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M. Ao LE, EET, ERAEHET RS, BahERE, aaEl; SRR, &
Mk, HapEZzEims., BAMABAL, IRREFHEY, DEY K, TR EREL,
m AR M Ak, NaTK™-ATP B . AR H R A B8(GSH-PX)7E ¥ S xt A £ 7 8 %
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1) Wang K. Effects of ammonia on some tissue and haematol ogical parameters of juvenile carp (Cyprinus carpio Linnaeus).
Master’s Thesis of the Northeast Agricultural University, 2007, 12-23 [ EHE. & & % (Cyprinus carpio Linnaeus)4) &8 43-21
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111 2 i (Acanthopagrus schlegeli) (J& &5, 2008)Y . &
fi:(Paralichthys olivaceus) (M-4%/}4%, 2007), 5 &ifh
(Pelteobagrus fulvidraco) (B2K4%, 2015) . o7 [ JFUEL AT
(Procambarus clarkia) (G4, 2014) . g & 4E 4
(Oreochromisniloticus x O. areus) (#FHi4F, 2014)5%,
AN [R)Fefr £ %oF 2 U 52 e I AN [R) o [R) Ao 0 A R R AS B AN
(7] by A A 6T 2 2L Y Tt 32 8 g o AN A [ (JR A RR
1986), A SEg i i A IRl 2 AR BE . AN [R] Bk s
[i) XoF [B) 3¢E S 4 (Veer asper variegatus) il . JTT4H 2145 k) K
Pl . REETRPR IS, TR NH-N X 5] 5 2
PR BE T AL, TS A A R A KA 2 Rk B 1
Ak, BT E, Sk IR G A R R A FR A 4 o

1 #wREFE
1.1 SEIH

Bl 2 B R | L AR BHS TR S BOR A FR W], Bk
T [F]—HE AR BT fd B . RAK #2230 [ EE 2 (70.0£5.5) g,
KR (21.0£2.2) cm] 4 fa . SCEGATYIFR 7d, AR
08:00 Fi1 17:00 SE M #/K 20%, 15:00 ML 1 YR & i
B, EZ ARG A B FKIR N (21.0£0.5)C . pH N
(7.8+0.2), A >6mg/lL . B AMKE N 0.0l mg/L,
SN 7 A FR b ARk 4R & TR AT FRA Rl 4RIt

1.2 2MEFHILE

ARSI AE T K e (210 cmx 130 cmx
44 cm)i# 47, LA 24 h R DWLAE T 19 B /N BE (75 mgl/L)
A ERIE T 10 e M B (150 mg/L) X Ja], 145 % %
%4> . 1% & 75.00,89.18,106.05,126.11 fil 149.97 mg/L
5 AMMRIEKT, M 24EKE, BANELZYA 20 B
o, B IR FH 2 I A SRS 00 5 P XTIz 2 0 o A 1Y)
FEFE UK P ARAR G R B, (AR e I vk B
YLk 24, 48, 72 1 96 h (BB A A FE TR 0R .
ek 2H e JE SN A 43 ) A (75.0020.35) . (89.18+0.28)
(106.05+0.44) . (126.11+0.40)F/1(149.97+0.56) mg/L, 7K
Ii4(21.240.4)°C, pH N 7.7+0.4, 7% 4(6.20£0.25)
mg/L .

13 =AMELLE

131 FHMEE 30 o S B0 A5 ) (5] B R 4
1 96 h WA KEBICHE (LCso), HRILIZE XA, K

(35 mg/L). H1(50 mg/L)Film 2 A 4L (65 mg/L), SZill
B340 54 AUE 3 ) 9 % B (0£0.01) mg/L . {1 (35.00+1.87)
mg/L . H1(50.00+1.22) mg/L . = % %A 41 (65.00+2.35)
mo/L o BEALEkGE (A (O I 5 | il 0 B B ik g fh, A
H3NEE, BAEE 20 B, HAXNEER R
(FRTE FH KRR AR SRR B, AR E NI AR EE

SEE IRl F P, FERE 8 h MEEAWE . KRN
(21.0£0.5)°C, pH 4(7.8+0.5), 1% }(6.68+0.15) mg/L .
132 #HRAES554 T EAMEIEN 0,
6. 12, 24, 48, 96 h, HAhFREHLPEIE 3 B
A FEAT AR IBORE . 1 ml TG VRS f R E KR 1L

BT ERHEELET, 4CTF 3500 r/min .0 15 min,

BCEZ M, B T-80CHARER KA RAF% . ki
T, FER SR AE R A B S i 2z |, JF
WER PRI | TP ST, He i (A AR L il Ak 10911
HAAH, 4°CF 3500 r/min 8.0 10 min, BT,
B T-80°C AR VKAH R AEE H o

858 R 2R 20 S Ao - AR PR A 5 6 5 G
A, H Bouin R, HHAYIA, HE 4
o, WO EIF4A I (10x100).

Na'/K*-ATP i} 2 bt H ikt S Ak P i (GSH-PX) |
N (MDA) . AL AL (SOD) . 4 N 5% 2 1
(ALT) | 25 B2 21 il (A ST) RIS 127 il 1 R FH M ot el B e
Y TARAIE ST a0 £ 0

14 BRSO

LRSIl ] SPSS 17.0 # A FIEHRE , SR
HELWNITE(RTZ, 2008)3K H LCs, &4k (SC)MIFE
BT (E I Y AR A, 1995) AR

SC=0.1x96 h LCs,

EB Fak BT A

Ci= 1.216xfxC,/100
f =100/(10°<*PH+1)
pK,=0.09018+2729.92/T
T=273.15+t

Krf, CoRAEEFZIREE(mg/L), f RE KIS
Wb AR B 2 N EE R H 4r (%), C, ME AWK E
(mg/L), T M4axHiRIE(K), t MIERIEE(C),

itg 1% LB A5 R DL 3 A AT A B - Y A i 2
(Mean+SD)# 7%, JH SPSS 17.0 #fb kAT £ 7 2%
43 M7 (One-way ANOVA)FI Duncan F&# %67 481143
Mr, P<0.05 HZFHE.

1) Long ZQ. The physiological responses to ammonia stress and vitamin C requirement of juvenile black seabream
Acanthopagrus schlegeli. Master's Thesis of East China Normal University, 2008, 23-30 [ ¢, & 3. A #fj(Acanthopagrus schlegeli)

2y g0 U0 B0 A B R S AR 3R C BB SRR IE. AR AR R 2 A F 5 A 2 18 3C, 2008, 23-30]
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Tab.1 Effects of ammonia-N stress on the mortality
of V. variegatus

HAKE  dER TaEkE SETOR Mortdity (%)
Ammonia Non-ionic
concentiation concentraton 241 48 72h  96h
(mg/L) (mg/L)
74.99 3.36 0 10 20 40
89.18 4,00 0 40 40 70
106.05 4.75 40 80 100 100
126.11 5.65 80 100 100 100
149.97 6.72 90 100 100 100

25 pm

Tab.2 The median lethal concentration and safe
concentration of ammonia nitrogen for V. variegatus

i H Items LEIE R LW
LCso (Mmg/L) Safe
24h 48h 72h 96h
AW (mg/L)  115.36 96.56 72.25 67.07 6.71
EEFZRE 517 4.33 324 3.0 0.30

%
" m

22 EEaEEMEtE LR, FFALANSHIE
2.2.1  HCE G RT R0 R 4 M 69 Rk AW
TR, [ BKE A 8 &0y £ ) 0 22 NN B S A e A
FEBR 41 AN Rz 41 HE S 4 5 R (& 1-1) fi%
ZARME 6 h 1 12 h, WS40 TE B 8 AR b (] 1-2
FIE 1-3); 24 h MG 4 35 hn (K] 1-4); 48 h bRz
2134 (1] 1-5); 96 h IFI - K7 41 35 20 i v, g s
ARMIMEG, FRAHES A 55 (B 1-6). P E A

Bl 1 B SEH ZY) 5
Fig.1 Microscopical observation of the gill structure of V. variegatus exposed to ammonia-N at different concentrations

1. ZZAMA 0 h (W H4H); 2-6: MR ZMKEE (10 mo/L)Fria 6. 12, 24, 48 il 96 h; 7-11: & E Kk A
6. 12, 24, 4811 96 h; 12-16: =& ZMKBENE 6. 12, 24, 48 F1 96 h
GC: fJrs; CU: MR, EP: )24 HC: IZ0ME; CC: MM PiC: kg
1. Microscopical gill exposed to anmoniafor O h; 2—6: Low ammoniafor 6, 12, 24, 48, and 96 h;
7-11: Medium ammoniafor 6, 12, 24, 48, and 96 h; 12-16: High ammoniafor 6, 12, 24, 48, and 96 h
GC: Gill cavity; CU: Cuticle; EP: Epith elium; HC: Haemolymph cell; CC: Secretory chloride cell; PiC: Columnar cell
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R 12 h H BRI b 7 41 S 2 B v (] 1-8)5 24 h
WA AR, BRI HES AN ST, S B4
BORSL, LLANME %S (B 1-9); 48 h PRI |- Hz 41 fifd K
RS, S8/ AR KL . AR 48 JF % ih (] 1-10); 96 h
TAMAF A ST (E 1-11). &2 B E
il 6 h SN HCE (& 1-12); 12 h B4
ook B mE Y, BEETTAL, HB5r P L R A0 K b
A WRBERIBLYE , B8N R Ay G (B 1-13); 24 h
FEAR G0 B HES AL, RS, SN H % i (K
1-14); 48 h PP - A7 40 M K b AR 1 . KT AR BE Al
W5, BANMAT RS, MANMEE 60/ H AR AR 4 (1A
1-15); 96 h SN sl ™8, bz 814 (4] 1-16),
222 R R G AT 4LLR L5 M 6 R A A M A
H, FATEHES R 5, A e E s (B 2-1), IR
AW 6, 12 F1 24 h, FFZ0HeICH WAL (&l 2-2, 3.
4); 48 h T4 sz i m AL . B K4 ( 2-5); 96 h

& 2

AR S B, AR BRI 52 T A (& 2-6).
R EIE 6 h EB Al A A K (E 2-7); 12 h H B4
A% i (8] 2-8); 24 h AU MG &2, 4000
I A, AU MOES B (B 2-9); 48 h BRI
MOKEEASPE, MmSEY 5K . FEM(& 2-10); 96 h 7l /™
&, QMK EKEEAENE . A fe(E 2-11), mEE M
b6 h, AUMEEEEINGE, ANk, 40
MuAZ IR (K 2-12); 12 h 0 P Zs ik, g
BiA B, KEEAS (R 2-13); 24 h 4158 JEE AR
AP0 e (K 2-14) 5 48 h AT I SE B oK | Feif,
Franp s i, T Ukt (& 2-15); 96 h KA
MOAZ s fd , ANMZS WAk . e, IS M E Yk,
KEFRFLML, TR AR L (B 2-16),

2.3 SEEXTEE Na'/K-ATP EEiE &
SXHRAAMA L, EEWHESLHLE 24 h N, Na'/K*-ATP

[B3] B4 S S AT 2H 2000 F
Fig.2 Microscopical observation of the liver structure of V. variegatus exposed to ammonia-N at different concentrations

1. A ME 0 h (WHRL); 2-61 (R A EEMHE 6. 12, 24, 48 Fll 96 h; 7-11: Ha FEEENA 6. 12, 24, 48 Fil 96 h;
12-16: FEAKER B 6, 12, 24, 48196 h
H: i, HS: i sE; PN: gz mts; NH: A% R, Ko i fi; HPV: H4iuzs ifk; HD: 2K AR 4
C: 7tlf; Cl: A4S BRI, DS MY 5K, FN: sk
1. Microscopical liver exposed to ammonia for 0 h; 2-6: Low ammoniafor 6, 12, 24, 48, and 96 h; 7-11: Medium ammonia
for 6, 12, 24, 48, and 96 h; 12-16: High ammoniafor 6, 12, 24, 48, and 96 h
H: Hepatocytes; HS: Sinusoids; PN: Cellular peripheral nucleus; NH: Nuclear hypertrophy; K: Karyolysis; HPV: Hepato cellular
vacuolation; HD: Hydropic degeneration; C: Congestion; Cl: Cellular outline indistinguishable; DS: Dilatation in sinusoids;
FN: Focal necrosis
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TS Ak A X R B R i (Ver asper variegatus) %) i R T 2H 21 25 4 K oRE G I 1 1 5 1) 63

fitg 15 2 (AR, Hm vk A A iR BEALAE 6 h ik
FERARAE , RYREEHTE 12 h kB R, 5% 1
2l 25 57 B 3% (P<0.05) . 24 h J5 i v i 41 52 IE (I
H e 3 20 3 ik 6] BRG] K - (P<0.05) 5 IR 4 & E T
AR T-XF IR 4H (P<0.05) . A MO TE 24 h )5
YIETHHAE 48 h iR B KAE, ¥5XEA 2R B
(P<0.05), 96 h 4541 % 2 %} HE 2 7K - (P>0.05) (& 3).

w
W

[ ——0 mg/L ——35 mg/L ——50 mg/L——65 mg/L

#HENa* /K- ATPREE 1
Activity of Na"/K*-ATPase
in gills/(U/mg prot)

sx8%8

W
T

0

0 6 12182430364248546066 7278849096
] Time/h

3 A Mraa X B B2 SEEE 22 Na' /K™ -ATP i 152 i
Fig.3 Effects of anmonia-N stress on the Na'/K*-ATPase
in gills of V. variegatus
Pl A [ S Bk 3R [R]— Bsf (1] B AN ] Ach 428 ) 2 S5 i 25
(P<0.05); 222551 i 2% (P>0.05); T [H]
Different letters showed significant difference among

treatments (P<0.05) at the same sampling time;
The same as below

24 ZEAMEMNRELRESZHZIN

241 R R A AR R B R AR
e 6 h, If7E SOD i m FXTAR4], HAE 6 hik#|
BOKAE, 55X R4 22 57 ) 2% (P<0.05) (K] 4). 6-96 h %
R ABE T XS IR, #E 12 h B 3 5 Ik (P<0.05).,
A 48 h 5 3 R T X IR 41 (P<0.05), IRk JE 40
Firhk BE2H 48 h )5 #) 3k [A]—7K *F-(P<0.05) .

| ——0 mg/L —=—35 mg/L —+— 50 mg/L —*—65 mg/L
b

I3 SODIF
Activity of SOD in serum/(U-ml™")

[\
(=]
T

0

0 I6 1l2 1l8 2I4 3IO 3I6 4IZ 4IS 5l4 6I0 6I6 7I2 7l8 8I4 9IO 9IG
B} 1] Time/h
B4 AU E T [ B AL 40 £ 1L 7 SOD Y52
Fig.4 Effects of ammonia-N stress on SOD
in the serum of juvenile V. variegatus

55X R A L, F A MrE T I GSH-PX 7£ 96 h
WA TR R BT, YRF X R4 (P<0.05) (&l 5). 1k

WREEZHTE 24 h IR B AN, R BEZTE 6 h 5 2| A%
5, mUREARE 12 h RBRAUE, H5RHAES
I % (P<0.05).,

AW A U17E 96 h I MDA Y5 T I FEAIG
I i 25 T B4 (P<0.05), H 5% Ak 2 B F
HHK(P<0.05) (/&1 6), AbBRLH 7 24 h T B,
AT E R E, ISR 25 5 W (P<0.05),
AEFRAH 96 h TS 5k 2 v T X iR 4 (P<0.05) .
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S AUM 00T 5] B B B &)y 0 1l GSH-PX 5% 1)

Fig.5 Effects of ammonia-N stress on GSH-PX

in the serum of juvenile V. variegatus

25} 17 GSH-PXIE
o1 Activity of GSH-PX in serum/(umol-L™!)
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~
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—
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IMYEMDA S &

Content of MDA in serum/(nmol/mg prot)
(o]

0
0 6 121824303642 48 54 6066 72 78 84 90 96
BfE] Time/h

K6 ZEUME X R B R 40 il MDA Y520
Fig.6 Effects of ammonia-N stress on MDA
in the serum of juvenile V. variegatus

242 R KGR IR A R L Fom AR
Jiie 96 h, FFAE GSH-PX 1G5 M fE BT, ¥AKLTF
Xf B 2H (P<0.05) (&1 7)., 12 h i}, B4 A H GSH-PX
R RN, I8, PEEA SR RME, HI55%
MR2H 2% 53 1 % (P<0.05); 24 h i}, Z A iA2H GSH-PX
TEPEY ETE, m Al T E oK, (R AL ik
JEA W R RE, HEXNEAGEEEER
(P<0.05), 12 h 5 Fk 40 GSH-PX JF14f %, 48 h
IR RAR S, R 12 h s ETF, 348 hik# &
FiA o 96 h =A% T X R 2H (P<0.05)
AW AL SOD 151 6 h FH BigfE, ¥y
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TR 4 (P<0.05) (K1 8)., 6 hith, Rk EF4H & FF%
#ad, 7E 96 h /5 i3 5 T X B 4H (P<0.05); FRk 4
6 hJ5 SOD T[%, 96 h ik T X 41 (P>0.05); fmifk)iE
4 6hJ5 N, 96 h i E LT Xt B84 (P<0.05).

S5xIRLAAI e, AbHEZH MDA FENE 6 h 253K
i % (P>0.05); 6-24 h AbBRAIY S BTG TR, HA
TR IR 4L (P<0.05); 7 24 h ik $ i KAl BikEH
WE R T IREHRANR A, mIREATE 24-96 h
TP E S TR M A 2 N
(P<0.05); W BE 2 1E 24-96 h %¢ FTH)5 FF#, 1£ 48 h
A KAB I 55 T 4 PR 2H (P<0.05) 5 Rk BE4H 96 h 5 %)
WA ZH TG W) 25 Pk 22 5% (P>0.05) (/&1 9).

W
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[ ——0mg/L —=—35 mg/L ——50 mg/L ——65 mg/L

[=3
S
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N O S
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T T

JFEGSH-PX{E H:
Activity of GSH-PX in liver/(umol-L™)

0

0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
H$ /8] Time/h
&l 7 A ME TR B S 0 E GSH-PX 150
Fig.7 Effects of ammonia-N stress on GSH-PX
in the liver of juvenile V. variegatus
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fisf[E] Time/h

K8 ZAUraa Xk B 5 A L) £ JHFHIE SOD 1Y 5 i
Fig.8 Effects of ammonia-N stress on the SOD
in the liver of V. variegatus

25 SEEENREREHIT

251 R aF e E AR T IR R S0 Fom

FARMOXT MY ALT. AST ;=4 B & m
(P<0.05), &b B 21 44 2 T % 8 41 (P<0.05) (/] 10, /&1 11).
0-12h, AbFRZH ALT. AST 3P B 52 00k B 1 i 44 i

FILEIFAE 12 h R FE(E, mk A Bk iR R (H .

ALT 7£ 1248 h 2t F[%#a#, AST 7F 24-48 h & F[#
A, 2 P 48 h J5 ¥t TF4H, 96 h 54k TR K
- (P<0.05) . 4 A W18 XF Il ¥ LSZ ¥ B F
(P<0.05)( 12), 0-24 h, LSZ iEMESeTHE G A%,
TE 12 h kFIE(E, FI0 O bl & R T i T
I T X B4 (P<0.05) ., 36 h J5 & ZEXF BE4L LI R, 48 h
M2 AG, SRR B AG(E, 48-96 h AbHid
T, H 5 E LT X R4 (P<0.05),

[ —+—0 mg/L—=—35 mg/L—+—50 mg/L—e—65 mg/L

15F

—
(=]
T

W
T

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
B [A] Time/h

FFIEMDA & &
Content of MDA in liver/(nmol/mg prot)

K19 S AUMA X (B B A2 i &)y 0TI MDA 1520
Fig.9 Effects of ammonia-N stress on MDA
in the liver of juvenile V. variegates
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6] Time/h
10 a4 U3 X B 50 B B 40 0 I T ALT 520
Fig.10 Effects of ammonia-N stresson ALT
in the serum of juvenile V. variegatus
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Activity of AST in serum (U/g prot)
=)

S W

0 6 121824303642 48 546066 72 78 84 90 96
fif ] Time/h
B 11z AU aE X B R B4 £ i AST B30
Fig.11 Effects of ammonia-N stresson AST in
the serum of juvenile V. variegatus
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TS Ak A X R B R i (Ver asper variegatus) %) i R T 2H 21 25 4 K oRE G I 1 1 5 1) 65

550
~ 500 b —*—0 mg/L —=—35 mg/L —+—50 mg/L ——65 mg/L
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TU-ml
woa
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S S
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0 6 12 18 2430 36 42 48 54 60 66 72 78 84 90 96
fi[E] Time/h

K12 2 AU 38 X (8 5 2 8R40 0 LT LSZ 1520
Fig.12 Effects of ammonia-N stress on LSZ
in the serum of juvenile V. variegatus

252 Z R ATAT AR 4 R R R A H R R

Ej XA AR E, 2 AUME 0-6 h, JIFIE ALT . AST
TG PE 2 T (P<0.05), 7£ 6 hikFWE(E , 2 AWk
il e e B 2 (18] 13, 18] 14), ALT 7E 6 h J5 & F 44

P, 24 hiF, HR e R e B AH IR TR R, IR

60

B J
S
T

(=¥

——0mg/L —=—35mg/L
—+—50 mg/L —e—65 mg/L

by
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T
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JFFRE ALTIE
Activity of ALT in liver/(U/g prot)
w
S

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ]
0 6 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96
i8] Time/h
P13 R 8 X 15 B AL ) £ IE ALT (952 0
Fig.13 Effects of ammonia-N stresson ALT
in the liver of juvenile V. variegatus
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Effects of Acute Ammonia Nitrogen Stress on Histopathology of Gill and
Liver and EnzymeActivities of Juvenile Verasper variegatus

WANG Zhenjie*?, CHEN Siging®”, CAO Dongzheng™?, LU Bin*?,
CHANG Qing?, LI1U Changlin®, YAN Jingping®
(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai  201306;

2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract Ammonia is a major source of water pollution and a cause of fish diseases. The object of
this study was to evaluate the effects of ammonia-N stress on the gill Na'/K*-ATPase, the liver
microstructure, and serum physiological-biochemical indices of juvenile Verasper variegatus.
Experimental fish had an initial average weight of (70.0£5.5) g. Subjects were first exposed to
ammonia-N for 96 hours to obtain the median lethal concentration at 96 h. According to the data, we set
up a control group and three ammonia-N treatments of which the concentrations were 35 mg/L (low
group), 50 mg/L (middle group), and 65 mg/L (high group). In each group the subjects were treated for a
series of periods (0, 6, 12, 24, 48 and 96 h). In the gill microstructure, the ammonia-N stress caused
changes such as the increase in chloride cells, the shedding of pavement cells, epithelial tissue hyperplasia,
the fracture in blood capillaries, the overflow of red blood cells, shortening and curling of thickened gill
dice, and the breakage and congestion of the gill cavity. In liver tissue, we observed dissolution of liver
nuclei, vacuoles in cells, liver cell degeneration, liquidized cells, blood sinus expansion, hyperemia, and
severe congestion. Under the ammonia-N stress the activities of Na'/K'-ATPase and glutathione
peroxidase (GSH-PX) were first decreased and then increased, which was significantly different from the
control group (P<0.05). The superoxide dismutase (SOD) activity was raised followed by a decrease, and
was higher than the control group (P<0.05). After 96-hour treatment with ammonia nitrogen, the
malondialdehyde (MDA) concentration became higher than the control group, and there was a positive
correlation between the MDA concentration and ammonia nitrogen concentration (P<0.05). Ammonia
nitrogen stress also resulted in an increase-decrease change in activities of serum aanine amino
transferase (ALP), aspartate amino transferase (AST) and lysozyme (LSZ) (P<0.05). After 96-hour
treatment, activities of liver ALT and AST first increased and then decreased, and was significantly lower
than the control group (P<0.05). The liver LSZ activity was significantly lower than the control group
after 96-hour treatment (P<0.05). These results suggested that ammonia nitrogen stress could cause a
variety of impairments in the fish body, including deterioration of the antioxidant system, nonspecific
immune system, physiological metabolism, the gill tissue, the respiratory function and the detoxification
function. Also it led to the liver tissue hyperemia and the formation of dot lesions.

Key words \erasper variegatus, Ammonia nitrogen stress; Organizationa structure; Enzyme activity
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