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FRL2%, S 4T A P e 2 R 200 i 470 o ) AR A v
B, BRI RRIT R, BHTS. RAEA
BRI REEAE 5 TP A RS FE 51 A i
W B ¥ (Endoplasmic reticulum stress, ER Stress).
T R IR PR EE SO, LA N i 2= AR R T &
5 A ) M. (Unfolded protein response, UPR) ] £x 4
Pk BT N S, DAL A A 5 I R s, R
PN X S AN A R K, P 4698 2. UPR
A =B IREl. PERKFIATF6. IREIZ /W
JoT P TR i T B, 7 M P B B SO A A
RNAMGEM . EWILSI WA M IRELafl
IRE1B PR AL, IRE 1o i 47 7E T Fr A 1 2H 2R 40
Jrh, T IRE1p EEAEAE T L peamarh™ . pai
I N RE S EUIRE 1 i 4 25 #4038 5 BiPf# &, IRE1 5%
WAL, SRR OE HRNABRE . W 1R
YR X-box 45 &8 A 1(XBP1) mRNA, H w065
PEE A AR B S e sk K 1. IRE1HJRNA
BtE 3G 14 V) %) XBP1 mRNA, i H BN R #4 ) mRNA,
HYmbS ) XBP1 & HAEH R T AR S E BiP 45
e SRR 7R R B N R S B R
WS R IRE 15 5 # % OC 1, M PERKAS = d #7598
RIFEHEEMEILT:. KA 5 A UPRI
IRE VIR 73 3 F S HE0% R, T3 it 4¢3
FE R I IRE 1 % 2 R 8 41 A8 A7 3503 ) O 1 O
2y Co

¥t (Ctenopharyngodon idella) @ 8L H £}
D PR JE . PR AR KRG, TR R IE,
RRERKELM RS EBEYF 2 —, HAriEE
2% MR B AE IR 3k 5 K5 g 5] 1 PR 5
ITo IKF=FREE AR 35 2 5 10 e (R U e o 7R
KR IR, SR R 6 7 5t im0 SR S s R AR K
(e, METK = FREE LN % R FEUR 2
MR AT g == v T i (b N N O e o2
(I RREE S B, FLAE RO A 545 G ol ke 31 DG
PEAE P, R 2 S0 S R 5k s s ey 2 1
ARSI DL A0 T4 i R L8824 N SLIG Xt %, HEAT
TR A 1 Sk 2 R, T8 S U 240 P ) T A DG L Rl 3R
A 2 R T AN G B P A R IR AR A, R
it TR A 25 8 S £ 40 1 90 2 S ) DA K P U5 A
LI % R IR E Ui 2% 7 ORI VE L, DA B T
R R A 5 3508 1 400 PO O AT RE R S AL, DA
W B (R A R A B A T 5 (R B AR B

1 #RERZE

1.1 8
T T A0 2R (L8824) W Hh [l i Y % 32 ) f

JECH L, MI99REFRAE . AZF TG . 0.25% 8 -
EDTA L (Trypsin-Ethylene diamine tetraacetic
acid, Trypsin-EDTA) H Gibco A 7 ; CCK 87 £
88 bl A R A TR /A 7] Annexin-FITC/
P2 0 5 T2 500 80 0 R ot A P R 5
STF-083010F12-APBJ H 3 [H APEXBIOA 7]
1.2 ZHAEEESE

L8824 %5 77 T & 10% it 4+ LI FIM 19935 77
W, BT 28°CL 5% CO,fE IRE IR 55 F= 46 Hh 1 7%
Y0515 80%—90% 1, F0.25% 5% & H B AL,
BIO, HRAE AR
1.3 CCK-8E1MZRAaE 1

Ak T A KRR A B I 4R LAS X 10°/mL
SRR T 96 5L, FEFL100 pL, B 37 46 o ks 9%
24hJ5 53 AN R BE I RS BR8N (0 5+ 20
HI50 mg/L) M199%5 7235 53l i & 12h F124h, BE4H
ANAT, FERE TR ES WS, B FLIMATO L CCK8I
I, 9% 6 2.5h 5 F B AR A E % FL450 nm b RO B
(AfH); FIIRE1a30#]#ISTF-083010 (50 pmol/L) !
520 mg/L NaNO,Ht [A] &b 3 5 £ fiF 41 e 24h, &40
ANAT . EREFRA ARG, FALIIA10 uL CCK8
7, 9% 8 2.5h /5 F B AR A E % FL450 nm b RO &

(AfH).
1.4 Annexin-FITC /PI N7 18 40 BRI 7R 48 50 20 e
AT

P A PR T 7S FLAR R, A4l BT &1k 80%—
90 % I, ot 15 77 FE 43 Tl e g AS IR VR B 1) IV i e M
(0. 5. 20 150 mg/L) M199%% %343 % & 12h Al
24h, F A E I AL, )R RS, B0 U i
TUTE, FIPBSHEER, 4°C 300xg & 0>5min, 29K, 7 L1
TR, ¥ 40 R T 100 pL Binding Buffer. A
5 uL Annexin-FITCAHI10 pL PI, #4225, ## % % iR
J< ¥ 10min, i1 A400 pL Binding Buffer, 1hN 347
FSr I A4 20 B T 7S FLAR R, A BRI A 1A 80%—
90%t}, FIIRE1a i 5STF-083010(50 pmol/L) 5
20 mg/L 3Vl FR A0 L [ b 8 55 £ T 41 g 24h, FH 6k 2
BT A, R A B R, O B A B e, H
PBS¥Ei, 4°C 300xg B .0r5min, 21K, & _EI&E R, K4
M #E 7% 1100 pL Binding Buffer. JIAS5 pL An-
nexin-FITCHI10 uL PI, BEIR AT, B % R M
10min, /i A400 pL Binding Buffer, 1h A 34T 4:
Mo FEAAFEHE200 pL i A BRI, 76756 i
T NSRRI T
15 RiEFEBESEEKN(RT-RCR) 8 MmRNAE
EETK

O AR K L8824, #eft 6Lk . L2 mL



12 KR R 44 %

BRI, FRAH3APAT o 4% IR FOR AR BE 732, XA A
BEAT AL PR, B 9% e R R B H 41 . TrizolikiR
AT S RINA, W LR B | 4 i ek ) e 10t A
T B R 5 5 cDNA . SIYINERVAEY A /&
B, SRR H 1 B B LR 1. qPCRIR Y.
fic B 7518 7K 7.2 uL, SYBR Green qPCR Master
Mix 10 pL, E3##5149(10 pmol/L) 0.4 uL, R34
(10 pmol/L) 0.4 pL, £ flicDNAVFR2 uL, SR
20 pL,

&1 3149F3
Tab. 1 Primers used in the study
ERiES PEMIAC
[F| Target 5|1 ¥|Primer sequences (5'—3") Product
gene length (bp)
. F: ACAGCGTAGATGTGGGTGATT
jnk 108

R: GCTCAAGGTTGTGGTCATACG

pein F: CCACCCATTGTCATACCTAACG 08
¢ R: ACCCACA GGGCTGTCACTTCT

o F: GGATCAGTTGGGTGGCGTTGA -
% R: TGAGTCGGTTGAAGAGCAGAGT

o F: GGGATAGATGACCAGATGGA 164
caspase’ p. GGGATAGATGACCAGATGGA

5 F: GGCAGATGGTGACAGTGATGGA 154
caspase> p. TGGCAGATTGGAGGAGGATTCG

o1y F: GAACGCCACATACTCTGA 146
rels  R: TGTCCACTGTCACCACTA

sots F: AGGGGAAGTGAATACGGGGAAT 100
YOPIS R GACCTCACAGAAGGCAACGGAATC

g F: GGTGCTTAATTCTGCGTTAT 9
8P’® R: CCTTCTTCTCGTCGTCTTC

poactin 2 CACTGTGCCCATCTACGA %0
-aclin . R CCATCTCCTGCTCGAAGTC

1.6 RKARMBEWEMERNEES FRETL

HAE KRS R4 1R 0] 04 A 1 L8824 4H i 422
T T AN FURR th, Rk 20 91 10° N4 /AL, 1
R AL ER DT, AR PR AT AL B . TEREFREE WG,
Br2oREFRFE . FHank s P £ 7 W (HBSS) A vt
YR3IK, I NFLuo-4 AM TAE#(5 umol/L), 37 CH57%
#695 & 30min, F& % FLuo-4 AM TAER, FHHBSS
TRV I3 VR, N NHBS SV Wi 78 75 4 ff, 37°C %
FEAA % B 30min, F ¢ BB .
1.7 HIESH

F RO ERH VB3R, S DL I S pr i
227, K FHSPSS19.08 {4 B AT SR 3 07 2 i, 22 5%
B3 2R AP<0.05.

2 4R

2.1 TAEERSHXTL8S8242m A E IR

E RN 2 55 12h )5, 7E B TR IR E NS mg/L
I, A0S J N R AR, RS R BRIRER
BN, 55 % IR L, 40 RIS 7735 53 1 R B, SRS R
YR FE 2405, B B FE IR B I 3N, 56 IEAH L,

2% 35 0 2 T [, 2R ER WK D50 mg/ LI 4
s 7 T e d o i 2 (R 2)
2.2 THHERNIS S L8824 4RA T

TEVTH B 4 % 8% 12h )5, jnk bax. caspase9-.
caspase3FIE AL i m W BES0 mg/LIN 35 2. 2 FFt,
bel-23 ik & B3 T M. AR R 2405, jnkE
IAEAE20 mg/LI W METH &, bax. caspase9. cas-
pase3RIXEAE20M150 mg/LES 88 % B, 1
bel-2RIK FEAE20 mg/LB B35 N, H, baxRik
HE20 mg/LI 15 B 5 KAH, TMicaspase9~ caspase3
FRIEEAES0 mg/LIN 1k 3 F KA

H Pl 1AL, IV PR A R R A B D20 mg/LIR,
Bl & % #2130, jnk. caspase9~ caspase3 3R
KEBRE BT, Mbel-2 KB ERE T, WHR
TR TR 950 mg/LI, BE A 5w A 135,
bax. caspase9 FMcaspase3 it =150 ENE LI,

75 RS BR AN 5k 55 1 2hA124h 5, 55 5%t JEAH UL, %%
FRUR BETES mg/LIN L8824 41 i T~ R ¥ A B &t
Ak, FE R FE 208150 mg/L %% 55 I, L8824 4 A i
TR R EME B, 7 BR DN 2 55 Wk FE 201
50 mg/LI, [ifi 5 I 5] (13 0, L8824 40 R T 14
wEE EFAE 2).

2.3 TAHBRSAIS S 5 & AT 4R AT 18824 P9 B W R 8

WAHIR AN % 1205, irela xbpls. grp78%
K EAE20150 mg/LI 15 5 2 1 BT, Hoh, irelaf
IR EAE50 mg/LIN ik 2l i KAH, Mixbpls. grp783Kik
EAE20 mg/LIN A B HORAL . 7E T AH IR A 2% 75 24h
Ja, irela. xbplsHlgrpT8FRIETAES. 20150 mg/L
IR B, Hodirelaflgrp783Rik E7E50 mg/L
B3k B B KA, Txbp1s3R1K & 1E20 mg/LI 1A 2 i
KAE (A 3)o
24 TR SMAMEMAEEE F3REL

H P 4n] L, A R B B 2 1200240 5, X IR AL
T ax (O, LA BRI M5 F150 mg/L, 4
M SR TIT IR 2 Ha T W5, 5538 70 iR

2 TREIRE IR SARTLE824 HHARTE SRS
Tab. 2 The effect of sodium nitrite on the viability of L8824 cells

AR Sodium LI /3 Cell viability(%)
nitrite concentration
(mg/L) 12h 24h
0 100.00+0.00° 100.00+0.00°
5 98.44+1.46" 97.65+1.94°
20 97.68+0.47° 93.67+0.83"
50 90.05+1.74" 87.44+0.76"

i A5 AR NS F RN FZIR 3 A% R B35 (P<0.05);
T

Note: Values in the same row with different superscripts are
significantly different (P<0.05); the same applies below
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FE Rk R 2 BT IR R R A A
TR PE IS, B 2 IR TR PR 384 m, 400 P & €050 O T 4R A
Z Hia T 52, 8581 98 el AR T % B %) 3%
PE T, S IR T 55 I R A6 1
2.5 IRE1oi&I5ISTF-083010i& 1 NI TRE1E 3%
B0 T FEER $NIFE SR 4HARR T

1E20 mg/LIVAH RN 5 75 41 7 in NTRE 1o 11751
STF-083010 (50 pmol/L){EF24h, S5XAHLL, STF-
083010XF L8824 41 i /715 Wi 25 1t fE i, VAR B
FAALPRZH MBI 700 TR . 5 R R AR R ZH
FHEL, STF-0830104bBRZH Ay 71 5535 L TH(ER 3).

f P SE I, 5 XA EE, 20 mg/L P A ER AN 5
W Frirelas xbpls. grpT8. jnk. bax. caspase9
Measpase3FKILRZE LT, bel-2RIEERET

= 0 3 5mg/L ©=a 20mg/L £ 50 mg/L

FHX}F35 & Relative expression

12h

KX I RIXZ S o

FHXFFk & Relative expression

24h

B TR ERANXT L8824 M jnk bcl-2+ bax. caspase9Fll
caspase3FRIB &= 5

Fig. 1 Effects of sodium nitrite on the expression of jnk, bcl-2,
bax, caspase9 and caspase3 in L8824 cells

AN ) R 3R R 1R — I 8] i 20 P HLA 2 3 PR 22 17 (P<0.05), *3/oR
AN [ B ] s 2L ] LA I 3 1 22 53¢ (P<0.05), R[]

Different letters indicates significant differences between groups at
the same time point (P<0.05), * indicates significant differences
between groups at different time points (P<0.05), the same applies
below

10° Q2-UL (0.10%) Q2-UR (0.24%) 10° Q2-UL (0.09%) Q2-UR (0.89%)
105 L 0 105 L SmglL
< <
o104 L ¢ 104 L
& &
103 L
1 Q2-LR (1.55% 102 [0zt crost i Q2-1R (1.97%
102 10° 10* 10° 10° 10> 10° 10* 10° 10°
FITC-A FITC-A
10° Q2-UL (0.10%) Q2-UR (1.38%) 10° Q2-UL (0.11%) Q2-UR (4.16%)
10°L 20mgL 10°L  s0mgL
5 10 10¢
[=9}
103 103
102 et 10? :
102 10°  10* 10° 10° 10> 10° 10 105 10°
FITC-A FITC-A
12h
10° FQI-UL (0.00%) QI-UR (0.00%) 106§ QI-UL (0.02%) QI-UR (0.11%)
105;, 0 105;, 5mg/L
<1000 <104
Sa] E o E
A £ =% £
10° 100}
102 @ £l QIAR S0 g2l UL (o7 R (DIER (1.96%)
10% 10+ 10° 10° 102 10° 10 10° 10°
FITC-A FITC-A
6 6
10 §Q2-UL(0-12%) Q2-UR (3.97%) 10° §02-UL(0,15%) Q2-UR (5.76%)
10° ;,ZOmg/L 105 , 50 e/l
< ol i
g 10%
~
10° L
102[

—_

ZHAJAT =2 Apoptoticrate (%)
~
T

il

1

b
5 20

N

50
|

]

5 20 50

12h

24h

VAR ik B

Sodium nitrite concentration

2 L AR AT L88244M M 1 (K15
Fig. 2 The effect of sodium nitrite on apoptosis of L8824 cells
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B 5 EREEREN A AL R ZH AR L, STF-0830104b ¥ 21
irela~ jnk. baxfcaspase3 W15 L # T, bel-
2RIEEIEE LI, caspasedFKih & T E H B
5% BRAH B, 20 mg/L VAl BR Y b B 2H ) 12 2 2%
TF 5 R RN B A IR 20 A L, STE-0830104b B
MM TR EZE TREE 6A). TERNRMET
WL, 50T IR L, SVl I B Ak 38 2 7 ' o B I 3
BB, 5 VR RN B A B 20 A L, STE-0830104b B
P e i B IR 2 PRI (E] 6B).
2.6 2-APBFISTF-0830105% 55 I A4 5015 SHO4A
FEREE T EEL

i BEAIEE, 20 mg/L VAl R A4 Ad BE 4H 43 (750
J6AR % H o g i 35 10, 5 0 AN PR A A R ZH A L,
2-APB41FISTF-0830104H 4% 4, 5% Y A8 /b H 5 i i
ZWREHE 7).

3 it
T AEEREL 1A S L8824 AR & S AT

Vil R 611 0 B A D9 i IR A o R v ) e 1]
PR, FOR R, MR RER A K A AR ) B B SR 1 7

3.1

0 = 5mgLl &a20mg/L =50 mg/L

4 ~
=
.2
g
g3 ;
» Y
>
k=] b |
20 2kl K
: %7
1 2 K
£ 2 7
™oL X ’
K 7
& PQQ’
= 9%
- B
irela xbpls grp78
L 1
12h
4r *
=
2 ¢ *
b * d
% 3 F . *7 P
2 b .
5 2r b
[
I a
91
&
®
=
0 . J
irelo grp78

3 I REERAMNT L8824 40 il irel a, xbplsHlgrpT83e ik B I T

Fig. 3 Effects of sodium nitrite on the expression of irela, xbp1s

and grp78 in L8824 cells

PEVE T, A2 9% FE 7K 38k A 175 5 B R Ak s ) L
o RTIAIR R R B YL, F A CrE
LRI 7RISR R ER ER A

500 pn

0

20 mg/L

5 mg/L

500 pn

50 mg/L
12h

500 pm

0 5 mg/L

20 mg/L 50 mg/L
_ 24 h
<
020
g *
> .
Z i d ¢ T
§ 15 ¢ T 1
g b b
3 a a
510
5
g
=
~ 0.5
o
)
JEEN
E%;\( 0 1 1 1 1 1 1 1 1
§§ I0 5 20 50I I0 5 20 50I
) 12h 24h

Fig. 4 The effect of sodium nitrite on the intracellular calcium

FRHER 97 ¥ Sodium nitrite concentration (mg/L)

4 PRETRANXT L8244 L A 45 S TR B A s

content in L8824 cells
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KA S A A P 2 A e A Y WA, ARV K £
FHR FEsh P, HARES 7R B A T4 K 3R 5
b TR BIRAS, TR b 203 st 6 1) 32 Bl R AL AR R
WA S TROF . TR 25 1k N K ZE 2 ik
T EE B A HLAH . ARV Kt IS E Y b
[ A7 1E—FCl /HCO;3 & T3 AL, —MAE R IR
BE(CAYEH T - H,CO5 #Kf# NH FIHCO;S , 1M
H'-ATPase 33135 Hi AHCO; HE H M &M 19 FE B
FE. fECI/HCO;3 B2 #AlHI1EH T, HCO; 153
UAHE H 41 55 41 i 28 858 A7 A (R CL k3 3 TR fic it
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Tab. 3 Effects of sodium nitrite and STF-083010 on the viability
of L8824 cells
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Fig. 5 Effects of sodium nitrite, STF-083010 and their combination on the expression of irela, xbp1s, grp78, jnk, bcl-2, bax, caspase9 and

caspase3 in L8824 cells
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Fig. 6 Effects of sodium nitrite, STF-083010 and their combination on the cell apoptosis of L8824 cells
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A. Detection of apoptosis in L8824 cells by flow Annexin-FITC/PI double staining; B. Annexin-FITC/PI double staining was used to detect
apoptosis of L8824 cells under fluorescence microscope, Annexin-FITC staining was green fluorescence and PI staining was red

fluorescence
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Fig. 7 Effects of 2-APB and STF-083010 on the intracellular calcium content under sodium nitrite exposure in L8824 cells
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ROLE OF ENDOPLASMIC RETICULUM STRESS IRE1 PATHWAY
IN HEPATOCYTE APOPTOSIS OF GRASS CARP
CTENOPHARYNGODON IDELLA INDUCED
BY SODIUM NITRITE

CHEN Si-Qi, XIE Li-Xia, YAO Chao-Rui, LI Da-Peng and TANG Rong

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

Abstract: Nitrite, a common pollutant in aquaculture, is an intermediate product of nitrogen cycle in ecosystem. To ex-
plore the mechanisms of sodium nitrite-induced cell apoptosis, grass carp liver cell (L8824) were exposed to four con-
centrations of sodium nitrite (0, 5 mg/L, 20 mg/L and 50 mg/L) with or without treatments of phosphoinositide recep-
tor antagonist 2-APB and IRE1 inhibitors STF-083010. Cell apoptosis related gene expression of jnk, bcl-2, bax, cas-
pase9, caspase3, irela, xbpls and grp78 and the cytoplasmic calcium ion concentration were assessed. The results
showed that nitrite significantly increased the apoptosis rate, cytoplasm calcium ion concentration and mRNA levels of
Jjnk, bax, caspase9, caspase3, irelo, xbpls and grp78 and significantly decreased bc/-2 mRNA level, which were re-
versed by the STF-083010 treatment. Besides, both 2-APB and STF-083010 reduced the sodium nitrite-induced cyto-
plasmic calcium ion. These results indicate that endoplasmic reticulum stress-related IRE1 pathway plays pivotal role

nitrite-mediated L8824 cell apoptosis and calcium dyshomeostasis.

Key words: Sodium nitrite; IRE1 pathway; Apoptosis; Calcium ion
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