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o 0 RN 28 R BB W FE AN R AA P 22 7 | AR iR
2 G BRI E A EALEF(SOD). A
g (CAT) A e H TR S B (GPx) V& PR, #5
Bra B a ", U 8 FT ] 6 A 4
ARG, 43 SODMCATI /1 HE A& 2 B FE I TH i
iR R oAb, 2t Kb T ROORZS, o R
FIVE AR 7 1 922 B 404 R 1) D) it 22 52 BIAS [R) AR
FEE IS, SN 2 20 SR U T i
KIZ8E(Scophthalmus maximus) 4 1L AR F )G,
iR PR AL IR ¥ o TNFoo) 1 [ 41 il A 3R 1B(IL 1) J: [
LIRS R E M B, W REER(LYZ)RIE KR
EVE T, THE RE G B AR, 2R
7 % 0] 75 S iR (Takifugu obscurus) T B4 o 4]
T mfas il-6Mil- 12005 FE KT ED . &
RE T BT LU R AR ALY ZIE I AAMA(C3, C4)
B LU SRR KO, (LR S 2,
ZR ERrd, A E N E E KA R 1, oo 2k
AN RGN BERRN EFEA T B, mEH
ST A i i B B s f A B 85 DR ) 5 e BN
FRURK, 3 R TR AR R G AE T BT,
SR, AT OC T2 0T i S8 1 40 S8 A R 592 (1) 52 0
F B AR Ay ORI R Y B, O TSI AL IR AR AT
0] 2 R A T 2L A E) AT AR AR SR =, A
T AN [F) P 28 ) A 0 5 7 2 U 3 v e 87 222 Rt 1)
W9t

fitt (Hypophthalmichthys molitrix)~ ¥ (Cteno-
pharyngodon idella)~ #3%j(Megalobrama ambly-
cephala) 1 it (Pelteobagrus fulvidraco) ¥l &3,
E EE WAk, BRI, ALK
WD, PN EmTZIARKER, KA TE
G AL KPR SR R A e L, Hoeh Yk
QAR B, PPIRR RN B[] Sk 3 O B,
(B AR P O, [ Sk i 7 B R B B N A
B, U . BT EATR B TEANE], 515 EA
BT A A I SE IR0 R o AT 78 I
SHUEA A B, SRR RO S Sk
TR AT £ SR A L TEOR G 2 1R 5 T B L o B
()22 e, AR 70 0 2 5 T R B I A i AL R T
H 2 22 G A 0 AR BT A MIE PR 455 D] 1 5 1] v 7 e
ISR, Dy 2 T PPt R T 2 S8 RS I e T DA &
PR B BRI M — 2 R AR Y .

1 MRE5RE

1.1 SEIGAR)
fif . wfm L, []Sk f RN B A (R S
24h) H 5 R 8 SO RS A R 5T 7 $R 4L

SEI6 BT A B8 RA (32 emx22 cmx 17 cm) A8 5%
M(EA10 cm) g B 150 KA, i bs < R
(0—150 mm, FigtEE & AR A7), HQ40D/K i
AT (A, EE); SR EIREE, AMAC3 . IR
(LYZ). SHiEALAE /1(T-AOC). TH [ (MDA)K]
B A BEH S SR (GPx) . A AL
il (SOD) Al ik S AL LB (CAT) RT3 it FEL ARG Ik 75
I R A EAE Y TREWT 7T BT, TRIzZoliR 7 H
TaKaRa("H [E K i#); Hifair” III 1st Strand cDNA
Synthesis SuperMix for qPCR (gDNA digeater
plus)fiHifair " gPCR SYB® Green Mater Mix (No
Rox) R &0 B g AR A R A .
A (NH,LCL, E 2, 99.5%), MS-22214 H Sigma-
Aldrich 2y 7] (3 [, FHAth AT -5 9 70 Hr4h
1.2 FHIEKENE

- FUIE IR (L Cs) M 72 T2 50 7138 B 28 H 25 B H
FAENY FBH A IR TTT A R AT . 3% Ak
ZAEM R EAE, T, ]Sk R i) 7 )
BEAT N AR = 520G, SR AR A — bl FE I 40 s i) 4
HAE SRR G 41 @/LI bR R % TR (UL
BmosH)), 2 AR, 2. 4. 6. 8 A110 mg/L3k
6/ U B 2H 1) 2 B (DL S AT, TR N
24hESE KK . BRI E 1% ] 44100 mm
BA IR, 85 37 LN 10056471, BEANIREES A
AT, 4y IR R FEAT(0)F# F J53h. 6h. 12h.
24h. 48h. 72hH196hic & &Nk B AL T- 3=,
)5 F I SPSS 22.01H 5 BB FE
1.3 SRARBEXW

IRAE - BOUIKREESE R, BB 1A IR A3 2%
Fa 40, S EIR 75150 (24h BES EH K IK), 1 mg/L
(25% LCsg), 2 mg/L (50% LCsp), 3 mg/L (75% LCsy),
FARFEHINTAT R IR L. BN 15005
T, B FE96h G AT FE i SR AR, S50 A 1R 5240 58
A IR P2 TN H, C VA, AV B OR R AE 15 B IR
[11620% LAY, FHEEERR3hEE F, S iR AR Sk 5 T
AT R, B 175 e st iR K A EE . S5 1 [A)
fie 01 B 71 7R 9 (24£0.2)°C, T Sk B35 0 3 391 11 7K
N(25.1£0.2)C 47, W REII>5 mg/L, pHN
8.80.2, HR4E Emersons" i i) 77 1 1 5 S bR kK
PR AR T = (NH, )R L

JE B FE(NH,) =S & E/[1+107)]
1, pKa=0.09018+2729.92/T(T=273+¢C).

KA AT R SH200 mg/LIMS-222 R e
SEIOAT 1, AR BE A BE ML A0 )R AT R F Ui AR R
R EAK . SN, FEPLEI2004 11
RATE—BAE N PATRE, WA G R A7 T
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—80°C F 1 B % 1t AN 2R 1 & B AG I, L6 P47 Bl
HLIEHL 20 45 AT f0 IR AE — AE N IAPATRE, TN
RO G A7 T80 C KA H 747, I TRNAHREL
R RIE N E, HL6FAT .
14 MENLFREIEFRNE

K FH e 5t BRAE P AR A AT T AR AR R
SESIE P AMAC3, LYZ. T-AOC. MDA & & K&
GPx. SODAICATHIE 1.
1.5 EEFREKFEUNE

KHRNAiso Plusif)(TaKaRa, K% )#EHLUs
RNA, FH PrimeScript' " RT Reagent Kit with
gDNA Eraser (TaKaRa, Ki%) & ¥ 5% ilicDNA, H T
SEHF 9% € BPCRAM T qPCRA 59 ¥ %1z
Primer Premier 5.0 1511152 0 SCHR (3R 1)
MR ) R AE Ui B, FIAHSYBR Premix Ex
Taq 1l (TaKaRa, Ki%)#17qPCRI L, A2 )74
95°C AR P Smin, 2R J5 42 1£95°C 10s, 1Bk 58°C 20s,
FEAHT2°C 20s, FH40NMEI . SELRH B-actinfE N
WS R, 2 Tr it A R ER).
1.6 HIBESTHSIE

S8 K K 44 I SPSS 22.0(Chicago, USA)Xt
PRK g bR HEAT BRI K 5 2290 HT(One-Way ANOVA),
B J5 K FDuncaniF 17 Z B L. RAIWK R %
ST (Two-Way ANOVA)J7 745 5256 o H At K s
(T-AOC. MDA. SOD. CAT. GPx. LYZ. C3}%
AH 2 BT 93 47, B J5 K H Duncani#t 47 2 H
A, 7 5 0 K8 P<0.05.

2 4R

2.1 MUMFeafBRERIERE

ZSPSSHM T, BEATF 1 96h M R B FEIMLCso N
4.089 mg/L (NH;>M0.697 mg/L), ¥ £a {1411 544,276 mg/L
(NH;°50.801 mg/L), Hk#j{ff53.718 mg/L
(NH;41.142 mg/L), ¥ FihAf1893.699 mg/L
(NH;41.136 mg/L).
22 FERFEZEINMMFENEIKIFMm

TR BT IG, AMA R A (R KR
R T R W B S 0 B AR 1) SxF AR L,
BT 2 2 5 e 41 A M . R 8 R 0 AT AR K
23 FEK(P<0.05), Hf i PRIk I N7.31%. 18.71%
F10.32%; 1M 4] Sk 5 47 i A4 K 55 35 PR AR AN HE BT
2113 mg/LA BALFE L (P<0.05), e R B 1 5.22%.
23 FEX4MTFESUEFnEHIEiRF

RRATE T BAR AR #2347 A 1 T-AOCHE 77
BRI 2A). SXFIELHMIEL, 213 mg/LE& B il
ST, AT AL G T A T-AOC

F PR (P<0.05), H 5 M B IE 73 1°49.02% 17.36%
H122.62%; TG & B AL FLA b 3 it /1 T-AOCHY
03 PR (P<0.05), s PR T719.43%. AHXTHE, &
R T B L7 A NMDA S & 535 T
=(P<0.05; K 2B).

fie 11 SODYE /I TE & AR 5 5 Tt i, (R A R
L B2 AR (P>0.05), fH2F13 mg/Lad Ui
FRRAR T R AAT L Sk B AT fOR B A AT LA
PN SODYEE, Hfpe i FEMR 73 A0 17.81% 14.79% 71
23.98% (P<0.05; I 3A). 7EIEFKF L, 2F13 mg/L
RAEAL IR S BT 8 cuznsod R 157KV () B 1 T
W (P<0.05; & 3B).

i 3CHN, A B S EAFMT A CATHE
TR . SXTHRAAMLE, 3 mg/La B AL HE A A (1
1 A AT AR N CATIE I 20 B BRAK T 41.14%A01
64.12% (P<0.05), T B f AT R [ Sk A1 L CAT VS
PEFE2 A3 mg/L &R 35 03 B, S5 BRI 23 7oA
45.01%H147.12% (P<0.05). Z &8 I A8 Bl
AR AR catfE /KT A B 2 A8 (P>0.05; K] 3D).

AFP AT GPx PE A R BB 5 35 R 3E).
5t M AR EL, 1812 mg/La &AL B S B i {1 1
GPx i 14 32 35 1 PR AIK T 34.48%F123.21% (P<0.05);
213 mg/L EAb B T EUHE 1 AT . GPxE % 2 2 ¢
K 727.51%F143.12% (P<0.05); 1fij &4 1. GPx
TEPEANAES mg/LE BAC A 535 PR 1755.73% (P<
0.05); [EF AT GPxIEHEAE3 AN A EE A rh 38 5 2%
PEFRAI, f i PR 956.04% (P<0.05). 53t HRAH L,
AN i 38 £ I (K] gpoe e S 7K TAE 3N S AL B A 35 Wl 2
PE R (P<0.05), HFFlRE#EIE52.23% (& 3F).

24 FESHMMFEIEFRERRIERNSIY

xR AL, R 5 T B A R N
LYZ & & B 2 K (P<0.05), 15 A i sl fiff A £ A [
kg7 AR LY Z 5 & H B 2 20 (P>0.05) .
SR, 2 mg/LACFRZH B e AT s LY Z 35 B3 0 o 2%
(P<0.05; & 4A). Wil 4B, 2 R 2% FE 0l ik, 5L
i, Sk AN B U AR AT R N AMAC3 B =SS T
2 MR (P>0.05)

TER ARG, b T 8T fill pRE R R L 2 I
TR, 4P AT BT R EE R GLIB  tnfofl
3B R AN 5). SXTIRAMEL, 3 mg/L
RR R F B unfo b RIRISTERE, S, [FkE5F
AT AR N A R E TR 17206.12% 79.67%-
416.44%7F1267.18%(P<0.05). [FI}, 3 mg/La & 2%
5 3 B R P Sk i A7 S AR il BFE R R IA B3 b
T+55.41%412701.84%; A4 PN 235 T F51.17%(P<0.05);
T3 AT f AR N 11 pRE R R E2RI3 mg/L 2 5%
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B EFEWIN205%M1773.68% (P<0.05). 3 mg/LE %
75 S S AT e33R L B3 EFH275.43%, T
2R3 mg/LE B AEME [ Sk fij A AT £ R 5
C3RIB T =1(P<0.05), Fot =ik 431 9177.04%
374.61%H1112.99%.
2.5 [AMGWMAENERIHFEREILERFIST
PR e b St 0p A

MUK 2T 22 0 A 45 R B o, & BT BT Pt

BV 1 . SRR TR AR DL A S A R R R I B3
M (P<0.05), AN [FIFh A7 fa (B, Bt [A]Sk 5 F0 3
) T-AOC. CAT. GPx. C3fI3Ksod.
gpx~ illf c32 181 5% 5.3 (P<0.05), i fAfp AR
BEAERNALKFCIMI I Kl gpx tnfos illB 355
23 (P<0.05; £ 2). AT HAEHRENIER, &
Ad e R 3R 7 2 o A itk — AT 1R — R R
T RS (F 3), 45 R BN TR AN

®1 LA EEPCRSIMIFS

Tab. 1 Primer sequences for gPCR
1 Fif H 2 19751 TS 575 3CR
Species Target gene Primer sequences (5'—3") Accession number/Reference
Fif HAnEAN K 1BGLL) CACAACCTTCCCACCAAT JQ692172
C. i GCCGTGCTAATAAACCATC
JRTIR LK o (tnfe) GGAGACAAACTGCTCACCGA HQ696609
TGACTGCAGTGGAAGCTCAG
FMAE3(e3) ACGGCCTTTGTTGTGATTGC AY374472
TTGGTCAGTCGTGGAAGTCG
T HAEEE (cat) GAAGTTCTACACCGATGAGG FJ560431
CCAGAAATCCCAAACCAT
I H o A B (gpx) GGGCTGGTTATTCTGGGC EU828796
AGGCGATGTCATTCCTGTTC
AR B A AL B (cuznsod) TTGGAGACAATACAAATGGGTG GU901214
CATCGGAATCGGCAGTCA
WLBh 2 A (B-actin) CTCGCTCTGCAGGTATGGAG M25013
TTCATTGTGCTAGGGGCCAG
fie H AR 1B(iL1p) TCTGATGAGATGGGCTGCTC [34]
H.m. CTGGCACATTTCCACCTGCTC
IR IR BE I Fa (tnfar) CAAACCGGAGACAGACTGCT FJ913063
TTGCAGTGGAAGCTCAGGAG
FMAE3(c3) CGCTTGTGAAGGCCAAAGAC AM773827
CCTGTGTGGTACCAGAACCG
i A E B (car) TGAGTCTGGGTCGGCAGATA HM230689
TCCGGATCCTTCAGGTGAGT
A e B A Y B (gpx) GAGCCCAAATCCCAGCTTCT EU108012
CGGGCCAATGAGGAACTTCT
A A AL B (cuznsod) TCTCGGGTGAAATCACTGGC HM469964
TGATGCAGCCGTTTGTGTTG
WLBh & E1 (B-actin) TGGATCGGAGGTTCCATCCT AF301605
TGGTCCAGACTCGTCGTACT
213k i AN 1B (i115) ACGATAAGACCAGCACGACC KF515511
M. a. CTGTTTCCGTCTCTCAGCGT
iR SRSE IR o (tnfa) TCCAAGGCAGCCATCCATTT KF515512
GCCTGAAGAGAAAGCCTGGT
FMAE3(c3) ACGGCCTTTGTTGTGATTGC KP192115
CGTCATCGCAACAGCGTAAG
It E S (car) GTTTCCGTCCTTCATCCACTCT KF378714
GACCAGTTTGAAAGTGTGCGAT
LI oS E A B (gpx) CTTTTGTCCTTGAAGTATGTCC KF378713
CTTGAGGAAGACGAAGAGAGGG
i B A Y AL B (cuznsod) TCAGCGTGAACCATCCACAA KF479046
GACAACAGACCGGCCAAGTA
W32 E (B-actin) ACCCACACCGTGCCCATCTA AY170122
CGGACAATTTCTCTTTCGGCTG
g kel AN 1B (11B) TGGAATGGAGCGCTTCCTTT JQ730738
P. GAACCAGCCCGGGTATTTCA
Jit IR ERBE IR T~ atnfer) ATCAGGTGAACGCTGATGCT XM027141814
GTGTTGAGGGAAGGGGTCTG
HME3(c3) GGTGTCGGAAGGTGTGCTAA XM027136454
CTGACCAGCCACCATGATGT
it E S (car) AAGGCAACCCTGTCTACTGC KX455919
TTGTACAGGTCACGGATGGC
A Mo A B (gpx) TATGACCTGCGTGCTACCAC XM027155811
TGGTGCCTCATAGTGATGCC
i A BAL B (cuznsod) TTGGAGACAATACAAATGGGTG XM027176836
CATCGGAATCGGCAGTCA
WLBh 2 A (B-actin) GTACCACCATGTACCCTGGC EU161065

GTGCCTTTCATTCAGCCACC
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R4, AN Bt AT AR N O3 S B B3 T it Al
4] 3k i {1 £6.(P<0.05), 1 % Flgpx. tnfo. illpHlc3
mMRNARIE K AEAF AT 0 (B 3 B 35 25 57 7RI
WA mg/L)AFE&4F R, & Fi A1 fc3 A
tnfodfs SR KT S 2 A T R o A AT, ] pRE TR
SRR S35 A T A 4] Sk 575 41 £ (P<0.05), T 7E =
WHEREQG mg/L)FE T, #Fi AT c38 5% /KF
BE TR B kA7, il pE TP REE T
f 1B A £, enfo ik DR G SR P B 3 e T L ALAT
#1(P<0.05; % 3).

3 1hig
3.1 FRMEXMFEE KT

AT A I ) IR A S R 1) Y B, A
ORER N 2800 fa AL 3 (0 R, 5 2 ) AL
R AR E . Hih, FaREREERF
P N B A2 15 T LA R AL R e e 8 ) 2 2
W1, RUONAF AR AE RS S TR B RO BURK, 5 52 234
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Fig. 1 Effects of total ammonia nitrogen on body length of four
species of fish larvae

S8R LIER IR (=40 I R, N F) - BRI 2 57
.3 (P<0.05); FF

Data are shown as mean£SE (n=40), different small letters mean
significant differences among different treatment groups (P£<0.05).
The same applies below
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SPTEALRES
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g
<3
S

BRI R (B A RS ER 25 A0S B (52 m, 51 fn g
HEN RS R IR AN ARt 4 R G, RO
FOET A, T4 o1 g frg R K> 20 Fogg ™
R, IR E e 3 BORSE &) R e A K e
WA AR, Li SISO, Rk R (26,88 mg/
L)% 5 H B 0H T g mie. AR Rk
R . TEARSLIH, A s AP T iR KA
K F R, HBEE 2RI E TR AR 2 IR 2K
HOE T B, R IR R A 2R LA KR B
— B S RS, H P U R B N AR KR A Y
AT HA. FLh, Je B %Y A (Oreochromis
niloticus) %K% 90 F 7% 10.05—0.6 mg/LAI & & 20d
F60dJa, FET- 2 5% A A b 25 v B, Bk
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Fig.2 Effects of total ammonia nitrogen on total antioxidant capacity (A) and malondialdehyde (B) of four species of fish larvae (n=6)



1242 K EE Y FE K 46 4
A B
o A b
OV | mg/L 85 ﬁ% 207
100 ¢ A4 2 mg/L &R 3
= =3 3 mg/L &A& e 15}
Sy Pbhyp La =& 1ot L
L o,
gé ¥ a_ab be : 5 gﬁ 2
" ﬂ £
0 : : : =200 : : : :
fi Hm.  fa Ci A3k Ma. 358ita Pf = 6§ Hm.  ®ifa Ci HI3k# Ma. #5ifa Pf.
C 3r D 20p
a 3
T o
T st I l
= a =
BERT . Ef : 1
& %D ab a a a He
MS a BS10F
S v . v e
L b =.2
=S ! b b% b ES |
e
[_4
0 ' ' ' : 0.0 : : : '
fif Hm.  %ifa Ci [Fk#h Ma #H3ifa Pf fif Hm.  %ifa Ci [3k# Ma i Pf.
E F 20y
K
201 a E" l
H-E il ab e % Lsr
B2 15t { be a &7 l L a
=3 ¢
Rl 2210r
EE 10 o
pa o) ab by, o b
H x b ab Eﬁ% -
=£ S b =B 05 b b
: ﬁﬁ% il
& &
0 ' 0.0 ' : : :
i H.m. Eg C.i. [ﬂ%ﬁﬁMa %iﬁﬁa Pf. fif Hm.  %ifa Ci [k# Ma #3ifa Pf
43 ARBEBENAFT G AR A AL R Rk R R

Fig. 3 Effects of total ammonia nitrogen on antioxidant enzymatic activity and gene expression of four species of fish larvae (n=6)
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Tab. 2 Effects of ammonia and species on antioxidant enzyme of
different feeding habits fish larvae

RN P{EMajor impact P-value

febilndex MK EEIKE PR RIR
Fish Ammonia  Fish speciesx Ammonia
species concentration concentration
RPEMNT-AOC <0.001 <0.001 0.150
7 MDA 0.288 0.037 0.916
Vi
‘is%%%%ﬁ{m 0972 <0.001 0.149
TEMEECAT <0.001 0.003 0.080
IR Wl <
@ggpﬁfﬂﬂ% <0001 <0.001 0.087
HRRLYZ 0.315 <0.001 0.219
*MA3C3 0.001 <0.001 0.027
i/ A AL
5% A 3R R 0.001 0.540 0.113
cuzusod
o A A A
i,;fwcwgi 0.158  0.580 0.302
N ‘vj"*‘
%g;f% <0.001  0.673 0.015
Jeq B K
TEQ@E¥ 0.124 <0.001 0.001
A2 18%L
Eﬁfeﬁ“ 1P <0.001  <0.001 <0.001
FME3FEER 3 <0.001 <0.001 <0.001

B 40 41 11.(1.9420.05) g Hh vz B s 1 5
BRI, AR IR, 860 75 U R(5.70 mg/L)3hfE ] &
VRS, s R 2 0B 2 b, A
W7, AR R o A L i LY Z & 'R
53Rk, (H A i A £ b T 3 R [, T R i rh
W ETHE, TR BN e T AT 2 E R
G P i N, B 3R IR G g I N, 1 S0 R R I
NG SN P T, T e R ] Sk 5 G % SN R B2 5
Mo ASZIG AR 2 Z MR, REAMNLYZE &
ST, HRARMT RN LY Z 2 (B3R B3 2%
o BIRAAMATT RN AN, XA R A A
WTEH, A AMAC3EAMA IR i B HH AL & A% 0
PERES ), FEAT R, EARE ARSI BA
AFP AT A HH BT 2 AR, (He3FE R Rk BRI T 3
Frimr e AHALHL, R B2 A (10 mg/L) &k e
24hJ5, 13k 85 Rk A i E HH C3FICA & Bk A B2
WS, R, FE24h R R R T, Bt A A T
CIEBLREZBH, a6l FEREH, A58
& NaM Ay Bt R EC3 R K RIEELE AN
C3HEEE .

Y PR 5% 0% TR L BT en foie AR R B B (AR
S0 B IR, 7552 B S0 FA5 A5 VR N ) L 9 988 S )
i) Rl 22 5 o e R, EA(10 mg/L) &tk
W18 F B (Carassius auratus)FFNEH mfo il 1 B3R

#*3 SRFRETHMFEZEICIEEREREC3. gpx. ilIpFmfdiEFKFETK

Tab.3 The changes of C3 levels and ¢3, il1f, tnfo translation among four species of fish larvae after ammonia exposure

e HA i FiSpecies

8 FrIndex A e - ; o &
mmonia nitrogen (mg/L) ik H.m. ity Ci. B 3L t5 M.a. Hith Pf
MBS & 0 179.01+17.61° 212.13+£27.95 105.94+3.51° 92.35+0.69"
a3 1 146.38+12.48" 211.40£16.76° 129.45+17.20 81.05+7.02°
2 171.57+10.33° 244.82435.29° 115.24+6.20" 75.99+£1.29¢
3 138.91+5.61° 207.25+38.14° 122.51426.30 82.44+4.14°
FMA3ZEH 0 1.03+0.10 1.19+0.25 1.0140.04 1.25+0.36
3 1 1.43£0.26" 1.74+0.05" 1.15£0.11" 0.70+0.07°
2 2.85+0.33 3.07+0.24 2.1540.26 2.06+0.58
3 2.37+0.23" 3.99+0.80" 2.12+0.19° 4.69+1.02"
B H KIS E A 0 1.05+0.15 1.0140.09 1.0440.16 1.040.12
&px 1 1.1120.22° 0.94+0.07° 1.23£0.16" 0.50+0.14"
2 1.49+£0.22° 1.16+0.03 1.23£0.12° 0.33+0.06"
3 1.45+0.25" 1.18+0.06° 1.39+0.05" 0.30+£0.09"
SEI PRV E-35 0 1.16+0.30 0.96+0.31 1.07+0.12 1.02+0.44
iip 1 0.89+0.11° 0.29+0.09" 0.94+0.25" 0.40+0.04°
2 0.88+0.12° 0.94+0.25° 3.04+0.47" 421+1.19°
3 0.5740.05° 2.12+0.30° 29.98+5.31" 12.06+2.78"
Jil R SR BE IR F- o [A] 0 1.04+0.15 1.14+0.28 1.20+0.24 1.07+0.48
tnfa 1 0.95+0.18" 1.2320.11° 0.88+0.09™ 0.49+£0.21°
2 1.68+0.38 1.48£0.23 0.73+0.35 1.81+£0.79
3 3.79+1.15% 2.05+0.28" 6.20+1.14° 5.47+1.40°
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ANTIOXIDANT AND NON-SPECIFIC IMMUNE RESPONSES OF FOUR SPECIES
OF FISH LARVAE UNDER AMMONIA STRESS

WU Xue-Yang', GUO Hong-Hui', KUANG Yu', ZHANG Ce', YANG Hui', TANG Rong"***,
1,2,3,4 .1,2,3,4

ZHANG Xi"*** LI Da-Peng">>" and LI Li

(1. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China; 2. Engineering Research Center of Green
Development for Conventional Aquatic Biological Industry in the Yangtze River Economic Belt, Ministry of Education, Wuhan
430070, China; 3. Hubei Provincial Engineering Laboratory for Pond Aquaculture, Wuhan 430070, China; 4. Freshwater
Aquaculture Collaborative Innovation Center of Hubei Province, Wuhan 430070, China)

Abstract: Ammonia, a ubiquitous pollutant in the aquatic system, has been proved to be high toxic to fish. The early
life state of fish is acturally more sensitive to the influence of external environmental factors than adult fish since its an-
tioxidant and immune systems are in lower level. However, there are limited information on difference responses of dif-
ferent species of fish larvae to ammonia stress. Aim to explore the effects of ammonia on the antioxidant and non-spe-
cific immune response of different species of fish larvae, four different feed-habits species of fish larvae (omnivory sil-
ver carp Hypophthalmichthys molitrix, herbivorous grass carp Ctenopharyngodon idella, Wuchang bream Megalo-
brama amblycephala and predacity yellow catfish Pelteobagrus fulvidraco) were selected and exposed to different con-
centrations of total ammonia nitrogen (0, 1 mg/L, 2 mg/L and 3 mg/L) for 96h. The results showed that acute ammonia
exposue caused significant decrease of body length on four species of fish larvae in a dependent-concentration manner
(P<0.05). Meantime, ammonia exposure significant decreased levels of total antioxidant capacity (T-AOC), catalase
(CAT) and glutathione peroxidase (GPx) in four species of fish larvae (P<0.05). Also, 2 and 3 mg/L ammonia signifi-
cantly reduced the activities of superoxde dismutase (SOD) in the larves of grass carp, Wuchang bream and yellow cat-
fish (P<0.05). As for antioxidative-related genes, significant decrease of transcriptional levels were only detected in
yellow catfish gpx and silver carp sod after ammonia exposure (P<0.05). In terms of immune parmameters, ammonia
exposure significantly up-regulated transcriptional levels of immune-related genes in four species of fish larvae except
silver carp interleukinlf (i//f) (P<0.05). By contrast, significant decrease of lysozyme contents were observed in grass
carp larvae after ammonia exposure, and significant increase of lysozyme contents were detected in yellow catfish lar-
vae exposed to 2 mg/L ammonia (P<0.05). The results of two-way ANOVA also confirmed that ammonia could caused
to varying degree changes for all parameters including antioxidant enzymes, immune indexes and immune-related gene
expression in four species of fish larvae (P<0.05). There were significant differences on levels of T-AOC, CAT, GPx,
C3 and the gene expression levels of cuznsod, gpx, il1f, c3 among four species of fish larvae. However, interactive ef-
fects of ammonia and species were only observed on C3 contents and the expression of genes gpx, tnfa, il1f and c3
(P<0.05). In summary, ammonia exposure caused oxidative stress, decreased the antioxidant capacities and disturbed
innate immune responses in four species of fish larvae, which led to growth retardation. Among four species of fish lar-
vae, the predacity yellow catfish was the weakest to ammonia tolerance, the herbivorous Wuchang bream and grass
carp is the next, and omnivory silver carp were the strongest.

Key words: Ammonia-nitrogen exposure; Feeding habits; Larvae; Oxidative stress; Tolerance; Non-specific immune
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