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HBmE', BEAR', TX#', KE#, DRK',
N 1 A >l 3
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(1. B IS K A B2 22 Be , TL 98 Bi . 210023

2 VLBAT K P2 48 0l VLT YLEH 2144005
3.WL AR IRAKOK F=0F 5T B, Wi vE I 313001)

WE: DAZHKLEEPCREAR, EH4ABHEARBmHNE, HRXTALLE BB
EXTELNYTRABRARZANERUY A STERERN ., SR EAHTIINAELN
BOBEMHERNATHNELERAEFTTIdNEEREER, 2R LKA IdAAMEE, LA
ACP AKP . SOD EM XX ¥ X E B EY M MAEAAKEN A GHELE LN BRK, e KE
4 (16 mg/L) P15 xt B 41t 76% 68% Fn 62% , % % & MnSOD g 4+ Cu/ZnSOD # mRNA
FHREBOHMEARRARER T TR, & KREHEIKE B 40 69% fn 68% ., CAT, GPX #
ML K GPX #1 GST By mRNA (kX EX AR ZF, FHEBEFT T ALEEa A =-H & EM
FRAKREFAGTRE, XEKEHA LA BIKEXT B 48 72% f1 59% ,AST 7 % % 12 mg/L
WEADEFHEABAN 134% . 7 d KA MG, ACP #1 AKP & 1 DL K 4 & 45 47 1k &
F|EFAKF;T SOD fn GPX FHE T B4, 4 MANEANEL EHNFRABRE S T HE
H, LREXWN  GREALAME RN L2 LR EXBNEERERLE, H KRR ERR
Fo REAMET BT EI S REG R A N RGE G R hat, 7 d 6K EeE T RN

B R BTN EE R KA, ENAMLTREAMLE KA,
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FEA P AN AC A 5 18 B B e P38 2 P 3R 38 19 R i
B R R R0 21 0l 50 B AE 1Y 75 T ML, D4
BN B U 4 A R R A R A IR R0

R ik

1.1 S

S 6 AR 7 748 W M R K K 7R 5 T
TEZE N AT ERTE RS (B RIEILHT RS IF LA
B w3 ) gl 5% 3 J8 24 h O[] A 7 4, 1
Wit uk , SHP R, KR (26 £0.5)C, B HHK
TH R MR BT 6 1 5% ,9:00 F1 17 :00 43 51 5 M >4
H 4 a1 40% F160% . I Fe4s R G, Pk A 1k
fat B, B A 50 8 L RN R B0 21 88 e B MR S U
s (15 +2) g, IEZUSEE IF MR FT 24 h 45 1R iR
1, LI AR R MEAT AT AT B AE B S K
IR S, B 3 AT, B RATIOA 9
URo BT 2 d BEACE SRK ASHETT 783, W
AWE 5.0 mg/L A4, KiE (26 £0.5)C ,pH K
7.5+0.5, 5% iRk BT 10 g/L NH,Cl £
AT IS o HEHR 96 h L BBEH S s Ak
BHAMNESA (S A TAN =4 8 12 1 16 mg/
L)AL AKX IR . FESC 5033 A v, B3 B 8 /N
% PR 20 5 I 8 8 U R B, g B 24 /N
BT 3 d e EasEh 3 IR,k b
fi &), BOLIEFBAILAE T - 70 CukAf & 0o TR B
LV AR TE e S R A R K I IR E AR, T d
Ja , TR IR, 7 vk R b
1.2 EMREHEXEBEIYREENNE

W VKR LAY, 4% B8 12 10 1) B ) 5 A6 3R UK
RA2IH,3 500 r/min 2.0 J5 B 3, 61T B 1
AR 7= o . BR Tk B R B ACP (U/mg
prot) Gl 1B R B AKP(U/mg prot) | &L % 1LY
I {E T SOD (U/mg prot) \if A fL A B CAT(U/
mg prot) . & it H ik i 4 1k ¥ B GPX (U/mg
prot) & N % B ALT(U/mg prot) 4% i 2 B
AST(U/mg prot) i Jj K H il =K (mg/L) | JIH [&
B%(mg/L) JRZER (mg/L) & A& & (mg/L) H

T A A B R R G E I T ik L S IR
R & U A

1.3 RNA H$2H

JH RNAiso Plus( TaKaRa ) $5 U £T # i 5% B0
LA 43 1) RNA, DL A= 9 43 56 06 BE 11 5 RNA
W E, LB RNA iy Hg, i f PrimeScriptTM RT

7l & (TaKaRa) 5 i cDNA, 5 i) cDNA ff T
-20 C&H,
1.4 SZEHEXERMRESH

R A5 2128 O 7 25 0F 5 2 AH OC B [H 1) cDNA %
HHMERGIYMASEEF Y (R ), %K
SYRB Premix Ex Tag™ ( TaKaRa) i 7| & i 17
Real-time PCR 43 #1,20 pnL 1A & & £ 5. SYBR
Green 10 pL, F T #5149 (10 wmol/L) £ 0.5
pL ddH,0 8 pL. JZ ¥ 4 95 °C 30 s 1 fE IR,
95 T 55,50 C 30 s 40 ¥, B IMFEMEE 3 K,
ZERSRF 2o

x1 ZBPAINSIUREFT

Tab.1 Primers used in the present study

519 SIMFESI(5'-3")
gene sequences
B-actin F;ATCACTGCTCTGGCTCCTGCTACC

R:CGGACTCGTCGTACTCCTCCTTGG

cMnSOD F:CTGCAGCCAGTGTTGGAGTGAA

(A J) R:AAGGGAATCAGACCGTGAGTGATC

mMnSOD F:CGCTCGCTCCGCGATTGGTTG

[€3.%%9) R:TGGTGGTGTTTGGAGTGATGCAGTTG

exCu/ZnSOD  F:GTTAGCGGCAGACTGGAACTCTAC

(Jusr) R:CAGCGTGGCGTTCTAAGTCATAGG

GPX F:GTGAACGGCATCAATGAGAACAA
R:GGCTTGCCATTCCTACCGATTA

GST F:GATTATGATGAGCCATTCGG
R:CGCCTTCTGTTCCTGCGTTA

1.5 HiESH

SCUS B0 4% ] Microsoft Excel 1 #1  4b 3,
SPSS H AL (WA 16.0) AT AL, B[R R Jr 2%
434 (One-Way ANOVA) J5, % A Duncan [ £ &
PR A g 2 ) 22 55 (P < 0.05) . Frim&s R L) 3
ANV A7 2 B 79 4B = B % (mean + SE)
E AN

2 4

2.1 SARMMERESEREMNIEXTE
HR 52 7% 18 X BB iE Y 52

QAME 3 d )5, WA ACP Fl AKP & ¥ & 4
B (P <0.05), ACP fil AKP jifi % & Ak
FER T = i A . 7E 12 mg/L YK EE 4, ACP g 3%
T X HRZL (P <0.05) ;7€ 16 mg/L ¥ 41, ACP
FAKP i 14 35 8 2 R R X HR ALY 76 % F1 68 %
(P<0.05), 27 d 4w, 4% v BE 41 LI
th ACP fil AKP { #E#54K & F1IEH K F. 3 d g,
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Fraxt LA & SOD G A BE (P < 7 dREG, 2 A A MHa 44, & SOD &t 2
0.05) 8.12 fl 16 mg/L ¥k A & SOD i&E | TR (P <0.05),GPX {if Pt A7 — &
BEMT 4 mg/L ik B A AL (P <0.05),  FETFE(P <0.05),CAT KR A %74 b (£

AW X CAT F1 GPX (115 4 5% i A~ i 2%, 2),

®2 SRAMPERESEHRENAEXTENEXEEHEENIZNE
Tab.2 Acute effect of ammonia exposure and its post-exposure recovery on the

activities immune-related enzymes in C. quadricarinatus

fifg b B AW )E/(mg/L) concentration of total ammonia

enzyme teatment 0 4 8 12 16

ACP 3dJia 15.74 £+0.94™  16.04 £0.61°  14.44+0.39"  13.60 £0.86™  12.03 £0.48°
3diiE +7 dRE 15.28 +0.35 15.81 £1.00 16.39 £0.50 16.03 +0.68 16.66 +0.74

AKP 3 dJipia 11.58 =0.65° 12.13£0.94*  10.90 =0.21° 8.20 =0.80" 7.89 +£0.39°
3diE +7 dE 11.45 +0.37 11.13 +0.46 12.04 +0.59 10.82 +0.34 12.60 +0. 81

SOD 3d A 13.00 £0.90* 13.60 £0.91* 9.95+0.87° 9.65 +0.40° 8.03 £0.59"
3dMria +7 dKE 12.61 +0.86" 14.36 £0.74™  15.79 +0.52° 16.39 +0.40° 15.31 +0.42°

CAT 3d A 4.18 £0.44 3.52+0.44 3.92+0.45 3.18 £0.36 3.26 £0.39
3dhia +7 dIRE 3.97 +0.33 4.57 +0.43 3.83+0.35 4.40 £0.34 5.05£0.52

GPX 3dia 3.70 £0.27 4.29 +0.62 3.43 22,10 4.42 +3.41 4.38 +4.44
3dihiE +7 dE 3.90 £0.34° 4.51 £0.23% 4.95+0.20° 4.69 +0.24™ 5.19+0.23°

T R P AT RO S AR T A /NG PR R R 2 5 3% (P <0.05) o IR L.

Notes : Means with different superscripts within the same line are significantly different( P <0.05). The same as the following.

2.2 SARMMERESEREMAERLTE  BHEFM(P <0.05),exCu/ZnSOD 3 ikt i

IS /=R - e ey R A ) HRRWELW T mm T (P <0.05), GPX Ail
3dEAMHax LBAP AR TAMEEN  GSTWRBEZH A AN O WERALE, 7 dIK

MR A B ERW (P <0.05), 4 mg/L Wk BT, & U5 M0 Y 2k DN 3R 0K 2 A0 A A [R] 72 3 19

411 cMnSOD EIK R # Thi (P <0.05)  HAfth#  Fhw (P <0.05,%3),

HERARFE . FRALL LA mMnSOD % ik

®3 SRAMPERESEHRENIEXATENEBERE mRNA X REZSHZM
Tab.3 Acute effect of ammonia exposure and its post-exposure recovery on the
mRNA expression of immune-related genes in C. quadricarinatus

ES 47| b ME AW E/(mg/L) concentration of total ammonia
gene treatment 0 4 8 12 16
cMnSOD 3 d i 1.01 +0.12° 1.66 +0.12° 1.42 £0.17% 1.40 +0.10* 1.19 £0.07*
3dhiE +7 dE 1.00 +0.15 1.17 £0.02 1.23+0.13 0.86 +0.03 0.92 +0.01
mMnSOD 3dhia 1.01 £0.11* 0.66 +0.02° 0.72 +0.02° 0.62 +0.04° 0.69 +0.06"
3dra +7 dRE 1.01 £0.10* 2.52 £0.03% 2.82 +0.16% 2.34 £0.14° 2.92+0.11¢
exCu/ZnSOD 3 d Jhif 1.01 +0.08" 1.17 £0.12° 0.80 +0.11%* 0.69 +0.10° 0.68 +0.08°
3dhE +7 dIRE 1.01 £0.09° 1.10 £0.16™ 1.45 £0.13% 1.60 £0.24% 1.88 +0.19°¢
GPX 3 d A 1.01 £0.09 0.95 +0.08 0.76 +0.12 0.83 +0.10 1.24 +0.13
3dihiE +7 dWE 1.01 £0.10* 2.24 +0.35° 1.90 +0.08° 3.90 +0.38° 2.49 +0.17°
GST 3.d hif 1.01 £0.07 1.21 £0.43 0.86 +0.12 1.05+0.13 1.75 +0.20
3d M +7 dKE 1.02 £0.15° 1.49 £0.24* 2.96 £0.08"° 1.71 £0.12* 3.41 £0.52°
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bl

2.3 RARMMERESEMRENIELTE
R 48 X A5 AR R #2 0

3 d ARG TF PR R v i A R
Wit 5 2 SR SR Y T e T R e e R R A I AR
TR (P <0.05) o JIFJeMR H i =i 1 & it
JEH B K. AST {1 7E 12 mg/L

=R
R

WA B F T =X R4 134% (P <0.05),
VR 2R 5 e B 2 S A I g L 2 S
ARF(P=0.06) HASIEIR 2 Z AR
WARE(FK4) . &k 7 dIKE ), Br A B A
TG PR AE 25 A LA R o B 2H 2 [ 3 G W 2 5

F4 SRAMPERESREREN I EXTENRRGFBEXIERNZ N

Tab.4 Acute effect of ammonia exposure and its post-exposure recovery on

metabolic parameters in C. quadricarinatus

£ 35t b 3 B AW E/(mg/L) concentration of total ammonia
metabolism treatment 0 4 8 12 16
AR E H DP 3 d e 7.87 £0.32% 8.10 £0.21° 6.43 +0.71" 7.00 +£0.40%° 5.70 0. 60°
3dhin +7 dIRE 7.60 £0.32 6.67 £0.45 7.23 £0.23 7.47 £0.46 7.83 £0.29
Huh =g TG 3.d Wi 0.22 +0.02° 0.22 +0.02° 0.18 £0.03® 0.15 £0.02* 0.13 £0.01"°
3d i +7 dIRE 0.23 £0.02 0.21 £0.03 0.18 £0.02 0.18 £0.02 0.17 £0.03
JIH [ #2 CHO 3 d i 0.15 £0.02 0.15 £0.02 0.13 £0.03 0.16 £0.02 0.11 £0.00
3dhin +7 dIRE 0.15 £0.01 0.15 £0.02 0.12 £0.01 0.12 £0.01 0.16 £0.01
Jk % BUN 3 d i 0.96 £0.13 1.01£0.11 1.06 £0.25 1.46 £0.12 1.55 £0.10
3dhin +7 dIRE 0.79 £0.08 0.78 £0.06 0.91 £0.10 0.65 £0.07 0.59 £0.05
ALT 3 d i 70.31 +7.65 71.15 +5.85 87.67 £8.75  101.71 £11.90 75.06 +6.46
3dfhi +7 dRE 72.98 £5.97 81.80 +6.01 76.17 +2.54 73.72 +8.96 66.83 +5.48
AST 3dria 186.91 £12.08* 190.24 £5.61* 215.23 £12.03* 249.65 £13.34" 224.84 +14.62%
3dfhin +7 dRE  213.38 27.67 185.18 £10.44 186.91 £11.44 199.26 £10.44  210.99 +15.34
3 e O BRIE A A ", SOD ATz, M

ACP 75 IR 1 4% 11F T 11 £k i 1R o0 1 K A 119
TitE , 6 50 58 B 60 v T 1 Sy 400 5 s 1 o 4
FRTR 43, IR 0 B 45 AR N 1 5 490 5 AKP 2 —
FhBSES & 28 [, EAENLR BB AL R, 8 R T
T R S 8 R L B 9 4 A
TR o TR I R G 3 A AL RE A — E
R R LR B etk Y Sesh 3 d A s
Wt 2 2 SR B 1) T 8 SEL O P 1 A A A AL 7 o
2] ACP Ju AKP (99 i #5410 % WA, 15 B e ke
20 3 I Y R b W T B 5 5% B HF LA 1 5
ZESAAL. 7E 7 d YRS, ACP il AKP #EHK
53 B 1E K-, 2 I 40 280 0 41 6 O 7 B 0T B i 1
) T A LA AT

H T 52 3 W B 2 R SV SR e T L) G 4
RGBT E L, LY AEZ 250 R0 i,
AR LA 200 PR R A L SO S R i 5 1 7 2R
G A T 2 B S I, 38 J5L 77 A 3 A S R o 3
A T i o 4 i AR W 1A MR . SOD
T CAT S A 0y 1 1A 19 A 2 S 396 Fy 0 48 AL i, 7T

g & &8 8 1A [E, 7T SOD 432k 6 Fir,
RN Z A IE 3 F) . B F1 MnSOD ( £k
LR mMnSOD | ffd 57 54 cMnSOD ) Fi Jf 4 7 1
exCu/ZnSOD"™ | B4 HF 5 % W1, & A 36 Ak %
SHOKAESYIRN ARG ER D S,
TEZAME T 4 mg/L ¥ % 4H M5t MnSOD ) £
R ET R, X AT AR T R AN, 2
HLAAGE S S 5 38 4 35 3 38 S HLR S e
& SOD i P 7 i Tk B 4t 35 AR . i 5 B TR e
28 % f& MnSOD 1 Jfi #F Cu/ZnSOD f#) mRNA
IR AL HR AT AN ) A B Y B AIG, % B R0 38 X 4 i
T R A A O G DR SRR R R . (AR
B, A RN NGRS 20 A
DU AR ALY RSy, 51 DNA iif 85 32
P g B A A 2 — R 5 A AR R T
TRV B AT W AT B i — 25 R T H R I R GA UK
Vo CAT B IE PETE A SE 5 A2 46K 2, v] g L
WEHXNTFRAAMEK., &7 dIRE G, A& W
JHZH ) SOD I M T 1E 3 K1, R B AR AR
FEAEE ARBE BRI A . [8 Bf mMnSOD £ ik
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KPR X AT RE R TR KR EZNZS S T AL
REAB O B, GPX WP N T2 77 1
ff) 5 — i R L Ak R AL R R IR T &
i 7 d RIS, 45 41 GPX Jk IR 3 3k #8 v T 0 I
41, GPX WG PE iy T 0 B2 . R WIHLIALL T 42
JE£ B R BHCIR 25, GPX 55 SOD P ] 1 FH 97 B K 28
FAAERY A B % . GST RERGE i LA e H Ik 5 —
BHNEAL GG AL BRI . AR,
GST i P S H R 3Rk 9 A2 AL LA 5 GPX AL,
5 Hegazi %" 3t 1) &0 R A 2 Al 401 5 b —
B, EW GST 2 5 1T @R MR AE

A 5 IE 282 A Wy T P 7 o B BE VR
IR 3 d R B AR o = A
TR AW D G U B LR G T S A i A o i
i R BB 2L, C A B B 58 R 2 W AR S AE
X SR 368 IS AT e 4R g 0 I 4 2 i R AL BILAA
MORERLTG 2 ARSI g R, L0 R
W3 W 3 5 B P A 0 A R 43 RE I A U 38 o
ALT H1 AST 2 AL b 45y Sl 700 () 1 o 2 2 g, L
T O AR R B S WL S B A B B T
SCH PR NIR AST Wrid o A — & R T, 4278
AT e PR B 2 R R AN g R 7 d
PRI (), ARG bn XK B 2 15 # K B P
I 2 R R e IR S A B, S B8 A O 45 b il REA T
B bR . SBT3 3 RE 410 7
T3 G AR O i 1) 9 M S TR 33, X B 9 R 48
WA E . AARMIE T, 2L EOL T B AR RE 48 3 A
RS 7 R A AR a5 T d R A )
[A] A A2 LR 2T 2 Ot 7 25 0F M 38 v 58 4 52, BRI
T AEAIR e B2 4, LA Ak T 40 8 S AR L SOIR 25
FH T 2128 016 58 B 0 X 2 7 5 R A
O 24 1 K D R B B 3 A o R R Y B
PERZ I .

e
[ 1] Hernandez-Vergara M P, Rouse D B, Olvera-Novoa
M A, et al. Effects of dietary lipid level and source
on growth and proximate composition of juvenile
redclaw ( Cherax quadricarinatus) reared under semi-
intensive culture conditions [ J]. Aquaculture, 2003,
223(1-4):107 - 115.

[2] CamargoJ A,Alonso A. Ecological and toxicological
effects of inorganic nitrogen pollution in aquatic

ecosystems: A global assessment [ J ]. Environment

[3]

[4]

[5]

[7]

[8]

(9]

[11]

[14]

International ,2006,32(6) :831 —849.

Ackerman P A, Wicks B J, Iwama G K, ef al. Low
levels of environmental ammonia increase
susceptibility to disease in Chinook salmon smolts
[J]. Physiological and Biochemical Zoology, 2006,
79(4) :695 -707.

Sung Y Y, MacRae T H, Sorgeloos P, et al. Stress
response for disease control in aquaculture [ J ].
Reviews in Aquaculture,2011,3(3) :120 - 137.
Jiang Q C,Lv L L,Jiang G Z,et al. Acute effects of
ammonia on antioxidative response and gill Na“ /K"
ATPase activity of juvenile Australian red claw
crayfish ( Cherax quadricarinatus) [ J]. Journal of
Freshwater Ecology,2012,27(4) :551 —560.

Livak K J,Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2 **“ method [ J]. Methods, 2001, 25 (4):
402 -408.

Hose J E, Martin G G, Nguyen V A, efal.
Cytochemical features of shrimp hemocytes[ J]. The
Biological Bulletin, 1987 ,173(1) ;178 - 187.
Matozzo V, Marin M G. The role of haemocytes
from the crab Carcinus aestuari ( Crustacea,
Decapoda) in immune responses: A first survey[ J].
Fish & Shellfish Immunology, 2010, 28 (4 ).
534 -541.

B WeME , 255 58, U5 e, 4% I AH R R X 4T O e K
RS [7) 4 21 B 928 AR G Bl 305 1 %8 Tl 45 1 19 5% i
[T]. K FE24%,2010,34(12) ;1812 - 1820.
Johansson M W Holmblad T, Thornqvist P O, et al.
A cell-surface superoxide dismutase is a binding
protein for peroxinectin,a cell-adhesive peroxidase in
crayfish[ J]. Journal of Cell Science,1999,112(6) :
917 -925.

Sies H. Strategies of antioxidant defense [ J ].
European Journal of Biochemistry, 1993,215(2) .
213 -219.

Plantivaux A, Furla P, Zoccola D, et al. Molecular
characterization of two CuZn-superoxide dismutases
in a sea anemone [ J].

Medicine ,2004 ,37(8) :1170 — 1181.
Yang W, Xiang F H, Liang L G, et al. Toxicity of

Free Radical Biology and

ammonia and its effects on oxidative stress
mechanisms of juvenile crucian carp ( Carassius
auratus) [ J]. Journal of Freshwater Ecology, 2010,
25(2):297 -302.

Hegazi M M, Attia Z 1, Ashour O A. Oxidative stress

and antioxidant enzymes in liver and white muscle of

http : // www. scxuebao. cn



7 )

FRR 5 B R S0 R T 5 A2 0] 21 B 0l 56 B 0 &)y B R S5 S 95 AR 45 4% 1) 2 TR

1071

[16]

[17]

[18]

[19]

Nile tilapia juveniles in chronic ammonia exposure
[J]. Aquatic Toxicology,2010,99(2) :118 - 125.
Stebbing A R. Hormesis-the stimulation of growth by
low levels of inhibitors[ J]. The Science of the Total
Environment, 1982 ,22(3) ;213 -234.

Sanders B M. Stress proteins in aquatic organisms:an
environmental perspective[ J]. CRC Critical Reviews
in Toxicology,1993,23(1) :49 -75.

Blum J, Fridovich I. Inactivation of glutathione
peroxidase by superoxide radical [ J|. Archives of
Biochemistry and Biophysics, 1985, 240 (2 ).
500 -508.

Hayes J D, Strange R C. Invited commentary
potential contribution of the glutathione S-transferase
supergene family to resistance to oxidative stress[ J].
Free Radical Research,1995,22(3) :193 -207.
Meier U, Gressner A M. Endocrine regulation of
energy metabolism: review of pathobiochemical and
clinical chemical aspects of

leptin, ghrelin,

[21]

[22]

adiponectin, and resistin [ J ]. Clinical Chemistry,
2004,50(9) :1511 - 1525.

Racotta I S, Hernandez-Herrera ~R.  Metabolic
responses of the white shrimp, Penaeus vannamei , to
ambient ammonia[ J]. Comparative Biochemistry and
Physiology-Part A:; molecular &

Physiology,2000,125(4) .437 —443.

Integrative
Racotta I S, Palacios E. Hemolymph metabolic
variables in response to experimental manipulation
stress and serotonin injection in Penaeus vannamei
[J]. Journal of The World Aquaculture Society,
1998,29(3) :351 - 356.

Dewes L J, Sandrini J Z, Monserrat J M, et al.
Biochemical and physiological responses after
exposure to microcystins in the crab Chasmagnathus
[T ].

Ecotoxicology and Environmental Safety, 2006, 65
(2):201 -208.

granulatus  ( Decapoda, Brachyura )

http : // www. scxuebao. cn



1072 Ko7 OF IR 37 %

Acute effects of ammonia exposure on selected immunological and
metabolic parameters in juvenile red claw crayfish
( Cherax quadricarinatus) and the post-exposure recovery

JIANG Qichen', GU Shuyu', ZHANG Wenyi', ZHANG Chengxiang’, FENG Xiaoging',
TAN Hongyue' , HUANG Wenting', YANG Jiaxin'* , LI Feng’
(1. School of Life Sciences , Nanjing Normal University , Nanjing 210046 , China ;
2. Spread Station of Aquiculture Technology of Jiangyin , Jiangyin 214400, China;
3. Zhejiang Institute of Freshwater Fisheries,Huzhou 313001 ,China)

Abstract; The acute effects of ammonia exposure on selected immunological and metabolic parameters in
juvenile red claw crayfish, Cherax quadricarinatus as well as the post-exposure recovery were studied by
using Real-time PCR technique and biochemical assays. The crayfish were first exposed to ammonia for 3 d,
then half of them were sampled and the other half were moved into aerated tap water for a 7 d post-exposure
recovery. The results showed that a 3 d ammonia exposure had significant impact on the activities of ACP,
AKP and SOD in the muscle of juvenile C. quadricarinatus. As ammonia concentration increased, the
activities of these enzymes significantly decreased. At the highest concentration(16 mg/L) ,they decreased to
76% ,68% and 62% of the control, respectively. The mRNA expression of mitochondrial manganese
superoxide dismutase ( mMnSOD ) , cytosolic MnSOD ( cMnSOD ) , extracellular copper/zinc SOD ( exCu/
ZnSOD ) also showed a decreasing trend following increased ammonia concentration. In contrast,the mRNA
expression of catalase ( CAT) , glutathione peroxidase ( GPX) and glutathione transferase ( GST ) in muscle
remained unchanged compared to the control. Dissolved protein and triglycerides in hepatopancreas
significantly decreased as ammonia concentration increased. At the highest concentration, they decreased to
72% and 59% of the control. AST showed a noble elevation which was 134% of the control in 12 mg/L
group. After a 7 d post-exposure recovery , ACP and AKP activities returned to the normal level in ammonia
treatments. On the contrary, the activities of SOD and GPX in all ammonia treatments were significantly
higher than the control. The expression of antioxidant genes was higher than the control in all ammonia
treatments. Metabolic parameters showed no differences between all groups. The results indicate that high
levels of ammonia might suppress activities and gene expression patterns of immune-related enzymes,leading
to a loss of defence mechanism. The crayfish which had been exposed to ammonia for 3 d could not fully
recover after a 7 d post-exposure recovery and oxidative stress still existed in the muscle in C.
quadricarinatus.
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