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T Ra, =2EHEEF, HER
(1. EG e R e dr 2B, IR H & 2661005
2. INARB W EERAIT AR (B 5 B KR 7S 0, ARG K IRE
EMBESIREE, LR TS 266104)

FE: Ht R T AR (NO-N) 2t 3 F7 2t o (GEM B R) A . B R BE TN
B, SERIEERK (3.0£0.5) cm W BET XA, X E O 4). 5. 10 F1 15 mg/L(3 AN
HH)W TSR REBE, #TT A 2haiE. SREEFELF, HERALE
WHEFEM (KA E) A Il e le] & BT L . A A 4B kB (SOD). 4 Bt H kit A th
4 ® (GSH-Px). T A L 48 (CAT) LK —A A6 NOS) EHEEFEE TH, 24h,
SOD fr GSH-Px. NOS & |4 ik %] % A 5, 10 mg/L firi8 41 B SOD. GSH-Px & 1 Fr 15 mg/L
Jirit 4189 NOS &M B 25 T Hfh 3 41; W — % (MDA) & &4 (LA )K, 24 h it 4185 MDA
SERN, EF 10mg/L fh8 48 F K FHEM3 240, 48h, CAT 4k 5 & A{H, 10mg/L
4R EGgTHMIA, —ALANO) L EMEMEREHEKTEAHNAF, 72h,
NO A E&E, 1SmgL 4B %5 THM3 4. ek E RS54+ g by B (LPS) 7 M
EEAETHR, 48h, LPSEM X E| R A, HP 10mgL 8 A8 Fm THM3 4; M
Ot o (HK). # 8 R % (PFK). WER %8 PK) EEmdwm =8 (TG 2 EHE T
M, 72h, HK. PFK. PK j& £ fr TG 4 &34 2|5 /M, 15mg/L fifrie 41 B F KT H At 3 41,
822 5% 1 5 B—Na'. K-ATP B (Na'. K'-ATPase) 7& £ 7 fifr 38 3T 12 44 4 T 1%,
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GETERE S CHSAME, XHERANRERLR — et E AR ERG . KAZIEN
H— B R T A A 8 5 F HLH 3R 6 30E X HF.
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FEFRGH AL 5| HEAE R R 24 SR S R . LIS N T2
P AR FRFHAL A, Ok AZ B 5750 N A
Bk, iz 5 | R 51 B AL

TR BT 2 Ak 2 X IR 4 249 A 575 B 5 X 3 0 1)
FEFHNZ —, WS R TR W5
Y A A A A IR R R 2 AU 4 ) v (]
TR, ORIR FERE YR A S P FEED, SR
KR RS A S FEOF R ED . BiE
P ™ AR ALY I 0 s W i B e A
RGO A PR RUR , A 72 h A S50 2 DAULES
SR 7 X M R X S A 285 R ) A A B

— MRV, WK TP R RS A A B
0.14~0.21 mg/L'"", EZbrifE GB 7493—1987 #7K
P A A AR A B BRI E N 0.2 mg/L, fE
Z K & 4 F2 G2 5% A8 P S 004 A AR EE AT A F
20 mg/L", ARSZIGVEEL T 4 AN A R B AT
B S, B KL BE TR B (LCs)
()2 RS T T IR AR A AT RE D B
AR B, g B4 Ak . AR ANE % Ty T
R A 1 BT X MR A I X S i A U B & A B AR
b, HERTT WA A ZUP A L SR AR SR

1 MRS TTE

1.1 WY FEETR

PEBUE KRS — 0 H B3 A9 BE 5 %R RN
BEHA), KK (3.0+£0.5) cm, BEMLECAFEFEMG (B2
1.5m, /KI 60 cm) 1, FATEFRILR, 500 /4.
SRR ELE AT, AR 5.56.5 mg/lL, BAM
H/NT 02 mg/L, /K (26+1) °C, pH7.2~7.8, 3
B, B R E B 4 AW (6:00, 11:00, 17:00
122:00), HPEEWEELHIKER 8%, MWHERKTHE
ZAFAT R, U ERRIERY, BR LT
FERFHRIK (6:00), H /K 453 2 E IR 50%.

1.2 TRESRMEEE

BIREE G, FEALETEC 1200 BEF, 43k 4
1 3 MR N IRAL), 4l 3 AFT, B
AFAT 100 IR, FEFRFEAR (K 80 em. i 60 cm,
B 70 cm, JKARFRZY 200 L) kAT 0 Al 25 A a
Sy, S EEE BB S Bk, U
TP RS R A (NaNO,) VE A I AH A ZOR IR, 38 4 ) ¥
TR TR N AER PR ) NaNO,(ZMHr 4l , [ 254 4 1k
2R BRA R, K i an 20 A 2 SR ) A
E S 10 F 15 mg/L, AN E — 4 AT
NaNO, ) 1E 1 K /E Ry X IR GRS A & HE N 0
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mg/L), SCRUE IR AR, B AE T M AT
H5. B 12 /NI LI A AT TR B R %, DLy
WM AR . LR 72 h, HUFERT
G435 0. 24, 48, 72h,

1.3 HmRERQNFE

FFPESRAE o R R R BAC RS R T2 78
B A~ IRURE ) 8] 55 B AL 87 BUREASFEAT 4L 6 B AF,
175 WU I B 2 AR IO 0 B BURR A TR B A7, ST R
TWAT . BALELIE 0.5 g FFBARFES,, %
1 U EARFLLL) LA 4.5 mL Fd /9 1% B
iR 2% vh s W (PBS), VKA A1 )5 B0 30 min
(4 °C, 4000 r/min), BCH FIERME o BRIFER
[ LASN, A OB AR AR VKA T DA Bl s 2 2k
TS A A T X A B R T A
b fL i (SOD). 4 e H ki & Ak P it (GSH-
Px). it AL A (CAT). —H LA 5B (NOS).
P (MDA) Ffl— & LA (NO). il ik 71 &5 45
K A R s A ) T AR ST .

o F AR ER RSN
B AN WORE IS 8] A BE ML B AR SEAT ALY 10 BB AT,
MO T A FH TG B T S e e B VR AR (29 0.2
mL/R8), KU W IR TR A, (RIS
TEL (4°C, 3500 r/min, 30 min) DA 762> 4R
BT, B TR A TR RIS . sea A
T8 br FE AR COOME M (HK). B R 0
(PFK). AR 4 A (PK). A5G (LPS) Al H ih =
ik (TG)o M 50 &340k A AL RS E R A R
N RIS B g A W TR 5 T

st B SR ERKE AT AHNE E
B A~ URE IS 8] 05 B AL 85 BB AT 49 6 B IF
T 2 MR ARE S, B E TWRA T
URORAE . BB gfli22, 5 9 mL #il¥d 1% PBS
WG TIRA, WS s 0l LiEwR, HT
BEMIEHNE, BERY S EZEALH Na',
K'-ATP fiff (Na", K'-ATPase) iith. & iR7] &1y
ok B R U E A ) TR ST .

S B a AR AR N AR S SF L AR AR K B
YA AT, IR IS 2R B 2l i M
AT
1.4 BB+ o

S50 H 4l 44 R BOY- 1 45 fE 1% (mean+SE)
L Z 7, 1#i 1] SPSS Statistics 26 i {4 1 17 %k
P, LA P<0.05 FomdH A R EEER, K
S R 4% ] Sigmaplot 14 #2241
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2.1 BEDBIERAFBRAR T E WA E FRIE X

£ Wr 38 41 4 F B SOD . GSH-Px DL % CAT
T VR B 0 ] OR B R B TR T R s L

—~ 1400 r = 0omgL
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= i '
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A 400 |
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# (Bl 1-a~c), MDA &5 UL b0 S AL B A
bt (8 1-d). 24 h, &840 MDA &
A E/ME, BL 10 mg/L 8 4 5%/ (P<0.05);
JiRiE 2H (%) SOD #1 GSH-Px W& P i, & m T
HRZH (P<0.05), HirP 10 mg/L Whif 434 5 35w T H:

— 5 3 0me/l 10 mg/L
S 5x10° :.5$§§L ;15$gL
= a
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Fig. 1 Effects of nitrite stress at different concentrations on antioxidant factors of P. monodon

At each time-point, means with different letters are significantly different (P<0.05).
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38 4H (P<0.05), 48 h, HFAZH CAT i1k F|
BAME, VU 10 mg/L B 4k, A2
1E 2R (P<0.05), 72h, £ WMHE41H SOD,
GSH-Px. CAT i34 8 K T XF B4 (P<0.05),
30 20 MDA 7 i it 3 5 T X IR (P<0.05), Jiki
ZH R JC B 35 25 57 (P>0.05),

UM 30 2EL T JBE I NOS 37 M 78 3 3 7 v e
ThE G FEAR (K 1-e), NO & &7 A b Hrst
Hahn (B 1-f). 24 h, Wrif 40 BRIR Y NOS 1P i
. HA Ll 15 mg/L Bhif 4l i, o T H AR
34 (P<0.05). 48 hid4l NOS i& % TR, M
(B TG @ P22 5 (P>0.05); W 28 R 1Y NO
SR, BER T (P<0.05), 72h, &
L) NOS 16 TR, 38T X RE4 (P<0.05);
Jp 38 41 NO & 3 i, 3 T AL (P<
0.05). 72 h WriB A [ BIAFELE NOS i M FI NO &
= E 25 (P>0.05).

2.2 BEHXERIE P eEE RIS IEFRAIE XTI

AW 4 HK. PFK., PK % F1 TG
SR B TR (K 2-a~c, e), LPS %% W ki i 6]
FER R SE B TR T BRI AR L i B (B 2-d).
24h, WMEZHM HK. PFK. PK UG TG & & F
AL T % R4 (P<0.05), EMP 3 7% 45 4H 1 Tt 5 #7
1E 22 5 (P<0.05), 48 h, Wrif4H Ay LPS 1%
PEIRF RO, B3 m TR (P<0.05), HrpL
10 mg/L Wrid gl fie s, 5 HA A0 4 2 (A 71 i 3
Z5F (P<0.05), 72h, W41 LPS it . HK.
PFK. PK % PEfl TG & & ¥ & 35 Ik T X 18 41
(P<0.05), HJHa 4 Z A0 B2 % (P>0.05),
23 BHXMEMRL P EFEESHERTL

TRE T X R A 2H 21 AR ) Na'. K'-ATPase 7% P
B Isf ] A 4 52 BT [ Ea # (18] 3), 24 h, 15 mg/L
Wpif 2H Y Na*. K'-ATPase i% 1 B F K T HAth 3 2
(P<0.05), 48 h, 10 Fl 15 mg/L WA £ (%) Na", K'-
ATPase 1% 1 & & K T 5 mg/L B30 41 Fn X% BR 41
(P<0.05). 72h, £ a4 Na', K'-ATPase itk
AR T X R4 (P<0.05), Mhrif4H Al A EA B
%5 (P>0.05),

3 v

3.1 TERHZSFAE X BT %R AL R A 200
H5ERIE TIEMESI Y, STALIMEDLIR
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ot B b R AR AR Y, WA AR —Fh
AW R, xR AR R F Y, i
JB R AE SRy X R B R AR i i e i, R A S
RUGE I FZRAL =z 1 B, A S s il
TR i HT AL A 7, T DL SO R A B 4R
HeTE

HFesh Wik, SOD VR —Fh i B4 1k
B, VBRI A 2 (ROS) Y EH—IE B B,
Al LUK A B S T e O ad AL (H,0,), A
ROS XIHLIRMHIE . Kk, SOD iF#k7E— e f
bn] AR Sy S ks W OIS N A K Y 4
PR, ARSI AR R, 2k 72 h B A A EUb
8, BE 6 R AR SOD iEMESE TR R,
M 7S 7K A e i ST A A U S — R R B e PR
53 B0 MR A R ) ROS, S TH BRI & 1Y
ROS, HUA A TE Z T L™, (HEd &
30 e B o i T AL R GE A TR 5, AT
BUAR =2k SOD S54T S AL BTG PEREAR . BEE 38 i
[ SE K, SOD i P32 B, 3 2 557 X R Y
PR R B IR (240 ) B 45 R,
Cheng 5 Y WFFE R W], A5 AR OF &
(Scylla paramamosain) WWHLEA R G, W He 2T
U5 SN . DNA 45473 FA A 08 TR S B .
Guo V¥ 5 QR ES R (Procambarus clarkii) 7% 7%
T 60 mg/L V.l 25 & 1 18 mg/L B4k 72 h )i,
K Y iE SOD iGPETE 6 h i ik ) 5 = 7K - o
ZAS S5 FP B X R I I SOD § 1 T 24 h ik #]
R, SRR, n]RE R R R a0 e B2 S S
WIRHANIR] o BEAh,  SE00 A E a] [a] Fe s BROR X A K
JIT At B il 9% e I ) HE KB 2, 5 SR
FEAERET i — DAk

DL EDBRP AR ) OH s e il ik ny H i 8, L
T 5K N KA LY K E RV P, CAT Fil
GSH-Px £ )3k — B, i AP H,0, #
W3 H HyO, GSH-Px 6 PEAE I 1 A rp 5L B
e ETHE TR &S 24 h HELIE(E), ER—Af
%) GSH-Px 1 1 Fifi ir 381 e B2 3% iR B ETHE T
W 1) R a3, dy G FRATTHE DN GSH-Px AN 7 % 3]
R B2 oy 3e ) A 45 1 A B FETE BRAEHT . CAT
Y5 GSH-Px Tt HA MR i 28tk ia %, H 2 Hak
WA (1 FSF Tl 7] T B30 /5 B (48 h)o b3 2 BRE 15 %
IR A9 GSH-Px Ml CAT 7852 I fiff 25 UM )5
EVET, FURAS IR B[R] 0 X (] — 45 A2 Bof ) SR 2
AN, RUENTERCHUIAEL ) A AE — € 1 B
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Fig.2 Effects of nitrite stress at different concentrations on the indexes related to metabolism

(EMP pathway and lipid metabolism)

[F/E P, Guo 450 7R FE P ZKSF BUEW] 13X —
459, GSH-Px W& ikKF-AE 8 Ml12h B 7+,
1M CAT (323K 7KF-WIFE 24 F1 48 h FHim, ASIRIAY
e B & VR RS [ ] B ASR], GSH-Px 1] fig
FE 8 A R AR, CAT WIAE i J5 30 & 95
fEH
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ROS i Jli 15 H 1) 22 AL RN 17 R 2B 48 Ak
AN U5 55 . MDA AR i B A Ak
YERIRG ™4, Hog s iR e T ROS X 2H 214 g
MGG R R AN S BAE N —Fh e 5, K
TR T KR 2 3 ALK B 3 PR SR 1 R
9 ROS T Xof SR 240 A JIE A i i, 51 P AR At v )
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g 10 :lOmg;L

= 5 mg/L
%D‘? 8 mm 10 mg/L
= .2 | =9 15mg/L
25
= «
Ho 6}
HI <
= e
B
=i
=< 4y
=R
4! +«; 2 L
“Z
+m 0
Z

0 24 48 72
I 8)/h
time

3 ARIKRELEHZS BB BET 34T Na' K-
ATPase SEMERIFZNE
Fig.3 Effects of nitrite stress at different concentra-

tions on the activity of Na', K'-ATPase in P. monodon

MDA & EFAPY, Guo 450 R4 il 28 5k 45 1 iy
TS FUMBLAL Y 30 s, 08 B IR A0 i 3 v 1 4
RN S H——MDA YR R E N, BEE B0
WA TR R G032 BB, L 0 s i 4
e 45 2 K ER, 2 24 h i AFJBIR 9 MDA &
R T PR 4 R MDA (1975 bR
FE AT AR X — 2 ¥ B YO L ) A A AU e, &
VA R K ] 19 ol A 02 i i A 2 i SR T 1 2R
M, EASPLIAR R MDA 3 B BE J1 A%, R,
ARSI 06 i o [ S0 o B R 3 T v, e R R
MDA it 2 TR G LI r s
FESIYIRN ,, NOS EHLIA AN 1) 24
bro NOS# ik LAEHAMR S O, 45 A Em L-)K
R M —F A (NO)™ I, 1 NO 1 K2 — (7l
o, SR RS S5 FEVIHE . NOS 1Y)
B F E A £ NF«B #4014, NF-«B 1E
N NOS Rk FEAF S E B, ZF A s
RN . LPS S50 ] DU ik L. o 7R AR SE 80
Hr, RIS A NOS & PRIV EE i, vk T
R R AR, I 22 B T LA SR
N EZ R EENNE A1EH . NO AT LIl
T He FEAR A 0 7 SR T NOS B3k NO D RAF
TERHE#E NOS ik, NO K77 7E R W36 NOS
FoRW Y5l R NO LR B —E R, 5
HE NOS WY IR ACEREAL, 4k 51 & JF AR NOS
TETE T M. 5 NOS &Rk A AR —E, NO
B HEERE N 30 SO AR LB, X I LR A 2R
) i B 2 NOS 2 3F NO 7= 42, NOS I 4 Fit NO
i AR OAFAE — S I B A AE R 3 0 4 R S 4
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JpSEERE ], IR 2 BT X R Y NO & i AR B —
I 20 e A T, 0 6 I S5 6 A T 58 X — 4
JETF . BeAhh, NO HJ LI i 2 b g A% 51 S 20 i 4
o, 454 DL BT E AL P AR A1 MDA & 5 7
AR, 72 h At TS A R E £ T
SO X AR A JT AR 240 A A P T

3.2 TAHZSRAE XS BET X ENgE 2 RIS IR0

—m s, WEREAEY E LMY T,
EMP iR A2 e 28 F ATl % 2 — . EMP JCHE
A 45 HK, PFK I PK, HC3G ) £ Ay 325 % 1% Bk
FEEE MM f e bn o AEERS S E MDA ST, BEY
XFER LT P HK . PFK # PK 3 HEosb, H 3 fil
fifg 1% Bt A J R E BT 2B E T R
(P<0.05), FHIBETTXFER/D T X HER AR . 24
ISR R A AR AR, K A B % i 35 0 5 ) )
FHEA SR ) v, 33 ke AU R X A ()
JE 77 5544 T R T A e dtk .

JiEs W it A B S A Qs U T A HE EE AR T, s
PETE—E R FREAE S IR RACS R A . A B
FEEAE R, BETT XU LS R LPS 1 M A e
Tt FRIRBLARAE R X A A U 38 B s T % B
JT () 43 F R o 7E— 2 S Rl A LPS T 1 B T fiF 24
RUEE ETHM TR, B XA YE ] LPS 36 MR i
BE VR FE EFMIREAL, X R WAL THARMR B Y
VAl A5 2P A B, 49 i B X MR X R B 1) I SR
H 5 AbF s e B 0 s A U e s, Big BT i AR
WS R T 32 B5E e . AR AR AT A,
RIS (Lates calcarifer) HE 2503 FPAR Mk B 1Y) IV fiF§
BRAEIL, LPS i 1 B35 T X IR 4L (P<0.05);
T 2 AR 2ot i v B 1 S A A R, LPS 16 7
i KT X AL (P<0.05), X —SCE B4 5 A 5
A5 RAHTT

YE R ARG A B2 43, Hl =R BB A% 7 i A
HbF R TR , XA BB A RE A AR
TEAEAS A AT, A58 K BEI0 38 21 315 %) 4R
L3 H TG R, F S D 6 5 6 0 368 2ok 43 fit B
Bt e it . Li 5 & LG EE XS ER (Litopen-
aeus vannamei) T& 92.4 5% 138.6 mg/L 1Y W fiff A& &
AbERGE AR, 7E 48 % 96 h W E], Al AS SN
Hrp LANEXTIR R TG S| TX A, X5
KL PR RART . SEHIRH, FEERT
2SR A A R e 5 R Y 22 ek
o HRICHED, YRR AR AR, B
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TR AR G L RE Y T, THARIUIIIR B B
T 9 A 25 R S R S IR A, P ALAR R
fo 4%, ASE Dt 1R IR G
AR BESRA P I i A2, JF AN BESE 2 W B I
A EUM A 2% F T BETT AR R REREAR . 20
A5 Al N SO T i s T A S A Gl Y HG
(W RITY SRR SIS S e DU SN =53
AR, AT AT R S i 25 2 300 1 e A A B
ZHE.

3.3 WHHSEX BT ENSIE ET ST

KA ) ) 8 22 R TR AR, XA
BN WA AS UM R B Z WA 2, Al
YA ITUFEE BB E . Na'. K'-ATPase J&
PP EENE SR (P, HHHEE T Na',
K'-ATPase ¥ 4M 55 7 (Na®) m1 20 Jfd P9 25 1 40 i b
IR A M B R T () RAAE N, ik, B
FERET R Na™. K'-ATPase I PE % T 1 i H:fif
2B EPHEAELEZEXY, ALK, 72h
J5 BE R R Na™ . K'-ATPase (935 0] & T,
¢ B i 2 00 30 R T P B T X AR B AR
Jensen ZE" AR NO,-N FEAL T ML B2 2 6 15 g
71, SECKOR Na'Ve B & AR i 25 0 . AR A %
A HF ST R, NO,-N 5 CUAEFE W i i 44
F3E4, GEWS T Na'. K'-ATPase 415 Na'
MKW EY L, #i48 KPERBBERSE, KX
I8 E T S5 Na e B IR, Rl 7 3%
S

(3 7 WA A SUT 52 B s A2 B Al 22 )
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Effects of acute nitrite stress on oxidative stress, energy metabolism and
osmotic regulation of Penaeus monodon

LIU Jidan', LIU Hongjun*, FAN Ying®, TANG Xuexi', WANG Xiaolu >,
WANG Youhong®>, GAI Chunlei’, YE Haibin?

(1. College of Marine Life Sciences, Ocean University of China, Qingdao 266100, China;
2. Shandong Key Laboratory of Disease Control in Mariculture, National Oceanographic Center, Qingdao,
Marine Science Research Institute of Shandong Province, Qingdao 266104, China)

Abstract: Penaeus monodon (African group) accommodates industrial aquaculture and has promising market pro-
spects. But the deterioration of water quality causes frequent occurrence of diseases. Nitrite is a common pollutant,
and the experiment was conducted to observe its effect on oxidative stress, energy metabolism and osmotic regula-
tion. Four gradients of nitrite concentrations (0.1, 5, 10 and 15 mg/L) were set for 4 groups, and three parallels
were set for each group. After the acute stress experiment for 72 hours, enzyme activities or substance content
were assayed. @ As for oxidative stress factors in gill, activities of SOD, GSH-Px, CAT and NOS increased ini-
tially and decreased subsequently. At 24 h, the activities of SOD, GSH-Px and NOS reached maximum. The activ-
ities of SOD and GSH-Px in the 10 mg/L group and NOS activity in 15 mg/L group were significantly higher than
other groups. On the contrary, MDA content in stress groups was the lowest at 24 h, and the 10 mg/L group was
significantly lower than other groups. At 48 h, CAT activity reached the maximum, and the CAT activity of 10
mg/L group was significantly higher than other groups. At 72 h, the NO content reached maximum, and 15 mg/L
group was significantly higher than other groups. @ The indicator of serum energy metabolism, LPS, increased at
first and decreased then. The activities of HK, PFK, PK or TG content, decreased obviously during stress process.
At 48 h, LPS activity reached maximum, and 10 mg/L group was significantly higher than other groups. At 72 h,
the activities of HK, PFK, PK and TG content reached minimum, 15 mg/L group were significantly lower than
those of other groups. (®The gill osmotic regulation parameters, Na', K" -ATPase, decreased during whole process.
At 72 h, the Na", K" -ATPase activity reached the minimum, and the 15 mg/L stress group was significantly lower
than other groups. Results showed that P. monodon could improve antioxidant capacity, enhance lipid absorption
and utilization, and disturb osmotic balance when exposed to acute nitrite stress. But only within certain concentra-
tion or time limits can it come into play. The result will provide data support for the further exploration of molecu-

lar mechanisms and also provide theory support for healthy prawn farming.
Key words: Penaeus monodon (African group); nitrite; antioxidant stress; energy metabolism; osmotic regulation
Corresponding authors: LIU Hongjun. E-mail: hongjunl@126.com;

FAN Ying. E-mail: fy fy123@126.com
Funding projects: 2018 Shandong Agricultural Application Technology and Innovation Project; Shrimp and Crab
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