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i (Ctenopharyngodon idella) )@ T B fif
BUHED 0 VBt s, AR BE PR, B T AR L
e, T H AU, & 5 KE IR, BAA U
LPF R AVE FRME . WTFUR I, 45 FAE M4 7e
Tl 76 3R AT R i P R B AL TE, R 2RS4 58
PR S e B B AR AR A Y, AT
DA 8 20 9 B FORE R, RS ARG I A0 58 7 )
20 L AE AN [ IR 2 ) I T 2 8 i, HL S8 I 38
2 PR T PR RO, AR AT SV R N S5 1 R £
JFE A 0 A T AR

1 #RERE

1.1 #R

A0 JH- 2 O 2R (L.8824) M [ H [E] S 2R 8% SR ) L
G M99 FR 5L, BRI, HER-FHER
Xt (Penicillin Streptomycin, PS)#3)114 H Gibco A & ;
J& A= L35 (FBS) W H MU 25 A w5 B IR £k 28 M i
(Phosphate buffered solution, PBS)JJ H HyClone /A
W] 240 P B B - B 1A U 7R £ (Cell Counting Kit-
MWHFRLCHERFEARAR, SEAER
(BCA). HAEALEF(SOD). i Atk &
(CAT)FIZF ot H ik ik S Ak i (GSH-PX) i 71 3
I B 5t i R 7 A 7] Annexin V-FITC /PIJH T
RGN E LR AR AR, Kb
RAEI B B AR A R A 7, TR ER AN
(NaNO,) N Mk, W 5 E 254 [, A ER
(Na,SeOs) A7 tratl, Wy H R i A6 28GR B T o
1.2 E&ATRAnL8824HY1E 75

L8824 i35 7% T 5 10% A4 ik . BEH &R
(100 pg/mL)F % % (100 IU/mL) M 19955 77 5
o, 7E28°C F15%CO, M A B 1% 37 46 v 15 92 40 e .
R A 4 A KRV, 2—3dME AR 1R, A AR &
EDTAT10.25% i 2 B 40, BUAEKOIRES R Ik T
XTEUCAE K 40 B R AT SE TR
1.3 ZHARSE AN

K FH CCK-8IE G M 4 i 7% 14, B AR K& R 4FAbF
X HUE K A L8824 4 il (6—8x10°AN/mL) T
96Ut 1, PRUESRFFLEE AME T 10001, F5FL100 pL,
i 7% 12h, 40 M 75 FLIEC A 22 70%—80%, 43 A A
AN T AR JEE 11 STV T A0 IV Ty, ok STV A PR 4 1) 4%

WEEN0. 052 1. 24 5. 104 15, 20, 25F135 umol/L,

}%3%3h. 6h. 12h. 24h. 36hF148h, Vil a4 2%k

BENO. 1. 2.5, 7.5. 104 15, 204 25, 30150 mg/L,

Bi3R24h, 7 AU IR RE IR AL, HAHNE AL, AL

JIN10 uLEJCCK-8, 28 C i & 2h, B T £ IRERFbr
£, K K 450 nm WG {E (Optical density,
OD), HMIAF % F (Yo )= B 2H 7 20 )/ 0] R 2H -
F2H] x100.

B SZI8 oy AL, SRR NN SE M 19985 7+
% Se4: 10 umol/LIINa,SeO5{F F136h; NaNO,4H:
AN FKR EE HINaNO, 5 52, fiNaNO, 4K 5.
10£125 mg/L, % #&24h; Se+NaNO,ZH: S hn N &k
FE 10 pmol/LINa,SeO,; AL # 12h, FIIAS.
101125 mg/LiINaNO,, % & 24h.
14 ZHEEFSFIER

AR KORAS B4 HAR T30 $50E K L8 8244%
FhF 1240, £X 4L, Se4l. NaNO,ZHF1Se+
NaNO, 4 K2 Wb B 56 BE Jm , FHPBSPRIR 2K, 1E 15
B TS AR, FHCCD R4
1.5 SHRCBIEREN

HUAE KORAS R4 H AR T 5 82 K L8824 4%
124084, X B4, Sedl. NaNO, 4 fl
Se+NaNO, 41 1) 24Py /b 3 52 K J5 , ik B 1 g v Ak,
1000 r/min 5 C>6minfs 240 ML TIE, FIPBSHEE2IX,
PBSEIFAIM, /032 1.5 mLE L&, EREA
28°C /KA TR S R R A3IR, —20°C A7 . BCAEN
EFE i B IR B, 4% IR B Ul B R kAT R, B
BEARAXAES62 nmAb I 2, HiHERE B v ok
AW AL EE(SOD): 1% B SODR | & AF, FEbx
AXTESS0 nmAkWl &, FEiT 5 SOD TG 1; i A b A
BE(CAT): 1% CATIGF & A, AR X AE405 nm
LW 5E, IR E CATHIE M, GSH-PX WG PENIE : 4%
M GSH-PX 71 & e, FBEFRACAE 412 nm 4L
5, ITHE GSH-PX I35 .
1.6 ZARAT N

HAE KRS R HAG T £ AR KA L8 8244
FiF 12408, X R4, Sefl. NaNO, 4 fl
Se+NaNO,ZH I 25 Ak BE 52 B Jm , N EDTAR £
FEF 1L, 300xg, 4°C B0 Smini SE40 i, F T4 1)
PBSUEVRANME2IK, £k 75300xg, 4°C &L 5min,
e 1—5%10°40 . Wi FPBS, A 100 pL 1xBind-
ing Buffer® &4 i, F A5 uL Annexin V-FITCAHI
10 uL PI Staining Solution, #5251, 2R fa ks, =
I8 [ % 10—15min, #%J5 I A400 uL 1xBinding Buf-
fer, V&1 Ja UE TUK b, #F S 7E Thid A =04 f 4%
iRl
1.7 EEFRER

AR KORAS B4 HAR T3 $E K L8 8244%
FhFofLih, Xt R4, Sedl. NaNO, 41 Hl
Se+NaNO,ZH Wb H 52 e f5, FFLIIA 1 mL
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Trizol, F TrizoliZ IR AN MIRNA, FFH 1 %55 fig b vt
Jisz B8, 9k FINanoDrop 2000743 )t & 118 i L4 5 A1
fFi . FiHifair” 11 1st Strand cDNA Synthesis Su-
perMix for qPCRIRF AT I 4 3%, SLFrdg AR B
W& 7. 53cDNAJS,  fHifair” gPCR SY-
BR Green Master Mix (Low Rox Plus) 7l & 4T
SEIN 9 G E B, BractinfF NN S IE, Hit %
ANFEE BB 1), RVARFRA: Master Mix 10 pL,
W SI900.4 uL, T 5140.4 L, cDNA1.2 pL,
ddH,0 8 uL, R M2 4H: 95°C Smin, 95°C 10s,
55—60°C 20s, 40 MEHR, 72°C 20s, B MEEM3 N EE .
1.8 Zitoth

LG 25 B R P S8 E AR 1 2 (Mean+SD) R IR,
4 7 BT EHSPSS 19.048 v AR 3EAT B R 25 7 % 4%
M, SR j5 18 Duncan FRVEHE T £ H LA, W& K
“F-P<0.05.

2 R

21 LHRER SN L AEER SR 3T L8824 M AR SE 11 B9S2 NG

SER IR, (R R B VAP R4 Ak 3L 5 1 4 B v )
TR A, Bt R 2H AT 3 1 25 5 (P<0.05), 3% 7
6 ETHE RS, £10 pmol/L 3—36hf BLik
JiHE s E (B 1), £S5 53 4B, E+10 pmol/L,
12hfE A Se+NaNO, 21 ¥ Tl Ab B 25 11 . 7 S0 Al R B
T 5 Ja, AN MY 77 Bl A R B I o i AR (B 2)
2.2 IPRRER S 3T I AHER 39 5% B2 R RO L8824 LA A 2
SHIR M

ERE R, N B ZH L8824 41 il R4 T, 1F H kA
A, BRI FTE B, R, SR H LA A i Sedd
S it I R U B A K, T ASTE I, et R4 i L 2

%1 ¢PCR3|4
Tab. 1 Primers used for gPCR
S
5| ¥yPrimer ¥ %1Sequence (5—3") Accession
number

B-actin  AACTGGGACGATATGGAGAAGA DQ983598.1
TCACCAGAGTCCATCACGATAC

bel-2  AGATGGCGTCCCAGGTAGAT JQ713862
GCTGACCGTACAACTCCACA
bax  ATCTATGAGCGGGTTCGTCG KT697992
CGCAAGACGTTTATGGCTGG
chop GAATCCGAAACAGCCGAGGA KX013389
CCACACCTAGCACACCAGAC
sod  AGTTGCCATGTGCACTTTTCT GU218534.1
AGGTGCTAGTCGAGTGTTAGG
cat GTTTCCGTCCTTCATCCACTCT FJ560431.2
GACCAGTTTGAAAGTGTGCGAT
gpx  CTTTTGTCCTTGAAGTATGTCC DQ983598.1
CTTGAGGAAGACGAAGAGAGGG
Keap-1 TGAGGAGATCGGCTGCACTG XM_0262453
TGGCAATGGGACAAGCTGAA 55.1
Nrf2 CGCTAACGCAAACCAACACA KX243419.1
GGAGCTGCATGCATTCATCG

300 —W¥— 2 umol/L —A— 1 umol/L
[ @0 * g 0.5 pmol/L
S 200 |
Rz
23
=5
=2 /
8 100 —3 —9
—&— 35 umol/L  —+— 25 umol/L  —~— 20 pmol/L
—3- 15 pymol/L. ——=— 10 pmol/L —4— 5 umol/L
0

0 3 6 12 24 36 48
15 i)
Time (h)

1 AN TR IR JSE SV ATG P2 N 7 5 A T 17 o L8 8 24401 0.0 77 ) 52l
Fig. 1 Effects of different concentrations of sodium selenite
incubation at different times on the viability of L8824 cells

S0 HR UL 35 (bR #E 22 (MeantSD)F IR, “*FKon 5 % HE 241
H B 72 53 42 35 (P<0.05), ** 73R 15 0] R ZH A LE 72 7 4 25
(P<0.01); F A

The experimental data are expressed as mean+standard deviation
(Mean+SD), “*” means a significant difference compared with the
control group (P<0.05), and “**” means a very significant difference
compared with the control group (P<0.01)
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Fig. 2 Effect of sodium nitrite exposure for 24h on the viability of
L8824 cells

St; fENaNO, 4, 5 mg/LZL 40 g Nl BE it 71 4h 45
55, A /1N 20 P L 7 B G, v 4T M R T 46
A% 10 mg/LZH 40 Bt v 0 L A2 K, 7 40 g 4
%, M MRS S 25 mg/L 4 40 B T 4 K T AR
W, 44, BEEVEH W 5 SetNaNOL(5+ 10 F125 mg/L)
2 441 s B (AT, 3 R B, TR IS, A L
S, B E IS, 1E RS ER N AR R N A A K
RAF(K 3).
2.3 TAEERSAXT I AEER $115 S L8824 BB T Y
2

SEIR R, AN [FIKE FINaNO, X L8824 41 il f5
ANFEFERE R GE PR AR, B TR Y s, A



5 DA 5 X A PRy BB 2 P S A A 0 1 OR9 1 989

Wi R T gl B D 2, RO IR BE M E R
(P<0.05), 4NaNO, ¥R FETE25 mg/LET, 41 f i 1%
A1518.69%, 7ESe+NaNO, 41, i A 127K 1 5 2%
TR, PR N11.34%. 45 5oR, fiff i 7
B REH S AR 26 5 e S B 4 JE T2 (18 4).
2.4 TAEERA XS I FHER S5 S L8824 4 Bl S 1L 5}
WA

SE IR, /ENaNO, K E NS mg/Li, SOD
# ETF, GPX I 3 F£ 1K (P<0.05), CAT W] A8k,
7ENaNO, K ¥ H104125 mg/Lit, GPX. SODAI
CATF P 3532 7 P2 K (P<0.05), TENaNO, K & R
25 mg/LIf, SODMICATHF£E £ (P<0.05), GPX T
B R Ak, 75 TE AR BR BN TR & 12h )5, & ZEL 40 B 1Y
GPX. SODFHCATiE M A Re 4 FrAE 1IE 5 /K-F,
IR R E MR 45 R ER, W T E AE
e BT A AL B8 77, HKPTINaNO, B 55 71 5K 1 4 Ak
#1455 (P>0.05; I 5).
2.5  TLAMER S I AR S 59 R 38 IR RO L8824 A i
S RCATHEXEERNF N

SER IR, 5T HR A0 M AH L, SeZH 4 f H 11
chop~ bax. bcl-2Fkeapl mRNAFKIAF 2 5 A .
#(P>0.05), Nrf2. gpx. sodflcat mMRNARIL & i,
# L TH(P<0.05), NaNO,HAH i, chopFMbax
mRNA XL & 5Z _FTH(P<0.05), 24NaNO, K N
5 mg/LB, sod mRNAFKIE & W% EFH(P<0.05), #
£ N10A125 mg/Li, sod. gpxFlcat mRNAZFR A &
i35 N F%(P<0.05), /£Se+NaNO,H H, chop bax
gpx~ sodMlcat mRNAFRIL & 7% 7 A 8.3 (P>0.05),

H A NaNO, K N5 F110 mg/Lis, bel-2 mRNAR A
B E FFH(P<0.05). 45 R L, 4P E L RE
) 18 5 T B 4 I Nrf2-Keap 138 4 K SZHLHI (K] 6).
3 g
3.1 xRS TR S I RE RIS

CU A 5036 B, Al A Jd i 3 s LA (R PR Ak Th
RE, TEBRIL AT, (R AV D) Ky F 52
SRR, FRARAK = SR s e fngE o
TE A H AR AR I10.6—1.2 mg/kg Il (Na,SeOs) R
158 2 £ MR BT A ThRE Y, 78 S8R &) AR
t 2 R IN0.7F00.5—1.7 mg/kg Il e &, &
TR, GA SR A TR IR A —
. EASLIG G, 10 pmol/L VA B EN A T 7 At
HHIREHMMWSOD. CATHGPX K M
(P<0.05). GPXMJEMEH Ol I R, 2 1 &
WA 7K P F) — 35 2 B A AL AR A7, 0 5 e 5
ZIREGPX MG, W10 umol/L 1) VA FR 4M 7E
F12h/5, fifia R i NN IR R EER

PR PR A R R R R AR ) R AR KR TR
PEE(ROS), WA E T H HEL(0,), HH HHE
(-OH)FI1 Hy0, 25 27 S8 £ 11851 200 i 375 W 075 1 S
FH OB (35 1, f R A R IR BE I HKPLRE /) T B%,
T AR DI RE M, g% 1 IR, Wik a2k
B, fENaNO, 52 Jm, T4 I SODIFH 1 2 56 |
FHJE T Bk s, Bt IR B35 M 2 5 (P<0.05),
CATAHIGPXIE A 3 4 (P<0.05). IXT]HE
& EH TR R R R I 1) 1 S A IR 6 R BRI T 4

Pl 3 SR B A I A TR 4 5 e 5 L8 824411 L TS 25 L 210
Fig. 3 Morphological observation of L8824 cells after exposure to sodium selenite and sodium nitrite

a S HRAH; b WARER (10 pmol/L) i S0 2H; c. WARBRHA(S me/L) 2 FE 59040 d. WAHAREM(10 mg/L) 5 88 eI 4 e, IEREER AN
(25 mg/L)#: ir SER A ; £ AT RR AN & )5 LA BRBA(5 me/L) B S IR, g WEARBR DA & /5 LA AR BN (10 mg/L) e SEIR 4, h. MEAAR
I B )5 SRR B8 (25 mg/L) 4 i SR 2

a. Control group; b. Sodium selenite (10 pmol/L) incubation experimental group; c. Sodium nitrite (5 mg/L) exposure experimental group;
d. Sodium nitrite (10 mg/L) exposure experimental group; e. Sodium nitrite (25 mg/L) exposure experimental group; f. Sodium selenite
(5 mg/L) exposure experimental group after sodium selenite incubation; g. Sodium nitrite (10 mg/L) exposure experimental group; h. sodium
selenite (25 mg/L) exposure experimental group after incubation
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H 5 PiAtk 245, SODTH&, SR H h%; s
AR PEE STV TR A 240 i = A K PR 46U B 5 1 1
1:(05), HAERKESOD, Fifi % VA FRAM I P 3% 7 T
=, AR E SIS BROS 1P L 44T i, SODAZ 2
. [FFE, SODTEEAL B e 5 HoAth bt S Ak i I
NG 2 e A 8 2 H,0,, THAE K ECATMGPX, H
AL EE R 40T BE 2l il A ENOS K ENaNO,
(R PENLEICY, 75— BN ] J5, CATAIGPXAE JF 44
TR,

1 7E At 5% 7 1205 B FH A R 40 5 5, 40
HIGPX. SODRICATI fg He A4 RF1E IE 7 /K F (P>
0.05). W] e IRLH T & Ja, M P B AL B
PEFE S, MR B 2 5 A K E H AL G, 1X L
DA R S I AT B e 2, A0 4 I
W AEFNLH, 2 B N 4R B P A AL R SO, IF
RESEIT— & IR P AR 3 B B S B A3

3.2 WXHAS L EEMNCr2/Keap il B E E &L
oA

Nrf2/Keap1/\-F WIS 5 il 2% B A B8 SR
YR A AL S5 P AT 1) Th g, JERLECIRAS I, Keap1 1R
Y ST AN A S A, RN &R (2 LR A
Bl R B i, SR NP2 TEAR KRS, RLBCIRAS B,
Nrf2 V132 2 A0 R B AR B4 A 4 LI, Nrf2 56 78 &2
AR, 5 SN A e R R 2t Y, Ak
SEIGEE IR BN, TEAMRA R, keapl\ sod. catFlgpx
mRNA A& & ETHP<0.05), fEMGE T & 5,
ZVHEER $h 7 5%, A Fgpx. sodFllcat mMRNAZKIL
BRI ERKE, BIEFHLREEER
(P>0.05). Nrf2/Keap1i@ ¥ (1% 7% T 5ROSIE bR AH
KM R RIL, WISODMCATEE, Wi /b 41 g i
ROSE &, 7558 1 HF 4 A v 412 %% ST i 38 1 8
N2/ Keap B FARHTE 4SR5 SR -,

- 106 T 105 T—— 106 10°
= ]
*ﬂ' B 10° 4 10° 4 0% 10° 2
8 < ] ] < < i
= Z & 10 10* & 10 & 104
a [ i ~ ~
=5 10° - 10° | 10° 10°
<
;:0 102 & GRA] 102 i i 102 & ! ) )
O 102 10° 10% 10° 10° 10 10° 10* 10° 108 10 10° 10* 10° 10° 10° 10* 105 10°
FITC-A FITC-A FITC-A FITC-A
Control Se NaNoO, Se+NaNO,
b £ 20 106 105 11— 10° ===
Q 3
#E IS 10° 10° 5 10° 10° 4
1:l I_-Q‘ <-C 4 h 4 h 4 <F 4 :
EE 10 & 10 10 10 & 104 ]
2 = ~
=% s 10° 10° - 10° 4 10°
<
30 10> 4 .10 102 i 10
O 10 10° 10* 10° 10° 10 10° 10* 10° 10> 10° 10* 10° 10° 10 10° 10* 10° 10°
s FITC-A FITC-A FITC-A FITC-A
%@Q Control Se NaNO, Se+NaNoO,
¢ o5 10° 105 = 10° 10°
*&r&é 20 10° 4 10° 4 10 10° 4
215 S < I < <
= E K & 10° 5 10° & 104 & 10°
2 ‘é 10 ':4 ~ \ o SH
E2 s % 0 . 10° 10° - 10
% 0 ." 102 Jeueiins " 0w 107 L 7 102 10% += : Zid
O SO OO 10 10° 10* 10° 10° 10> 10° 10* 10° 10° 10> 10° 10* 10° 10° 10 10° 10* 10° 10°
000“\?&0\ 6@"0 28 FITC-A FITC-A FITC-A FITC-A
QY e
%@\\ o Control Se NaNO, Se+NaNO,
%tb

Kl 4 TEANER BT & 0 TEAS R AN 5 3 L8 244H i I T 1) K il
Fig. 4 Effects of sodium selenite and sodium nitrite on apoptosis of L8824 cells
a. Se+NaNO,(5 mg/L)4L Xt L88244 iU T A4 ; b. Se+NaNO,(10 mg/L)ZHXF L8824 41 I I T K c. Se+NaNO,(25 mg/L)4H %t

L8824 4H & T i 50

a. The effect of Se+NaNO, (5 mg/L) group on L8824 cell apoptosis; b. The effect of Se+NaNO, (10 mg/L) group on L8824 cell apoptosis;
The effect of ¢ Se+NaNO, (25 mg/L) group on the apoptosis of L8824 cells
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FE S SIS A1 i v Bl b R Nrf2/Keap 18 1, 15 SRR T E R TG, A A A MG 2L T 4
Stgpx. sodHlcattk R R, & mdt B A BEE 1%, ok JH I 3 3 N (P<0.05), A ()52, il () 103 & fe i
SR AE M A RE T, JEREE — B R FE IR FEIRL8824 I -3, Il KA & IEH K.

P B 3 11 R DR A BT TE AR, 4EFRF AR TR il 56 2 AR 40 B8 PR b/ bel-2 LA, T KB
ARG . V] A A P T R 6 1) S R 2> V8 S A v, 75
33 ixESFFERATHER PR IK 45 R, TAH IR #h 2% 7 AE_E L8824 41 i

UM T AR N T 4EFF N IR R AR, TS Hechop M bax) 3R 15, bax/bel-2 tWAE &35 EFH(P<
AH I KR 4T i 5 =R FRIIBET:, URFEFP 0.05), T ZEA T & 12h )5 48 i, bel-2 i,
PEAHRRAE T, A4 1 5 G AR ik S A 855 1T R L) bax/bel-2 Al 5.3 F F#(P<0.05), {H7£25 mg/LI,
B = 7)1 = W £ 1| o1 =74 4O R A e bel-2F B¢ 3 TC . 3 1 2% 7. (P>0.05), {5 W AE R 3k
FREE AT AL MRS LR, B 5 mg/LA T T chopMbaxtiZit . WA AT
5 AR Eh VR B T e, A PRIM BE RE )R B, B SEPR 45 SR o W, B o VR R Ak e R vk B T v, Y
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PROTECTIVE EFFECT OF SELENIUM ON THE OXIDATIVE DAMAGE OF
LIVER CELLS INDUCED BY SODIUM NITRITE IN GRASS CARP
(CTENOPHARYNGODON IDELLA)

YAO Chao-Rui, MA Pin, LI Da-Peng, LI Li and TANG Rong

(Hubei Provincial Engineering Laboratory for Pond Aquaculture, College of Fisheries,
Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The protective effects of sodium selenite (Na,SeOs) on oxidative damage and apoptosis of liver cells (L8824)
induced by sodium nitrite (NaNO,) were investigated. Cells were pre-incubated by Na,SeO; for 12h and then exposed
to NaNO, (5, 10 and 25 mg/L) for 24h. The results showed that the apoptotic rate was highly induced by NaNO,, and
the activities of glutathione peroxidase (GPX), superoxide dismutase (SOD), catalase (CAT) as well as the expressions
of glutathione peroxidase (gpx), superoxide dismutase (sod) and catalase (cat) genes were reduced (P<0.05). After the
cells treated by Na,SeO; for 24h, the expressions of gpx, sod, cat and the activities of GPX, SOD, CAT increased
(P<0.05), the expression of anti-apoptosis gene bcl-2 and the marker gene of Nrf2 pathway Keapl up-regulated signi-
ficantly. When the cells were pre-incubated by Na,SeO; for 12h and then exposed to NaNO, for 24h, the antioxidant
and apoptosis indicators could be maintained at normal levels, as well as the Nrf2 and Keapl. Na,SeO; might prevent
the decrease of GPX, SOD, CAT levels and the increase of apoptotic rate. The results showed that the supplement of
selenium in the liver cells of grass carp could prevent the damage of antioxidant system and apoptosis-promoting
caused by NaNO, exposure, and the Nrf2 pathway might play an important role in this process.

Key words: Liver cells (L8824) of grass carp; Sodium selenite; Sodium nitrite; Antioxidant damage; Apoptosis;
Nrf2/Keapl


https://doi.org/10.3969/j.issn.0512-7955.2018.06.019
https://doi.org/10.3969/j.issn.0512-7955.2018.06.019
https://doi.org/10.3969/j.issn.0512-7955.2018.06.019
https://doi.org/10.3969/j.issn.0512-7955.2018.06.019

