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1 #MHEFE

1.1 Kgé

S s FH K 5w U B4R (20.1£3.2) g, R K
(15.3+2.9) cm, W A AR AN, s B9
B, FMT 5 4 60 L HIE IR KR P (8K
50 L), RN IRAE 30~50 B IFHLE 34N FE A .
SR ELIE RS 7 d FIFIR SR, R
B8] 7K IR (23.041.0) C, DO=5 mg/L, %K% M H
W A AR LR H 35%, MR 7%), &K
K 30%.
1.2 kgt

¥ 4 RO R Ve EkCE T R R A (ER
35.5cm, & 15.5 ecm)H T AR, ZPEA
TR — 2 7&K (100 mL) LA 5 A 6 1) g 1A
TR AP ZERK RIS 8 h WK — Ik LA
PRUEZE PR . # 4 B Rk m e 6B T [RE ¥
BHEE (A2 35.5 em, & 15.5 cm)h, @A 10L
30 mmo/L Y NH4ClLI (LA 4 mol/L NaOH i i
W opH & 7.2), VIHHIT AR . #HH NH4CL
VW BERR 24 h 1T 4 — Kk LAk S 245 R 3 B
SMRSEREAR, H 4 B mE R U8 65 CE T B Yk A
(EA£35.5cem, & 15.5 cm)H, ZEH25E 10 LIRS
JE B ZRIEIK, AR Xt Rl LR EEI A 0 h
(A B VR SR M SR KO, R Bl . A%
iR ZH RO B2 (1) 2R BRI () 11 8 12 hy 24 h,
48h.72h K& 96 h, T FEEEIS [E] A TECE 3 AP
T4, 4t 45 DMIBRE A T8, SREA . &
TR BRI 15 4> SL ], SEa
T BE R (25.0+1.0) °C, T A SEE K PR SC 56 =
e 48 h DL L, DMRIEKIRS iR —3%. 556
Wi, P SE g fa AR
1.3 HRFXERLE

TSR RN R S Z5 0, S 3 AT
) i A S 86 0 44 DL MS-222 1R RIS . BEJS, BT A
S0 3 3 g o Sk R RS, ) IS BU AR .

BAPAT T ERE S i 4 RBSLgn e A IRk .
DRSS SR A A1 m, AR &E L 9« 1A
W@ C)MAEMEK, RAMREGEE TiHM®
10000 r/min GG 4 CZ4F FES.L> 20 min, HCEJZ
TR FH o B R S B T80 "C kAR h AR
1.4 $ERNE

JHE R EVER 5 B LA H s R, AR
169y 15 AL it (superoxide dismutase, SOD)¥ MK H
IS S A A 2, 1 Uk = (catalase, CAT)
T P R O EH R & kI, 48 bR T RK I8 D e
(glutathione reductase, GR)¥i R FH L4 b (63250
E, BSMEH K-S B (glutathione S-transferase,
GST)ifPER H L il e, 43 I H ik A A 9 ity
(glutathione peroxidase, GSH-Px)Jifi MK FH B ¢
FE L2 Wk 2, 45 Bt H BK (glutathione, GSH)F
SR FH Il AR 105G 3% 2 W I vk o, B A Ak g
(total antioxidant capacity, T-AOC)>K | ABTS il
iE, LRGSR (acetylcholin esterase, AChE)i
P B A LY (lipid peroxide, LPO) & & £
1y 48 AL i (polyphenol oxidase, PPO)J PR F 48
AR ETEI E . DA R S A R A
TAREHFE
1.5 HiELE

Jr A E5 4 4 DLV 34 {8 45 HE 152 (X+SE) % 7R,
SPSS 18.0 #4737, 56 L) Levene’s kB #4775 2=
[F] o VA g%, B S #E4T B R 3R U7 22 43 AT (one-way
ANOVA) K 25 5 1) 25 57 1 2 vk, 4n 2% il =5 D) sk
17 LSD Z 8 [L# . LA -6 70 Hr [A]— i [] i S0 56
5 XA Z Al e, WK R 0,05,

2 HRE5HMH

B 1 FE 2 Frs b & R 2 S 5% B 0 R e
K O e 45 A 167 AL i (SOD) | 1 484k AU (C AT)
VI KN [ (MDA) &% #1521, 30 mmol/L NH4Cl
W F R G, HFIE SOD & AR b/, (5T R
HZIAJC . E 2T 1A, P>0.05)., 1M 2 15 T 2
7w 2 RN T R BRI VST IE CAT 6, H 2R
12 h J5 B KT X B AL(E 1B, P<0.05). XF BR 41 il
RAEBAYP, T MDA SEHEHL ETHET
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1 S B 5k Bl R Y R A A AL P AL (A |
1 AL G (B) I T B T R (C) % &t (¥ 5% 1)

Pl R ] /IN 20 7R %o R Hh AN [ 2% 5 ) ] 22 1] 2 5
13 (P<0.05), ANIRIKE 8378 5250 2H oA [ 2% 22 i 8]
Z I ZE 53 3 (P<0.05), *F/R SR 415 % 412 1]
%5 3% (P<0.05).

Fig. 1 Effects of various period of ammonia exposure on
SOD (A), CAT (B) activities and MDA (C) contents
in liver of Paramisgurnus dabryanus
Different lowercase letters indicate significant difference
(P<0.05) among different exposure times in the control group.
Different capital letters indicate significant difference (P<0.05)
among different exposure times in the experimental group.

* indicate significant difference between the experimental
group and the control group (P<0.05).

MRy, (HEZFTEA H, A [E &6} [E] 2 60
2% B (K] 1C, P>0.05), 25{lHh, A [ E] 23
KBTI, KGEEJE 6T SOD ihtE & T & Jn

&2 2SR E T R R Je ST S AL BB (A) |
b S U (B P B N B (C) & 2 32 T
Pl R R INE B2 R X RR A Hh A [ 2% 5 ) i) 22 1] 22 S5
.35 (P<0.05), MRS b 7R S A A [ % 55 1 (7]
2 8] 22 5 i 38 (P<0.05), *3 /8 SL K620 5 %) IR 4H 2 7]
25 . (P<0.05).
Fig. 2 Effect of various period of aerial exposure on
SOD (A), CAT (B) activities and MDA (C) contents
in liver of Paramisgurnus dabryanus
Different lowercase letters indicate significant difference
(P<0.05) among different exposure times in the control group.
Different capital letters indicate significant difference (P<0.05)
among different exposure times in the experimental group.
* indicate significant difference between the experimental
group and the control group (P<0.05).

TR Y, TEREE 12 h 5B E TR
(P<0.05, ¥ 2A), =< %% 12h, 24h 148 h 5
JFME CAT 1% 1 i 2 (K X B4 (& 2B, P<0.05).
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R EEE 12 h 5, KEERIVE ST IE MDA & & i
FETF, BEJE R R E SR K T R LR A
o XFRRAFFE MDA &R g ot
J5 U R R, 7E 24 h Ik B R H B
T aE KRR A 2C, P<0.05).

AN [) B[] 22 A 2 /2 i o) A B ) 90 Bk S A
AW H KA IR (GR) . A BEH K S R (GST) .
B H Ik AL P G (GSH-PX) T 1 LA K 4 e H ik
TR ILE 3 ME 4, ZREE 48 h 5, K
Il U SHOTFE P GR 36 M B 3 AR T 2 b KO (P<
0.05), BlJ5 281 FTH(IE 3A), IFHE GST i TH7E R
&% 72 h WG EA{(P>0.05), Bfi)5 o #E T
(K1 3B, P<0.05), Fifif5 24 7 &% i) (] ARG, K % )
VESKATAE H GSH-Px 16 MEIZRW N %, 7E2#E 72 h

M A Xof fi4H control
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ZJa o AR T ALK (B 3C, P<0.05), AN [
Vi) 220 2 8 I A 5 R R A4 e H K75 1 i BH A8 Ak
(K 3D, P>0.05).

HEBERBET, KREBEEIJEHAFIEH GR AR
L 52 AR KA, EREE 48 h J5 W& FFK
(Kl 4A, P<0.05), Kigr| o= T2 % 12 h
J5i, BFE GSH-Px itk 5%, HAERTE 12 h
148 h 5 B E LT XL (K 4C, P<0.05), AN
i () 23 A< 2% i 6 K 6 @) Je SO IE GST 1 M Al
GSH 7 &t i & 52 (&l 4B fil 4D, P>0.05).

WE SA FE 6A FIrsR, IR 65 AT bt
AALHE 1 (T-AOC) A 32 24 2 5 Al 25 2 i 1 52 )
(P>0.05). Fifi5 24 % 58 B ] A RE G, DR % 1) e S5k
I Ff 2, Tk FIEL BRI B (A ChE) 1 P 2 THE o e %, H

T HRZH control
 F 4 ammonia exposure

liver GST activity
R RV - N
S o 5 &
T
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S

B H PR SHERS BYE P4/(U/mg prot)

—_
(=R

60 - X HRZH control
B4 ammonia exposure

S
(=]

liver GSH content
N W
S S

—_
(=]

FERREAR B H KA &/(umol/mg prot)

1

0
basal 12 24

R E]/h exposure time

P 3 A% S 0 Rl 1 e T EE A IO H RS S (A B IR S #e A RE(B)
A e IR S AP il (O T M B A e H IR (D) 35 5t 9 52 Wi
Pl A ] /N S 1 3 7 e R A v A () 25 0 I ) 22 [ 22 5 Wik 25 (P<0.05), ANIRI RS 52 R38R SE S 21 v
N T 2 8 P i) 22 1) 22 5 882 (P<<0.05), * 7R SE B0 415 0 RG22 [7] 26 57 1 3 (P<0.05).
Fig. 3 Effects of various period of ammonia exposure on GR (A), GST (B), GSH-Px (C) activities and
GSH (D) contents in liver of Paramisgurnus dabryanus
Different lowercase letters indicate significant difference (P<0.05) among different exposure times in the control group. Different
capital letters indicate significant difference (P<0.05) among different exposure times in the experimental group. * indicate signifi-
cant difference between the experimental group and the control group (P<0.05).
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JFRRAS B H K SFE A B $4/(U/mg prot)

B elD EZA R B4 control
= 1 255 TR 4 aerial exposure
E_ 50
S 8
EE af
=~ O
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2y .
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H-E 0 ﬂ 1 1
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Z#& 0} [B]/h exposure time

K4 28 SRR A BRI JE SR IIEAS e H KGR IR (A) . AR EH IR S Fe A2 iE(B) |
A e H IR S AP il (O T A B A e H IR (D) 35 5t 9 52 i
Pl AN [ /N 3R 0 R v A () 2 P ] 22 (1] 22 5 i 35 (P<<0.05), AR RS TR 3R 2w 20
ANTR) B 8 B 1) 22 ] 25 5 1 3 (P<0.05), * R SLI0 A1 5 % HRAH =2 ) 25 7 1 3 (P<<0.05).
Fig. 4 Effects of various period of aerial exposure on GR (A), GST (B), GSH-Px (C) activities and
GSH (D) contents in liver of Paramisgurnus dabryanus
Different lowercase letters indicate significant difference (P<0.05) among different exposure times in the control group.

Different capital letters indicate significant difference (P<0.05) among different exposure times in the experimental group.
* indicate significant difference between the experimental group and the control group (P<0.05).

TERFR 48 h Al 96 h J5 & & T XL 5B,
P<0.05). K% &l e B iE 2 193 S (L i (PPO) I 1
TR TR 12 h J5 W& FER(P<0.05), Fifi5 K
2EIMKFE, 7 72 h J5 B ERFKE 5D,
P<0.05). i JFFE g BT ik A AL 90 (LPO) 7% B AN 52
A HR W (P>0.05), {HXT R4 p 23 F Tt
JE PR ka%, HAE 24 h F196 h I B & m TH 2
ALKl 5C, P<0.05), Bz 2T,
% FI VR BT o AChE 35 M S B4 T 155 )5 AR
RS, FEZREE 12 h 5k B e e HL 8 3w T
M2 (#] 6B, P<0.05), 25 A& FR I A5 ENIE PPO
TP B 228 6D, P>0.05), %5 < 2% 552 A X IR
4 LPO ¥ BB BT A FRER RS, 7%
F£ 12 h Al 24 h B 35 R RMEE 60).

3 itig

R R A S AR B T TR T
P48 (reactive oxygen species, ROS)I¥ it & i,
SR, AR EA M ROS WEBR RS, LIRYHL
R fs ROS #tk, 28 i S A PR E L Bl
WL ROS A 1L, 41 SOD., CAT. GR J
GSH-Px %529 SOD AlKEHLIA P i i Pt A1k
YIBTES 754l Hy0,, T CAT Wl HyOp 18 J5 N
0, Fil H,OPY . AHf g rh, S5 5% IA5 E K w
YE B IIE SOD T M 1Y it & 2 k(B 1A), U< %%
#& 12 hJ5, RBERIVE ST IE SOD i 11 i 2 & T Xt
HZH (B 2A), SR, AL 80 7R 7 il (Takifugu
obscurus)!!!, # i ffi (Pelteobagrus fulvidraco)™



552 4

SR IR BRI S AR R X R4 R e BT HUE S AL RE 1 S

181

A X} R4 control
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72 96

g 9 2 1r D if BE4H control

X 8 g 10- n=3; ¥+SE & 7B ammonia exposure

e’ Bl

1 £6 SE 9l 1§

&8s L8

S 88

=4 &5

¥ =% 4

S ¥

E 2 E‘E 2

o

= 2

£ o =SS .

FEH}E]/h exposure time FFRIE]/h exposure time
B 5 &R REER VST B S LEE 1 (A) . IEFE ALY & (O ]
T AR i T (B ) 1 22 3 4 A0 TG (D)3 4 174 53 T
[ Hr R[] /N 7R 3R 7R o) B2 P AN []) 2 8 I ) 22 1) 22 57 483 (P<0.05), AR R'E FHER R L g 4]
AN [R] 2 58 Isf [B] 22 [) 25 57 48 35 (P<0.05), * 367 SE 56 21 5 06} IR 4] 2 7] 25 57 {3 (P<0.05).

Fig. 5 Effects of various period of ammonia exposure on T-AOC (A), LPO (C) contents, AChE (B) and
PPO (D) activities in liver of Paramisgurnus dabryanus
Different lowercase letters indicate significant difference (P<0.05) among different exposure times in the control group.
Different capital letters indicate significant difference (P<0.05) among different exposure times in the experimental group.
* indicate significant difference between the experimental group and the control group (P<0.05).

VFECT-fif(Sebastes schiegelii) 22! [ B A2 i (Ver asper
variegatus)'*’ V7, HAKPY SOD i B L tETH
#a%H, 30 mmol/L NH,Cl I % S 521 i
AR T R R R SR IE B CAT 35 M L YE 5 B
72 h JEWT, X5 2B A A, nE
M RO il P2 % 5 & % 4 4 (Oreochromis
niloticus) 145 . AT 5T 45 SRR, A 1A P A A
AR, KEERIJeHFET SOD 1 CAT X
P A AL B IR B T 0% - MDA 1B W IR A ik
=), Hfr @A RBAME KBERA PR
Je i E LIHE TR BES(E 1B, 2B), BEHITER
iz SRR AR, R Je S T R
(AL N, T 2 iR — BT RS, RN 0 A A
FRE A2 E T AP . S A ZATRYAE R, WAk
FEAS T A% R Ve Bk A P i B S AR T R S A ] T L

R SEAL RN . PRI, 3 AT RE A F T A i Ui ik
0 T 32 LA BT U, AR T R PN R
IR KRN OE =R A ra

GST & —FEZEMHUAE, P45 650N
PES WK O RS20 GSH & — il i B 4 4 1
KYUEALH, & GST F GSH-Px PRl S 1k it 1k
Frm A R IR0 IR 2 S A R
Ja, WJFEAE GSH A 1k i 4 1k B0 45 bk H Ik
(oxidized glutathione, GSSG), X —4: 4k 5 1] 8
GR W5 IARIE MRS A AL R G ok s P20 A
GEh, RN SR KR S E  GST 3%
PERY SR IR (& 3B, 4B). i 2 TIPS
KI8T BTG e ) S R 0 OE T R
GST 74, il (3 H f% (Pterygoplichthys anis-
itsi)?! VR EOF il 4tk 5 i Prochil odus
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% 9 n=3; ¥+SE S AZB aerial exposure
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E’,:E T+
£ 6f
£2 0T
S5 4r
& 2
== 00
® 2r
8 1+
; 0 L 1 1 |

pasal 12 24 48
TR A]/h exposure time

Bl 6 2 SRR ER X R i R Y SR IE S b B AL BE 1 (A) . IR BT Ak % 1 (C) &
T JIEL B T (B ) 1 22 173 4 Al (D) 195 12 149 52 )
P&l AN [r) /N SR 0 R 2 v A [) 2 8 I [R) 22 8] 22 57 . 35 (P<<0.05), AR RS iR e g 2a
AN TR] B i IR [1) =2 8] 26 53 1 35 (P<0.05), * 37 SE 020 45 %of IR 2 =2 i) 22 S 1 3 (P<<0.05).
Fig. 6 Effects of various period of aerial exposure on T-AOC (A), LPO (C) contents, AChE (B) and
PPO (D) activities in liver of Paramisgurnus dabryanus
Different lowercase letters indicate significant difference (P<0.05) among different exposure times in the control group.
Different capital letters indicate significant difference (P<0.05) among different exposure times in the experimental group.
* indicate significant difference between the experimental group and the control group (P<0.05).

lineatus)1®! % i (Channa punctatus)*’'%:, GSH
A4 Bh GST 25 & R BRAMEYE Y, ARBF5E bk
W REIJE ST IR GSH & e 2 A s A2 #R e I
KB AR (F 3C, 4C), i il (Carassius
auratus)®* 4 G OF- il P R R B R, HAK N
GSH & it W5 W% . GSH & =AY FRE T B2 il T
HLAR B E AL R, R il ) e 0 2
RS O R I3l it GST WERIAM A, HAL
PRI oA B S A B A o % ) e 6K AT A
GSH-Px i P 75 2 Fl 25 S 2% 88 J5 11 W 18 e IR (&1
3D, 4D), GSH-Px = 5184k [ b 75 2 GSH 1E
RIEY, AT GSH-Px G MEMIFEALAT fig 2 H
THEFNMET GSH & mfae™), JMmss

WAL LT At i a0 R R R, Kk
RIVEBHFIE H GR 1 M8 1 THE T RE(E] 34, 4A),

VLAY M A BB, AR T R
(1Y) GSSG; i Fifi 5 % 5% I [B] A9 ZE 4, GSSG Y AE
i i E A

T-AOC I LPO 2 & H i di AL E N FRin 2
— OIS s R T, K @R SO
T-AOC A A L SA, 6A), M TR
12h J&, KREERIJEHFIET LPO & it = L7t
i i U] T BRI (B 6C), HARfb ¥ 5N ik
(MDA, LPO Fl MDA 4 3 g Bt S8 AL i 7= 4,
ARG 45 SR Ul B R R 2 SR I, REE Rk
fofK A PR LR BT BHLA 0 Bl I AR SO ;T R —
Bt s, RN AR B A Ak 32 ) T B R A
AChE J& HA fit 8 4% A9 DG B il 2 —, ml LAK fif
T LB A3 5 3 2 R v 2 I A i g B D2,
TEt s S M 4 R Gl B AR P, A
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Wi R 2 5 ] 5] i AR K% (Rhamdia quelen)
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SRR BRI Je ST IE R AChE W& L TH(E 5B,
6B), Ui BB BB A 2 5] A 6 ) e B pf
2 ARG

i LR, fEE M RN, KR
Ve Bk Py BT OB AR AR R, BAR R IR
MDA F1 LPO iy 2 b Jt; e E — B,
NSRS R A A R W A S PN TN
BIVEEKTF R h SOD. CAT. GST M GSH-Px %54
ARG R G I AR B RIS o X AT BRI R g
) 0 B8k 1 =TS 32 AL B s, R AR TR N Y =
PRI T A PR R S

SE R

[1] Cheng C H, Yang F F, Ling R Z, et al. Effects of ammonia
exposure on apoptosis, oxidative stress and immune response
in pufferfish (Takifugu obscurus)[J]. Aquatic Toxicology,
2015, 164: 61-71.

[2] Eddy F B. Ammonia in estuaries and effects on fish[J].
Journal of Fish Biology, 2005, 67(6): 1495-1513.

[3] Hegazi M M, Hasanein S S. Effects of chronic exposure to
ammonia concentrations on brain monoamines and ATPases
of Nile tilapia (Oreochromis niloticus)[J]. Comparative Bio-
chemistry and Physiology Part C: Toxicology & Pharmacol-
ogy, 2010, 151(4): 420-425.

[4] Zhang M Z, Li M, Wang R X, et al. Effects of acute ammo-
nia toxicity on oxidative stress, immune response and apop-
tosis of juvenile yellow catfish Pelteobagrus fulvidraco and
the mitigation of exogenous taurine[J]. Fish & Shellfish
Immunology, 2018, 79: 313-320.

[5] RenQY,LiM, Yuan L X, et al. Acute ammonia toxicity in
crucian carp Carassius auratus and effects of taurine on hy-
perammonemia[J]. Comparative Biochemistry and Physiol-
ogy Part C: Toxicology & Pharmacology, 2016, 190: 9-14.

[6] Sinha A K, Matey V, Giblen T, et al. Gill remodeling in
three freshwater teleosts in response to high environmental
ammonia[J]. Aquatic Toxicology, 2014, 155: 166-180.

[717 WulLM, XuYF, LiY]J, etal Effects of acute ammonia
nitrogen exposure on brain, gill, liver, and kidney histology
of Qi River crucian carp (Carassius auratus)[J]. Journal of
Fishery Sciences of China, 2020, 27(7): 789-800. [%=#I4#,
TRIR, ZK0E, 45 SR AL A £ . S
HF. BRG] PEKRE, 2020, 27(7):

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

789-800.]

Zhang Y L, Zhang H L, Wang L Y, et al. Impact factors of
ammonia toxicity and strategies for ammonia tolerance in
air-breathing fish: A review[J]. Acta Hydrobiologica Sinica,
2017, 41(5): 1157-1168. [3k =78, KiEE, LXRT, % &
SR B IS T 1 5 ) PR 7 S I Y £ 1 SR M ().
IREEAE AR, 2017, 41(5): 1157-1168.]

Tsui T K N, Randall D J, Hanson L, et al. Dogmas and con-
troversies in the handling of nitrogenous wastes: Ammonia
tolerance in the oriental weatherloach Misgurnus anguilli-
caudatus[J]. Journal of Experimental Biology, 2004, 207(12):
1977-1983.

Ip YK, Tay A S L, Lee K H, et al. Strategies for surviving
high concentrations of environmental ammonia in the swamp
eel Monopterus albug[J]. Physiological and Biochemical Zo-
ology, 2004, 77(3): 390-405.

Zhang Y L, Zhang H L, Wang L Y, et al. Changes of ammo-
nia, urea contents and transaminase activity in the body dur-
ing aerial exposure and ammonia loading in Chinese loach
Paramisgurnus dabryanus[J]. Fish Physiology and Bio-
chemistry, 2017, 43(2): 631-640.

Zhang Y L, Zhang H L, Wang L Y, et al. Changes to tissue
glutamine content, glutamine synthetase, and glutamate de-
hydrogenase activities during ammonia and aerial exposure
in Chinese loach (Paramisgurnus dabryanus)[J]. Journal of
Fishery Sciences of China, 2017, 24(5): 1115-1122. [5k=JE,
ki de, ERT, G5 EE SR EE R KBRSt
A AWM S RG] P EK R, 2017, 24(5):
1115-1122.]

Zhang Y L, Wang G Y, Zhang Z H, et al. Partial amino acid
metabolism and glutamine synthesis as the ammonia defensive
strategies during aerial exposure in Chinese loach Paramis-
gurnus dabryanus[J]. Frontiers in Physiology, 2019, 10: 14.
Zhang Y L, Wang G Y, Jin H, et al. The effects of ammonia
exposure on amino acid metabolism in Chinese loach Pa-
ramisgurnus dabryanus[J]. Acta Hydrobiologica Sinica,
2019, 43(5): 1013-1020. [3k =8, L3, 42, & &k
T A R4 A A Bl ) R 6K % 2 2 8 T VR T D). K AR
AR, 2019, 43(5): 1013-1020.]

LiuJ S, Wang Q D, Yuan J, et al. Integrated rice-field aqua-
culture in China, a long-standing practice, with recent leap-
frog developments|[M]// Aquaculture in China: Success Sto-
ries and Modern Trends. Chichester: John Wiley & Sons Ltd,
2018: 174-184.

Zhang Y L, Wu Q W, Hu W H, et al. Morphological changes
and allometric growth in hatchery-reared Chinese loach Pa-

ramisgurnus dabryanus (Dabry de Thiersant, 1872)[J]. Chi-



184

Hh K R

428 &

[17]

[18]

[19]

[20]

(21]

(22]

(23]

(24]

[25]

nese Journal of Oceanology and Limnology, 2016, 34(4):
757-762.

Ding S Q, Chen F, Ma H, et al. Changes in physiological
responses of Paramisgurnus dabryanus suffering from aerial
exposure and ammonia loading stress[J]. Freshwater Fisher-
ies, 2019, 49(6): 15-19. [TZE, BRil, Dk, 5. &M=
AUBRFE R BRI JEBH N I R B | FLRR K b & iR R
[7]. ok, 2019, 49(6): 15-19.]

Jin' Y X, Zheng S S, Fu Z W. Embryonic exposure to cyper-
methrin induces apoptosis and immunotoxicity in zebrafish
(Danio rerio)[J]. Fish & Shellfish Immunology, 2011,
30(4-5): 1049-1054.

JinY X, Zheng S S, Pu Y, et al. Cypermethrin has the poten-
tial to induce hepatic oxidative stress, DNA damage and
apoptosis in adult zebrafish (Danio rerio)[J]. Chemosphere,
2011, 82(3): 398-404.

Jiang W D, Liu Y, Hu K, et al. Copper exposure induces
oxidative injury, disturbs the antioxidant system and changes
the Nrf2/ARE (CuZnSOD) signaling in the fish brain: Pro-
tective effects of myo-inositol[J]. Aquatic Toxicology, 2014,
155:301-313.

Arantes Felicio A, Martins Parente T E, Regina Maschio L,
et al. Biochemical responses, morphometric changes,
genotoxic effects and CYP1A expression in the armored cat-
fish Pterygoplichthys anisitsi after 15 days of exposure to
mineral diesel and biodiesel[J]. Ecotoxicology and Environ-
mental Safety, 2015, 115: 26-32.

Kim S H, Kim J H, Park M A, et al. The toxic effects of
ammonia exposure on antioxidant and immune responses in
Rockfish, Sebastes schlegelii during thermal stress[J]. Envi-
ronmental Toxicology and Pharmacology, 2015, 40(3):
954-959.

Wang Z J, Chen S Q, Cao D Z, et al. Effects of acute ammo-
nia nitrogen stress on histopathology of gill and liver and
enzyme activities of juvenile Verasper variegatus[J]. Pro-
gress in Fishery Sciences, 2017, 38(2): 59-69. [F U7, Bk
VUi, WARIE, . 2k a0 X R B R B (Verasper
variegatus) 41 £ 87 F 20 2451 S RE ST 4 Y52 e D).
HlBLFE7EE, 2017, 38(2): 59-69.]

Qiang J, Xu P, He J, et al. The combined effects of external
ammonia and crowding stress on growth and biochemical
activities in liver of (GIFT) Nile tilapia juvenile (Oreo-
chromis niloticus)[J]. Journal of Fisheries of China, 2011,
35(12): 1837-1848. [Bfi, #hMl, (U7, 55 @A SHEM
X B R ES B Ayt A K RIS E AT E PR Y
BRA R[], JKF7244], 2011, 35(12): 1837-1848.]

van der Oost R, Beyer J, Vermeulen N P E. Fish bioaccumu-

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

lation and biomarkers in environmental risk assessment: A
review[J]. Environmental Toxicology and Pharmacology,
2003, 13(2): 57-149.

Paulino M G, Souza N E S, Fernandes M N. Subchronic
exposure to atrazine induces biochemical and histopa-
thological changes in the gills of a Neotropical freshwater
fish, Prochilodus lineatus[J]. Ecotoxicology and Environ-
mental Safety, 2012, 80: 6-13.

Sayeed I, Parvez S, Pandey S, et al. Oxidative stress bio-
markers of exposure to deltamethrin in freshwater fish,
Channa punctatus Bloch[J]. Ecotoxicology and Environ-
mental Safety, 2003, 56(2): 295-301.

Yang W, Sun H J, Xiang F H, et al. Response of juvenile
crucian carp (Carassius auratus) to long-term ammonia ex-
posure: Feeding, growth, and antioxidant defenses[J]. Jour-
nal of Freshwater Ecology, 2011, 26(4): 563-570.

Monteiro D A, de Almeida J A, Rantin F T, et al. Oxidative
stress biomarkers in the freshwater characid fish, Brycon
cephalus, exposed to organophosphorus insecticide Folisuper
600 (methyl parathion)[J]. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology, 2006,
143(2): 141-149.

Hao T T, Wang J Y, Ma C X, et al. Effects of dietary sele-
nium levels on growth performance, antioxidant capacity and
related gene expression of juvenile turbot (Scophthalmus
maximus) under copper stress[J]. Journal of Fisheries of
China, 2019, 43(11): 2304-2316. [#FHH#EH, FProE, DK%,
8. AR EA T OREEE A AR | SUEARRE T SR DG
R BIRIR]. K744, 2019, 43(11): 2304-2316.]
Abdalla R P, Kida B M S, Pinheiro J P S, et al. Exposure to
aluminum, aluminum + manganese and acid pH triggers dif-
ferent antioxidant responses in gills and liver of Astyanax
altiparanae (Teleostei: Characiformes: Characidae) males[J].
Comparative Biochemistry and Physiology Part C: Toxicol-
ogy & Pharmacology, 2019, 215: 33-40.

Colovi¢ M B, Krsti¢ D Z, Lazarevié-Pasti T D, et al. Ace-
tylcholinesterase inhibitors: Pharmacology and toxicology[J].
Current Neuropharmacology, 2013, 11(3): 315-335.

Ren Z M, Zhang X, Wang X G, et al. AChE inhibition: One
dominant factor for swimming behavior changes of Daphnia
magna under DDVP exposure[J]. Chemosphere, 2015, 120:
252-257.

Baldissera M D, Souza C F, Santos R C V, et al. Pseudomo-
nas aeruginosa strain PAO1 infection impairs locomotor ac-
tivity in experimentally infected Rhamdia quelen: Interplay
between a stress response and brain neurotransmitters[J].
Aquaculture, 2017, 473: 74-79.



2 Kz e S R S R i X DR 8 A 8 A L SR AL RE T ST 185

[35] Baldissera M D, Souza C F, Zeppenfeld C C, et al. Aflatoxin [36] Serafini S, de Freitas Souza C, Baldissera M D, et al. Fish

B-contaminated diet disrupts the blood-brain barrier and af- exposed to water contaminated with eprinomectin show in-
fects fish behavior: Involvement of neurotransmitters in hibition of the activities of AChE and Na'/K'-ATPase in the
brain synaptosomes[J]. Environmental Toxicology and brain, and changes in natural behavior[J]. Chemosphere,
Pharmacology, 2018, 60: 45-51. 2019, 223: 124-130.

Effects of ammonia and aerial exposure on the hepatic antioxidant
capacity of Paramisgurnus dabryanus

ZHANG Yunlong, SHANG Zehao, WANG Guangyi, MI Di, YOU Kun

College of Animal Science and Technology, Anhui Agricultural University, Hefei 230036, China

Abstract: Paramisgurnus dabryanus were exposed to 30 mmol/L NH,C1 solution and air to evaluate the effects of
exogenous and endogenous ammonia accumulation on the hepatic antioxidant capacity of this species. During
various periods of ammonia exposure, hepatic superoxide dismutase (SOD) activity fluctuated slightly but was not
significantly different from the control group (P>0.05). Only after 12 h of air exposure, the SOD activity was no-
tably higher than in control group (P<0.05). Both ammonia and aerial exposure markedly decreased catalase (CAT)
activity. The malondialdehyde and lipid peroxide contents first increased and then fell after ammonia and air ex-
posure. The hepatic glutathione S-transferase (GST) activity, glutathione contents, and total antioxidant capacity
were unaffected by ammonia and aerial exposure, while the glutathione peroxidase (GSH-Px) activity significantly
decreased and the acetylcholinesterase activity markedly increased (P<0.05). Our results indicated that obvious
oxidation reactions occurred during the early stage of ammonia and aerial exposure in P. dabryanus, while these
reactions were inhibited after a period of exposure. However, the antioxidant enzyme system (e.g. SOD, CAT, GST,
and GSH-Px) in P. dabryanus was not activated successfully.
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