R

SR IE X 7 R MR 7<) 7 2 BiE 5 14 B 22 1)

WEHL R BN RFHNL K OAL KBRS
oAbt o

GEIRFF R M E SR, 4R M 510300; 3. =W K PEIFSEBE, MRS = 572018; 4. WK,
MEEE b, W I 570228)

' H@ARTICLE

HWE: AR T &AM F 527 N 3R(Babylonia areolata) ) %V M B R B IR JE 69 B RIS E (22, 47.5.
102 A= 220 mg/L)* H4k 7 5 b %, 7% B it AL 5B (CAT). BR14 BRBRBE(ACP). #it B BRBE(AKP). %A2
E A A S AR (T-SOD). & B Ak it E4 49 B (GSH-PX) A= it AL 4 B8 (POD)E M 69 ok, T e ss £ RN
BEREAMK, LHEEEAME, FTRHARZALATEMS; 500 mg/L KA ELE T 24 h 425203+
2.D)%RTE, FH 96 hEAEFERSE. 0. MmAR L4 T, MK A 6K, &R AL T R EM
5. BRREALEIT AT F e R NE L EIHENA B E NP <0.05), Hatm@iamigm, 432a
CAT #= AKP 7& M3 £ Ik “iF 54757 69 4 %, ACP F= T-SOD & M & HL b “H7 | -5 57 89 # %, CSH-PX
EMEI BT R, HARRATAEANK POD EH Y HrARAREIN A EER ., T,
FIBAKARFHRREN FHREARNBLEIBELTERRGHP R, AFAMESA LA BIEATAE S
tF XERT B F R NBMRG K EFNE, B FTRHAREORALAEZAEL, ANFFT
BARM N L FHE LB SRR ET G AMEIE, AN ERRADETRRBELS,

KR # 32 KR KR (Babylonia areolata); R R4, % &5
PESES: S917.4 SCERARIZED: A X EHE: 1000-3096(2019)04-0008-08
DOI: 10.11759/hykx20190110002

HRIEA TGP EEA R R —, i BREERS, HUARRERS A 1718 H A e BE Jy DT 3 B Ak 57

JEIK P SR T E ) KA PR R FR AR S R UL E R
U B 2 RN FRFHKAR b 0 Sl HE ) | 3 | BRI
B RS S E AT WL 2 Ay kg s i U A
REW, ZHOKEAEYNEARAFHIEE UL, CAN
DT E AN KA (A s | IR U 1R
AT 0, i R 2 X DL 28090 7 5 Wi A AFF 5T )
B, A3 B AR 5 BEAR AR G g5 BRI ) T8I e )
WoEiEa M. TR e T Z R Whaa X e 6
PERFE MR SZ IR & B, Bl AR AR, iR
e T 75 P R S R R B <A R - S R B
AR s SV T S RORE AL DL it bk B A
AP ACBERG VRS2, 1 — D4R R 3 > 0y 2 ZREL
A S0 A N A AR B, AT 5 3 DL (%) T
PrE AL, Xt RN gy R B, A W
M 50 P 1) TR e Bl e . 2 T BRI K 2B 3h )
AR, i HmE A e bs . e Tige . A8
LA Eatifie 1, KR R R AR T A W ki 32

IR AR A, AR — e TR B ) 2 AR e [ L
BRI BR B, MUARY AR Stk s R G0
IR RGE 2 BIWIR, e ) SR o v s e i
B SREREYE N, AR K A S fe R 01

T BEAR KIE (Babylonia areolata))@ AR sh#)1]
MR | WIRRL, A T E AR T . ARE & H

Wik H393: 2019-01-10; &[] H 1B 2019-02-22

FETUH: B L AR R R B L W9 42 (CARS-49); [ /R4E ifl
WS BORIN N 7 Ml K2 R T g i Ml Bk Bt T 7 1 RO S A
TiH, A201601B11); W54 ARRH#I 4 T F 54T H (318QN304);
=T e R A ESH (2018YD19)

[Foundation: Modern Agro-industry Technology Research System (CARS-
49); Special Fund for Fishing Port Construction and Fishery Industry
Development of Guangdong Province (A201601B11); Hainan Natural
Science Foundation for Youth (318QN304); Project of Academy Locality
Science and Technology Cooperation of Sanya City (2018YD19)]

EF A WEP1991-), B, WLHEEMA, Bit, TR, i
FEH A KRR M E AL R, E-mail: cmtan_ouc@163.com; TR
(1972-), 5, EAEIEHR, WL, BIFTG, WFFEO5 1. K7™ 3R Ko (E
ALFIH, E-mail: gyu0928@163.com

8 HEPERLA /2019 4 /56 43 4 /5 4 1Y)



Bt

ARSE, AE]ARARFRAEIR | HhE R 02 P AUR ™,
WSS CE IR R, Mg aEE NN A HE
S A DR ST K SR AH DL i AU AR, 7 v Y
T X 7 2R VIR I FRFE AR 7 A T BCPR A Jig o AR,
FRFKE T AR M BLR, 4 DAY A K BT ok
ERSEHE o AR SCLAIr BEAR KUEOR AT 42, il id A A
o IE S, I R SRR T BRE AR AU DL S I
(R R, LASY) S G- i T D7 B 2R KU 1) B 9 D
S Fo B i6 B Bt — i B0 BE AR A, 5 BREZR XU
FRI R A AR RIS

1 MR R

1.1 EEHH

D5 BEAR RIZ i $4H5 K P= 5 I o0 (R, BR
OB AEZ LA TS . 5250 I B 2R AU
() 25 J3 i 04 (0.392+0.080) g, 4K (0.65+0.15) cm,
S 3 A, IR ETSEIET 2 RIIEKE 5% 7
BEAR RVIR 25 ok F2 bk B2 4: R 33+0.8,
J#(26.0£1.0)°C, pH H 8.0+0.2, A KT 6.5 mg/L,
WAEAS E(NO-N)HREE/NT 0.04 mg/L, Z A (NH4-N)
WEE/NT 0.01 mg/L(SEIRHT) . SE 5 & v S5 H K
ik R AR K, AR R A T I 1R & 0 3K H
A A ) TR O T
1.2 EBFik
1.2.1 LRI

W E AL B (AR L B R B R 0~500 mg/L MV,
FEEAR 6 B R TR M R R4 B/ — i B4R
IR, AR BT R . 6 AP TR, 155 24 h
F1 96 h 100 %HET- BT B [(LC100, 24 h)FI(LC100,
96 h)], ARSI EE A LR EE R . R IRIE
BENT A5 ST IR I o

RIS B 5 DA RS0 0.
22, 47.5. 102, 220 mg/L (0 XFHRZH, HAYPUAR
SINFRS 1—4), KR 3 41T, BALIRAEREG
L) BT 30 HERRE R AT 7 BEAR KU, 700 T 6. 12,
24, 36, 48. 72 Fl196 hiX 7 R[] s A4S A FRIE A 2
BEALICRE 3 HLARG I L Aoy il g i AR ARG O [RIBS, g
B 3 h WA RBOUKEE 100 mL, #F177KFEJERC
Pl S B6 MR L ST 448 5 R o 5 1358 5 1 8 WU

BHBK 1R, BRIK 50 %, & 24 h R
B UKL, IR SRBE AR PRI | TR DR DL R A
F 77 BE AR R B b 53 2 o DB R g rh 2R, JFid

) H@ART/CLE

ARG 2 Ty AR WIR I RS L WE ST . h
BEAE R DL BB T35, BE T 00 ) W b o Sk 1k 00 0 T
SRR IO IR Sk g, ) T fl oI R
1.2.2 RS AbE

FH 0.2 mol/L A= BERACHKS & 1X B 2H BT U A~ 4
anE T - AR 1 s 2 LRBIEET TS, BREETR T 4°C .
5000 r/min #.0> 10 min, B S 1 mL T3 EP (ep-
pendorDF 1, B F-80°CUKFTFIN EE M . AL
fil(CAT) . FRIEEIR B (ACP) . B IERERL B (AKP) ., A
A L B B AL i (T-SOD) 43 bt H ik i 481k ) Tl
(GSH-PX)Flid E AL Pyl (POD) .
1.2.3 BRI SoH

SRRSO GE T e A MU SPSS 21.0 #EAT, St
BAEAE R R T 22501 (ANOVA), AbBH[EI#A A B %2
5, M1 Duncan ¥ A A4 22 55 B35 (P<0.05),
RSP EE R Mean + SD Rk, AT EHAIE
PR T 1 A8 AR S OO (F5 T B R, o SRS 7 AR X
B 53 Fe =S50 21 B 7% 71 /6 B ZH B 3G 7)x100%.

2 ERER
2.1 R AAEx}F 5t R RIBAT H RAE RN

B
TER A A 2 rh, Bl Ak B vk BE 1 T
5 B AR IRV 3 AN ()R 8 10 1 A T o B AT &%
[AAMBE, JBERRNIR L2 R s sh%1E, X
HNFRN B SR B, TEREZ B /b, BET R, DT
IKARRHS, B ARERE 20T FET RS A9 7 BEA A
B2, WA WA, SRR AR 1B R R, 300 mg/L
AL A PR 48 h JF 4R LSBT, 96 h £7 15 R
}(60.0£1.6)%, i 500 mg/L 2 A AL FLH T 24 h {# 1}
I(20.3:2. ) %IET- 3, FET- AR RS RLKIT A
AR EAFLIING:, I 96 h 4716 R R 0, HAS A7
R 100 %(WLFE 1), AL, AW, HAFEE
FER, JrPEAR KUIBAE TRk =, SRR, B
B ] A TR, 5 B AR RUBR BB T R 0 5
2.2 R RS B A NI CAT #E M a9 %ok
R EMNE X )7 BEA KR CAT 36 MR 2 WL 1,
STUGSE R, 4% BE A0 BN ) X BEAR KR CAT
TEPERZ A 3 (P < 0.01), T AN ] vk B 2 & ad Xt
b FRZ CAT 6 P 52 i A7 7 W I 25 55(P < 0.05) . #H
FEXFREL, fEALFRRSTR) ) 6 h, Z A E A 102 mg/L
f, FBEAR KIRALFEAA CAT BTG PEA PrIEAE, H
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AR CAT R A SN, (B2,  BUSEMGIE 7SI RA R IMHERE . BF

W R AL BT [E] ) AT IE G, AR AR RIS R, CAT (G TER B <7 T -1 i 5

1 SRAMAHENZSIMESHEREER

Tab.1 Acute toxicity experiment of ammonia-N to B. areolata

NH,CI ¥ J¥& FET /% 11h
/(mg/L) 24h 48 h 72h 96 h 24 h 48 h 72 h 96 h
Xif e 0 0 0 0 EH# EH# E# EH#
25 0 0 0 0 B EH EH R
50 0 0 0 0 R R R B
75 0 0 0 0 R R R AR
100 0 0 0 0 R R A HEE
200 0 0 0 0 H#E AWy AWy 2E
300 0 21.443.3 40.142.9 60.0£1.6 e et et et
500 20.3+2.1 50.0+2.7 73.6+4.2 100.0 e et et 2T
250 200 -
8 £ 1801
e
£ ol 8 s2mgl 21200 | 2 mgll
= |& 47 mg/L = 100F 247 mg/L
E 100 !E 102 mg/L E f)g ~102 mg/L
< so0lE , w220 mg/L 5 40 u220 mg/L
S < 20
0 0

6 12 24 36 48 72 9
B ) /h

BT AR I BEAR KR CAT 6 14 14 52 1)
Fig. 1 Effect of ammonia-N concentrations on CAT activities
of B. areolata

I fE]/h
Kl 2 SERXITBEARIR ACP 14 (45 M

Fig. 2 Effect of ammonia-N concentrations on ACP activities
of B. areolata

W T a~f AFFRRZEZHFAENENEES, THlFEER e FhE a~f KRR ZHZ RGN ENE LS, FTHREFEER
45 as
. . 250 [N
23 RRPibxtFsERRIR ACP FHe)
%ﬁuﬁj z_\: 200 +
P, N S B 1 T TR 2 150t 5 m22mg/L
FRIE X 7 BE AR IXUE ACP 355 P 4 52 1 DL FE] 2 & T
N N = N = b, # m
Sk R, AN ROR Y R A R 100 4100 men
T A 5

FERLW T BEAR IR ACP TG YE(P < 0.05). ML IRAL, £ 5[4 =220 mg/L
ERBRE N 220 mg/L I, BRI E < [

ACP Ryt ETb, 25, W Ab B a] A R ke
Ham, ACP &V I A A AW E N 102 mg/L
(A BEZH SR ACP 36 M AE 0 i) 22 B e ] 22 Ak
B, T A A b P A A B A A A R -5
FERT . AT L, e B 4 AL B A1 (220 mg/L)ACP &1k
R - MR, R A REZ (22,47 .
102 mg/L)FR I M ] -5 T () i 3

2.4 R RMitst sk RIE AKP %k
SURUM A 7 BEA SR AKCP 35 14 4 S0 P 3.

i) /h

K3 SRR TT BEAR KR AKP 35 M 1 52 1)
Fig. 3 Effect of ammonia-N concentrations on AKP activities
of B. areolata

I T a~f REFOR ZH Z AR EEESR, THRETIR
iRE)

ST AE W, b BRI E] )T BE A KU AKP T MR
M % 2. 3 (P<0.01), AN [R] ¥ B 2 W 38 X6 45 4k 3 2
AKP 75 PE52 00 [R] A A7 7R BH 1522 57 (P<0.05) o A1 Eb X 18
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AH, REALFELH (22 mg/L)yME AKP 1975 1 bt % 4b
P[] ) AN W28 Ak 5L B4 i -3 2 ke 34 i Ho A
Qb PR 4 5 B S - A S R AR b B

2.5 REMAxF B R NIE T-SOD & M 44
% )

A8 X 7 BE AR IR T-SOD {14 1) 52 1 W,
4, AT, REFEE R BEAR KR T-SOD i M52 1k
W i 2 (P<0.01), A [F]#e B 24 &L 38 %) 45 Ak #5121
T-SOD {ifi P 52 Wi A7 78 B 2 2% 57 (P<0.05) o AH Hb X
A, %, PR (22, 47 mg/L)¥ RN E FAE
FH, W, me AL FZH (102, 220 mg/L)FfR A] #7248
eI - -5 S, HAE 12 h bR
IHVER . 2 a4~k T-SOD 15 P 7E iR 56 2 1 it
(B 96 h)¥4 1 3 i T X% R4 (P<0.05).

3001
2
S 250}
i
&
= 200}
= g =22 mg/L
= 15018
= h %47.5 mg/L
= 1008 102 mg
Q : m 220 mg/L
2 sot
e

o LB

K4 AR HEAR KR T-SOD 17 14 14 52 il
Fig. 4 Effect of ammonia-N concentrations on T-SOD ac-
tivities of B. areolata

T T8 a~f RIFRA & Z BT RFNE R, THRETRR
H5

2.6 R KRB 7 BE AR NI GSH-PX & M6
AR A X T BER KR GSH-PX 175 P4 4 52 1) DL
5. mn, Ab BRAS )R 7 BEAR KU GSH-PX 1 M5
M % f 35 (P<0.01), AN [m] e i 4 20 W 21 X6 45 Ak #1201
GSH-PX 1 PE2 I A7 B I 22 5 (P<0.05) o AH L X R4,
VR P A Ry BE AR AR GSH-PX & PR 2 i
S-S R AR, EIITE 24 h Ak, K
1B, K. EiabA (22, 220 mg/L) A& GSH-PX iEH#:
55 5%F BEZHAH LURE A T F%, 17 47 mg/L A1 102 mg/L AbEf
HBRINER, FRBFIERAMEL 72 h 4555

2.7 R EWExt 7 5E A KSR POD 7 M 6%k
SR X 5 BE 25 KU POD 35 1 f 540 LI 6.

' H@ART/CLE

250

BoL/%
(]
=

= 150 3%

& 22 mg/L
= =47 mg/L
x 100 102

& . mg/L
e 50 m220 mg/L
2

<

Bl 5 &EERX B RIR GSH-PX {4 ¥ 52
Effect of ammonia-N concentrations on GSH-PX
activities of B. areolata

e FhE a~f ARFR HZINFEADEEES, TfFEERR

EIRs

Fig. 5

180
160 |
140 |
120 | d,, :
100, |- EE SR E
80 | '

60 |
40 +
20 HE
0

Lt/%

» =47 mg/L

by, .

“!d%l a, =«102mg/L
m 220 mg/L

POD{E F AR T 43

I i) /h

Bl 6 AT HEARXIR POD i M 1Y 52
Fig. 6 Effect of ammonia-N concentrations on POD activi-
ties of B. areolata

T T8 a~f RIFARA & Z BT RFNEE SR, THRETRR
H5

ST AE N P )X T BE AR KU POD T 15
i % $ 3 (P<0.01), A [R) ¥ B85 22 &0 3 %o 4% A Ak A
& POD i 1A% b ¥ 4 i 1) 9 R A7 7 B R 25 7
(P>0.05), A FL %I ZH, 220 mg/L 4L B4 MA POD 1%
PR AE 45 Bsf (] B 24 32 24, 22 mg/L A1 47 mg/L 4b##
57 36 h Al 48 h 4b POD I g 2 i % g
(P<0.05); 102 mg/L 43 ZH MK POD {f 47 48 h #il
72 h Ab TR IR . 2 ki, BR 102 mg/L AbEE
MG AR AL, A4S 38 2 POD 1 P35 i 3
I F X} B 2H (P<0.05)

3 w#
3.0 RAS B R R4 b
PG R, BEAR R A R

R EE IS . DM I Bt & 1 e WL A2 1 7
WORE, Jr B4 KR 27 J 4 9, RBLH T &0
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(BT o S g2 2 5 0 iy T A B B S LA
— B, R OR, PR AR, Ty B
ARRIRFE T A s AH IR A5 PF T, BE NS0 I [R] (Y 4E
K, JrBEARKIRSE TR oy o DRIk, SREE AR ™
JA] E YRR TR KR P R R AL, [R] ik 5 1k 5
RA N5 87 A NH3-N, BB i S5 I iy ok i £ |
U P S5 5 i LR SR T B 5 BREAR RS © 3 8k, T B
IR IR RS S R DA T R RN B B A8 . XA
B R R BE 3 Bl ek A 45, T R 2 U T
T 05 BEARIR B AU, AR i AL A {4 8 T A
WA L

3.2 REMF 8 AR KEREAK % 0% B & M4

E2A0)

TEFRFAKAR o, A LR T/ (NH) FIE R T
ANH)WIEXAAEIFR R, Hh NH; BN HL A,
BB AREY:, e 285 U AR M A, F i xf
i DU A R B R A O KRR R, &
R Xt 0 2S5 s i A KB . I FE s
A AUER T M BEHLRE P AR T B U2, 3R BE AR
iR DL 28 B4 77 B P2, 5 1R i bk B EE AR DR A
I8 146 S A T 7 AR AR, b i AR B AR B g o K
A B AR R S M G E 2R G AR NG 0 R N B A
SAEH, Hrpad AL S (CAT) . FRIEEFRE(ACP)
A A B AL (SOD) . i A AL Wi (POD) LA K2 45 b
H K S AL Y (G SH-PX) S5 78 G 8 I 35 s Ft v oy B
B A PO R AT AT X A B A KU
AMERIEFT T 6 Fh e BRI E AT, G5RRM, it
0 5] AR S 3 B ) R4 6T 45 928 it T A AE 35 1Y)
S, X REALA L, Bl AL BT R AR R, SR
CAT FI AKP i&GPESB RIS i -6 ks, m
ACP il T-SOD i R B Il -5 T p s, £
S22 1OV T 5 SR 300 5K Y08 A 2 I 1% A £ 5 i) B
WA, MiEZ RN, Bk L CAT 3gHERM
AKP MR F S - H B, o ACP Al
T-SOD G PEFR B il A S pta . myta
I G BTG P 1 4 5 T BB DU AR A AU A
TR A R E A, MU Tk E AR, R
REFPLAR R G W B AT, P ARG g I8 n,
A RETH BRALAAR = A 4 2 B 6 M S (R Rl S R
AL R[] 3G 0, HILAAR 7™ A i KR T MR O
P AL R G TE BRAR JT, 3 10X 4 A 45 44 1 B4 b
B, FHUELEE CAT IEPERRART, X — & Bl
SR T Hofh A DU BT 45, Bk B A R PTRF 5

' H@ART/CLE

TR E UL S SRR SR A AR TG
I, & CAT F1 SOD 1% M6 % 0 0 ik B2 il 14 i
SIS VR RS SR, ik sz 5
IR S A ), AKP . CAT . SOD 481& Evkifs %, T
Z P B, AR . SR, BEE R
UL PR ] A5 4k, CSH-PX I P S 3155 S — 4 il —
BEABES, mME ALK POD 5 A R
HARF AN HIVE o BEFEHE H, X —BG kA A
PR SRR R 25 R, T T BE R A AR i & Ak —
FREE R AR, KB R 7E = ik B A A T, P
TR RN TE S i i B A 3, HLIR RS A AL S Pt AL
B R IR, B A SRR AR B, DA% 4
i 7 A A AR 00 R R, LA A Al AR AR
ZEEIR, R R B RE S RARC Y TR R, 7E
SR R A ) A B T A7 ROHE R B aE R Kb Ak
R ZFNBIR, FECARNIRYT D MR TR,
o R AE—E R b, SRE S TR B I
TR 1 sf [) S5z ke 1 LA X B 85 19403 7

SR, 45 G 928 it 175 M I o Ak PHL v 3 1) 28 £k B AR
HA B EEEE B ME RS, HAFER RN
LM R —BORAE, X AT RE Sy BE AR KR A i b
KB BT . s fe s s i P S AR B S
X, WA g A REE R AN A& T —
AIZEAL, AE a0 Ab B -8 A7 A I o Y T PN o [
A ARBIEGE S B I GRS AN TR L 555 % R[]
DL R A HE A B ERA SRR N R BB R TR,
PR 3 B U0 R Y B 2 7

4 Zipr

FEFE KA R () R 2 X T B AR DRV e 8 T
PRI, BFRE R, A AR, A
1B R, 5 BE AR KR BE T 3Rl ;. T AH R 254 F
Bifi X3 B (] A A, B AR KB AE T SR o A
e JEE R A S R 349 X6 D BRE A DRV G 8 TG T AT
Y520 (P<0.05), 45 BEAR XUAE 32 1) 4 i 396 155 Jin 6
CAT ,AKP . T-SOD . ACP I CSH-PX 7§ #5155, i
7 T SR A B, R )k B o kR R R AT
TE F2 58 T B AR XU K A /K A B i ad f v, R oR
FH— 28 0 75 155 ek 20 7K A v v e R Ok 1 L I
N, N R SR B W e R B AR

& 3CHk:
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Abstract: This study investigated the acute toxicity of ammonia nitrogen and the effects of stress of different am-
monia nitrogen concentrations (0, 22, 47.5, 102, and 220 mg/L) on the activities of the following six immune en-
zymes of Babylonia areolata: catalase (CAT), acid phosphatase (ACP), alkaline phosphatase (AKP), total superox-
ide dismutase (T-SOD), glutathione peroxidase (GSH-PX), and peroxidase (POD). Results demonstrated that the
higher the concentration of ammonia nitrogen, the stronger the toxicity and the higher the mortality of B. areolata.
In the group treated with 500 mg/L ammonia nitrogen, there was 20.3% + 2.1% mortality at 24 h, and the survival
rate decreased to 0% after culturing for 96 h. In addition, the mortality of B. areolata increased with the extension
of the test duration. Regarding the enzyme activities, both the concentrations of ammonia nitrogen and the treatment
duration had a significant effect on the activity of the immune enzymes of B. areolata (P < 0.05). Compared with
the control groups, the activities of CAT and AKP exhibited a trend of “induction—suppression, ” whereas those of
ACP and T-SOD generally demonstrated a “suppression—induction” trend. However, with the extension of ammonia
nitrogen treatment duration, the activity of CSH-PX exhibited a trend of “induction—suppression—induction.” Fur-
thermore, treatment with ammonia nitrogen had an inhibitory effect on POD activity. These results imply that the
ammonia nitrogen present in aquaculture water has a greater impact on the immunoenzyme activities of B. areolata.
In this study, the combination of ecological phenomena and physiological indicators was applied to delineate the
toxicity characteristics of ammonia nitrogen toward individual B. areolata, and the obtained results would imply a
practical significance for the culture of B. areolata. In addition, these results would enrich the basic information
about the effect of ammonia nitrogen on the immunity of shellfish in toxicology experiments, which can provide a

knowledge and scientific basis that can be applied in ammonia nitrogen stress experiments on other shellfish.
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