFIR-BRRR . RUAGKMERE S AE—ERE b
U R BT R B B AR AR R R S T R

B

(GRS FRE P 5 L A0 & iR fL
REJT A A & R . SR e 2 LA, GAORAT i
B S AR  GSH-Px 1% J1 LI+, T-AOC /)
KPR, MDA S B TR, FFERB—ERFI -2
KER o RAGORIN RS FE— R E ks il i
BAY T B B A TR L BRI

S E 30k :

(1) ARIGEA), EIRE, JUREM, 4. P BB AR K- mESR S

REG W), TP K F2EH (R TR, 2010, 23(2):84-90.
LIN Shun-li, HUANG Yi-zhen, YOU Sheng—pao, et al. Safety monitor—
ing and analysis on the heavy metal and pesticide in aquatic products
from Pingyang coastal waters[J]. Journal of Ningbo University ( Natural
Science and Engineering Edition ), 2010, 23(2):84 -90.

[2] Sjobeck M L, Haux C, Larsson A, et al. Biochemical and hematological
studies on perch, Perca fluviatilis, from the cadmium—contaminated riv—
er Eman([J]. Ecotoxicology and Environmental Safety, 1984, 8(3):303-
312.

[3] Ohsawa M. Heavy metal—induced immunotoxicity and its mechanisms[J].
Yakugaku Zasshi Ma, 2009, 129(3):305-319.

[4] Nzengue Y, Steiman R, Guiraud P. Characterization of the cell death
induced by cadmium in HaCaT and C6 cell lines[]J]. Free Radical Re—
search, 2008, 42(2) . 142-153.

[5] Shi H, Sui Y, Wang X, et al. Hydroxyl radical production and oxidative
damage induced by cadmium and naphthalene in liver of Carassius aura—
tus[J). Comp Biochem Physiol C Toxicol Pharmacol, 2005, 140(1):115-
21.

(6] B FF Y, BoME. Wb A T e A il P i LR (M.
BRI APRHRAE HE, 199453,

HUANG Kai—xun, XU Hui-bi. Selenium chemistry, biochemistry and
its application in life science[M]. Wuhan ; Huazhong University of Sci—
ence and Technology Press, 1994:53.

[7] Zhang J, Wang X, Xu T. Elemental selenium at nano size(Nano—Se )as a
potential chemopreventive agent with reduced risk of selenium toxicity:
Comparison with se—methylselenocysteine in mice[J]. Toxicol Sci, 2007,
101.22-31.

(8] VEFHE, & &, 45, . Wi X5 RER A SmTE K
ARSI R TTR B, 1999, 6(6):20-23.

WANG Zai-juan, JIN Feng, TANG Hong—fang, et al. Study on the cor—
relation between Cd and Se in residents from exposed area of Cd[J].
Guangdong Trace Elemenis Science, 1999, 6(6):20-23.

[9) BZH, ERA, B4R, 5. Sedint S B LR m[I). 15
@R, 2009, 28(4):35-42.

MA Ai-min, YAN Mao-cang, CHANG Wei—shan, et al. Effects of bu—
pleurum chinense on the immune function of Sciaenops ocellatus[J].
Marine Science Bulletin, 2009, 28(4) :35-42.

[10] & ik, REEH, B fE % A SRR T #EARAHLS PBA L
YIS g R BRI 1 B R M [J]. +P KB, 2004, 11(4):
296-301.

ZHOU Jin, SONG Xiao-ling, HUANG Jie, et al. Effect of A3 peptido—
glycan(PG) on SOD, ACP, and AKP activities in different tissues of



1050 ZFBSE  GOKIXTRIPNE T & B 2 e IR e i e A AL D RE RN

201146 A

Japanese flounder Pardlichthys olivaceus [J]. Journal of Fishery Sci—
ences of China, 2004, 11(4) :296-301.

[x) 7, REd. 2% MR itis KR AL #l Ik,
2007, 34(3):28-30.

LIU Qing, ZHAO Heng—shou. Fish common immune indexes and test—
ing technology[J]. Fishery Modernization, 2007, 34(3):28-30.

[12] Cope W G, Wiene J G, Steingracber M T. Test system for exposing fish
to resuspended contaminated sediment[J]. Environmental Pollution,
1996, 91(2):177-182.

[13] Novelli E B, Vieira E P, Rodrigues N L, et al. Risk assessment of cad—
mium toxicity on hepatic and renal tissues of rats[J]. Environmental Re—
search, 1998, 79(2)102-105.

[14] Klaassen C D, Liu Jie. Role of metallothionein in cadmium-induced
hepatotoxicity and nephrotoxicity[J]. Drug Metab Rev, 1997,29(1-2).
79-102.

[15] Novelli E B, Lopes A M, Rodrigues A S, et al. Superoxide radical and
nephrotoxic effect of cadmium exposure[J]. International Journal of En—
vironmental Health Research, 1999, 9(2):109-116.

[16] Bols N C, Brubacher J L, Ganassin R C, et al. Ecotoxicology and innate
immunity in fish[J]. Developmenial & Comparative Immunology, 2001,
25(8-9):853-873.

[17] Bertin G, Averbeck D. Cadmium:Cellular effects, modifications of
biomolecules, modulation of DNA repair and genotoxic consequences(a
review )[J]. Biochimie, 2006, 88(11) :1549-1559.

[18] Ognjanovi¢ B I, Markovié S D, Dordevi¢ NZ, et al. Cadmium—-induced
lipid peroxidation and changes in antioxidant defense system in the rat
testes ; Protective role of coenzyme Q10 and Vitamin E[J]. Reproductive
Toxicology, 2010, 29(2):191-197.

[19] Kim J, Sharma R P. Cadmium—induced apoptosis in murine macro—
phages is antagonized by antioxidants and caspase inhibitors[J]. Journal
of Toxicology and Environmental Health, Part A, 2006, 69(12):1181-
1201.

[20] Pathak N, Khandelwal S. Oxidative stress and apoptotic changes in
murine splenocytes exposed to cadmium[J]. Toxicology, 2006, 220(1):
26-36.

[21] Oh SH, Lim S C. A rapid and transient ROS generation by cadmium
triggers apoptosis via caspase—dependent pathway in HepG2 cells and
this is inhibited through N-acetylcysteine —mediated catalase upregu—
lation[J]. Toxicol Appl Pharmacol, 2006, 212:.212-223.

[22] Kaliba A R, Ngugi C C, Mackambo J, et al. Economic profitability of
Nile tilapia ( Oreochromis niloticus L.) production in Kenya[J]. Aqua—
culture Research, 2007, 38(11):1129-1136.

[23] Almida J A, Diniz Y S, Marques S F G, et al. The use of the oxidative
stress responses as biomarkers in Nile tilapia( Oreochromis niloticus )
exposed to in vivo cadmium contamination[J]. Environment Interna—
tional, 2002, 27(8) :673-679.

[24] Ellis A E. Immunity to bacteria in fish[J]. Fish & Shellfish Immunology,
1999, 9(4):291-308.

[25] Swain P, Dash S, Sahoo P K, et al. Non—specific immune parameters of
brood Indian major carp Labeo rohita and their seasonal variations|J].
Fish & Shellfish Immunology, 2007, 22(1-2) :38-43.

[26] Verlhac V, Gabaudan J, Obach A, et al. Influence of dietary glucan and
vitamin C on non-specific and specific immune responses of rainbow
trout( Oncorhynchus mykiss )[J]. Aquaculture, 1996, 143(2).123-133.

[27] Mgyner K, Rged K H, Sevatdal S, et al. Changes in non-specific im—

mune parameters in Atlantic salmon, Salmo salar L., induced by Aero—
monas salmonicida infection[J]. Fish & Shellfish Immunology, 1993, 3
(4):253-265.

[28] Sarosiek B, Pietrusewicz M, Radziwoniuk J, et al. The effect of copper,
zine, mercury and cadmium on some sperm enzyme activities in the
common carp( Cyprinus carpio L.)[J]. The Society for Biology of Repro—
duction, 2009, 9(3) :295-302.

[29] Li J, Sun X, Zheng F, et al. Histochemical localization and characteri—
zation of AKP, ACP, NSE, and POD from cultured Apostichopus japon—
icus[J]. Chinese Journal of Oceanology and Limnology, 2009, 27(3):
550-554.

[30] Ritola O, Lyytikédinen T, Pylkké P, et al. Glutathione ~dependent de—
fence system and monooxygenase enzyme activities in Arctic charr
Salvelinus alpinus (L) exposed to ozone[J]. Aquaculture, 2000, 185
(3-4).:219-233.

[31] Guven Y, Unur M, Bektias K, et al. Salivary malondialdehyde levels in
patients with oral leukoplakialJ]. Turk J Med Sci, 2005, 35:329-332.

[32] Casalino E, Calzaretti G, Sblano C, et al. Molecular inhibitory mecha—
nisms of antioxidant enzymes in rat liver and kidney by cadmium[J].
Toxicology, 2002, 179(1-2) : 37-50.

[33] Jo P G, Choi Y K, Choi C Y. Cloning and mRNA expression of antioxi—
dant enzymes in the Pacific oyster, Crassostrea gigas in response to
cadmium exposure[J]. Comp Biochem Physiol C Toxicol Pharmacol,
2008, 147(4 ) :460-469.

[34] Arthur J R, McKenzie R C, Beckett G J. Selenium in the immune sys—
tem[J]. The Journal of Nuiritional, 2003, 133.1457-1459.

[35] Bhaskaram P. Micronutrient malnutrition, infection, and immunity: An
overview[J]. Nutr Rev, 2002, 60(5) : S40-545.

[36] Saito Y, Yoshida Y, Akazawa T, et al. Cell death caused by selenium
deficiency and protective effect of antioxidants[J]. J Biol Chem, 2003,
278(41):39428-39434.

[37] Thomson C D. Assessment of requirements for selenium and adequacy
of selenium status: A review[J]. Eur J Clin Nutr, 2004, 8.391-402.

[38] Brigelius—FlohéR. Tissue-specific functions of individual glutathione
peroxidases[J]. Free Radical Biology and Medicine, 1999, 27( 9-10):
951-965.

[39] Zhong Lw, Holmgren A. Essential role of selenium in the catalytic ac—
tivities of mammalian thioredoxin reductase revealed by characteriza—
tion of recombinant enzymes with selenocysteine mutations[J]. The Jour—
nal of Biological Chemistry, 2000, 275(24):18121-18128.

[40] Ognjanovi¢ B I, Markovi¢ S D, Pavlovic S Z, et al. Effect of chronic
cadmium exposure on antioxidant defense system in some tissues of
rats : Protective effect of selenium(J]. Physio Res, 2008, 57:403-411.

[41] Leiro J, Siso M I G, Ortega M, et al. A factorial experimental design for
investigation of the effects of temperature, incubation time, and
pathogen—to—phagocyte ratio on in vitro phagocytosis by turbot adher—
ent cells[J]. Comp Biochem Physiol, 1995, 112C(2).:215-220.

[42] Verbost P M, FLiK G, Lock R A C, et al. Cadmium inhibits plasma
membrane calcium transport[J]. Journal of Membrane Biology, 1988, 102
(2):97-104.

[43] IR ANF, BRIE = TEANERGH -5 AR A9 PE . o oo R SERERToY,
1998, 15(2):6-7.

WEN He-rui, CHEN Rong—san. Effects of sodium selenite on cell[]].
Studies of Trace Elements and Health, 1998, 15(2):6-7.



