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5 BOPRE A ARE R AR

S LM AR SR AR A 40 B S 5 0 ) ) B 5 729

( Boleophthalmus boddarti ) i3 i3 F & 8 mmol/L
NH, Cl 7K A rb 12 h 5, O #8820 21 b i 4 Ak
it 355 P A2 B A 300 DT A I H R e, IR
A e £ R B % A i ( Oreochromis
niloticus) %231 70 d & & (10 mg/L) $¥ )5 , HL4&
B 9 BT A 10 A 28 0 AN BE 58 42 ¥ bR BL0™ AR 1Y
FI AR, 20 2 5T 4R A R i Jo o 4R Ak 3 AR
IFUife s Al e i FEOE T M EE KN,
[ % i 1 ( Pelteobagrus vachelli) 15 15 d 2 E & A
(5.70 mg/L) JIE , 208 H & & T K, B E 4L
Yy AT A IDE T TR 41 00 Tl 1 1P 52 B ) L Y
TR AR R () I U A T S kB
21 L A Wk i KON I W I B BR AR L
TR BARFEENIAGETT R T % 24 &% 1R
KON, 3 & b AL e A A+ o
B,

WU (P. fulvidraco) J& 3% [¥ H % 1) 28 T 77
B 2SO A B R A TR R VN R VL
F SR A 3 A 85 S T, LA & A AR
7 [ 22 Bl ity S IR , U I AT JULIA 48] i 116
W) R E N E % #2013 mr ol 48 11
RSN R A B BUBUBUE R E 2012 4RI, 4[]
B R R B 26 T ¢ RN HR B T 18% , &
H R EEEROK TR Z — o APTEIEAL T
PEZ A 38 X5 2 3900 4y £ A PR RE R i A 2 I
JHe BRI 70 S A T O P IR S A 9 I 2B
Yimg /K S B 1 ( Aeromonas hydrophila) J& Y fig
FIRIE I, R 028 51 P #E EOE AL A TR A DS 3R
BEHIS AR

1 MRSk

1.1 FREEEREF

BP0 (1.94 £0.05) g W B W VL5 %,
FRHH I T W R ER N A 47, B 5% 30 d
Jai PR RN B AR (et i f8 R BE B 43 T 3
6 /> 300 L ¥R} F2 5 A0 b (B A PR 3 D E
), 5 30 B, &% 8 4 R 6 (Letalurus
punetaus) )RR LW E " WE LB A MER
e R 5.65 ~5.80 mg/L(JEE F40.10 ~0. 12
mg/L,pH 6.6 ~7.0) , % B4 &L A o 0. 01
mg/L(HF & 7% <0.001 mg/L), JBia J& 191
56 d, P E L R (R 0 S Fifa k) o )
P AR B 38 3 R NH,CL(10 g/L) & 55 b

7 hitk AT R, B A R B I SR T 9 IR )
WU AR A T L SR
WL SREE K R BR A E SR K, H oK & BRFL)
1/3, 7K 27 ~29 C 7% (7.81 £0.13) mg/L, .
iR ER <0.5 mg/L, fREF HARJEIR

FREAAE WG A1 24 b, 43 3 FR BB A £ 6
ISR AAIG B ALYk 5 RS fa, MS-
222 JER I i AR AT R WA PR AT T A A
A ST e S A% R s PRI 2 8, oH 5 AR
b, —20 CLRA, & bt S A0 g 2 AR 5 5 M e i
il % V5 TC R 2R F T ARG W A Y A
i B30 T W R s R
1.2 SR8.A8HENMESBRISENH

FRECO.5 g KMiFEdh , WA b I ot K,
A 6% 1) =& LR 24 000 r/min 5] 3% 3 K, B IK
20 s'7 L AT 4 CHEE P 10 000 r/min &L
15 min, 2% Bergmeyer %" 38 (1) J5 15 5 4
B LOBTS NHLCLOy X B 5% Ip 47
fRIE 1 J7 ¥, R Al Shumadzu LC-6A 2 512 A 3l
SIATA OBy HE A |, HAS) e 23 24 I i AN A 2
1.3 mEdEEEREBREEKSH

FRICO. 1 g JHFMEAE i, A TR0V 1) ol T 2% o
W (50 mmol/L,pH 7. 4) 513 513 T 4 TH
e 2 000 r/min #5015 min 43 85 F 3 WA .
48 AL By A i 9 1 4 & % Beauchamp %'
R TE 9 T7 o 5 3 AL S P S 2% Aebil ' i
T3 1 A e R AR Ak P S M 2
Flohé %" 58 11 5 32 5 B AC 2 B 22 R ) 4
S % Buege &5 IE B 1. B A IR 40
R R iR & (Rt A ) TREBE SR T )
AR D R AR F BRI 5 AT
1.4 BAEHEEE.FEEHMFERRELZSHN

FRELO. 1 g JHFJEAE &, A B3804 Tl 1R 2% o
W (50 mmol/L,pH 7.4) 513 513 F 4 CTH
e 2 000 r/min B0 15 min, 4385 b3 K 55 .
VA TG VR I E B % Hultmark 2817 3238 #4 J7
o Mo A R B R R & (R st @B ) T
TEBFFEIT ) , A28 R ™ s 4% B UL B AT .

T 2 F F AR IS 56 fa Sk B A1 40, B F L-15
(Gibco ) ¥ 32 %L [ & 100 IU/mL 7f % %
(Sigma) 100 pg/mL %% % ( Sigma) .10 IU/mL
JHF & (Sigma) F1 2% 1 /N4 1fiL 3 (HyClone ) |, £%
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JEid it 100 wm G & Ui B, R 40 R E T
34% /51% K Percoll( Sigma) J& W 7, 47 A & &1
o B SR EF B0 (4 CL,600 r/min B0 5 min) |, 435
ARG E RN ] L-15 B3R 3wk 2 U, 4 % 4
MM BE R 1 x 107 CFU/mL, f{iE 2 0.01% & W
W B AR S R >95% o A W AR EO E B %
Pulsford 4™ 4 38 1y Jy 3% 5 WP W AR & W E 2 %
Stolen %5 "' 8 1 7 %
1.5 4AERS

K FHE F7 5N K 57 ik 52 H: VR g K R
1,30 CHERERE 5% 48 h, JRIE BRI MK B 35 1 x 10°
CFU/mL # . Whif S2i 4 o s, AEAm B AL Pk i 20
Bl 8 P50 0.1 mL ¥k BE 2k 1 x 10° CFU/mL
(1x10° CFU/B) M. R 2 idEIET- 150,
Pisttn, WEIAFSE 14 d B AT,
1.6 HEFEMGITHH

1215 % (survival rate, % ) = 100% x 1% 5% &

B/ 1)k R AL

W4 HE (weight gain, g) = RARFUE - HIIK

TR (feed efficiency) = (AR{KBTE - 4]
PR ) /4R RHE FE it

JF 1K E (hepatosomatic index, % ) = 100% x
JHF /R A4 o

SCECRE R R AT e A A B, &
PLSFYE + dRifE DR (mean + SE) 2R, 22 5 1 & 1
WE P <0.05. FiA 4 Hid % SPSS 18. 0.0
( Chicago,USA) 7F Windows #:/E Z 4 ik 47,

2 45

WA MG 56 d )5, SLE MW R E T
85.71% , 4k ¥ 2] 2 [A] Jo {3 45 22 5 (P > 0. 05)
(1) ZOREBUR 8 ERRECR, A A4S
XHIRA Z (8] JC . E 22 5+ (P >0.05) . AR %
6 0 T A LE S 3 T IR (P <0.05) .

x1 SEPENEFaHEERKEENEFEENZN

Tab.1 Effects of ammonia exposure on growth performance and survival of juvenile yellow catfish
US| KR/ g Hid/g GRS ES JUEAA H/ % A1 2/ %
treatment final weight weight gain feed efficiency hepatosomatic index survival rate
A 4 ammonia 12.08 +2.24 11.18 +2.24 1.44 +0.63 0.55 £0.06° 85.71 +7.14
X HE2H control 13.44 £3.17 12.53 £3.17 1.73 £0.33 0.18 +0.04° 94.64 £5.36

T« [ G R /N 5 B s 2 ) 22 5 (. 3% (P <0.05) , R [l

Notes ; the different superscripts of the same column values are significantly different( P <0.05) ,the same as the following

R A LA R = BN B S
HE TX A (P <0.05) (££2), SR, Kk
AT B IR O T A A AL B2 22 TR SR A U s b =k 2
2(P>0.05),

*2 SEMEVNEIFAYEXREPERA.
AREBRBREEAERAENHM
Tab.2 Effects of ammonia exposure on ammonia,
glutamine and glutamate contents in the

brain of juvenile yellow catfish

TR AL IEH T WE R A ) B L0 R e WA/ BHEBN AR
/f’t%@@&/ﬁlﬂjlﬁﬁﬂj(ﬁi/ﬂﬁ%ﬁﬁiﬁ ‘@E%ﬂi&ﬂ:ﬁ‘ E\E\ treatment ( "LmOI/g) ( MmOI/g) ( "LmOl/g)
. N - ammonia glutamine glutamate
H(P<0.05) (K 3), SR, AFMEH s A0 E L % )
N e e o RA YL ammonia  12.70 £0.48° 28.47 £0.46" 8.69 £0.26
PR W) 5 B, A R AL S AR 3 T R IR A
X HR4H control 0.43 £0.48" 0.09 £0.03" 8.64 £0.05
(P<0.05),
®3 AEAMENEFEHENEREUBEENTEUYSENHIE
Tab.3 Effects of ammonia exposure on antioxidant enzymes activities and
peroxide contents in the liver of juvenile yellow catfish
A AL B AL . A et ki S A i/ AT L Z R Y/
i A Bt/
BOBLIEAE| (U/mg prot) (U/mg prot) (nmol/mg prot)
. (U/mg prot) . ) L
treatment superoxide glutathione thiobarbituric acid
. catalase . .
dismutase peroxidase reactive substances
A 4 ammonia 96.57 +2.34° 32.11 £0.96° 309.63 +2.61° 78.03 +0.33"
Xf B4 control 106.84 +4.63° 38.59 +1.05" 378.74 +2.81° 52.20 +0.91°
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S LM AR SR AR A 40 B S 5 0 ) ) B 5 731

S R A LI 0T 7 R T SR B
20 R AT Wk i R O I R e S E I T O IR (P <
0.05) (£ 4). P MEKTHRHEHE 14 dJ5, AR

HAX AL B R LR EHEER
(P>0.05) .

R4 AEMENEFEYEFHRUERERENRITETENZM

Tab.4 Effects of ammonia exposure on nonspecific immune response and

cumulative mortality of juvenile yellow catfish

b ¥ 20 ¥ wilE/ (U/g prot)

g 358 %

W Wl % K/ o Bt %/ %

treatment lysozyme phagocytic index respiratory burst cumulative mortality
Z A 4 ammonia 261.55 £1.63*% 6.15 £0.07° 72.38 £0.29° 70.00 +£8.66
Xt B4 control 320.48 £4.53" 6.78 +0.09° 77.29 £0.43° 68.33 £2.87

3 e

283k 56 d B R AR AL, X B B AR A7 TR
T 94.64% , RYI I ARG E RIE S W B A
W TAEMIF R . BAR A A TG % (85. 71% )
WEAIE F X HRAL HIE R R MG 2B X BB %
PE2E S X S5 ET N BT R — B AT
B S A E 25 e 2R R, S BUE K
e T I, B2 b K 6 R fa (Anarhichas minor) ™'
FKZEF ( Scophthalmus maximus) "> Jz P 7 Jj i
(Hippoglossus hippoglossus) > & . R , A< BF 5%
KB EBSEHE (5.70 mg/L) K& BRI Beh #
M OB fA Ry MG OFE RO ORE R R, FE OB
( Hypophthalmythys nobilis) W55 A& 13 25 0L
B B U I X R A K RE R I 1 22 5
ARE S LR A RIS R/ R B A K

AN PRTE NH, iy IR 5 I o 4k 1
A RS R EA Y 2 — W AR A
R, KR4 (70% ~90% ) 2 S8R i E) B35 v AR
e R B 1) R B BT 2 BT #8288 P U 1 NHL R
[F) Iy, AR5 NH, I B2 6 132 28 B 0 2 JBR 9 A
TER YRR R AR o, BT R
AP 56 d J5, v B KM p 2 A S & (12,70
pmol/g) Jyxf FRZL Y 30 %, i & Y NH, 75 1 28
KW b, 2245 S Bt i & L AL, REAS 5 48 &R K
BARA AWM . AR L, AR LK 0
ST L 4 4 (28,47 wmol/g) B % i T
AFHE41(0.09 pmol/g) . Smart * i H a2 &
B 55 00 FL 3l W P e 0 B0 BL AR ED, B T A
A e B A R AR 37 1 3 LT 2 A K
ST AR S5 40 A A J A A5 it s T e T
HIET-, {H Van 25" % IR ( Cyprinus carpio) %
EZ ) BEN=INEE I Rt N i UYL QN TR N S RN

T 6.5% ENAR LIS IE T, A HE I 5 S Ot
AR FBEAR AT HIE T BRI . AR
rh G R B R R A W e R A
U L 3100 K 4 R T e 1 BB v L (LA I
X R TC W E V25 e XA R SRR T
Van 205 AN BT LRI BESE B IE S, A
FECT , E AORE T A S o 98 55 AL« BE 0T &b
P51 NH, A Js /b 3 I NH, 772 3 45 2
T Jhig 5 SC T  PF , AXE f6fF # 288 O il v A T i 5
TG 2k T A AR R A0 M P A
ABESE R, BT 52 B3 PR TR, R
5 AR AT 2 W e 1 3 42 52 B0 30, A &
B, B8 A8 2H B T A R i P A R R 0 BR 2 T
WEMEER . BRI A AR T B A
&, W 4 f ( Carassius auratus ) . J¢ &
(Misgurnus anguillicaudatus) J% % i ( Monopterus
albus) %)

ROREZ M4 i) Tk, 2R rh 8 3L
BE AT fig 5 LA S AR 0 A S s A e B
AR5 240 i Ff Ji 2 35 i N-H J-D- R & % R 2 1
il Ca® " MM — 4 A UG L 3 A ok JBE ST L 7 R
DR T 1 RIS 1 A, T X T X A AR
Bk, 28 3 2AREE A B P IIA & i A AL
Yy Al 2ok A I B A DG R AR A W 1 A5
SR, L™ A 9 R R H i I A BE B ML 1 1T
FALBEAR R 58 R TE R, B i R RS iR
U 1 TS5 AL ) 20 e B o o AR A AR
WERRE W R R L FEARBIE ST, 2 R 30 3
Tk EA W AR R R A S 5 U P
PR LY 2 R S N ) S35 v T 0 R . TR 2 ) o
AES 5 48 L AL IR 55 & AR SRR & A5 H S 1k
B BT R A B, A 2 S i
UE F R S A 5 A Tt o A P T B A DG IR
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SR YIRS M R EAL T BR AL AN, R 2 )
JFe i A B 4 P BN L T AN B e
ABFFE KR, R A S 5 B T A L B s T o
HEZH 3k 2 PR S T R 2 4 i B AR B R TR
SRETALGUK M, T MG 44U B A A 40 BF 5T
L AR

Li 23058 R 15 d g 2k EU a1
A T B U 90 00 0% 1 0 065 A L Sk B I 40 Y
TR VR K e I R SRR TR 1 A AT
FEALHAG T AR I B0 45, o 28 2 52 0 T o 7
I P Sk B W O W i R O O 4 R
FACT X B . 20 % A RO L 4 B i
LG rf 27 A KR S e R R T B o A
TR, B 28 900 1 PR 58 W7 R 8 ALY, 5
2 20 i 7 5 20 L £ 5 S5 R 8 15 4 E S
EEZ A L A AR A B, S EBE e
4 B R, 3T SR 0 B 3 B0 A0 1 R e B )
TR, 42 2L 4 S B e SRR e T K R ML 14 d
J5, BAFBET R G X AT s 5 S, SR, Hh
T2 B SR R I/ R bR ) R R IR
JIE 46 ), A1) IR ) T 2 S A o £ K A T R
YL 1 1 MBI 4 T B 2 IR

4 g

AWFFEEE R W, B 4 £ 38 32 W B R
BER ML R M I8, RE WS T BUR K AF 2
TR R 5 s U B A B B TR
Prwdy i AR SR R, R AR KR A R OE A
REBALIAR A B 1 T S AL Bl 1A 2R 58 4235 BR 5 23T
T 108 M A R A 2 X B £ &)y 1YY S I K
PR ARG A e P T EOL R 2 R LR AR
FHAYEE R 38 1 AR 58 30 58 & 2005 HLIR R
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B, AU AT X £ 2K 0 A R B 85 1Y A BN X
RMEA — AT
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Chronic ammonia toxicity induces glutamine accumulation,
oxidative damage and immunosuppression of
juvenile yellow catfish Pelteobagrus fulvidraco

LI Qing, GONG Shiyan, LI Ming"
(School of Marine Sciences,Ningbo University ,Ningbo 315211 ,China)

Abstract. A study was carried out to test the responses of juvenile yellow catfish Pelteobagrus fulvidraco to
ammonia stress and bacterial challenge. The catfish (1. 94 +0.05) g were randomly allocated to 2 groups
( control group and exposure group ) in triplicate for 56 days ammonia exposure. No differences were found in
fish final weight, weight gain and feed efficiency between ammonia group and control group, but
hepatosomatic index of fish in ammonia group was significantly higher than that of fish in control group.
Ammonia and glutamine contents in the brain of fish in ammonia group were significantly higher than those
of fish in control group, but glutamate content was not significantly different compared with the control.
Superoxide dismutase, catalase and glutathione peroxidase activities were significantly lower in ammonia
group than in control group, but thiobarbituric acid reactive substance content was significantly higher in
ammonia group. Lysozyme activity, phagocytic index and respiratory burst of fish in ammonia group were
significantly lower compared with the control group. After 14 days infection of Aeromonas hydrophila,
cumulative mortality was not significantly different between ammonia group and control group. This study
indicated that the glutamine accumulation in the brain was caused by chronic ammonia exposure ;the toxic
reactive oxygen species is not fully counteracted by the antioxidant enzymes;the immunosuppression is a
process of gradual accumulation of immunosuppressive factors. Our findings support the multifactorial
pathogenesis of ammonia toxicity in fish exposed to ammonia.
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