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AHFFE T Sel A SE R TR pH WA TR
[CJFESHR 96 h EBOEHKE, 4HrEE0E pH Wk
T, AR AT 6822 Na'-K*-ATP i, PERAL
i [ 0 45 3L B2 B & B (lactate dehydrogenase,
LDH) . 41 ifd {5 % %A 1k [ (cytochrome oxidase,
COO)] 5 Mg R0 A AL s bn [ AL 45 8 A Ak Pk
1k 1 (superoxide dismutase, SOD) . it %8 1k & i}
(catalase, CAT). N —.J#(malondialdehyde, MDA)]
A4k, [R] B 235 6 JBirAE s JH R A R0 0 7 2H 2L 454
Ak, A BRI ZUK IR A SR pH JBrE XF
v [RIR B MR A sE ), 5 78 Ry HAd B R0 D) S R A
1 R B KT E R IR A A

1 #MHEFE

1.1 SEIEZhY

S0 FH ) e ER R M VL9548 B K A Ak
v T A A BR S ml AL S0 T If iR e G R 2 R
AR GRS 75 cmx45 cmx55 cm) 755 7 d,
FEFEKTR 10 cm, SZE /K AZ TS 72 h Y
H kK, 7K (24.70£0.28)°C, pH (7.76+0.03), 4
KA A RIE K P AT o TR 56 Nk
NG, A [ R B AR J, ek /D B AR 2 ]
FHE ST} o BRBE M/ N R e 2 k(8:00 Al
17:00), &M M EFAT 1Y) 3%~5%, 7ERM 2h )5
SR T W 48 W R A S 2E 0 JT 4K 13, LARIE
IR o PEREMH R SEHE . I Sk . AR AR B e
PR JREE R FHF 5056, 5256 F R 40 5 (25.88+4.40) g,
4K (7.16+0.39) cm.
1.2 EKFHE
121 96 h F#HIEFUXE 7K pH 2wtk
SCHTF IR AT, ol UL R R IR E L R, A
1 22 5 FQ BT 96 h 4 EBFE T- 1 96 h & F A7 15 1)
pH {E7E 2~6, 7E ML EEAE P4 1E 5K 96 h 3t 5
PESCEE, WE 5 pH &6 pH 2, 3,4, 5 1 6,
Wk E 31T, BAFATL 10 BiF. & H
ML I 5% 5 FC IR B IR () 76 sh A 0 . B bR LA
R BOT R0 (FH 200 338 355 1 fike B e [ RS MR AE 6 5 min
P JE S R BIRE FE T, K455 A FERF, 4% pH
KIRBKEEYI N 10 em, pH &2tk EE Ik Sc g b ],
IEH ISR 2 h 55 BR AR Fn 28 4E,

oK 12 B AN pH W, HABREE A58
IR —2, R 4 h R A pH T (R
% FG) il 7K 1 pH, Ff:H 1 mol/L NaOH 1 1 mol/L
HCI 875 pH, PR L 4ERF e B 1 pH IRE .
122 {KpHBEMERIE K2 MEAK pH NI T 72
[CJFZEUF 96 h ~PEOLWRE, & & XL (pH 7.6)
FUE pH SE5: 4 (pH 3.6), P4~ pH M 414515 3
VAT, SEIRTE 6 MR Tk, BAKA T
BEALAA 30 & 5 [QJ5ELUF, X R FIE pH SE4%
HKEEYI N 10 emo pH Bl SE 50 HA (] 1 F $ I
FEREMELE T 2 h JE T BRER H A ZEME, K 12 If
AN pH B, AL RS A5 B R — 2L, pH
e = M R ANE T 7S pH Atk
VRSB IAR ] .
123 HRBRESAE EK pH Hbascikib
|, 33T 0h.2h,.8h. 24 h, 96 h SRR,
WK FEHBEPLIEER 3 R ig R TRs, HIH
) S8 T i i 2H 2 A B KB f, — Bk
A Bouin [t ] ; F 35 4 Ay R fo A 20
AW EE GG, A-TOC KA P R-TE, H T
T A0 5 o
1.2.4 SRFNRTERARALMAEEYI R HIME ST
JHRERRLH S0 A Bouin R E % 24 h )5, H OB
BHRWK, AWEMEY R, HE (hematoxylin-
eosin) gL ff,, o7 W B S T4 IR
125 HAEEERNE SEFFBREESA S,
FATA A FER K gk, JE4EIE T /K43 5 AR ER 0.1 ¢
LEATHBRE, A 4 RS IARFR(WIV) T8 A8 3R 7K
WF S AL LH 2500, B Na'-K™-ATP fifi . LDH,
COO, JITHElE SOD. CAT i J1LL & MDA & &
D R v B3 A= 0 A BR A ) 79 enzyme linked
immunosorbent assay (ELISA)IRF &, % X7
& T R U BH R B R S T AC IR, 7
24 h PHIE SE5E . S 4 SaE i BioTek Eon™ i
FLAR 3 EC BT T4
1.3 HIESH

SR FH SPSS22.0 43 H i A Bidl, 455 LT
PR AR R (X £SE) R F /R o pH Wrif T [a] — B[]
SR PR RN S50 A (] 9 B AR IS AR AR T R 50
AL, [7] — &b P ZH A [R] s [R] 57 [ ) 504 SR
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B 5 NL25 A% pH 30 X 5 DG i 2580 0 S R I R B T35 ) B 40 2R 45 460 R 5% i) 1281

AN E )7 253 HT (one-way ANOVA), 425 57 i 3%
A, K Duncan's #f7Z2 & i . P<0.05 h 25
K

2 ERESW

2.1 TEEREREET 96 h pH B3R B (L Cso) HIME
B pH fEREAS, FCICJEEERPE 96 h i
FET-HG W LA 1). DL pH W N AR R, HF
AL T H N W&, R EEIEIT R y=
148-26.667x (R=0.955, P<0.0001), i £ £k N4
1R A5 78 GBS 96 h pH L ESEHk E h 3.675.

Fz1 A[E pH BrBxt 5 KRB E TR
Tab. 1 Effect of different pH values on the mortality in
Procambarus clarkii

96 h ZET-%U/)2 96 h motality/ind

SHIBET %

PH I I 11 average mortality
2 10 10 10 100?
3 7 9 6 73.33°
4 2 3 3 26.67°
5 0 1 1 6.67°
6 0 0 0 0°
E ANE/NGFREFRIRARR pH AL B E S8 T R A7 A 2 5 3

(P<0.05).
Note: The different lowercase superscripts mean significant differ-
ences (P<0.05) in mortality of different pH treatments.

2.2 K pH BB 5 KR ZEREE Na'-K *-ATP B
il A

AP LRI, AR pH Bk i IR] B ZE K, 52
U6 20 o0 [ RS AR Na™-K™-ATP [ f 5 7
BOa 2 hig, S2ER4] Na'-K*-ATP 5 1 5 %F
HR 2 22 3K R 35 (P>0.05), BfiJ5, SC4040 Na'-K™-
ATP [l Sl T, HEFka 8 h FFin B & &
TX} HE 2H (P<0.05) .
2.3 K pH BpriEX 5 KR Z 4148 LDH # COO i&
LA

1 & 2 T, A pH Bk 5 250 41 v FC R B
il LDH % i EF. Bhia 2 h B, 52564 LDH
TG 7 2 T BB 4H (P<0.05); Fifi 25 a6 B[] 1Y
FE, SEYRH LDH 1% fidksl ETt, {3 ETHIREE AR K
(P>0.05); i1 96 hif, SE404H LDH 3% J1ik Bl A M.,

& 3T, A% pH Bk 5 52 560 40 o FC i B 0

il COO i 1AL 588 LDH 3§ A e, 2
TRERERE, Phia 2 h B, SEERA COO i 71 5 %t i
4 2= 5 AN B 3 (P>0.05); Wil 8hJ5, SEER4] COO
1% 715 X% B2 b 22 5 W 25 (P<0.05); B, 5K
Y2l COO T J14k 2L T 1%, ZMhiA 96 hinf, SCuedd
COO {if J1 PR/ ME, I HIEL 58 2 h Bfsg
54l COO 1 J1f4E i % 25 5 (P<0.05) .

300 [ =3CE04H pH stress group

| X} FB4H control group °* b* b*
ab
,i_]_‘ I_L‘
0 2 8 24 96
J/riE s} ] /h exposure time
K1 ik pH e ol v IR S EREE Na'-K*-ATP fiff
15 J1 R i
AN/ NG B R IR ] — A SHUAS [ B ) 5 22 1] 22 5 B 3
(P<0.05). “*” 7R SCU 4 FIXF BR 4L AL W38 )5 [R] — i i) o5 2
5 3% (P<0.05). L4004 pH 3.6, Xf R4 pH 7.6.
Fig. 1 Effect of low-pH stress on Na'-K*-ATPase activity in
gill of Procambarus clarkii
The different lowercase superscripts mean significant differ-
ences (P<0.05) within the same treatment among different times;
“*"means significant differences (P<0.05) between pH stress

group and the control group at the same time. pH stress group:
pH 3.6; control group: pH 7.6.
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Na*-K*-ATPE§E /1/(ng-mL")
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B140} b b
2120t
'gwo :
é“ 80 a
< 60
o 20
8 o
0 2 8 24 96

e At [E]/h exposure time

&2 A& pH Hria % v [C 2 MRS LDH 35 J1 /Y5200
AN NG FAE R IR R — b B[R] B ] 0 =22 1] 22 7 W 3
(P<0.05). “*” 7RSI 21 Atk HE 20 7 3 Ji [l — B (7] o35, 2%
51 3% (P<0.05). 32504 pH 3.6, XTHE4] pH 7.6.

Fig. 2 Effect of low-pH stress on LDH activity in gill of
Procambarus clarkii
The different lowercase superscripts mean significant differ-
ences (P<0.05) within the same treatment among different times,
“*"means significant differences (P<0.05) between pH stress
group and the control group at the same time. pH stress group:
pH 3.6; control group: pH 7.6.
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600 r = ZEHRZH pH stress group o X84 control group
— a
_'é 3,500 F ab
s L b ¥

5400 c - .
B < 300

Q
$ 200t
o ©
S 100}

0 2 8 24 96
T3 A E]/h exposure time

K3 ik pH e xl ve IR A EREE COO 1 1 Y52
ANRING FAE SRR [F]— A R [R] i A] 5 =2 7] 2% 57 i 2
(P<0.05). “*” 7RSI 20 AT IR 41 78 Wp36 I W] — ik i) o 22
5 3 (P<0.05). 324041 pH 3.6, Xf /B4 pH 7.6.

Fig. 3 Effect of low-pH stress on COO activity in gill of
Procambarus clarkii
The different lowercase superscripts mean significant differ-
ences (P<0.05) within the same treatment among different times;
“*"means significant differences (P<0.05) between pH stress
group and the control group at the same time. pH stress group:
pH 3.6; control group: pH 7.6.

24 % pH BB KR EINAFIRIR TR EE SN
SEA|

M1 4 AT, BEE AR pH B ) g FE R, 52
20 v [ RS MR AT B AR SOD i 11 & e T )
RS ia#, Wrin 2 hisf, SCE64H SOD % 1 5
Xof HRZH AH F 2% 53 8 5 (P<0.05); i 8 hiih, S2iGeH
SOD i HARFIRKAE, RJE I UG N e 2
96 h, SLE4H SOD ik /1 2 i I T4} i 41 (P<0.05).,

LA w0 | pH stress group

b* u Xt HR4H control group
5250 ¢ a
I -
50+
100
50 F
0
2 8 24 96

J8 B [E]/h exposure time

Kl 4 AR pH 38 X ve 2 BRI SOD i J1 (4 52
AN/ INE SRR [A]— A AN [R] B[R] 85 22 B] 22 7 o 35
(P<0.05). “*” /3L 4L AT HR A 7E W ae J5 W] — Bof (] 057 22
51 3% (P<0.05). SLE4H pH 3.6, X R4 pH 7.6.

Fig. 4 Effect of low-pH stress on SOD activity in
hepatopancreas of Procambarus clarkia
The different lowercase superscripts mean significant differ-
ences (P<0.05) within the same treatment among different times,
“*"means significant differences (P<0.05) between pH stress
group and the control group at the same time. pH stress group:
pH 3.6; control group: pH 7.6.
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46 21 77 [C R AU T IR CAT 1% L ¥ e TR R
FEAR A i ka3, (R AR B 5 AR SOD
FEARIZE . e 2 hisf, SCE4H CAT 6 1 5 X g
4 2% 54 W35 (P>0.05); Fifif5, SEgmdl CAT i)
M T 5, TG 8 h JFis & TR R4
(P<0.05); i 24 h )5, e84l CAT il IR T
K%, ZWrid 96 h, L4 CAT 1% J1 5 X R4l 2 5
A& % (P>0.05),

N
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S
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[
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o
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CAT #1/(ng-mL)
CAT activity
w o @
(=] S (=] (=]
-
J—-
N

Jilp381Fsf ] /h exposure time
K15 A pH JHiria X 5e [t 2SR AT IR IR CAT 1% 1 52 i
R/ S 7% IR — b B B 5 2 [ 25 5 1
(P<0.05). “*” &7 ST 2 1) 1R 24 A b3 5[] — I ] o 25
5t B3 (P<0.05). SLEG4H pH 3.6, XTH4H pH 7.6.
Fig. 5 Effect of low-pH stress on CAT activity in
hepatopancreas of Procambarus clarkii
The different lowercase superscripts mean significant differ-
ences (P<0.05) within the same treatment among different times;
“*"means significant differences (P<0.05) between pH stress

group and the control group at the same time. pH stress group:
pH 3.6; control group: pH 7.6.

& 6 mT 0, Bl AIK pH Bk B ] g ZE 4G, 5
5 21 7O QR AR IF R MDA ()5 i 257 LT+
FAE L a . Wil 2 h i), SEGZH A2 MDA
B O i 22 55 (P>0.05); Wrift 8 h B, SEuGe
MDA {145 i i 3 5 % R4 (P<0.05); ZEMf 96 h,
TE MDA & A SRR, IR E & T
i 8 h 1 24 h B} SE434H MDA 1) 7% 1 (P<0.05)
25 1K pH BB 3T 58 R JE 2 BN 240 20 Z5 M O 34 i

JiRiE O h(G BRI, e [ it 285 I i - 235 4y 5 3%
HPER AR RO R, N BRI B R Al S
35, AHREEE AR, HY PR b R 20 A R At
TR PR T D Jf 248 L (P61 i 1-1); IR pH i 2~8 h
BF, S N VR b R 2 M SO AR ), R b R
S0 6 ) B AT T, S AR AR I R (R 1-2,



W) 5y FLAE: K pH PR30 X o (G S8 R 58 R I DR AR % ) S A 548 14 52 1283

%64
o~ 2500 1 4 5B 41 pH stress group c*
2 _2000}° X} H84H control group b*
- 8 b*
S 3
E 1500
= © a
o8 <1000 f 2
&
é 500
0
0 2 8 24 96
friE A /h exposure time

K6 A% pH 38 X 5e G 2SI IR MDA 5 5 (14 52
ANF/INE FBE R 7R (] — A BEAS [R] I [R]85 22 B) 22 5 3
(P<0.05). “*” IR 4 ARt IR 4L A8 Wpact )5 [|]— Asf [A] o5, 22
518 3% (P<0.05). SCE04H pH 3.6, X HEZH pH 7.6.

Fig. 6 Effect of low-pH stress on MDA in hepatopancreas of

Procambarus clarkia
The different lowercase superscripts mean significant differ-

ences (P<0.05) within the same treatment among different times;

“*"means significant differences (P<0.05) between pH stress
group and the control group at the same time. pH stress group:
pH 3.6; control group: pH 7.6.

FIRR 1-3); A% pH it 24 hisf, #5300 5 20 g
SR 8, v AU (AR 1-4); % pH

4

EIRR |

fipite 96 h A, SR X HE AR L AR RN i ok,
Jri B A )2 A2 A, R A W 1 e 48 M £ B2
J v, SR IE H 45 04 1 2 0k 5K (R 1-5)
2.6 1K pH BB 5 KR Z AT RR AR A R 1)
A0

JiiE O hOxERE)E, o [ i 28 AR I it /N
R, AR, AR IER i)
(F R 11-1); A% pH e 2 hisk, BTN 25 F A X T
W, BEEER, B 41 R AN IE],
B 4N AR A HE K (I 11-2); 1K pH it 8 h B, B
Y0 i S L A i i R BB B R, A EE i
N BB B (B R 11-3); i pH B3t 24 h i,
FEIZ N (R ORI, TR i R
(38 KM T BOF /NS IE S a5 & A A8 1k, B
PeET AT, d0EHES ZEAL(E M 11-4); ik pH i
18 96 h B, R Z0AECE 5% BRZAE LI Hh BB
B, AR ARG K 1) e 38 e R g — 20 1

6% pH ol X o PG R A ol 254 9 52 0 (HE)

1. ik pH (pH 3.6)1i 0 h (% BRZE) BRI, 7= AR 52 (C) | i 200 it (H) Rl _E 17 40 i (Rec); 2~3. ik pH 43 51ri8 2 h, 8 h i@, 7R
W b K7 2 B) BR AT BT BTN 4. % pH BihE 24 h 880, JRIRATEIR b A7 40 i BBV 5. % pH e 96 h B, SRR A R
ZAR, IR b g A0 M K T AR

Plate |

Effect of low-pH stress on the gill microstructure of Procambarus clarkii (HE)

1. The gill microstructure of Procambarus clarkii exposed to low pH (pH 3.6) at 0 h (control group), showing cuticle (C), haemocytes
(H) and respiratory epithelium cells (Rec); 2~3. The gill microstructure of Procambarus clarkii exposed to low pH at 2 h, 8 h, re-
spectively, showing intercellular space of respiratory epithelium cells was increased; 4. The gill microstructure of Procambarus
clarkii exposed to low pH at 24 h, showing part of the respiratory epithelium cells was exfoliated; 5. The gill microstructure of Pro-
cambarus clarkii exposed to low pH at 96 h, showing cuticle was impaired partly, and most of respiratory epithelium cells was exfoliated.
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1. {pH (pH 3.6)#38 0 h (X BRAL) IR/ NE, 7 B 4 (B), RANMI(R), JENE(BM)FIEE(L); 2. 1% pH P38 2 hIFBER /N, 75
BBy B AHMLARBIG A 3. Ik pH HHE 8 h TR /NE, 7R B 40 R R 4L 2 1 AR BB O, 40 e 02 1 o o IO 4 I
4. A% pH ria 24 W IFJRIR /NG, TR AR, Fd v B R, A HESZEL; 5. 1k pH W38 96 h TR /NE, RIRBUE R, %
BB, Fm N B £
Plate Il  Effect of low-pH stress on the hepatopancreas microstructure of Procambarus clarkii (HE)

1. The hepatopancreas microstructure of Procambarus clarkii exposed to low pH (pH 3.6) at 0 h (control group), showing B cells (B),
R cells (R), basement membranes (BM), and lumen (L); 2. The hepatopancreas microstructure of Procambarus clarkii exposed to low
pH at 2 h, showing the size of B cells was enlarged partly; 3. The hepatopancreas microstructure of Procambarus clarkii exposed to
low pH at 8 h, showing the size of B cells and internal transferred vacuoles was increased significantly, and granular materials were
appeared in some transferred vacuoles; 4. The hepatopancreas microstructure of Procambarus clarkii exposed to low pH at 24 h,
showing lumen variant, the enlarged-size transferred vacuoles, and irregular-arranged cells; 5. The hepatopancreas microstructure of
Procambarus clarkii exposed to low pH at 96 h, showing the enlarged size and increased number of transferred vacuoles, and the
number of granular materials in transferred vacuoles was increased.

SeSA W N PURL ) IRk S 22, /N IE W IR A
S5 B IR (K 11-5).
3 it
3.1 1K pH BB 5 KR E T S S T
PH 2 A it SR A K AR K BT 9 E 2 AR AR, KA
pH 3K 2 T2 s [ 42 52 ) 7 4 A 0 1) A K
BB AT, RREIEFE pH
BN 2 FE EEAEE I 22 5% . H AYE i (Macrob-
rachium nipponense) 4/ 2% 96 h LCso 7 4.48, L
4435 %] IR (Litopenaeus vannamei )4k 1 96 h
LCso N 4.04, A JE H ¥F(Exopalaemon carinica-
uda)™ ) 96 h L.Cso Sy 4.78. Tfii A MFS H 34 FC 5 ¢
HRAE pH JBri8 96 h J5 1Y LCso o 3.67, HXHIL pH
iR 36 PR i 32 1 B F H AR TR R AR . LG X i
SRR R (MR, 4R, Morgan Z1%18g 7 1982

A B G B AR RN & i 1 55 5 X BT (Orconectes
rusticus) it R PEET T 52, 96 h LCso 4341 K 2.8 Fil
2.6, HIE SRR T AL EE R, XAl 5wk
JER SR SRR RS R IR B AR AR TR G, e
RIEEIFAGIATEE, 2320 EmaEs,
HH R PE T RE & A T — 26k AR, I RE IR
SRR TRt X T PG B R 38 S5 AE TR o —
o, BRI R, SEIREEERAE 4~25C &M T,
B IR BERRAIG, O N, RIEEUN, FET
AR AR S SR B O 25°C, 5 Morgan 251
SCEG IR PR IR 15 CAH B RE, XAl fE
ARWFFEAE pH B8 G 0T SR = 1 R R 2 —
32 1K pH BmE3T5E RFEZIFERAL Na'-K™-ATP
B i 1B S0

Na'-K*-ATP i) 12 4776 T £ 90 (0 40 e 1
‘B K ATP S 540 m ) Na*, K811y
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B 5 NL25 A% pH 30 X 5 DG i 2580 0 S R I R B T35 ) B 40 2R 45 460 R 5% i) 1285

PSR E S, fEALARR g . aea R aE oy
T % T AR 1) Naf-K*-ATP i i) B4 H 1
AR AR R, DR RSN pH A AR fb 2%t
H SE s P Na'-K ™ -ATP JiiiE 1 7= 520 o W6
U T AN IREB2Z Na'-K-ATP ifi )
Bl pH JEiha6 A ] B B S (AR Ak, JREAEMMA 3 d
G TRE; BT A L BF 5 25
XFRIAY pH ZRASAH ) H 2818 i3 017 18 1 e
FIuFER, HseshP et e s Na'-K -ATP
fitg % 1, fRaEpe AR, e B FiEae ), M
FRZHZE F Y Na'/H' . CITTHCO33Z i 22 4t 45 W3 ) 4k
FRRN pH MR E . AW, o G A IR 6l
Na'-K*-ATP B fE 30 8 h i Jyuk b7, 368
FETIXT pH JIPAT, s QRS R AT DLE o 2 5 A
EY A5 15538 N RE 1 R AERR R N B -5 M pH FR
E o SR W38 5 1 5 PR BE MR Na'-K ™ -ATP i)
SRAEFFAE — BRI 7K, X AT S i T AR IRt
i pH R SR BEARCR, i AR A 2R - i
PRS-, B KRR Na'-K-ATP g% 1, AT
S B B T L A T O R RS (A K
9.0 cm+0.5 cm )i 73 GRS IR EA T 32 h Ik pH e
J&, Na'-K*-ATP Ffea it | )y TR, K5 T2
FE X BRALK T o B RS o FC SR B R 5 /N R AS
IR LG, HAE BT REAA e — 2 25 57 o
33 1K pH BrEXfEKEZEMERHAL LDH 0
COO iE KM

KR pH A 23 %F 52 Bl ) W 10 7™ A2 5
MUKAE pH ANiEE W e s A, WSS sh YT
W3 B2 Em A, AEE R T A, Savant 4P
FERM, Ko pH 7 5.56~7.56 i}, Y (Ilyoplax
gangeti ca) #E A R A B B A fk; mikH pH KT
5.56 i, HAEFA KU T, FEECRIN TR
i S AR A UL RS2 B e, IR R A
Y & e 83 . LDH 1 COO S MLAHHAR it 1 7
W EERZE, COO i TR -, it
AR A BTSSR, A S i8R
JRK ST A AT, A A B s 2
AWFFEH, v RJFE AR COO % Skt pH Wit
B[] 0 J2E < T S22 B0 B A R B R A, AR pH
Jofh 38 75 o TG S 2 A 4 PP A2 B, i T

AU AR T ECAT EACRE 1 TR, LDH LIS RR
FISLER A E 554k, EAUARTE A AR S
AWFgEd, TERIEEL IR LDH 3% % pH ika
I 0] F) SEE < 7 222 0 BH 8 19 B T R EA, 1A RA B QR
ZIMTE =W pH W ia A A2 S LT,
MR T I AT R R B ST B B
MIREFE T K o ZEARLAY T IR A AR T 76 ' B 38 1K
Pl K. =Ptk T4 (Portunus trituber-
culatus) 7 & 55 B (3500 IX) e 51T, A 4A AL
W32 B, PUAGE 42 & LDH 36 J) {2 2F To 4
R, M A HLARAERE . FEAS A ST, e FR AL IR
il LDH F1 COO i Iy Fifi ifp363 Bsf [11] fry ZE A< 14 B T 4
R AR, — TR LUl T SRR IE I A5
1 77 A AE BR PR 38 J5 H A A AR ) T AR AR
A% KA pH B SESR AT BE T B [G S5 2 R A 0
Wi sl = A g, IR O =R FE AR T REE BY
T o [C R A R W WP W % sl AR Ak, A4 R4 9 1Y
REE I K

34 K pH BMEXTE KR E AR RILEE S
EpA!

FEIE R WA BRAETT, HUARACSE ™ A 3 14
ARENE PR AL R G S i R . SRRz F
IBE AT, AU N 2 A K s PR A 2,
FrixX S [ IR BB DT E L R G S i B,
SRR B AR #0512, SOD Hil CAT ML
A LB X mG2Y . SOD AEMS¥ O LN
H,0, Fil H,O, CAT figtg4s SOD 1EH 7= # H,0, b
JR s HO, PRt i fA& P SOD FiI CAT HIfEHhE
Wi O X 4 it Y S AL 10 . EABTFSE A,
HR R SOD #1 CAT 15 I7EMAfS 2~8 h il
Thim, XAREEH THEE pH #9528 755 5 [T
BEUR AR P I PR SR S, MR R I g
= T HUAR N BTEALEETE 1, WA AR 2
A A, Wb 24 h s, TFAFEEE SOD #i CAT
6 SRR R RIVE . Wi 96 h B, SEEG 4 SOD i
T B ERT XL, x5 T R A R H IR
W FE P AL B S ) 0 A8 A AN R, AT RESE
FARERAXT pH HB & N RE e 22 5%, &
FEFIHF7E pH 6.5 (96 h LCso 4.78) MK 58 B ikl
AT D g J s () O B AR A RGRTE R IR N i 2
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WEPEA A AL TAHEE Y, 5 QR IR 7R 3L
St pH WA, ATRER TR NS A B oA
ME, @i THA L RGN IERLRE T, X4l &
BT A AR, TR EBUE R R G TR Az B
Wl EEEPIO R, BRI pH Bl &%)
Hh [ B X} BT (Fenneropenaeus chinensis) it % fk &
gerc A, Sidh, ApEsR T, SCE4 SOD
CAT X pH Bk 113w 1 5 B2 £7 7E AN [m] 254, SOD 7
pH 38 2 h J5Ha T 5, 24 h 536 PR R CAT U
£ pH B 8 h 5 & 17, 96 h B & PEREAR
XA RE S B ATTAE BT A AR B AR b ) R AS [ BT 2 AR
(%o pH BB HI], SOD 1% 71 7t ke 4 H il SR ik
W H20,, FiJ5 CAT i iFtaE, t—2 8 SOD
(778, MNTTREXT pH I ™Az AR AR . MDA J2&
S FR A I I 2 s SR T P 2 i B,
B E i Al DL g oo ATk S g K, TRl
R N E MR RSN . AR T, L

JFBEAR MDA B &5 2 75 B 2 hilf o 3L 2 284,

Wi TS AL 2R GEAE I BE SIS X8 A ) 4 )y Rt
Ay B iE R, AR B Ak S B A AR o Bl
JEWFE R IE R, SR AT BRI MDA Y& B0
SR BT G, 5 SR P 4R Al T e
T pH Wl MO sk T pH B a TR L R e
Dy RE 2 A1 ] - BOH R BE W ST B, AR AR AN
AWTRR, AN B A A RO, S B
A1 FIE AR MDA Fr 3
35 1K pH Bhig ¥ 5e FKIR 2 N R 40 LR 45 A B 52 0
B S sh W) AT SO S e A S 1 R 1 I
BEARE, I8 R ph S R e A O A SR
RIEAR I IIRERAL, Hh MR WP b R A
M2 A e TSR A A BRI RE N5 2 KA
BET A, — SRR RSN T (BRI 4
Ji& 130 5 ok 8 A 2 WU 0, B L S Bl 1 0
W 3y B RN 2 S VR P o o B 2 PV 5 R A
T BE W0 2 (o =R 5 R A 22 AN DN )R,
WK, MARfEIE 2, L BIJRBOIRE BRI 5E R
BN AESZ S ME B It B, 2 s L
K, SEBEFNE 1 K AR o B, PRI R AR AR
SE . WIS o FEAETE A, I IE AR I dRi, 5o
PRI MR 2510 T 0, bR ZRIE S, fda 24 h

A, o D i MR A iy 2 B P B 44 e DA £ S
JZ FL, =8 96 h i, e [C R ES IR s ok
KR W 1 B A i 7%, 8 235 48 32 01 ™, X
AN di) SR RSSO W AW R AN S I R L T )
HA LR AZ RS, R W A BRI RE 0 R I &
poaB A v O L [ S R N/ 8 )
BE 1SS, Zyil A SUHAA . ARFsE % pH
18 96 h i, o [QJE BRI 22 1 HCH /0 PE I - Rz 41
MEMETE, T BL A AR RS COO Al G A A4 i
LDH 3 7153 5 Ab T S AR A e i i, X Ba B 1
T, SRR T B S 20T v IR AL AR AR
SAURE T T B, 2 2B S 0 A A B,
ToEAC G 5
3.6 1K pH MBI KR EMNATIRIR H R LR
=1

FFRIR R 2o EE ST, HEELRNR
WL THHESHYINT . TR A 8 25 oh REBY . 7E T
JER R b, IR A N A R L6 A R D) g Y A B
D7 JH/NE PE UL AFR IR, RI53- 306 40 (B 40 i) |
AREAN (R 40 M0) . £F 4k 40 i (F 20 3) A0 iR 40 i (E
i), Hod B 4001 R G BE i £ . AR KL
B, A% pH i S5 5 R EE EFFER N B 4l
Mo s AR BRG K, eEi 2, XIS Y
gERE I —E B, BRI RN, AL
A RE 235 | S W 76 3 0 T g A v 240 it 2 i b 3] A
AR, HRAE B MR R 4Rl 3 =
etk TR E G 9.0 F 88 72 h 5l
BT RANM D, B AN s s &, R
R, FFanfirh s 2 g, e g8
(Eriocheir sinensis)7e 42z e B2 ] me v fin 20 2
(4000 mg/kg) it S Bl T B 4 As
B Z IS, XESKMRGERAA —EW
L. B i EA i Diae, @ HATH
W SCE SR I IAE R . o sh e B ian 4514
T, SRR A BT K I B A E R
B T AE R LA S A A BRI B i K
Hi izt 2, KRR, nTaef BT/
EINEFRY RS ABFgE T, AR5 pH
DR 118 S R el v [Q RS IR T RE T B 2 S 72 )
JUR AEFp A A FRAR I, T B 4 S i i iz
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M3 2 PRBUE R AR BE T A, A BT O

et Z IR .

R #0275 IR

P, EEEIR P R SRR It g, =k T

I AR A BE AT 18 SR BOR A T8 1B R Y,

A REFBORIEMAFDIRER R 4 Skt psi b A

WFTE a1 R A0 A K0 R B s, X
A RESE T SRR Y AL IE B, v PR R AR
SRR T ), A i 2 s A S A
HEFRYI . 5350, ABEFEH G 8 h jakez i i
TFIG 1 BUMURL Y BT, 5 HLBE 5 Mol 30 I 18] A9 S 1<
Kz 1 A B0 ORE ) o ) A BTSN . 3k S R
WY AT RE S SRR, AR e R A A
R iasSg PR T oy — MRl REE, iAo R A
DB T T T v 8 DR T 3 Y N )k S8 BOR R B S
SAHRANY, s A s B SN RT RER] L
Zef i o B AT DA h s 1 g )
1 ORI IR o i A it — P A . (2, i
ABEFE AT AR AR pH 0 %) 5 DG B AR AT e it
ANETL AL N T, JF B B TR
A IE I AR 3l o BT R A Oy o TR
ORI R IR AW En A =SSN G KRR a1
Pl RE2 5 AT BRI MO DI RE AL, #Eim A AE S
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Acute toxicity of low-pH stress and its effect on enzyme activity and
histological structure of gill and hepatopancreas in Procambarus clarkii
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Abstract: This study examined the effect of low-pH stress on physiological metabolism and the histological
structure of gill and hepatopancreas in Procambarus clarkii with the body weight of (25.88+4.40) g, using paraffin
section technology and the measurement of biological enzyme activity. Based on the 96 h median lethal concen-
tration (LCsg), P. clarkii were exposed to pH LCs, water for 96 h. A control group of the species was also exposed
to water of pH 7.6. Each pH level was sampled to measure the activity of metabolic enzymes in the gill and anti-
oxidant properties in the hepatopancreas, and the histological structure of gill and hepatopancreas was observed at
0 h, 2h, 8h, 24 hand 96 h. The results showed that the value of pH LCs, was 3.675 at 96 h. The activity of
Na'-K*-ATPase and lactate dehydrogenase (LDH) in gills of the experimental group gradually increased, while
activity of cytochrome oxidase (COO) in the gill showed the opposite trend after low-pH stress. As pH stress time
was prolonged, the activity of hepatopancreas superoxide dismutase (SOD) and catalase (CAT) in the experimental
group increased at first, then declined. The MDA content in the experimental group increased consistently during
the exposure time (P<0.05). Observation of gill microstructure sampled from P. clarkii exposed to low-pH water
(pH 3.6) showed impairment of cuticle and exfoliation of respiratory epithelium cells. Observation of hepatopan-
creas microstructure sampled from P. clarkii exposed to low-pH water (pH 3.6) indicated the appearance of more
B cells and inter-transferred vacuoles in the hepatopancreas tubules, which were enlarged. | am not sure | have
understood your intention correctly, so please check carefully. It also showed that the number of granular materials
in the transferred vacuoles hadincreased and that the structure of the hepatopancreas tubules was impaired. The
study indicated that low-pH stress will affect the physiological metabolism and lead to hypoxia. Antioxidant ac-
tivities by P. clarkii will be induced by short-term pH stress but inhibited when exposure time is prolonged.
Low-pH stress will damage the structure of both gill and hepatopancreas.

Key words: Procambarus clarkii; pH; median lethal concentration; enzymes activity; tissue slice; acute stress
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