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SpHMEXS 2 KRB R F M FEE. FFERAR
Bl 75 14 M 4B RS A RO =2 )

®: X OB, #® B, DY,
(1. R AN K22 T B ol 2= e, Y195 % 214081,
2. T [ K P BT B iR A A T L
AR 7R K e 5 o IR YRR TSR &, VLR B 214081
3. MERIT G 2 e AR A B2 22 B, TLJR W 223300)

g7 1L, AR

WE: R T epHbExt w KR E T8, R P ElnEt, R, FER4A
BB P M. EFH96 h LCsohy 2ol |, 1% & xf B (pH7.6) 0 52 3o (pH10.2)2/N pH A 32
4, #4796 hFpHpaE , Tl 50, 2. 8. 24F196 hil] 52 #8Na'-K'-ATP#E . 7| B Ji. 4 i
(lactate dehydrogenase, LDH). ZE #f & B 31 & B (fumarate reductase, FRD). Jf Ji Iz # 4 1t 4
¥ ¥, B (superoxide dismutase, SOD). it A 1t 4 B2 (catalase, CAT) /& L X — B
(malondialdehyde, MDA)W & &, H RE TEWNE. FRBRBALAWAFNE. £R LA,
96 h LCso pH1E 4 10.194, @pHM # &, 4 41 #8Na-K'-ATP# . LDHMFRD# & £ 2 F
Fr#%, pHiE8 h)g § &t ff 4 £ 7 B % (P<0.05); P 38 B[] oy 7€ K, 52 %0 41 BT ik IR
MDA% &t % ft# % 5 LDHAFRDAE il , CATE M E % LA G TH A%, SODE &4
B K, pHir#E24 hjg 1 B L T M (P<0.05). SEFAT R A RANEZ KRN, MF
pHi B Bt By FE K, #EvPR F XM BHBLE, AREZH . R, #Er X HEERH
B HEREANEERERS, MNMEANZRESZ. KREKX, FakhalfkgRm ). o5
FUH, wmpHEd w KR HENR S EP W, FAERRAMLHE, 280 HRR

YRR KR, R AW E .

KERIE: 7w KR & 4r; pH; P EILKE; BE

hE 2SS 968.2

pHJZ S K A K IR B0 ) — A EE B AR AR
K A pH o B AR g 23 0 K Az A W 3 E T .
SR KA pHTE R R EZAA WA, — 2SN
BTG R IR A, TR ARG RN, K
AAEPDC A A FHIE RS, R HAEK T CO,mifili Kk
PRpHTT M Hy TR 25 S s A 37 B ad e v
it 8 B A K D I 5 R I S i
P, PR A RIRAR A RIEBUK R AL AR,
X 5 5 R K A pHIE A TH e 2K R pHAi 25 1
KA A W) A A 18 O pHE FEL T, S5l K AR A
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M HE K

ERFRERRD: A

W0 IO SN, AR B A I I 2 el i B A )
ez B m Y, B Be R 80N F ML TR
Ao HETE NN A — 25T i pHIFR A X i
S W4 IE o A1 Cheng G PIWF 5T I\ 0 % R IH IR
(Macrobrachium rosenbergii)#t = pH (pH 9.0~9.5)J}
38T XS FCFLER T (Lactococcus garvieae) ) 7 W15
PRI BR & 3  E RR AR, IR BE 25 5 32 34K [G
FERBE ARGy ZBE SR B pH (pH 9.0~9.5)%
i AL G EE & (Erviocheir sinensis);= = EAL N L,
FECHA AR 2 Wang®F A b S pH (pH 8.5)%


http://dx.doi.org/10.11964/jfc.20150810045

11 4] B oy FU, % ipHI G X 5 FQ B R Y S M RE A AR L T I AR e A % 2 2 25 ) 4 2 1695

1 B B X R (Fennerpenaeus chinensis) 4 MR Y;
W, JF o AR AT R

5 [ R MR (Procambarus clarkii), 15 FR</N
ar”, REHF FTHN(Crustacea)., + 2 H
(Decapoda), #HHFHl(Cambaridae). JRE B
(Procambarus), & E 1K G5 5% 58 i b
Z—, HAERKHEN, RWREEE, LA RER
WIS T R, N TG R,
TRARAE R 50 G R B MR A A7 AT, KON R
PR %) 2l 98 2 1 e D i 88 A 7 A 7 380 S g I o
FCOE H AR AR i s e, i H R IR R
(A7 X6 5 FQ VS MR 52 ) I SR B AN 583, ST
pH M 38 XT3 [ Ji 5 R 52 e 1) i 5% 0 02 A i
SERUNN s NS S e =10 17 SER O AW k- S 1T k= R A4
DI PR AR L R A R R AR AL e R

IR 38 25 1 A R A A AR R, T
PR AR AR ERE, IR A4
724 1 (malondialdehyde, MDA)®', i HL{A& 4
1Y 8 S AL W 1 AL T (superoxide dismutase, SOD),
i 8 Ak S (catalase, CAT)S 41 A AL il BE K i v
FREH 5L, i A A R XTI PUAR R S0 .
R AESOD . CAT. MDAFE bR 4 78 16 K Jz e L
1R AZ B AL E . Na'-K'-ATPH§) iz AP 7E T
AW ) AR SR -, R AN B Na KA I PR R
wBAy, A B )RR 2 A0 M T A ) B T S
T, 2550k 6e 0. P 5Tas A A Ak
Wi Ak S AR AU FLRR N EUE (lactate
dehydrogenase, LDH)F1 4E ] % iR i Ji7 liff (fumarate
reductase, FRD)/Z Jo S G i A o R A~ B 22 1 1A
i, %t Na'-K -ATPfiff . LDHFAIFRDY ¥ 1)
D5 A] DL — s A b s e A 15 2 %o AL AR AR
WA B R

A S5 B S = pHIVR B T 5 G IR 2 R 96
WP HOUHK AL, R 455 BOOEpHIK E T, Na'-
K'-ATPHf . LDH, FRDXSOD. CATHIMDAYZE
a3, I N H 2 W R 52 A [R) B (] Bt 5w
PR 0 M e R B8 1 A R A A AR Ak, AR B
1 ZH 2K S 0T p HBR 38 % 5 [ i 28 0 A9 52 i)
B TE N 5 TG D 2 0 A A A 55 9 A S 5 B ook 7 vh
(7K S5 A8 B LR 22 R 4R

1 MRS A

L1 SELREhYY
SN RN LI E RN PN e

BLMFFRARRA T, EX T T GE 1T 7E RE
IR R SR T dOBA% i B A% 1000 mm> 1000 mm),
FEHHKTR10 em, B KB (8:00F117:00) 4% 4% M BF
A /NG REE—R P R AR IO A 1 3%~5%
B R E PR ISR AR S A IR oK 1344, U
PRAEZK BTG 3 o TEPE RS 4 . RIS AT L f
R TCH Y v [C R B T 588, P IR BT (24.17+
3.40) g. PRI (7.96+£0.40) cm.

SEE K OMBR 72 hd BB A K, Kl
(18.26+1.13)°C, pH (7.6160.03), SZ¥imE], %
SEF A E I K P IE AT .

12 BT

pHE M A EE  pHRAVERIELRITIR
i, Jeid i SR BRI B, R 24 ha
HET- 196 h4 FR A7 B pHMC YL Bl . TE X 5286 i%
BHSTpHAN A, pHA I A8.5. 9.5, 10.5,
1.5, 12.5, BABHBIN V1T, BT
10 HF, HEATpHRMETETE SIS . SC56 8] 1
ML, I AE P2 hJE U B A ISR Ak v R 2 A
oK 17251 8 2 A0 W pHU B, 45 pHAK AR IK TR 1 R
10 em, & RWLEE 50 [C I B AR A9 36 2R &0, JF K
W5 BEHR, 105524, 48, 72, 96 hig [KJF LT
MIFET L. B R AE P45 X pHI T (e 9 -6 0] 2
FG) K /K #ipH, FH 1 mol/L NaOHAI1 mol/L
HCIH 7 pH, i H AR5 75 3% pHAK -

pHMr 8 5 38 WA pH 2 E N 3T e QA
FEUR96 B B, 1% B X R4 (pH7.6) Al i

pHEL B 2H (pH10.2), F AL FRA B34 P17, 5%
A6 L & IR h EA T, BEATBEHL AL A 302
TR0 R G BRI 5 3 1Y v R R BRI . pHAL B
AR HR L AR PR 34 010 em, 4 B 4/N B
IR pH ., ST M), 5 D B Y A R 4 R
5 pHi %2 75 X pH A B 2 52 50 AR ]

MR ESAE  fEpHMM A SZ A,
SrBIF0. 2, 8, 24, 96 KRR, HRMNE
P B AL B3 R AR AT )L L R
A AEMEAKELE, 7 A Bouin Q&
B, RIGHSRCEREMK . LI, YA,
ZH.ER GG, DHOWEIEH I R B H R
0.1 g A EEF TR AL HB A E KRG, T
~70 °CHRAE, FHF B M

A LB E LA R R R A R
e, A R ER K vk, & AR K 4 JE FR
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Ko AR

40 %

L, A MERFR /) B A BEER K I )
#, BiNa'-K'-ATPH . LDH. FRD, AFJB/i
SOD. CATI# %t LA R MDAR) & I 72 5% A I
T W AR ) A BR 2 R I A A ik ) A
(enzyme linked immunosorbent assay, ELISA), #ifi&
) & e i U A A R G . ORI B T 40 C R
£, TE24 hAPIESE B . SCHR 45 3l id BioTek
Eon™ fiAL AR 730G T i A7 30 8k

1.3 R4

ARSI SR B4R Il 0 3k TSR Y e R R B
96 hif) pH: BALHE & (LCso) o pHIFME [7] — Hsf 8] 552
Xof B 1S 36 24 (8] 1Y) 22 5 R HISPSS 22,070 37 A
A TR 35 R A, 5 2K P<0.05, HAY SIS
B ok FHSPSS 22,03 17 B [K 2 7 2% 43 #7 (One-
Way ANOVA), Y2257 &R, K Duncan[GiF
T2 B, BEKFENP<0.05, SLE4s R
mean+SE} £ 7R .

2 iR
21 RREEZEDSMHPEZIEKIEIC h LCsHY
M E

i pHZH (pH 10.5~12.5) 78 & i B 0 i T 7Kk 44
pHIY 2451 R AF B S AN 4, RIS Al 4 IC ),
MR B KR, BUNSE, RG>, AR
TR, P 3% 35 08 foh i 005 A, AR 2 1 K O
B J5 BN, W AR AR AR L, R e N
Bl FH B R AR A, R SRk, H
RE R S8 I RCZE K IR 218 8 8 B Th i R 2 1Y
R, ARRR XA B OArRE Ty, AN KR
B X, MRAETOWE, R EREE 4R, BB

WA 0 €5 i R B PR 55 (0 A8 4T 7 . pH 9.54H
ve [Q i S R B E I R HERS , Wil T — o R
JE B R R AE AR . pH 8.540 7[R R LR R PR
RIEH, AT RS S RN AT 22 A K. A
pH{E X 50 [CJEZS MR AL T e iR 1R, 45
I [ A e i 288 0 1) 8 1 3R il 5 /K A pHAE 1) T
RN . MoK AR pH N 8.5AT, b FC JE L MR A i
196 WK HEAET:, MpH M 10.50), 7¢ KR EL
WRFE BB 96 hiF Y FET- B it 50%, HH T
53.33%. 38 i B2 M AR v R R ESHR96 hity
pHEFE U FE (LCs0) M 10.194

2.2 ESpHMEX R KR E YN8 Na'-K -ATPES
=R bA

F5 pH (pH 10.2) 363 % 7 FG J5 2% 0 il Na'- K-
ATPEGFTE PRI SE M 7R, 4% B[R] 2506 B ZH Na™-K -
ATPR TG 71 76 W 8 28 1k (P>0.05) (1), FfiE =
pH 3 B[] A SE 4, 5250 2 Na -K - A TPl I 14 &2
M LTHE PR A . W8 hit, SEEhal
Na'-K'-ATPRf % J1 5% M 41 22 & i 3 (P<0.05);
JpiE24 hiF, S2E6 20 Na'-K'-ATPHGETE 13k 3 & K
{EH; W96 hith, 5284 Na'-K-ATPHEEG /14 FF
TR, AR5 ) IR A A B3 2% 5 (P<0.05),

23 EpHINE % KBTS LDHAFRDSE
LA

= pH (pH 10.2)38 X 5 [C )i 24 MR §8 LDH{E
PRSI 7R, 4% E] 56 B8 4 LDHIT 1 G B 2 48
fh(P>0.05)(&12). Ffi 5 =i pHM A B AE G, 5256
HLDHWG S 2 &8 LA, Hias h
i, SCUG 4 LDHTG M B BT H S50 IR 24 57 B
F(P<0.05), F& Mria A e, S84 LDH

Fz1 T EpHEX 7 KRELFFE TR0
Tab.1 The effect of different pH values on the mortality in P.clarkii
ANTR] IR 1) 50 DG JSU SR P34 PET-%/%  average mortality
P 24h 48 h 72h 96 h
8.5 0.00+0.00"* 0.00+0.00* 0.00+0.00* 0.00+£0.00*
9.5 0.00+0.00"* 10.00+0.00™ 16.67+0.03% 20.00+0.00%
10.5 16.67+0.03™ 20.00+£0.00 33.33+0.03° 53.33+0.03“
11.5 63.33+0.03“ 100.00+0.00™ 100.00+0.00™ 100.00+0.00™
12.5 100.00+0.00™ 100.00+0.00™ 100.00+0.00™ 100.00+0.00™

e ANFIKS FRER R R — I8 ) s AR [ A B2 9 (1) 22 5 2 35 (P<0.05), AN TA)/IN'G S RER o [l — AR BEAN[R] I ] A5 2 [ 1) 25 5 5. 3 (P<0.05)

Notes: The different capital letter superscripts mean significant differences (P<0.05) with different treatment at the same time, The different small letter

superscripts mean significant differences (P<0.05) with the same treatment among different time
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250 p
WG

200 F pH stress group
Oxf 2

150 F control group

W
S

o

Na*-K*-ATP %14/ (ng/mL)
Na'-K'-ATPase activity

¢
¢
b
U S h
0 2 8 24

96

LB 8] /R

exposure time

El 1 SpHE 5 KR B TR

Na-K'-ATPEgGE £ 521

AT E S REFR IR AR AE W 35 72 53 (P<0.05), T ]
Fig. 1 Effect of high pH stress on Na'-K'-ATPase
activity in gill of P. clarkii

The different lower-cases mean sign:ficant d:fference

350 ¢ mocse R

300 } pH stress group -
) 0 x4 4L 1
E5250 control group
£z
:«g 200 F b
iz 150 F
A a a
ja, L
D-—‘ 100
= 50

0 1 1 1 1
0 2 8 24 96

JPp3EL R ] /h
exposure time
2 SpHMBX 5 KR E LN LDHE M B2 08
Fig. 2 Effect of high pH stress on LDH activity in
gill of P. clarkii

TG PEARSE b T IFAE W38 96 hik 2 5 K AH .

fmipH (pH 10.2)/1 38 XJ 5 [C )i 2 AR i FRD
PERS I 7R, SEEG 4 FRDIS P 19 728 Ak i e 5 s sy
41 LDHIG 1728 Ak S5 AR L (1813) o Fifi 25 Joip 36 B (1]
IFER: , 250 4 FRDIG 75 % i 7 = IF 76 1361 8 h
Jii 55 BEZH B 2 2 57 (P<0.05),

2.4 SpHiIE N 7 K R B ERAT R BR SODSE 1t
A

i pH (pH 10.2)J8 38 XF o7 [T )5t 2 AR 5 g
SODiE PERY SN 7, 4% B[] g % B 2H SODE 1k
TG 8 ARk (P>0.05) (K1 4) ., Fifi 25 v pH 38 IS} ] 4iE
K, SCERZ SODIE M 2 iz i T K AR fbita . W
1824 hJ5 S5 41 SOD M 5 X ML A7 7E 1o 5 25 5%

(P<0.05), 1HSZ562H 036196 hist SODTE M 5 52 56 4
frii 24 hBf SODYE MEAH Eb SN FEHE & 3 2 =
(P>0.05),

2.5 ESpHMEN R KEEIATFRRCATEY
ppAl!

mipH (pH 10.2) 0368 X 5 [ J5 5 1R AT A
CATIHPERY sE M 7, 45 )R] s X BEZH CATIE P
JC W 8 A4k (P>0.05)(K15) Fifi 5 v pHM 301 Fs) ] %iE
K, LEAHACATH MR LTHE F RN
oo Phaa s hisk, SZERH CATIG M ik B fe K H
Exf 4 2% % B E(P<0.05), ZJESLE A CAT
TR T T e Wrifio6 hitf, SZIGZHCATHE 1145
X} HEZH 22 O B 35 (P>0.05)

2.6 EpHIMEN = KRB RIRMDAS £
SOEALD|

= pH (pH 10.2) 1 38 X} 75 [ J5 % UF T g iR

120 1 msegonm d
~ | pH stress group *
2.7 o -
e 80 F control group
= 2
== *
£8 60 | . b
H0 a
- L a
Qﬁ 40
Eoo20
0 1 1 1 1
0 2 8 24 96

e B ) /h
exposure time
3 SpHpIB 5 KR ZE AN FRDIE 14 B 20
Fig. 3 Effect of high pH stress on FRD activity in
gill of P. clarkii

L ERnEil
pH stress group
(= Do
—~ 400 r control group
=
= L a a
E‘TE 300 a
#8200 . |
P .
o
wn O 1 1 1 1
0 2 8 24 96

B[] /h
exposure time

4 SpHiHEXS 5 KR ZANT AR AR SODIE 14 B $2
Fig. 4 Effect of high pH stress on SOD activity in

hepatopancreas of P. clarkii
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140 r ® SEEG A

pH stress group
120 F Ol

- control group bc”
= I
?E = 100 b
2z 80t
vo= 60 T
[
< 40 r
Q

20

O 1 1 1 1
2 8 24 96

JHpIE IR ) /h
exposure time
5 SpHEE 5 KIRZEIRATRRCATE IR
Fig. 5 Effect of high pH stress on CAT activity in

hepatopancreas of P. clarkii

MDA & 19 52 W 7, 45 B B) s 6 IR 2 MDA &
G 2 22 5 (P>0.05)(K6). Bl =5 pH L Asf ]
FEK, SCEG MDA & B W LT A g
a8 Wi, SCURZI MDA i 5 %) B 41 17 7F b 3
# 5 (P<0.05) H A8, 24, 96 h3ZE 4H MDA & &
2 B A7 I 35 22 5 (P<0.05).

2000 p  WSLEGA
pH stress group

d
= O x4l .
. 1500 F control group ¢
w5
£¢ v
g S 1000 F
a5 | .
<= a
a 500 F
=

O 1 1 1 1

0 2 8 24 96

3L B ) /b
exposure time
6 =pHEX 5 KEZEINTRRMDAS /ST
Fig. 6 Effect of high pH stress on MDA content in
hepatopancreas of P. clarkii

27 EpHER % R ARERLE A 2 M B
I

fmipH (pH 10.2)Fr 8 [, 5 [C )i 2 AR a8 - £
[T )22 Ab B - SE R, N RT I L Rz 4 HE 51 R
3, A ERTEMT (R T -1), a2 hi, #unt
SSMMIXTIER, MARE e, W g
e &5 (R 1 -2). Wit 8 iy, BRI - 7 40
LR AWV, A HES s A (IR T -3). Wrifi24 h

http://www.scxuebao.cn

0 S O e I DN A - 1 0 e 2 A
WD (B T -4). 3096 hith, A 52 H IR 2,
WP & Rz 2 i 52 4 Wi v, 8 I 455 4 52 5 7™ (A
W 1 -5).

2.8 EpHBE R 5 FC B2 4R AT AR AR 4B 4R 45 44
S

EipH (pH 10.2)M 30 A, FFBEAR /N FLBR 5
M, JERESEAE, M HES B . 40 i (]
Ji I -1)o Plpafi2 his,  JF R /NG 45 R AR X I 3
JIT 200 B 465 4 5 Wb, LT MR B /N R s B T D
w2 (E R T -2), a8 hist, FF AR /N (AR FR
Fb i PR Fr I S 3 K, H IR A g i 2 |
RAU A, AN HES) = EL(E AR IT-3). WriE24 h
F, FF AR /NG SRR AR, A A R, 40
B A Sd b (R T -4), Wr3A 96 hish, i B IR
INEIRFE, FERRRE S, L AR B 58 1
INEEER (EIRRTT-5)0

3 Wi
3.1 SpHEMBX K EEIN At S YN

pHAE R K = F2 A P h R A 2
—, pHBY S E AL XKL AERK KT M
AR FUR GG AR R, 1 LA BE 38 2 5 e 7K
W E A . EEEE TR R R KA
YR ARG AR R FR L K AR T
FIFRLAE 1R K pHAE 6.5~8. 570 [l 9 BR viE", HEAS YK
pHAERETE LS, 2[R EE MR AE pH 8.5 7K 4
HAETE96 h, JFARMBILT- MG, X Ut BH 5 [
FEMR XS K AR pHAR b A — e T 52 1 . 45 & A5
BT 7T 2% Bl H A8 B8 (Macrobrachium nipponense)
LR pHAY96 h LCso 9.51, AUFFET MA@ K 1,
ERA AL B L filfa . R RGN, AR
A FR Gk, A S5 Th K AR 96 hit) pHY: UL Uk
(LCsp)4710.194, 5 [QJFACURFET-Hif-th B B0 T R €1
A, R AAE R, X U B 5T B ) X pHAE
TE—E T 32 90 B, i BE 0 p HORI 23 X Y
SR TE ™ BT . SR, A SE AT B v
FC R ES MR pHAY 96 h LCso B LA A 2 i3 1 H
AR VAUF L EFpHAY 96 h LCso B i, 3 Ut B AS /] S 56
S RS TTRE SR A = — B 2R

3.2 SpHMEBEX = KEEINENa"-K -ATPHE
Rk 0-A 0

Na'-K'-ATPHf§ ] {2 A7 76 T4 0 1Y 41 i o Jss
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o, B K A#EATPZS: 5 40 M B M Na ", KBS
TN S, RPN s Na . KR E
AR X R, XHAE YR RE AR . W iE i
A BRI S R A FEEENE X, H
B, O — 2 0CF 50 B W an x B 5% 2 i i b
Na'-K'-ATPf g4 &, ik S pff 57 R WA A0 AL 4k
JEAR AL 5 W 52 sh W 1 2 Na'-K - ATP B 42 ]
X, MR TF AN FpHARfb X H 52 8 ¥ Na -K - A TPl
TG F15 W B S M B AL o W T A O o e B
JFLYH I XS U (Litopenaeus vannamei)fif #2 Na'-K -
ATP T M B pHM 38 (pH 9.5 8] 7 1 52 0 i 2%
b, RAKELTFE FTHEFBGTFRE. A%
Yo, o [C R L R 22 Na'-K - ATPH 5 M B pH
I A R AE A B TS R AR A, X
ULBH O 73 A SR S pHI AR A, dERR IR
pHAT- M7, 5o [ Ji B MR 25 8 4 1sf ] PN 42 T il Na ™
K -ATPHE G, W& 7 md:, S5kmEhl
IR PR R | L5 EAYNa'/H' . CI/HCO; &8
RGO — R AR N A S pHIY V- . Bl 5 W38
BF A ZE K, FH 36 2h 4 T SR BB A% — i B T X
pHIY AL A2 B i 18 WPk, i Na -K'-ATP G P
A TRE . MiA S5 o [ R S MR 8 Na™
K- ATP I 1 #E pHIp 38 J5 1473 58 b F 45 = 1) 7K
-, 3R BE R TS IR SE S pH 8 5 BE A T
SR RE AR BB R T, RN T E
Fl, BEK T RNa K -ATPEGE M, A B T 44
B8 ) 5 A

3.3 EpHEME R 5 K R 4T 83 LDHA FRDSE
EF:0EAT

LDH I FRD /& 4 A8 15 a2 72 v 1) J 22 2,
LDHAT DAL DY i R % Ak R 2LIR , B TCE AR
W PR R . FRDUWLE T A BT o5 g, JLn]
DI AR IE 8 R TR A IR S 3R FA R, I A= ATP AL
RHEREN S FE A 525 b G i 2 AR S LD H RN
FRD 14 bl % pHIBR 36 B[] (%) 2E < 3 52 B0 BH 5 1)
&S FEMMA 8 hiy, S5 4H B b 4% R 1 LDH
FIFRDE M 2 B 5 [C J5 28 MR 0 A8 77 =X T pH
0 A T —E B AE AL, A I B i 2H 2R A R
J1u55, AU AR . BE S pHIFR A I [A] 7Y E
£, LDHFIFRD{GEAREE FF, X AT RS i T
SENR: G RN 3 A Al 7 W) | I S = W R
NI, BT AR T E AR Kk A 7E A
BT e o B B SR AR AL W 1B 2 X H AR

S I R A A 2 0 PP R E B
AT, HATRIRRA A L SRy, HAEE
S A TS, A ATP O HLIRBERE .
3.4 EpHAMEX 5 RREATERERITE LI
N DR

PR35 38 6T K A A= W 3 i A= BAS00; FT RE
i 1 SR AR R R R B, A AR TE 32 BN
R DR o 38 B A P 23 7 A R T PR AR
MDA E I 1 4 H B R T B o 2k i Ak
N, EanlREAR . MRELEY K
FRREER G, &R, Wik, Lt
W52 4121 MDA 58 7T LA B A= 4 44 P9 g o ik
KT, DT[] 42 i et 240 e S A 1 P R
1 A5 P 2Pk 2 RUBE X R F R (Exopalaemon
carinicauda)Pi F AL F G B 15 1 5 W A 5T R
W, B AU A B ) A, R AR
JRMDA S 23 LI s, AU d s 1
RIS ZE R . EW A2 hity, SEEG A v (G 2
BRI I8 R MDA 7 5 5 6 B AH b 25 5 R B 3
i, WY 6 J) 7 38 BsF 0 B 0 R Gk 6 IS PR AR A PR R Y
PrA LB RE e M AE R A H R SR, B
& e ] pY S A, SE g 4 I B IR MDA & &
WIS ) T, 3XATREJE T pHM A X 5 [T
JRES IR HUE A R G T — W, KR
H iR e g S i 3, = BUls B A Ak )
JEL, MDA BB

SODFCATYE A A= Yy 1Ak N 4~ H 24 1) BA 4t
AACBT D RE O, T RE A R R T
H b3, kA sz B A A B, dERE LA
IEH A S) . TEE BRI PE At f2 v, SOD
B Je 05 B ik M H,0,F1H,0, H,0,3F — i it
CATHI AL AR AT MUK TE 35 T H,O 0,21, AT
B7 1k O3 X 240 Jitd 385 Jl Ak 4 3 o JRL AR S PP e 3
B, EEGCAREEMGA T, = YR 715 (Portunus
trituberculatus) AR . S8 FALA H ) SOD .
CATIG PR R N Rt s . MM a SR, LA
SODHICATI M4 i A7 Bl T3 i 2 193 14 40 A
ST ST B2 82 SEIS R i S U N = € 52 @AY 35S
B, DUARPTAAL B DI RE 2 i1, X SRR
TRBETE S TR, FEASE AR SODIF 14
TEWME0~8 hiN 5 X I 22 o i 2, BLBHEhiA
VI ALR BT S AL BT D e IE %, Refs i - Ak
4 B2 . Bl B B (R Y AR R, AR S
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JHF 1 i SOD Y 4 & 3 N R, 3¢ I v 3 B 1 pHb
36 5 FC R B IR P A AL AR ) 2 B — W, R
BB S I B 1 15 PR S A R 3 T R S LA = R
FALIG o IR CATYE 1 J 0 e i il 2 | T
A BT B B A H,0,. AT BE B T pHM 8 X R
TR E BT — AR B, Wraa 8 hE B AR
SODI M N F%, i SODIE b= A= I H, 002>, CAT
PR RN 1 Dl N

3.5 SpHBXT 5 KR BN ERLH L5 M52
1]

82 5T s Wy R AT RE I . HE T FNE O R A
WA E . HEES A EKREA M, 5%
B IR 55 30 0 52 e T AR BT, BRZE AR B 45 4
A 2 52 3] B 52 3l 4 Y I I RS o R T A AR
PRNG 2, AR R W], mpHMM A T b IG5 2
RS0 ZH U5 A0 0 A Ak B S BT G, B 3 I 1]
MYIE G, WP R 20 B2 B 7% IR AE, fA 2
BEEN T A Uy v i 3 1) B 5. Gt e Sy
KRB, EpHMAT2 h (pH 9.2))5, 1 E B XTIF
FLANTE XS R (Litopenaeus vannamei)Fl H 28 Xt iiF
(Marsupenaeus japonicus)¥J i BLER 22 ik, [ K7
SR, Ao DB PR i, R R A Ak n B
e, oy [ B OGS S S 45 45> L 9A I %) R > H
AXFUR, X EGA SR 25 AL, LB = pHIPR A
23 %7 W 55 2 ) 8 2H 4 U A7, T AR S v
QB 2 IRt 45 R B 0T v, AT RBSE i TP aE
G5 =R ) S = (21 S0 ST oS o 9IS 1
AR S5 S B IE A W 30 B TR) ) A G, e R
B A M2 W T IR AR, FR TR L R A Y
/b, ] RE S B G B AR S A R AT SR AL
e BE B W 5, 3 R AR S A, AL
AN 22 1) T A A i LDH AT FRD I 37 4 Fifi 2
JE IR [ 9 A2 T2 T T R T — s TR
BN =R C I I g O 7 B N SR =N )
MLRESZ B3], 2 & 0 A A AKCE /T Re A B T
Yy A Al sl . Y4, FEMME 96 hivf, 6
MR BRI, AT L Z BN . e
BE ARGy, AR N AR LH 2K 25 A0 B2 i DR 4 T
oz, FEIaEER, RSN
QR B MR A6 5

3.6 FESpHBNE Y 5 FC B AR AT AR AR A 40 4540
e

F 5 B0 ) B4 T TR I B A A S AR R
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IEF A B SE D e, R SEsh it tT i eE . HE
WA ) E AR, %A B AL ARk
S T LA A PR AS A AR P FR RS A A
1 B 57 T S M e o R R, R AR /N
R LEE D) RE M SR A B, /N )2 2
SR YRS M. AR, SpH A
XoF T R I B S T i R A 9 235 4 114 2 ) 2 R
Sy F A0 LS /L T TR /N R S TG £
JHF IR AR /NG LR 81 . X SR S PR AR S b
B, pHMNAT2 h (pH 9.2)2x Xt X R T 5k A 20 27 2%
P B 5, RN I /NE R, A
PUFRAAR . A0 MO IS O o v IR R S R E B R B 12
PERE MG T AT 2 1 AR M, ShaR I AR,
e T B B R 3 A5 v A SIS R I R R N B s
WHCEEN 2 | KRB, R4 BIRsE, B
FEANM S SE o s, P R A R Y, k1 B
4 G S 3 R - e B Ak W e 3 A i R T e
BEAE ST, AR IE R 41 245 R 2 0 2 B,
JF B B AE 8 AR PR T BEAZ Bl . AR SCE b, Bl
G pHIPM I S [B] (4 JE K, HF R % 20 2 285 1 37 461
JEl,  JFF IR AR SODFI C AT B A Ak Bl 115 1 th A2 31 5
Wi, WRAPTEL BT RE N R, S350 T MDA
KA HERL, 40 A BT R, X U T
pH 6 3 2 52 i) JHF A 1 2H 2L 4, 0 i JR
A= BT BE 0 & HE DT AT BE 23 P B v 1R
HEUR ) A Ao

S Mk :

[1] AL, F5ER, W E, 55w Rk PR T3

Wi f) H ARG ARFAE [J]. AR MR EE L # 223), 2007, 26(2):
798-800.
Wang C H, Li K Y, Wen M Z, et al. Effects of
Vallisneria asiatica on water environmental factors and
its diurnal variation[J]. Journal of Agro-Environment
Science, 2007, 26(2): 798-800(in Chinese).

[2] 22 KEAERMESRI P RO R[] K757, 2010,
31(3): 20-22.

Li X H. The application of waterweeds in Crustacean
farming[J]. Journal of Aquaculture, 2010, 31(3): 20-
22(in Chinese).

[3] Le Moullac G, Haffner P. Environmental factors
affecting immune responses in Crustaceal[J].
Aquaculture, 2000, 191(1-3): 121-131. doi: 10.1016/
S0044-8486(00)00422-1.

[4]  X/NEE. A8 2N N FBEFE[T]. KR, 2007,
27(3): 1-3.

Liu X L. Studies on the emergency responses of



114

B oy FU, % ipHI G X 5 FQ B R Y S M RE A AR L T I AR e A % 2 2 25 ) 4 2

1701

[10]

[11]

[12]

fishes[J]. Reservoir Fisheries, 2007, 27(3): 1-3(in
Chinese).

Cheng W, Chen J C. Effects of pH, temperature and
salinity on immune parameters of the freshwater prawn
Macrobrachium rosenbergii[J]. Fish & Shellfish
Immunology, 2000, 10(4): 387-391. doi: 10.1006/
f5im.2000.0264.

£, ST, KW, S, mrpHAE X h A gk B A
e fiE J) R AF 5 Z OB M )], %Kk, 2015,
45(1): 20-24.

Gong Z, Cai C F, Zhu J M, et al. Effects of high pH on
antioxidant capacity and astaxanthin content in Eriocheir
sinensis[J]. Freshwater Fisheries, 2015, 45(1): 20-24(in
Chinese).

Wang W N, Wang A L, Chen L, et al. Effects of pH on
survival, phosphorus concentration, adenylate energy
charge and Na'-K" ATPase activities of Penaeus
chinensis Osbeck juveniles[J]. Aquatic Toxicology,
2002, 60(1-2): 75-83. doi: 10.1016/S0166-445X
(01)00271-5.

RBEE. AR RS A RAKpHSRALR 58 IG5 R
GBEIREMFZMI[D]. Bl A K%, 2006.

Zhu Y F. Effects of ammonia-N with different
concentrations and different low pH values on immune
functions of Procambarus clarkii[D]. Wuhan: Huazhong
Agricultural University, 2006(in Chinese).

T7 furh, MARGE [ AR R 5 N [M]. b
50 BhE AR, 2002: 1-24.

Fang Y Z, Zheng R L. Theory and Application of Free
Radical Biology[M]. Beijing: Science Press, 2002: 1-
24(in Chinese).

Satyavathi C, Rao Y P. Inhibition of Na’, K’-ATPase in
Penaeus indicus postlarvae by lead[J]. Comparative
Biochemistry and Physiology-Part C: Pharmacology,
Toxicology and Endocrinology, 2000, 127(1): 11-22.
doi: 10.1016/S0742-8413(00)00130-4.

TRIR, MRBCE. R AEYIRE A (M. R KRR
HRR AL, 1993: 252-260.

Zhang Y Q, Chen X L. Environmental Bio-
Toxicology[M]. Tianjin: Tianjin University Press, 1993:
252-260(in Chinese).

E R IR E AP 5. GB 11607-1989iV 7K ks #E[S]. b
B A RS AT, 1990.

State Environmental Protection Administration. GB

11607-1989 Water quality standard for fisheries[S].

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Beijing: China Standard Press, 1990(in Chinese).
W'sAL, 2557, MTkTr. H A TRER B R FIpHIK)
& MR, BRIk G, 2005, 40(6): 74-79.

Yang F Y, Li XJ, Yang X Q. Adaptability of
Macrobrachium nipponense juvenile to water alkalinity
and pH[J]. Chinese Journal of Zoology, 2005, 40(6): 74-
79(in Chinese).

Lucu C, Towle D W. Na+, K+-ATPase in gills of aquatic
Crustacea[J]. Comparative Biochemistry and
Physiology- Part A: Molecular & Integrative Physiology,
2003, 135(2): 195-214.

WET, JO0 0. SRR HAFEX AR AFER A KR F
Na'-K'-ATPasei JJ 5[], KW, 2005,
29(6): 699-703.

Pan L Q, Luan Z H. The effects of salinity on develop-
ment and Na'-K"-ATPase activity of Marsupenaeus
Jjaponicus postlarvae[J]. Acta Hydrobiologica Sinica,
2005, 29(6): 699-703(in Chinese).

WET, XE, 294 B pHAZHN FLAE X IF 6
22Na"-K'-ATPaselif /] (P54 M [J]. Hp [R5 224,
2004, 34(5): 787-790.

Pan L Q, Liu Z, Jiang L X. The effect of salinity and pH
changes on gill Na'-K'-ATPase activity of Litopenaeus
vannamei[J]. Periodical of Ocean University of China,
2004, 34(5): 787-790(in Chinese).

Schottler U, Bennet E M. Annelids[M]//Bryant C.
Metazoan Life without Oxygen. London: Chapman and
Hall, 1991: 165-185.

EoBm, TR, 2. B Y] HASE KRR AR
A AU G R ()], ZE A BEAE AR, 2009,
18(6): 2017-2022.

Guan Y Q, Wang H C, Li L. Effects of sulphide on the
enzyme of respiratory metabolism and energy
metabolism of Macrobrachium nipponense[J]. Ecology
and Environmental Sciences, 2009, 18(6): 2017-2022(in
Chinese).

Ryter S W, Kim H P, Hoetzel A, et al. Mechanisms of
cell death in oxidative stress[J]. Antioxidants & Redox
Signaling, 2007, 9(1): 49-89. doi: 10.1089/ars.2007.9.49.
i, 1, &k, 5. SRR AW g 2 g
(Exopalaemon carinicauda)Pi 84 R G M5 11
GPxJE IR IL ML W [1]. RALIRIGERLE 244, 2014,
33(4): 647-655.

Ren H, LiJ, LiJ T, et al. Effects of acute ammonia

http://www.scxuebao.cn



1702

Ko AR

40 %

(21]

[22]

(23]

[24]

stresses on antioxidant enzyme activities and GPx gene
expression in Exopalaemon carinicauda[J]. Journal of
Agro-Environment Science, 2014, 33(4): 647-655(in
Chinese).

M-ARFE, SARC, BT, A M Lm0 R ST
LB RG], K77 244, 2004, 28(3): 231-235.
YeJ D, Han Y W, Zhao J W, et al. Effects of dietary
olaquindox on antioxidant enzymes system in
hepatopancreas of Cyprinus carpio[J]. Journal of
Fisheries of China, 2004, 28(3): 231-235(in Chinese).
JAAR, BEEE, R, 55, AR MR = P07 B4
Qb HUA AL A ATP RIS 3 ISR D], A2 F 2,
2014, 33(4): 698-703.

Zhou D, Mu C K, Song W W, et al. Effects of low
salinity stress on the antioxidant enzyme and ATPase
activities in tissues of swimming crab Portunus
trituberculatus[J]. Ecological Science, 2014, 33(4): 698-
703(in Chinese).

FEAE A 0 0 L ) R G A AR (D] AR,
2001, 19(3): 19-24.

Lu J P. Ultramicrostructure of the gill cells of
Macrobrachium nipponense[J]. Donghai Marine
Science, 2001, 19(3): 19-24(in Chinese).

RASEAHL. pHIPME RS =Pl IR 0 R AR P AR AL R AR I 5 R
[D]. Lifg: EdgigeRsy, 2011

Zhao X Y. Effects of pH stress on physiological and
biochemical indexes in three species of shrimps[D].

Shanghai: Shanghai Ocean University, 2011(in Chinese).

http://www.scxuebao.cn

[25]

[26]

[27]

[28]

Caceci T, Neck K F, Lewis D D H, et al. Ultrastructure
of the hepatopancreas of the Pacific white shrimp,
Penaeus vannamei (Crustacea Decapoda)[J]. Journal of
the Marine Biological Association of the United
Kingdom, 1988, 68(2): 323-337, doi: 10.1017/S002
531540005222X.

BTLL, 3, sRAvER, 55 M — Wk F AV IR T
U B i I P B e LGNS R R S W (D). iR L,
2014, 36(6): 542-548.

Zhao W H, Wang Z S, Zhang Y X, et al. Effects of
estradiol on fatty acid composition and tissue structure of
hepatopancreas in Macrobrachium nipponense[J].
Marine Fisheries, 2014, 36(6): 542-548(in Chinese).
TR, g, Bk, & R eHe R e N 5
FCJR BRI A SURHL[T].  EK= R, 2012, 19(1):
126-137.

Wang Q, Wang J G, Lu H D, et al. Chronic toxicity of
zinc sulphate in Procambarus clarkii[J]. Journal of
Fishery Sciences of China, 2012, 19(1): 126-137(in
Chinese).

BESEFE, BRaLAR, OB, 55, S A Wi xg o He ok B 1
TP FRAR S PR AL EREE R BT SR [T]. TP K = R,
2007, 14(3): 412-418.

Hong M L, Chen L Q, Gu S Z, et al. Effects of ammonia
exposure on immunity indicators of haemolymph and
histological structure of hepatopancreas in Chinese
mitten crab (Eriocheir sinensis)[J]. Journal of Fishery

Sciences of China, 2007, 14(3): 412-418(in Chinese).



11 4] B oy FU, % ipHI G X 5 FQ B R Y S M RE A AR L T I AR e A % 2 2 25 ) 4 2 1703

Acute toxicity of high pH stress and its effect on enzymes activity and
histological structure of gill and hepatopancreas in Procambarus clarkii

*

TAO Yifan >, QIANG Jun’, WANGHui’, XUPao"”, MA Xinyu', ZHAO Wengqiang'

(1. Wuxi Fishery College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture,
Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China,
3. School of Life Science, Huaiyin Normal University, Huai'an 223300, China)

Abstract: In this study, the toxic mechanism of Procambarus clarkii responding to high pH stress was investigated
through analyzing the effect of high pH on enzymes activity and histological structure of gill and hepatopancreas.
Based on the 96 hours median lethal concentration, Procambarus clarkii were exposed to two pH levels: pH 7.6
(control group) and pH 10.2 (experimental group). Each group was respectively sampled for measuring activity of
Na'-K'-ATPase, lactate dehydrogenase (LDH), fumarate reductase (FRD) in gill, measuring activity of superoxide
dismutase (SOD), catalase(CAT) and content of malondialdehyde (MDA) in hepatopancreas, and observing the
histological structure of gill and hepatopancreas at 0, 2, 8, 24, 96 h. The results showed that the value of pH LCj,
was 10.194 at 96h. Activity of gill Na™-K'-ATPase, LDH, FRD in experimental group presented the trend of rising
and were significantly higher than those in control group(P<0.05) after 8 h exposure. With pH stress time
prolonging, the variation trend of malondialdehyde content in experimental group was similar to LDH and FRD.
Activity of hepatopancreas CAT in experimental group presented the trend of rising firstly and declining afterward.
Activity of hepatopancreas SOD was decreased significantly(P<0.05) after 24 h exposure. Procambarus clarkii
exposed to high pH displayed histological alterations in the gill and hepatopancreas. Gill tissues showed
respiratory epithelium cells were exfoliated gradually, and cuticle rupture. The hepatopancreas indicated basement
membranes of hepatopancreas tubule were ruptured, the enlarged size and increased number of vacuoles in
hepatopancreas tubule, and the number of hepatocytes was decreased distinctly. The results indicated that high pH
stress will affect the metabolism of Procambarus clarkii and will arouse oxidative stress, The histological structure

of gill and hepatopancreas will also be affected by high pH stress, as well as their biological functions.
Key words: Procambarus clarkii; pH; median lethal concentration; enzyme activity; tissue section
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Bk | SpHAMER % KFEE R R MA R0
1. = pH(pH 10.2)/#380 h O B AL 8E 1), 7% /1 52 (C), WP E 2 40 i (Rec), #5100 pm; 2. mypHMHIE2 hEE -, % /1 502 SFIg s 4%, I
W b 0 M 5 M T, B U100 wms 3. R pHIPR A 8 W I, SRR IR A0 4 i, A 100 um; 4 mpHI B 24 hEE R, R IEIR b
SR AR BV SR SE A B W) R, BR 100 wms 5 pHIMME 96 WM, OR f 02 Y BLAR R, R b R A M T A . R 4
IS, F5 U100 pm
Plate I  Effect of high pH stress on histological structure of gill in P. clarkii

1. Structure of normal gill(control, pH 10.2), showing cuticle(C), respiratory epithelium cells(Rec), bar=100 um; 2. Structure of gill exposed to high
pH(pH 10.2) at 2 h, showing cuticle was smooth and integrity, respiratory epithelium cellular structure was clear, bar=100 um; 3 Structure of gill exposed
to high pH at 8 h, showing part of respiratory epithelium cells were exfoliated, bar=100 um; 4 Structure of gill exposed to high pH at 24 h, showing the
majority of respiratory epithelium cells were exfoliated, the number of cells was decreased distinctly. bar=100 um; 5 Structure of gill exposed to high pH

at 96 h, showing cuticle rupture, respiratory epithelium cells were exfoliated, gill structure was damaged severely, bar=100 pm

Bk I S pHEERT 5 KRBT AT iR BR B S R 21
1. FipH(pH 10.2)M3610 h (% B AT BE RN, R IFAIML(H), ZERE(BM), AR 100 um; 2. & pH(pH 10.2)302 hAT B /NEF . 7 BT 41 i &5
P IR /N P 5 B /D B 3, U100 pms 3. pHUPIE 8 WFF BRI /N T S 7 T I M /I 5 A R IUT S 38K, L oAy A o e
Z, RBHK, FRJ100 pm; 4 EpH 24 i BERR AN, OR BF IR /N BT SRR BORT . AN M ER ZE W AR A 0 A B b, AR 100
pm; 5 = pHIPIE 96 hiFF B /AINET o SR /N BE IR Y, B AR N S R B2 B, A5 JL100 pm

Plate [[ Effect of high pH stress on histological structure of hepatopancreas in P. clarkii

1. Structure of normal hepatopancreas(control), showing hepatocytes(H) basement membranes(BM), bar=100 pm; 2. Structure of hepatopancreas
exposed to high pH(pH 10.2) at 2 h, showing the hepatocytes cellular structure was clear, vacuoles(Va) were observed in hepatopancreas tubule, bar=100
pum; 3 Structure of hepatopancreas exposed to high pH at 8 h, showing the size of hepatopancreas tubule was increased distinctly, the enlarged size and
increased number of vacuoles, bar=100 pm; 4 Structure of hepatopancreas exposed to high pH at 24 h, showing the demarcation line of hepatopancreas
tubule was blurred, hepatolysia, the number of cells was decreased distinctly, bar=100 um; 5 Structure of hepatopancreas exposed to high pH at 96 h,
showing basement membranes of hepatopancreas tubule were ruptured, the structure of hepatopancreas tubule was damaged severely, bar=100 pm
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