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USR8 O . A0 ik 25 A RO SR RS AR, T
XL g fi 7= A S 12 R, KA e
HAWRARER N EESREE R 72— B
5 F M, JeHfk(Misgurnus anguillicaudatus) ., 7 fi
(Mylopharyngodon  piceus)&5 i 2 £ 2 Xt 42 & i Tiid
% e )1t it 7 T 4> fa (Carassius auratus) | fif
(Aristichthys nobilis) . & ffi (Ctenopharyngodon
idellug) &5 - J2 #0212 BIUR [a] #1 2  URU T
ZRENAFIEH B 2ZE (R 1), i AEfaIAA e
R E D TAILE] o PR X AR R b 2 2R 4 o
iz B E AL, (H H FTA ¢ 2 ZUME X 6 1 52 i
i A i 0H

F1 FAMEBTARELEWERIEIRE
Tab.1 The semi-lethal concentration of different
fish under ammonia nitrogen stress

14 24 h

fish species LCsy/(mg/L)
P8k Misgurnus anguillicaudatus 267.2"
“Hrf w7 P IE 1 Oreochromis mossambicus 245.73712%
S bR 3 5 276.51121
Carassius auratus gibelio (‘CAS III’)
%ifi Ctenopharyngodon idellus 243022
fit Hypophthal michthys molitrix 33.61%1
BEhft Danio rerio 12624

H ] #)) (Carassius auratus), 3 J& #if I H
(Cyprinid), ## £} (Cyprinidae), #j J& (Carassius),
ER MRS R TINE R R NTIE AR TR 17 STE R 35 S =)
BARES R EFRMEMAET M, BEE L FRTE R
4 K B F7 8 %% FE H 3 m, KRR Ak 5
H G, f s ke it i 4y 6 A= KR g2 . f7
TG R R WA Z M. Kh AT mVE
Tt KR FR B £ BRI 1 A AR AR, X0 2 A
ATTE BN FE PR F T B 2 R T 2 g
1 Rm R R A A G S 2, ABF5ELL 6
A H R A ST 5, SR T AN [R) 2 e
i1 24 h, 48 h, 72 h, 96 h J5 UL B i . B
(ENE At Ry (A TR U == DO RN IR EA KR
25 PRI K AREEER B AL ST, SV B ) gkt
FRFIEIR B —E S %

1 M#BFE

1.1 KEH&

VLT B &)y £ T R T K 2 7K™ 2 e S 7
M EFEAR RO Perke ]k A K AR RIR I R
(T B4 £ (AR ER (15+2) g, A (8.25+0.55) cm]
180 #7550, 1F X LI RT7E 2= N IR N 57 2
A, EREE 1 KRR,
1.2 sk

SIAEFRAIAN(1.2 )Pt T, B 50 mg/L,
100 mg/L. 150 mg/L. 200 mg/L. 250 mg/L.
300 mg/L 5 MR AL IEATLL, AR E
KA pH, TRV DA B 70 vk i o i) e K 1A 0 R
WRE, BN NH4Cl, NaCOs; PAZER5 & A & &
Il pH F22E, 24 h L R A VEFFA AitoE, B
24 h UREEBLIRT PR T Sl D0 BN R N I K
IR BE, Rl e i1 bl 20 A&Ub 38 1 34T ] ST
RNIRIZEAWET 24h, 48 h, 72 h, 96 h IET- 3,
15 HH A (B BE 1 2P SO R B e e AR
1.3 AEFEMEXE

M TS 5645 K 96 h ~EEIEH B, &
0 mg/L. 50 mg/L. 100 mg/L . 150 mg/L. 200 mg/L.
250 mg/L 6 NG, B IXE 31T, B
FTULITEE 10 B, FESRBIM(1L.2 m) i T 96 h Y
AV E M S
1.4 HSE&E

PO AR S A AE R A i E, 4
724 h, 48 h, 72 h, 96 h B4 SLH0 4 Hm ) 3
F&, RURRES I (MS-222) 8K I Ji5 i i, B . 6
FE H2 28 1xPBS V)5, HH Bouin [ & i
W, ATHREAEY R, DL kT4 21280
2, BARLSBRIT: |5eH Bouin IR E A
% 1xPBS EVESSE, HIEREEWRS (70% . 80% .
90%. 95%. 100%)ZFZMiK, 1/2 I ZHR
I, “HERENBWE, AaE, Vi HE §@,
AL 41 BB (Zeiss Axio Scope Al),

P B B & IR TR 96 h A,
3 0 BT 2L 60 51 565 2 1) L i B 8 % I 4H 29 4
1xPBS 35, F 2.5%09% 8 4 C R &L n,
22 1xPBS &5, HMEIR(70%. 80%. 90% .
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95% . 100%)iZ R MBiK, 2 J5 FITE R S % s b B,
WA T, RSB TR, 78 JEOL JSM-
7800F 37 & S A4 B WS IR
1.5 HESH

APk FEPE LI SPSS A AR, R
FHE LR AR EPTR I LCso . 222 HE (SO A
KW,

LCso: iAW N A XTI FET 02 By,
5 G RAREE J A X N I FET R By, “PEULIR
AN TUEE AVFI A ZH], 15 BRIk AXT
N B S 50%, DR L4 BR (A=AY(A=AY)=
(B1=50)/(B1—Bo) 1T 545 H P BAU Ik B 50Ul . & 4>
W : SC=0.1x96 h LCs,

2 ZERESW

2.1 SR8BFHERELC)RZEREMIE

X 50 mg/L, 100 mg/L . 150 mg/L ., 200 mg/L .
250 mg/L, 300 mg/L 5 SZH5 4 AL EIBE TR
HATGEI: TEAHR R = AR EE T, B 4) a5
T 3% [ 2 R 3 Bsf ) ) ST v ZEAR R A
R AR T, L) FE T R RE KR T &= A
W EE TR T (R 2)0 BRILZAL, it BN
VLS A 24 h, 48 h, 72 h, 96 h F2EEIE
e BE 4391 286.5 mg/L, 222.4 mg/L, 185.5 mg/L,
165.9 mg/L; H ] 8 22 4 5% 58 0 24 AW B R
16.6 mg/L (5% 3)

x2 TERFRETHAERFE TR
Tab. 2 The mortality of Carassius auratus under
different concentrations of ammonia nitrogen

n=3; X£SE
SRS /(mg/L) Z @A) /h exposure time
ammonia-N 24 48 72 96

50 0.0 0.0 10.0£0.3*  16.7+0.3"
100 0.0 10.040.2* 16.740.1° 23.3+0.1°
150 16.7£0.2° 23.3£0.3° 36.6+0.1° 40.0+0.3"
200 33.3£0.2¢  50.0£0.18  50.0+0.4% 53.3£0.2"
250 40.0£0.4"  60.0+0.2' 63.3+0.2' 73.3+0.1*
300 53.3£0.1" 73.3%0.1* 83.8+0.1' 86.7+0.3'

TE: (Al — A7 A [ =y 33 75 A 1) S0 E T A [ Jolh i I ] 22
1 35 (P<0.05).

Note: Different superscripts at the same line mean significant dif-
ference (P<0.05) between different exposure groups.

#x3 HAHSeSEARENFHRRERRERE
Tab.3 The median lethal and safe concentration of
ammonia nitrogen for Carassius auratus

i H item LCs, SC

FEFEM] ] /h 24 48 72 96 /
exposure time

AW (mg/L) 2865 2224 1855 165.9 16.6
ammonia-N

2.2 SEMEEHETHALSHUE

22,1 ALEREMNE @MW,
0 mg/L i 4 20 4 R P DX T AL 375 B %) R 420 €6 b 25 21
0k LA LA TR 43 0 440 % 40 K T 1) S 4
M e EZo i 08 DR N ol o o B
S ZH(K 1a, Bl 1D); 25t 96 h Bz A,
50 mg/L S50 4H B 42U A I R A2 Ak (& 1,
Kl 1g); 100 mg/L 5256 20 figi 21 20 2 21 4 1 R A% Tk
e, SZHFABmE A WD (E 1c, Bl 1h); 150 mg/L
K 200 mg/L LI ZH f 2 £ Yk B0 5 o S
TR D, A (R 1d, B E e,
Bl 1)o XFARRMRBE A AT, MR AW
250 mg/L B, WAL E SO /EH 24 h
Je B 2R B AR TR (18] 26, B 2g); fEHI 48 h
J&, WGZH U0 41 AT IR A, S A R NS AT D8
D& 2¢, B 2h); MEH 72 h S, WL YA
SN, SCRRAEIE, b a2 (A 2d,
&l 2i); fEH 96 h J5, W DX fh 28 21 4 8 43 Bk 1l
IR, 53 6 210 60 240 LAV ik, AR B, IREF A 3
R AN IEA T 2% (] 2e, 18] 2j)

2.2.2 ERALRMME ETEMWE LI,
0 mg/L 82 AUH 22 HEH#E S5 LA, WA A AN I
W MM BUE A P HEY, 8822 2 () () BRI, 6R 2
] o3 A 4 T RO AS, T e O AT g AT £
(LT, 822 5540 56 5L 5 0 (8] 3a, 18] 31). F1:BE
A I ] RS FE K, 96 h )5 50 mg/L SZ 5 24 il
22 55T AR AE(18 3b, 8] 3g); 100 mg/L SEHGZH
fiffl 22 2 ] [ R AR K, 0 4 0 58 200 M R I iz 24 i 24
MuAZ s i, b Bz 4R R R IR i Ak (& 3e, Bl 3h);
150 mg/L SEHGALH AR 2235545, T A0S 2L,
B2 I K A RN S AN e R s ik (1R 3d, 1] 3i);
200 mg/L SCHGAH 6 22 [A) BE I i AR K, SR 2220
E45, WL EREOI AN, b R A0 M HE S 2K AL
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B A 96 h LIy 6K 2 21 0.l 2 F WL
NF, #2224k, S, Sl aiiE; SC, SZHFaig.
Fig. 1 Effect of ammonia exposure for 96 h on brain microstructure of Carassius auratus
NF, nerve fiber; S, sertolice cell; SC, secretory cell.

K12 250 mg/L Z U8 T iy i 2H 20 i 4t # W%
NF, MG S, /rilbdiifl; SC, STHF4m .
Fig. 2 Effect of ammonia exposure at 250 mg/L on brain microstructure of Carassius auratus
NF, nerve fiber; S, sertolice cell; SC, secretory cell.

B3 ZAMNE 96 h IR ENGEZH 21 5 f 25 H Lg%
CC, WS A0M; ECAD, LR AuMiHEs1ZHL; BV, Az iafl; N, QA% A%, PVC, LRz 40,
Fig. 3 Effect of ammonia exposure for 96 h on gill microstructure of Carassius auratus
CC, Chlorine cells; ECAD, epithelial cells arranged disorder; EV, cellular vacuolation; N, nucleolysis; PVC, pavement cells.

H b R 0 K s S A 25 i A S (18 3e,  ATEW] U (K 4b, 5] 4g); 48 h s 22 4] ] BE T
K 3j)c M TFARWEEMEZALTAA, 250 mg/L 5 W3R, BN K - B2 240 g o B/ 20 M A
PR S ZH E Oy W, AR 24 h)eifizz2l (& 4c, 18] 4h); 72 b 8822 L5 50 i 5 A A 25 41,
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WG AN LA R A M R B v Ak, AN M ™
(Kl 4d, & 4i); /EH 96 h )5 LRz 4 fifa s =60 H
M A oAb ™ E, SRRSO,
R LU (18 4e, 18 45),

P WL L, 0 mg/L &HZH 4 22 HE5)

HE SR, AT A 20 M 2 1 A AR D I,
-4 (K] 5a, & 5¢); 250 mg/L Sl 216 22 i
MK EEMATE, R WYYEZ, R 5% 400
%, SRR I L, AN YR A, sEd
U ™ B (& Sb, & 5d).

Kl 4 250 mg/L 2 e T T A 20 200 5%
CC, Wh5H4IMI; ECAD, I ZANMuHESIZAL; EV, AUfEzsiafk; PVC, L Rz4uf.
Fig. 4 Effect of ammonia exposure at 250 mg/L on gill microstructure of Carassius auratus
CC, chlorine cells; ECAD, epithelial cells arranged disorder; EV, cellular vacuolation; PVC, pavement cells.

Bl5 250 mg/L & A MiE 96 h #imf
T HRAY G G PUIE2S
Fig. 5 Effect of ammonia exposure for 96 h at 250 mg/L on
gill microstructure of Carassius auratus

223 BFFALEMME HE WU LN,
0 mg/L JIFA1 2 Je bk J] R 20 M HES ) 2 5, AT
PR &40 6 ) 4 A i T B g e A, A T

SER, N SEVE M AT UL(&] 6a, &1 6f). TEBEE 2
FMr At AU FE K, 96 h )5 50 mg/L A SZ 56 2H nT WL
Rl 28 v S 5 bk JR] L% JHF 400 L HE S I B 25 5L (B 6b,
&l 6g); 100 mg/L SCHZH rh, /%240 e H 30 440 i

B, HF/Nrt AR AN, I i 55 8 m (&
6¢c, [l 6h); 150 mg/L S5 28 -4 e 40 A% s 3K
WA, diMAZ TR R, LA A Lk, i
1 52 A AT UL (& 6d, & 6i); 200 mg/L SLH4iH, K
A, ANHES) AL, /N S A
(&l 6e, K 6j), 250 mg/L AT, 24 h AF4H
()£ A% T U 1 BRI A, 2 T 4 1R B s ks (1
7b, Kl 7g), 48 h J5 FANA R 15, 40 AR A AR,
JF 240 B B s Ak, I S A AT DL (] 7e,
7h), 72 h G A0MEAS WAL IG IR, /N R 254
FRI(E 7d, & 7i), 96 h 5 K 4l ia i, B/
AR B AR, AN K SRR, A 24
e E S (A Te, B 7)),

P BB WL LB, 0 mg/L FFZH 2 b Je ik
JE AR HES 5 55, MR TS 57, A= [a]
HEAHIE (18] 8a); 150 mg/L S2B Al vy, JF/INH (1] BH 2
AR, A BV (K 8b); 200 mg/L 5K
Lies e I 872 7 1 e 1 [0 1 2 g 1
FLBE EL7r W13 2 (18] 8c); 250 mg/L Segu i rh,
O ER DK FELIF A0 M HES 260, I An i ale4n A8 /N, 20
T2 1T 43 WA R S A7 AE LA M 5™ = (B 8d).
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Bl 6 S ZMHE 96 h T2 2 0 S Al ) W 5%
CI, FF/NIT5E BRAERIRTE,; CV, Hhuiilk; H, FFA0HI;
HPV, P4z iifl; HS, AFIlSE; K, 40 #; PN, 4R 0is.
Fig. 6 Effect of ammonia exposure for 96 h on liver microstructure of Carassius auratus

CI, cellular outline indistinguishable; CV, central veins; H, hepatocyte; HPV, hepato cellular
vacuolation; HS, hepatic sinusoid; K, karyolysis; PN, cellular peripheral nucleus.

B 7 250 mg/L & EUMan T V) ST 20 21t gk F I g
CL, JH/NH4EERBEMIANTE; CV, Hhseiifik; H, A0
HPV, JFAIMIZSidk; HS, FFISE; K, A%, PN, A0AimEs.
Fig.7 Effect of ammonia exposure at 250 mg/L on liver microstructure of Carassius auratus

CI, cellular outline indistinguishable; CV, central veins; H, hepatocyte; HPV, hepato cellular
vacuolation; HS, hepatic sinusoid; K, karyolysis; PN, cellular peripheral nucleus.

K8 ZAMA 96 h P EIFLH 41 WAt L%
Fig. 8 Effect of ammonia exposure for 96 h on liver ultramicroscopic of Carassius auratus

224 BHLABMUE BDMGWEZRLEIR,
0 mg/L B ZHZUR) B /INE Rl 1 2H 2R3 58 0 E (K]
9a, [ 9f), £1d 96 h BALEE, 50 mg/L 11 100 mg/L
S 2 H BN )R 4 /NG B i /N, I B A0
P EAREN (& 9b, 8 9g; & 9c, &l 9h);

150 mg/L 1 200 mg/L S5 2H FF 4 H B s 72 1M
B2 S I Ny N O 1 R I = A N 9
INEGIFEAFAER od, [ 91, [ 9e,  9j).

250 mg/L @AM T, @AMHE 24 h 5 HHE /N
PR (K 10b, 8 10g), 48 h 5 H Bk I 40 12
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B9 ZEMMHA 96 h {2 2L s R LR
LI, LA, RT, W/ MEE S/, T, B/VE.
Fig. 9 Effect of ammonia exposure of Carassius auratus on kidney microstructure at 96 h
LI, lymphocytic cell infiltration; RT, reduction of space inside renal tubules; T, tubular.

K10 250 mg/L 2 EUH0 T S 6 412U Gl il g
EB, B/NEIEY I LI WMEAMERE; RT, B/MEES/N T, B/NE; TN, B/NMERTE.
Fig. 10 Effect of ammonia exposure at 250 mg/L on kidney microstructure of Carassius auratus
EB, expansion of space inside Bowman’s capsule; LI, lymphocytic cell infiltration;
RT, reduction of space inside renal tubules; T, tubular; TN, glomerulus necrosis.

T 10c, & 10h), 72 h J5 bk 20 A IR i o ™
BN I 4 /(8 10d, 8] 101), 96 h ik T 4 e
BRI . B NE g8 N R AN, (R A
WEL T B /NVERIE LA (] 10e, [ 10j)0
3 iFig

VER KRR AT E BRI, 4+ FHEAE
Bl BB E R AR, B AR ),
M RE N R4, s FRFEAVEE, B2
1R AL RS, 5 ) 2 B8 B iz 26 e
H R RS, HEmiff a5 KA 3P 5
RO AZ IR, shREFR AT R, R
SHEH LA SR E RPN AR, BRI
FELUKIEh SEA G ®ER, EE TESFaE
(NH3) M F2(NHy), a2k 2 T it

L) fa i | 68 DL AU A SR, IR
58 T KA b i U RO AR BRYE S 52 e, BRI
2, WFSE R BT 24 h 2FSE Ak 5 VR
B AR SRR AT, R T, DA
Ferp )R, HEI AT SR B TR AR i S A
JEW R A K A AR E TRIRIEZ, &
HTEKENERGERE ST L2, HIbfEK
PR 2 A 1 1) 0 0 2 R ELAT 3 1438 0 R e 32
HEJT -
3.1 SR AE X A i 40 4R S5 BT

IR R i 2 BN ML A A 22 ok B 0 ) 22
B, KB R TR ZANAE b, UKk E
G 240 v M VA PRS2 B, R AR P i AT A,
T2V 3 TR AL 3o 2 B 45— R 9 A B R 0, ki
i RS NHL /e 2 BEiE & AR R 548 2
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A K A AW . Bk A A A R A R
B PP 2 8 A R R, R T A AW S
B, PR E R T GABA (y-2 3 TR
JAZBEL, T %7 1 i 2 3o o 4 Ik e A A4 e o
BAE, T T HUAM 2 RSt 55—
D5, AR RIS SRR KT & E R G I &
B RN Y, WAL S 4 SR A IR T X
— GG h, MR T 42 b R RS Bh
M EATE SR, AR 240 0 b 2 B R Y
SR 20 S BUR LS B R AN M K A e,
WM P T, e ROk = se - B
b2 A, A iR R K= shi e Ak & /b
N RBET T BE - G 2H 2 A e S5 440 i o A P M T
FR T EBA KL FEARR 5T, iy
23 A TR B B A RUM a5, i 20 27 Hp b 2 4 4
BEBEIR, P2 AN MR (S I 0 5 S R A M) HE B
) P B B IR BE, G U0 i 2 40 1 6475 1T BE S 3K
PLTRT AT A4 A 28305 B A R, AT 52 i) YL Y] i)
M IEH A TG s, (B, 72t/ ha s fid,
A A2 T ) 23 A e i i A R IR A Ry i — 2
5% o
3.2 S EBMB X a8 68 28 21 45 4 9 &2 i

WA N K-S EE RS E, HESS
ANFEAEE 5 A IR I R sS e, TR b L A 21
XTSRS A U KR 9T R A TE AR W Ak
FEETA YR pH . 2R I F L
IRAR A, B8 ZVERN 57 3 B 5 0 AR PR 2 4L
13839 AV P fek(Salmo salar) i, K B[] 1 48
Rt S B A2 i RE ) T Bk i el LA b
T 0 e AR A 0L A K I (Macrobrachium
amazonicum) ', KB EE T m & A S 2Kk
H, SECHAUAR T BB A . RS E . BB
- £ 5 10 O D B S A 3 A2 BHL 4 — R 51 AR P
B, dEFECL B Re S22 B E, R B
T e HAKER . YR sk, b, Kb ek b
FO R U 22 SR 2 40 b R A . NS i
KA = IRAE, S BN A ZUTC IR AT IE H A A B
HRE!> R Bz Ah, R fah, KIhEA
A 3 R MRV T8N A SR A R AN R
Na'/K'-ATP 6Pk, s m LA S 3 a5

WEEH S ARBRIE, WACS ERO SRAS SR
B 2 U 30 P TR Y E A, T P 2] 2 22 1
WFE G, SERRFE M, 622 2 ) [E] RO, b K A
i 2 S A B s A, AR A T T
MU A, SO LA B REZ I, B
75 V819 B P I 25 £ i i S AN REAE W EAT, R
SR EIIET . WA K AR b ) E s
Aok 5 ] A ) AR 8 2 2 % I 5 T A B
HUALE T8R4 K R IR R A AR, kT 52
HeT,
3.3 SEBhIE X i A 660 AT AR 46 45 45 M RO B 0

JIFREAE s PR AR A F2 B A8, HIEAR 45 1
JE/N, B HE RS EIIRE, AR
Yy ot 02 AR I SR B . &nT LA ad
IV DA D B 3R W e ATFIE, AT AT IE AR
e KPR R, MRS TR R
e T T B AR A H TR 2 BRI
TEMI K . 2 A ™ ERR B IR AE AR A, I
SR (R dE T A, SRR, 2
ARS8 b R0 T B B T2 2 B AR i S
oAl AR, AN, TN RSSO AN T
FHP A, HAFRE @R TR L g
N 6] ) S, A N k™ L, kS A
KPP A R — 8 AL LA F Z R0, i
TELE i 6 St B vh A TSR, AR IR A T
& EZACEH DI RE Ry IR N A R S, SR
/N 453, T2 A I A, AT RE 2 X T Y
{7 A R R TR, AT 2 I JE U 9 I A
THRE, R LA™ A AN ) e B2 B 401405, X W] fE
PRI R Z —
3.4 SEBEXE A S A RS R

B NE R A B A HEM SR, R R A
B AR A B 3 A B R )RR ad
ik B EHE AL, TR A K R B R
i RV, B ORBILMIE IO B AR Y PR, DX e A
FrOK IS i 15 Geyoxt B A A B E S 2 246
P HA B . AR IATESN TG Gy i
M2 . AR AR 25 25 Tl ARV R I i
KA A A A4 B [ R B R FE L L K
FEASE . ARAEANIRE | /DN ) o 2 i g A 55
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A ET) B 2 SMESE(Cyprinus carpio
Linnaeus), Wk, % % M2tk 2 bE
Scuer, EAHSURE T E /NP RS . E
/NERIRFE . kT4 A B 2 2E e AE, HL B
A I ) A RE G, B 2H 27 45 AR R RN
A0S0 FE ARG e, LA ) L
TR TR B NE SR BN
PR AL, H G I ] ) 2E K RV B
B BT B /NERIRSE Y BRGNS 2 AWy
TEOS T S 5 R BOL A B R R
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Effects of acute ammonia nitrogen exposure on brain, gill, liver, and
Kidney histology of Qi River crucian carp (Carassius auratus)

WU Limin, XU Yufeng, LI Yongjing, LI Yanfeng, MA Xiao, WANG Lei, LIU Huifen, YUAN Shuyi, YANG Hui,
LI Xuejun

College of Fisheries, Henan Normal University, Xinxiang 453007, China

Abstract: With increasing fish density in aquaculture systems, residual bait and a large amount of metabolic waste
from over-feeding are accumulated in the water. These are then converted into ammonia nitrogen through am-
monization. This, in turn enriches the water body, and does harm to the nervous, respiratory, and antioxidant sys-
tems of fish. The present study was conducted on Qi river crucian carp (Carassius auratus) larvae [body weight
(15+£2) g] to investigate the histological damage of excessive ammonia nitrogen (50 mg/L, 100 mg/L, 150 mg/L,
200 mg/L, 250 mg/L, and 300 mg/L) on brain, gill, liver, and kidney tissues. The results showed that the highest
safe ammonia nitrogen concentration was 16.6 mg/L. Once the concentration of ammonia nitrogen was higher than
the safe concentration, the structure of nerve fibers in brain tissue was destroyed, and the secretory and Sertoli
cells showed different degrees of necrosis; the gill lamella showed different degrees of atrophy and aggregation,
the base of gill filaments was congested and swollen, and the space between gill filaments was enlarged. Ultrami-
croscopic observation revealed that the sputum smear appeared atrophied, epithelial cells fell off, and secretion on
the cell surface increased. As for the liver, the arrangement of hepatocytes around the central vein of liver tissue
presented different degrees of disorder, the contours of hepatic lobules were blurred, and the nuclei showed dif-
ferent degrees of migration and dissolution. Ultramicroscopic observation showed that after 96 h of ammonia ni-
trogen stress, the distance between the hepatic lobules increased, the arrangement between hepatocytes was lost,
the surface of cells was rough, and secretions increased. In the kidney, renal cysts were enlarged, lymphocytes
exhibited infiltration and spreading, renal tubular lumen shrinkage was more serious, and glomerular necrosis oc-
curred. The above results indicate that high concentrations of ammonia nitrogen cause different degrees of damage
to the nerves, respiratory, and metabolic-related organs of Qi River crucian carp. Thus, the toxicity of ammonia
nitrogen in high-density culture cannot be ignored. Therefore, we should strictly monitor the concentration of
ammonia nitrogen in the culture water body and practice green and healthy cultivation.

Key words: Qi River crucian carp (Carassius auratus); acute ammonia stress; microstructure; renal capsule;
branchial lamella; hepatic lobule
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