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WE: Y HEREHSEAME T A EIF [RK N (6.8£0.3) cm, K7 & 4 (4.0£0.6) g] fk
WEHSANE 005 R ERHAA X EEN R, LREEOCGTEL). 0.8, 40
8.0mmol/L 4 M FE 4, #ATHZLIhW EHAA B LR fr 12h kG Lh. £RD
T, WHEXMTRTESMBEREEZNLENEE XK. BB O6hK, THISAELN
AT AR, MMk E. . HEBEFAMAALFHERE, AREZEEhEREEAL
fx. MEMEREL, THAIAENTEFRERS, AT KD, BFHREES
HALA B 34, Na'-K'-ATP B 7% M 72 0.8 o 4.0 mmol/L 41 x4 fF e JE AL B 2 7 5,
i1 7 8.0 mmol/L 41 ¢y L/ & B F M. M & A XIFFRIR AMPK iEMER ¥ FA, HE
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ERFRERD: A

A A E KA S ) BAT R EE I, H TR
FRFE R W S R, W Al K F 1.4 mmol/L
(20 mg/L NO,-N), & 5 Wi 7K 7™ Sl 1) gt B 1) 3= 2 B
Bz SAMR R, E ik
it 25 8 300 B AR L 490 8 o W A 22 7, 498 o HG ke
BV L3N B (Vibrio parahaemolyticus) W 5y BN,
Han %5 1 Duan 25 ™ L L 94 35 %5 U Sy BIF 58 % 42
R VA A B 25 W HLIE A K S 0, O
i AR
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P85 v i i 2 A 32 % L HNO, AINO,
OB X fefe, miE S EED, i sgnie A
AW AR J5H WS A E LA
X, FLEELE ClUsE gl L ay W7 sk A H
FEAPIINMRES , oA /NS S3-ast fa 3= 3™,
AN SASERNFRHALTHE, 1
XF BET X R (Penaeus monodon) B B 300 52 56 v
M, 8h)FUMSRTEAERENRE, Riihia
WEER 114 %5 miEMR PR R, S LA,
WY i A A el . AR R AR At R X T
fif R Ve e B R L, A, KA
T 37 B PR 58 oy 38 B 23 38 8 98 45 B8 = ATk S
ARERIREE 9 5 T A A EUW e R X IR AR
PR I 1 B A DG 52 A o

A S5 DA LR XS R g # R, DL RABE T
R FRAE, 38 WA A A E DLk 5
(i) X R A A S i 285 0 1 B 25 0 A R 38 T 44
P it i A I A DG i 1k ) AR A AL, 8 R A
AT LA XS IR B AR T, A4 5 22 i 0.
il 285 RO SR B0 MR SN A TR ER AR S %

1 MEHSTE

1.1 SEIENH

FH 5256 19 LA X MR A 1L AR 48 e T
Ll B X HR SR A S, MR R R (6.8+0.3) cm,
T (4.020.6) g WFIFIZ [ )5 78 52560 % N
F2 2 J&, WA KRN 4 | LA AR LR
B =>40%), B KK 50%, T ria 5258 I 16 Al
24 h 5 R

1.2 SCIERIt

MR8 NaNO, WEARTE 1 L IZEMK
FC A 714.3 mmol/L(10 g/L NO,-N) B REE , 4R
J MR Al 25 20 15 Wk B Vg K HE AT R . 38 i Tl
SIS FNXTER 96 h 2LEIEHE (LCso) N 8.1 mmol/L
(113.7 mg/L NO,-N), &L 4 528641 o0k
fE2H). 0.8 mmol/L(11.2 mg/L NO,-N). 4.0 mmol/L
(56 mg/L NO,-N) & 8.0 mmol/L(112 mg/L NO,-N),
THBE 6 11T, BAPAT 25 RBIF, Hi 34
FATH AR, 7340 3 A FAT HF g xR
FET-IE O, a0 S BGHESE 96 h, HARIANEEIR, Jf
H & KK 50% & in A 5 0 i 24 2B DL 4
5 g 2 AH N %) oIR8 MR RE I A 0 R] K A EE A
JRRE (25+1)°C, £ 30, DO=5mg/L, pH7.8~8.1,
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& 5 5% PR RIEEOY AN SER M R Y =
P8 JUIp 300 26 A XoF IR s AR 8 I NaNoO, 1 ¥ 7K v 1E
TR SC 8, SCIHRsE 12 h, WA E 3
AT, BHAEAT 12 BEF,
1.3 HERMERESNE

o kL FEWNASLEM 0. 6. 12, 24,
48 1 96 h 43 31 A 25 41 H Bl HILER 9 J2 PL 44 3 X R
WEATHURE , JF4F 12 hid SEXTERSET- 15 0L . 7R 1K
SR 0. 1. 6 1 12 h 43 5 A& T aE 2H e 9
FEXTHRHEATHURE 55 BUOABE K EE T 20 °C vKAf H
BRI, I,

PUEEFR) (0.45 mmol/L NaCl, 0.01 mmol/L KCI.,
0.01 mmol/L EDTA-Na,. 0.01 mmol/L HEPES,
pH {H 7.45) Hi¥& (4 °C) J5 , ffiH | mL 4 4 #% 4%
FEOL : 3RS = HTEER, RBLEL) 19 He A ih BOKT
R, BIRAP O (1531x g, 10 min),
IE WA 80 °CIRAE, il o HUEE . FFIERAR |
WL Az I8 (HE2s 208 4120, FH B0 B 4lik o
VEH R G , W K 46 58 48 25 26 1 K 2 )5
AR AT, A -80 °C 17, TFill,

Hf o8 M £ FRIBUG R AE . ALpR . 8
K WmiB A2 0.1~0.2 g T v B9 A= B ER 7K (FF b it
B 5 ERKARF L R 12 9) Hhk | A1,
RIS (1250 x g, 10 min), B EWEWH T &
FeAm A E

X HR LA EL L B FFREAR . WL K
WS RS &, R . WA Na-K'-ATP i
TG P 240 FH At A AR ) TR o 9 A
FE 6 bR A R N R ) S R B 8 . IR
Ji K WL PR AMP 4K 1 19 2 1 B8 (AMPK) 3 1
fdi FH Elisa i 1) & (R MR 0 A P RHB A BR A
DM . KR PSS E R 2 2 s ek
JEE I e

MR Sy 0 F 1 h S H P RS AR A&
i, HHEAHS T h IR ERCR (1-hour recovery rate,
IHRR), &R

IHRR (%) = [(Co — C,)/Co] x 100%

K, Cy FRIKE L 0 h PR ZS A S i (mg/L,
mg/kg); C, FnIKZ S0 1 h BRE AR & & (mg/L,
mg/kg).

1.4 IR

SRR R ] meantSD FE o, FLAN TE X IR
96 h LCs i i 26 Pk i T A AR 211 R B
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E 5 2531 (One-Way ANOVA) %5 7] — Bf ] 45
ANIF AL B (A A HEAn 0 22 1 . FEBUE i 2
BT 2 K 36 B84 19 1 A5 1 (Shapiro-Wilk 45 35) 1
J7 2551 (Levene's Ki %), X ANFF A 10 B4 76 F
AT R B 0 5 PR AT R S, AT AR A5 5 B X £
P& VAT AE 2 80K 56 (Kruskal-Wallis #6556 ). i
Tukey [R 2 H WL & A Z M 22 7, P<
0.05 AlF/REZFNE, BIMWEITS 00k K
4 SPSS 25.0 # 47,

2 #R

2.1 FLAEXTERRFAETE

Bt 5 VA 25 AU 38 VR B B T v, XPERBE TS
FE TS 8.0 mmol/L ZHAEMNA 12 h I ELR
BAETS, JFEHAEWN 96 h B}, 8.0 mmol/L £H X}
BT R B EE T 0 mmol/L 4H (P<0.05), frif
SEAET, A A XTRRIE T2 5351 R 10.7% (0 mmol/L
). 32.0% (0.8 mmol/L #H). 42.7% (4.0 mmol/L
2. 52.0%(8.0 mmol/L 4 )(I& 1)

2 70 v ——0mmol/L —c-0.8 mmollL

s 60 -o:=4.0 mmol/L ------8.0 mmol/L
°\\° E 50 + _I__,..--]-a
2 40| ;jT}a
el D S N, S Y
o 30¢ [ et Sl U i
X .2 [Py 2
S 0 [ I—-"'i 471 T ]
RER Y S e s L

R s ST e

0 12 24 36 48 60 72 81 96
ftf [i/h
time
1 THSERBDETEENAEGIFRRAETE
96 hIrf, N[ 5= R 32 7% Ak 3 4 18] 77 76 1 3% 22 5+ (P<0.05)
Fig. 1 Cumulative mortality rate of L. vannamei in
different groups during nitrite exposure

At 96 h, means with different letters are significantly different (P<0.05)
22 NEMNIMAAPTHSESE

FHAWHSATHEWERE, H5WiE
W S EAHOC . R Al S A R R 50.1
mg/kg. il EL R 43.2 me/L . B R 20.7
mg/kg. Wil M 33.5 mgkg. WLAH K 14.9 mg/kg
(BB

2.3 FLANEXTERALA ae 2 K5 A KB E M
oy 360 2 %5 BB B Na™-K'-ATP i 7 4 52
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A R TR, o AEa 6 12 h
i A 36 P W T X B 41 (P<0.05), 1 7E 96 h
N B 2 0 mmol/L 47K F- (& 3-a). WL 1k 8.0
mmol/LZH #b , HiAx 4% 41 Na'-K'-ATP il i 11k 5% 34
TFE A, H 4 mmol/L 4 7% METE 6~48 h I 3
T 0 mmol/L £ (P<0.05), 8.0 mmol/L £H [ iif P
B EFE TR BES, HIRZKT 0 mmol/L
4, £ 6. 24 F148 h B K F] i 22 KUK (P<0.05,
&l 3-¢)s

JHF B B AMPKC 5 4 I Jolp 300 e 88 34 o 22 0
FhE R (B 3-b), HAAMAAE 6. 12H96h
Y15 %% T 0 mmol/L 41 (P<0.05), 4.0 mmol/L 41
16 24 F11 48 h 5 & 7= T 0 mmol/L 4 (P<0.05), 4%
AL T AMPK (G PEZEIRE 6 h B FHis . SRIE T
K, TEBhiE 12 2 96 had B2 h R BT & s, &
M4 Z [ A B 25 (F 3-d),

24 REHENLAEMNTARDTHSESE

BHL RS A E Y B R % (5] ),
P 1h )5, B4.0mmol/L ZHAN, Wi gH XliRag iy
AR SRS 0 mmol/L 41 i #1227 (P>0.05),
TEVRAE 6 h e, 45 300 2H ) B 6 SI0 i 265 R A
5 0 mmolV/L 41 JC & % 2 5% (P>0.05, [l 4-a), Y&
S 1h/J5, 418 mmol/L 2H % HF IfiL bk &% A1 7 386 rp
WA S A A A 525 T 0 mmol/L 2 (P<0.05),
Bk E 6 h )5, #ME4 5 0 mmol/L 217G i & 22
5 (P>0.05, Kl 4-b,c). E 1h)5, HFEERRHE
WEAASES ommo/LAMIL LR E2ZR (P>
0.05), Pk 6~12 hiFFEH, 0.8 mmol/L 41 A T
@, BT HAMS 4 (P<0.05, K 4-d). i
SERE DO AN NI RN S R SR A il sl = i a2
(Kl 4-¢), H. 8 mmol/L 4iLF|EE/KF-, 0.8 mmol/L
F1 4.0 mmol/L £H 43 B #E 6~12 h, 1~6 h ik 3| i
K (P<0.05)

P 52 1 Ta) G R 2 2P A A A 1 h R AR
K (IHRR) 45 B 7n, 1h XTERHZ S A
E R, BRIMMKE (8 mmol/L ) 1HRR H
39%, HAAHKHALITE 50% DL L, Hd, AT
i i K 2 %% Fe . 9T HL 4.0 1 8.0 mmol/L 41
PR BCR B T 0.8 mmol/L 41 (P<0.05)(3% 1),
AN, IkE . 68 I 6 h YK B ER LK,
WA ZHZY 12 h N3 AT PR S0 IR K-

25 MEHEXKGEHPITIHSTESE
Filp 381 44 2K AR T RS S A S B = T 0 mmol/L
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1828 Koo 45 %
00 mmol/L S 00 mmol/L
o0 60 0.8 mmol/L 0 50 10.8 mmol/L
< © 4.0 mmol/L E4.0 mmol/L
= - a g 45 t
éﬁ? 50 | E8.0 mmol/L a : UHEH = . 40 | 8.0 mmol/L
2 “EEN |
4 5 BE>os|
& 2oEN]
a ==2 15+
Ko £ 2
o £ E}%]J = 1(5) L
<& 75
0 6 12 24 48 96 E 0
I 8)/h B [H)/h
time time
(a) (b)
o0 00 mmol/L g0 00 mmol/L
< 2 40 r30.8mmollL % 25 [ 20.8 mmol/L
g7 35 tE40mmolL E ©4.0 mmol/L
gfg 30 | 8.0 mmol/L UHEH c 2 20 [ 8.0 mmol/L
I8 a £ 5
b8 27 LS st
®E 20t &5 g
S 15 ka 3 210t
g - w28
Z o 10} SEQ 5|
HE2 51 = = as
m = = d=
;\R 2 0 L -gzug (0 LErEms, T
= 0 = 0 6
I 8] /h I} [8]/h
time time
(c) (d)
ob _00 mmol/L
fn '% 18 £10.8 mmol/L a
g g 16 [ 4.0 mmol/L a T
= g E88.0 mmol/L i
I «
&1 =
& 2
8
(]
L
E
R

JULPAI ML i

A 1) /h

time
(e)

B2 THSEMETARAELHTHESERSE
&) — B ) o5, AN TR BE R OR Kb B A 1) A7 7 B 3% 2 7 (P<0.05), T [A

Fig.2 Nitrite concentration of different tissues during nitrite exposure

At each time-point, means with different letters are significantly different (P<0.05), the same below

28, H.8.0mmol/L Z17E 6 il 12 h Hhk%| L EKF- (P<
0.05)(/#1 5)

3 Wi
3.1 THESTE X FLAESTERE TR A 520

AL R, A A A8 RE A8 5 | R X IR
MBET, I BE A e vk BE i T e, R W
V. AiFS A8 SR B PR S e LA R RO, XS
W8 2207 ) Seneriches-Abiera 28" (1 A 5% 45 5
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— B PURAER SRR T ER B T
SR SR IR S NS ¢ VATEIE P PN
S, WBFTEE I, HhIED . pHY, WA 45
BEP L DL | %P B 1
PR 2 0 2 52 6 3 1 S 5 D F e L
R T A7 20,

32 TAHZS RN X L 490R X ER A 22 o IF fH
TRSENTW

JHR 38 6 b P IV A 2 A X U 2% 21 2 e AR
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00 mmol/L

hepatopancreas

JHF %l Na*-K*-ATP
% PE/(U/mg prot)

Na*-K*- ATPase activity of
cv ko wo R

I 5] /h

time

(a)

45 ¢ 00 mmol/L
40 | £10.8 mmol/L
35 | 4.0 mmol/L

a @8.0 mmol/L 2
ba’- Ed

JILPY Na*-K*-ATP & 4/(U/mg prot)
Na*-K*-ATPase activity of muscle
[y}
S

i [E)/h

time
(©
B3 THSEMETEAFRES ST

Fig. 3 Different enzyme activity in different groups during nitrite exposure

B, KU E 5T T A S B AEXT IR N ) E
FUHCR A . Hong 2P A 5T R B, 2 58 78 = vk
WA A AR BT 3h, PARGEE (Eriocheir
sinensis) ML EL OGS A A R ILF L2 E M
WM . BEAh, 23R A7 RY9FR B i 5 3 Wk R I
FHOCC R, LW 25 U 7E X R AR 9 1) B B A
BRI, X 5 AR PRI

WA S RN FALN N R 2D
F2S, BRI SN BN E RS, TEN
N AR, T AR X R S AN A AT K R
A AL, L IRk E O A P ) SO i DG
WiE, Wi, SANAMWAESEHSEAE, G
I IbR B R R B A E AL, M5k, T
MR S S, TS E B S
R ARSI v TR A N R BT
WHHSAMKERE, WHSEAENANTHE
HEM, RS HABSEHERSHBBEERR
BAgA K, BREHEET LR, &R
Wi, e 12h 5, A AS A TR SRR Ik
AR, Wi R R R TR, A
T I SV AF 285 2800 R IR P 2 A% I 428 T e Ay B g

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

a £10.8 mmol/L
4.0 mmol/L
£ 8.0 mmol/L

B AMPK 35 £/(U/g prot)

0.8 : 00 mmol/L
. 10.8 mmol/L
‘*a " 0.7 | ©@4.0 mmol/L
>3 06 £38.0 mmol/L
=z g 0.5
g 804
¥ £ 03
S 502
<701t
0
I [8]/h
time
(b)
§ % 9 - OO0 mmol/L
; 2 8+t £10.8 mmol/L
5 g 7t 4.0 mmol/L
e B 8.0 mmol/L
o o 6
S 25t
b= =4} b
<§IIE£
-@E 0 i
= 0 6 12 24 48 96
A [F]/h
time
(d)

Wi —1fiL K CL 5% 12— EUFF i

3.3 TLREASTENE X 4R X 4N 58 2 X5 48
KB IE MR 200

IKAE By X I8 R - i A8 A B o Rk,
b YT e A A DA IS R AR IR B B AR AL, 7R IE
WA TR EMEA T, mi— B
SEWAT I, 2 B4 R BUAE 5 8 4540 5C 1Y) 1 1% 1k
KO o Na'-K'-ATP B2 —F 2 7478 T H
K () B B, X2 98 15 R ATP
S L 7 1R EE AR P, Huong %7 & 1
LN S R E TG ER B2 30 B 25 B 25 46 5 Na™-KC'-
ATP BEGME, Pinto &% 5L FYBHEF (Macrobrachium
amazonicum) FFEAEEAIAIE 72 h K I Na'-K-ATP
Filg 3G VT o AWESE T, EAH A E B R 24 h,
it 25 Joip 300 VA B ) B2 R, K MR T AR RN LA i Na'-
K'-ATP B 1 15 %0 B AR 1L W 25 Tk, SR
WRAE R 35 2t ATP 1953 ff, e BB IR N 483
B EAEREF- . SR, AIREH T 8 mmol/L 1 i
AR UL P Na-K'-ATP i i A% F
45 21, I HF 1R R A i e S R AE B3 24 h 2
JE W AEFRF BRI, WA A A
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E " 60 r 00 mmol/L ?{) 40 ¢ 00 mmol/L
Y= 50 | £10.8 mmol/L é 35 £10.8 mmol/L
g ob 4.0 mmol/L = 95 E4.0 mmol/L
=% Esommol/L I S o 30 8.0 mmol/L
i s 07 58 25
E%t 230t ﬁ( £E220¢
) S 20t @ E 15+
T 2 10 g E< 10 |
=) o = =
B ‘é’ =8 = 5¢F
g,% 0 o N § 0
6 12 = 6 12
5} 8] /h
time
(@)
~ ?D
ébg 40 ¢ 00 mmol/L %1) 25 00 mmol/L
g% 35 £10.8 mmol/L E . £10.8 mmol/L
¥‘2 30 | £4.0 mmol/L ~0° 2 20 r 84.0 mmol/L
i) s £ 8.0 mmol/L g e 2 B8.0 mmol/L
410 257 188 5|
K5 207 KER
we st o0t
Z3 10} ZTg a
=2 s LJ%EQ 3T bibb  blibb
i) fE: o LS bt . E 0 e, ] e, I o
= 0 1 6 12 ==y 1 6 12
I [8)/h B [H] /h
time time
(c) (d)
o
<2 18 r a 00 mmol/L
en O 16
g 3 I J ©0.8 mmol/L
= g 4 E4.0 mmol/L
EWEH s 12t #8.0 mmol/L
4T 210
& & 3
“®E 6
Z § 4
g0
=
It 5] /h
time
(©

B4 BEHIEESRERREAHERERS S

Fig. 4 Nitrite content of different tissues in different groups during nitrite recovery period
S Na'-K'-ATP B G P TH s AUFEA L BB R T RBP4, 1F 0 B AR W ik e i 72
A 22, T ELGT B3 e B 4 e AR —EL Hh T R A NN B AL R, LN ARk 1 BF
AMPK fES AL JEA N REIR M) BT o0 e, 4 SERGEP0 TSR, BREE AT R R

#=1 WREHERELN1h THESRRENZE (1HRR)

Tab. 1 1-hour recovery rate (1 HRR) of tissues in different groups during itrite recovery period %
A A B EE/(mmol/L) MLk R IR LA fig Jid
nitrite concentration hemolymph hepatopancreas muscle gills intestine
0.8 98.4+2.8" 54.6+12.0" 50.8+11.9° 87.9£7.2° 54.3427.6"
4.0 78.3£0.9® 89.4+2.1° 67.4+7.5% 73.5+4.6° 59.1£5.8°
8.0 39.1£3.0° 94.9+1.3° 83.0+1.9° 98.2+0.4° 83.8+2.0

e FAIRE, AR R RESIAGA T2 2% 5 (P<0.05)

Notes: at each nitrite concentration, different letters mean significant differece among different tissues (P<0.05)
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0.08 r 00 0 mmol/L
o 0.07  20.8 mmol/L
B 0.06 | 4.0 mmol/L
é ‘q"g) 0'05 B 8.0 mmol/L
= U0
iﬁi S 0.04
& f‘é 0.03 i
ﬁ E 0.02 + ab LB
=001} I‘
5, Nl
0
It 1] /h
time

Bs5 REHESHEHKGEHIHSEASE
Fig. 5 Nitrite content of water sample in different

groups during nitrite recovery period

ERRECT A 1 8 2 (il R 2 B ) AMPK
AT e, AT B A, WHESRSMHIL
o8 Y52 % R R T AMPK W B FE s, IR H
ox Bl A 0 30 v B T g s, AL T,
XA S A . RS RER, A iE,
ATP # KA, M S AR H 5 AMPK
WERR S, FRem AR R ETFREES . ok,
Xu 2552 438 ML i 6 UR AE 2 MR AR B Bl 6 h
Ja . BB H AMPK 2 4~ 17 5 mRNA %35
B2/ T N P S Rl R EO =0 SR O D O AN NS
AMPK 75 1 119 52 Wi 18 75 2 E— 25 (4R 58 .

3.4 LRHSERIE R E FXT L ESTERE R
PITHSARENEL

P v A 25 A UK T R 85 52 i K AR Bl 4
W EAS R & &, BHRKEEAF (Pacifastacus leniu-
sculus) F1 (Astacus astacus) A To WAl 45 % 19 7K
HLRE, WS R BE MK 78 20 B P
X (Cyprinus carpio) MR S h &k M, 17
ORI SN 15 | R PN NN 7 (A E Pl BT S
ASHAFR] T AR, BIERE I 1h i,
Jop 38 XS R A LU P A S A S W AR, 12h
FEAR TR ST 2 % BRZH K P o HEW AT B8 2 1A P A
W BE 22 BRI A AS A HR e VA BE [ R MR R R
R, HERIRSN, LA, DL SRR, #HoK
14 75 2 B 68 7 I [) PA) A 280 A 53k % R 4K 1A IE
PN i<k YO 1P e S A RN =W /=R S
PRI R LA T HLA, HED AT BE 5 88 He
AR IR BE AR E R A A AR HHE A O
T UL PR A I il 285 R 1 88 AR AL, A 2R 4
WA S TWAH S A WISHE o BRERSN, i
S8 WA A A e AR N E 8 BB, A

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

WF5E K kA AR 2/3 BYEAH S A2 il o b Az
ML BT, - i A PR PR S I TR R, AR I
SRMFER TR 6 h WHIATSER . JEAN, PR
IR AR P I i 2 R A K A2 A 1 A T g
52T AP B B0 A A R HE R ARSI
Lil, WAHERMEZET, LSRR
PUAA X IR 2 AL S DR B SR, ERT If ok £ R
AR EEAAL, WS AR R AL
it BERESERE DR, 5 BRI T AMPK 3 1% 7
19 TG ) HLIA A 14 5 BEAR 7 o Ml SRR BR )
Xt S 2H 2 DAY SIF il 25 SR B T HE B 4R S DLl 2 7
PR, A ORI e i 1) 1 52 38R B -
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Accumulation of nitrite and responses of energy metabolism exposed to
nitrite stress in Litopenaeus vannamei

LI Zhongshuai, MA Shen, SHAN Hongwei’, WANG Teng, XIAO Wei
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: Litopenaeus vannamei is one of the most important breeding economic varieties in the world because of
its fast growth, strong environmental adaptability, and short growth cycle. Along with the rapid promotion of the
intensive culture model of L. vannamei, large quantities of harmful substances accumulate in the culture environ-
ment which seriously affect the growth and health of L. vannamei. Nitrite enters through gills and accumulates in
tissues, which has severely toxic effects on cultured L. vannamei. In the present study, to explore the accumulation
of nitrite and changes in enzymes activities related to energy metabolism exposed to nitrite in L. vannamei [body
length (6.8 + 0.3) cm, weight (4.0 £ 0.6 g)], shrimps were exposed to four nitrite concentrations of 0 (control), 0.8
(11.2 mg/L NO,-N), 4.0 (56 mg/L NO,-N) and 8.0 mmol/L (112 mg/L NO,-N) for 96 h and then recovered for
12 h. Each experimental treatment included six replicates. Three replicates were used for sample collection, and the
other three replicates were used to calculate the cumulative mortality of L. vannamei. At 0, 6, 12, 24, 48 and 96 h
of the nitrite stress, the hemolymph, hepatopancreas, muscle, gill and intestine of 9 L. vannamei in each group
were randomly selected for the determination of the index. Additionally, death number were recorded every 12 h.
The results indicated that the shrimp mortality rate increased with nitrite concentrations. At the end of nitrite stress,
shrimp mortality in control group, 0.8 mmol/L group, 4.0 mmol/L group and 8.0 mmol/L group were 10.7%,
32.0%, 42.7% and 52.0%, respectively. Within 6 hours of exposure, nitrite accumulated significantly in the gill,
hemolymph, intestine, hepatopancreas, and muscle tissues of L. vannamei, and was positively correlated with
stress concentrations. The maximum accumulation of nitrite in gills, hemolymph, hepatopancreas, intestine and
muscle were 50.1 mg/kg, 43.2 mg/L, 20.7 mg/kg, 33.5 mg/kg and 14.9 mg/kg. In the same stress concentration
group, nitrite accumulated the most in gill and the least in muscle, and the accumulation in gill was about 3 times
greater than that in muscle. The activity of Na'-K'-ATPase in hepatopancreas and muscle of L. vannamei were sig-
nificantly increased at 0.8 and 4.0 mmol/L, but significantly decreased in muscle of 8.0 mmol/L during the expos-
ure period. The activity of AMPK in the hepatopancreas in the stress groups increased compared to the control
group, and showed a positive correlation with the stress concentration. During the recovery period, except for
hemolymph (8.0 mmol/L group), 1-hour recovery rate of nitrite in L. vannamei tissues in the stress groups were
above 50%, and the hepatopancreas and gill showed the highest recovery efficiency exceeding 74%. The recovery
time of hemolymph, gill and intestine were the shortest within 6 hours. In addition, the content of nitrite in water
increased significantly. This study indicates that nitrite can be accumulated to shrimp tissues in a short time and
can accelerate the process of energy metabolism. Nitrite would excrete from the body rapidly during recovery in
order to reduce the toxic effects. The results of this study will provide reference for alleviating the toxic effects of

nitrite on cultured shrimp.
Key words: Litopenaeus vannamei; nitrite; tissue accumulation; energy metabolism; recovery
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