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ZrE, BmF, BHEH

(T KW R, WL T 315211)

WE: JTHRNAEAN R MBE AREME P, AR E N (13.80£0.65) gy 4 &
REMAMNE, HART AAME G HITNE. BAMARENEY Py, RIE6 hih LCsyE
Bo 25 RALFSAMB E (0. 1. 3. 6 fr12 mg/L)# 4796 hiy A& b8 5, A F b % B 4% Ao
FRETERANELAE. B afigEn. £REF, AHRARENEEAMET,
RELMARARBEZARGREFEER, HPHERGHRZERA, AL IME
R, HARBAL T AR, HLRERGEESAAREENTIHN L. A4
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JEfn R R KB EW R, THERAERATEIANER. Y247 THE
Tomg/Lit 96 hjs, @it B MAE XA Nt REHEM T 2 E. HIFEBRRE
WANE Y, KENBEZEMR, AR ARwt, FLEy kK, S3EENEL N AR
BYHER BB K. ARGREZIL. AREERA. EREIENK, BREEAK
BHY; EHNELABAL R aaifr R e, apdiismt. #olx
i, EyemEKR . REEMTTE, FHARARE R, BIBHFEENE, X
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NE;, WERALNWZAAY, RXARWALWBRALZERG
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JEAER S O U R TS e P8 5K 22 B £ S IR
KU, Mok EAME, BTl S

i BHA: 2017-12-28 &R BHA: 2018-03-16

SEARERE: A

mEss, R KEITS, XN R BT
FREE K SR Az — 1,

SRR SR K R TR LR T e A R 2
—, HAE KM E o DLE B T S (NH) B 7 &
(NHDWIE AR, Hh @ A n fEde 2RI T
NH;, HEAB IR, W5 o i 40 i 5 pE
RN ERE, SSEVURNHLSREZH),
i L AR AR R e ) R RS R B RO Y
RIE, EUEE A (20 mg/L)WE H A8 (Chary-
bdis japonica)i , 23BN BRAREY I K 40 B
SARBN, B e HEZ B, Benli%s "

FHTE: EXERR IS (41806186); T U 7 A0k B K FHE % 1 (201401C11001)

BIE1EE: ®HivK, E-mail: pengruibing@nbu.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20171211109
http://www.scxuebao.cn

9 1] PRIE, 2. 2R AU 8 ) PR B W UE | R il 2 U2 A 5 T 1349

WFoE & B e B B AE fi (Oreochromis niloticus)TE T2
A EME T, HEHASNEMMLEY K. 68
N TR AR, WA AN A . Chen%E R B
A8 B A X R (Penaeus janponicus)ia , A
AR b e an M HES ZE L, 5T R P R e A
Ml 2 B, BRI BT, IR bk 2 4 6 R
Urhg. ikl U IRIE T AR AW E N25 mg/L
KR 48 hiE, Bk @5 (Megalobrama ambly-
cephala) [T A MM K . ML . AR ZS
6. Fei . M SEY KRR BROIRE A, B NVE
R AMEIRIE . A B 5 U0 i B ST [ R R
RN PR BE S W A% B AN B, X 2
RV 38 i U PR B S A H A, i A
TR B B SR, IR S 0 I R B L
TR EE AR

DITERF ST 2 WIS k. PRI O i g ) 0 JiiE
A A AN EEALE, B A
WETE = AW E T 52 B 05 & S Bt T ny £ 2
R RBE S AR B B E, AP LR
ey U iR LN B T D S LI DS e S T X
T8 RIS B R Sk R O S [ ok B A A3 S
JE 5 L WP JHF O L R 2 R g A R Ak .
A F T8 7 2 A W30 X PR BE L A 28R Y
e A% B R 24 T B BRI A, (R R B B L
5 FRFE A R P K B A B AR AR S K

R U E SRS RES

1.1 SEIG S Fn4R 75 &<

ARSI AE WVL A L 7K 7 I 5 T S 4 A b g
7o 258 B FH B IR BE 5 Ok A A K 7 B 5
fr, 250 HALAR ST . WG J1Ar . R 4R
PFEIR R (13.8040.65) g], P44 70 B 2= N 54
ERAR(15S0 L, ®1.30 m, FH#£1.20m), L
B, SCHE T VR R . B AR A R K R b g
R 7K [ BE29.0£1.0, JRE(24+0.5) °C, ¥4
(7.53+0.63) mg/L, pH 8.02+0.13, @A && N
(0.02+£0.01) mg/L, WAiHA % (0.02£0.01) mg/L], &
I 491 1) B R B0 7H 1 o 5 R EE 1Y 15 % (VK BT )
33U ME(8:30, 12:30F117:30), KK 1K
(9:30), /K HR80%, £ K(16:00) 5 /K i
VR . SRR IR AR M pHAE F YSI(YSI,
Yellow Springs, Ohio, USA)M %E . 2 2 F1 V. fiFf iR
A d FHHA CHIs 7 &5l 22 (Hach, DR-2000, Love-

land, Colorado, America).

1.2 SEEEIT

FESCHG R, Joim i L g A A AU
24 W5 B P BE 12 I 100%5E T~ Y F2 /N W 38 V4 B
(LC 100, 24 1) 196 h(LCy_ o )0%BE T~ 14 5% K Ji 31
i, SRIG M ALC, 06 nFILC 00, 24 N | IR, 4%
RO B0 R] BE 3 7 6 SE IRV BE o Ge it i 4% 4> B[]
ML T R, T B R & A 96 hiy
LCsoi B . Il it L0459, AR S50 i f
(141 25596 h= AL YR 4 11.90 mg/L.

FENCIEAN I, H ML 96 hb 8Lk %
TESABE RS, S ER EE 43 0 0Ok B4y . 1. 3.
6 F12 mg/L, #%3FA74l, BPATISghiA; 5
B AE 154150 LR k47, B — 4 — 1
AT, 86 E R H 10 me/Li) S AL S W AT
AT, LIRS, B R B AR SR ()
—F, oK EE TR AR A AR A ) 2 AU
AIHE K . 5286 196 h, 5 FE6 hik 17 B4 A ik
JERIE , a0 & S A s Rk A s,
10 mg/L I Ak 42 7 W IEAT 01 o S92 56 10 ] 4% 51
B 2K B S E N R 1R o

B—FATH LI H 4k, H0.15 mol/LAY
Mg ClJRR B SR T ), B4 52 50 21 PR B 1% I 1Y)
JEFJUE . RN i 2 2, S A B ER K HE AT IR
i FH B0 A ML HA B8 (Canon, EOS 80D)., Ji 43 .M
o, PR ERMEENLE; LTS

GERTORUE -8

RS B FERE 5] 5 mmx5 mmx5 mm
KN, HBERREEES WG, B n 3 B R
BAF T4 °ClE

R S = TN = BB URTLE (L D | —
OB . Al 500 AL S0
B, VIRREZS um, HIRAR -0 it 17 4
&, PR E A, OlympusBX-50%1 52 5% i 1
AU SIS

A AEMILE IR L SRR RO A
22N J1 B Y18 290.5 mmx0.5 mm=0.5 mmF¥) /)
P, NG g K L 92.5% 8 B EE, 4°C
A, 2 S256 28 5 FH 0.1 mol/L Ak 2 2% ik ik
FPEEVE, FH1%RRER T4 °ClEl 22 h, FIBHE
PR DN R 47 B K AL B, Epon8 12 G &M g
BiE . A, ELKB-IEGE Y F L Ed#EITY)
e, A TS R Al AT AR PR L, Z S AEH
37 H-76507 375 I HL 458 SR IF4A e
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Tab.1 Seawater quality parameters during the experimental period

SEGAH experiment group

ZH

parameters 0 mg/L 1 mg/L 3 mg/L 6 mg/L 12 mg/L
Z%/(mg/L) ammonia-N 0.02+0.01 1.06+0.02 3.02+0.02 6.14+0.05 12.04+0.08
iR E/°C temperature 24.0+0.5 24.0+0.5 24.0+0.5 24.0+0.5 24.0+0.5
ERE salinity 29.0£1.0 29.0+1.0 29.0+1.0 29.0+1.0 29.0£1.0
pH 8.02+0.12 8.03+0.14 7.98+0.15 7.96+0.17 8.00+0.19
R /(mg/L) DO 7.4340.61 7.51£0.53 7.47+0.58 7.52+0.52 7.48+0.63
AR %/ (mg/L) nitrite-N 0.02+0.01 0.03+0.01 0.04+0.01 0.03+0.02 0.034+ 0.02

2 4

2.1 SRMEREENSWTHEAREMMNE
B

X6 X R 2H 1Ak B 21 I A A1 U8 32E 77 PAR) HIR SR
ZE(E ) XoF HE LT R 52 W65 40 (0 e 6, B 65
5] R A8 A W T DE 5 X R 4 A B
Fometer, HHEEBK . SEEEIS.

o Xt FE ZH RN Ak BEZE B4 2R AT O 5%
Xof HECZH 04 BT O b 28 22 R 000 JEE N ik 2H R, /S
I P 3 F AR 20 B RN 7 2% B R A B A A, /N
NGRS BTG T, A0 AR 2 H R R % ST,
B 50T W (B RRT-1, 2) 0 1 mg/L& & Wit 96 hi ,
LD B R AN M R R R S, /D BN AN i B
2 WAL (EIRI-3) . 3 mg/LAAME6 him, D
20 A P ORI A, /D B0 A0 B s B s i fk
JHF I B2 475K o /N B 2 T 4 B R A 1 i
BRI L (K W-4). 6 mg/LZ A Wit 96 h)5 ,
JF /N TE 4 B BRI S S8 K, B 22 B AN A R
WA Bl s il PSSy sk, AF/hb i
UTFUf B R A B P 35 B B4 (B RIT-5)
12 mg/LE A M IA96 hfm, K& FF/N 58 B AU A
SEE, N HESION B, K A0 R
ft, SECAMMIRNIE, 400 A% B B 2
WL, BTN B s etk P EEY kK,
JHF /0N I B 2 T U e 7 ) R R A B, N
HE AT EI-6),

X X 2 T A B2 () JH A A5 S R R
X HE AL 40 A R RE SO RE AR
(FEIRRIT-1); 2otk A6 RE sl R, A Ik,
WAL, difgsedE s AN FEE, KR
F14) A% W A R A ] R 6 3T T o 2 R AR Y I T AL
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B 1 S&EEX RS AT E L8520
() B NRIRA, FHiL A H A2 mg/L, 96 h); ()M EI A #
VNS HEAE . 1. 3. 6+ 12 mg/LIY AT AF

Fig.1 Effect of ammonia exposure on liver of
juvenile S. pharaonis

(a) the left side shows cuttlefish of control group, the right side shows S.
pharaonis of 96 h after exposure to 12 mg/L ammonia; (b) left to right:
control group, 1, 3, 6, 12 mg/L of liver

(FIRRII-3). 12 mg/LZ A M0 96 him, 4 MIA% 4 4i
TG I ARAS B R B A, [ R A A
TH % R R 0 PR 4 (R RRTL-2) 5 ki AR it 9 4
AR . WEEAL . AL RSNE MKk LS [
i R R R R T R (BT RL-4)

22 ERMEERKRSWERENANEMME
B

XoF Xof B ZH A P2 ) G 2 AT O
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B | SEMEXEES WATE R M52 m
1,2. 4840 3. 1mg/L; 4.3mg/L; 5.6mg/L; 6.12mg/L. NHAIMK M K KA E; HPV. RIS b CLIF /46 B i
il DS.IfL A3k
Plate I Effect of ammonia exposure on liver microstructure in juvenile S. pharaonis
1, 2. the control groups; 3. group of the S. pharaonis were exposed to concentrations of 1 mg/L ammonia for 96 h; 4. group of the S. pharaonis were ex-
posed to concentrations of 3 mg/L ammonia for 96 h; 5. group of the S. pharaonis were exposed to concentrations of 6 mg/L ammonia for 96 h; 6. group
of the S. pharaonis were exposed to concentrations of 12 mg/L ammonia for 96 h. NH. nuclear hypertrophy; K. karyolysis; HPV. hepato cellular vacuola-

tion; Cl.cellular outline indistinguishable; DS. dilatation in sinusoids

B T SEMEXERSKATEEEMSEHNEN
1,3 % M40 2,4 12mg/L. N.40f0#%; Nu 47, Mi BRi4K; G @m/RIEMR; E WM Ly BEA; R A, B WEREK, TH

Plate I Effect of ammonia exposure on liver ultrastructure in juvenile S. pharaonis

1, 3. the control groups; 2, 4. group of S. pharaonis were exposed to concentrations of 12 mg/L ammonia for 96 h. N .nucleus; Nu. nucleolus; Mi.mito-

chondria; G. golgi; E. endoplasmic; Ly. lysosome; R. ribosome; B. bacteriophage, the same below

http://www.scxuebao.cn
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B2, XF HEZH (1) 5% BE % D 8 22 1 €0 1) 400 i A T b
Al ELHEAR AT, s S AN R B A B
FEHES, BR 2z a]p A o £ E N RUNE, S
B P LT e LT €0 () 2T A0 M, B 22 25 4 50 L 3
(FEIRRIIL-1, 2) 1 mg/LE A MriA96 hig, DECh A
RN b R A A A A, Al R R e, B
Y1 e B/ A A (AR IT-3) 0 3 mg/La &
196 Wi, /DO A A0 A b R A A i, K
b, BN B Es Ak, b R 40 i HE S
HEL(EI-4), 6 mg/LEARAMIA96 hF, WL
A U I O R A D R G g
W LRSIt b an i HES) =
WL, BEZZBh IR I, B8 225 BT RN 2 Ak,
UK U Mot 7 Fn Bt (161 RRIL-5) . 12 mg/L2 A i
96 hfi, B2 MW A0 LA b B 4 Mo Az v e, A
Mo gk /b, bR s itk E . HES X
AL AN R B, B 22 b B A I . YR BE R 95 RN I

LA (] -6)
Xof ot HE R Ak B3 AL Y B 2 S H B 2R

Xt R ZH 40 A% L DR s BT, o A
(ETRRIV-1)5 SRR B R s BE A I,
TEIBTAT UL | SEASERE 5 TR A T AT AL (ETARIV-3).

12 mg/LEAAMIB96 W5, JHMIAZ 4G . R mk
P 0 M A% 2 e (B BRIV -2) 5 R Ik ok 4 H 30 4
ARG | S WALFIA S B A G (B I V-4).

2.3 ERMEERKRSWNERNEMAE
B

XoF %k HE A Ak B2 1 i o 28 AT AT S RO
g2, PRBE K i 4 21 H w2k R A 2
ML T ], 24 R (B RRV-1). XF#R
2 TRk B i 2 P RT S B A ) e e A 4T
0 1) P 5 £ 2 R e ISR T €00 1) Pl 45 200 L i
(ELFE R (1) 43 06 40 B 40 4 R 10 S B A i), L
25 200 i M A ol b 2 T A B, A 2 4 i i
AR T 28 B (R V-2) 0 2 UM 0 41 5 %) 18
2 o o 2 1] 1 A R 235 4 A W 22 S (BT V-3, 4,
5,6),

XoF el HEC AR R Ah B2 A AR T A AT O
g5, ] TH B B 8 BB 210 1) Rl 4 2 dE
Y B W 004 43 W A BN SRR A AL, 0 4
BN EHA, P& 4 B (B VI-1),
SR W0 21 55 8 HECZH i A0 I 1 0 i 25 R VA
H2EF(EIMVI-3, 4,5, 6).

By M SEEX RN S W8 R ML NS0
1,2 % B4 3. 1mg/L; 4.3mg/L; 5.6mg/L; 6.12mg/L. SC. LKA M ; CC. W 4M; PVC. L4 PiC. HUR41M; T. B4
MY 5K: ECAD. I 4iiHE43KHL: BEV. 41 = ik

Plate  Effect of ammonia exposure on gill microstructure in juvenile S. pharaonis

1, 2. the control groups; 3. group of the S. pharaonis were exposed to concentrations of 1 mg/L ammonia for 96 h; 4. group of the S. pharaonis were ex-
posed to concentrations of 3 mg/L ammonia for 96 h; 5. group of the S. pharaonis were exposed to concentrations of 6 mg/L ammonia for 96 h; 6. group
of the S. pharaonis were exposed to concentrations of 12 mg/L ammonia for 96 h; SC. swelling and congestion of gill filament; CC. chloride cells; PVC:

pavement cells; PiC. pillar cells; T. telangiectasia; ECAD. epithelial cells arranged disorder; EV. cellular vacuolation

http://www.scxuebao.cn
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Bl IV SRMIEX RS 38 R M A e R m

1,3 XF M4 2,4, 12 mg/L

Plate IV Effect of ammonia exposure on gill ultrastructure in juvenile S. pharaonis

1, 3. the control groups; 2, 4. group of the S. pharaonis were exposed to concentrations of 12 mg/L ammonia for 96 h

3 TR

3.1 FRMEIN RS AT RS

JH 2 LA e KA AR, FE AL (458 BR AR
. DR AR A RE B A T A AR
PRI R A2 B AT 12 3 5% ma MUK o3 i 2 . AR
W HEM A S 2 A IE R R T B IR A A
i, PRRWLER A& B RE B 6 0 hn fef 21, Hooh R
Mk . BRI FI G RABOWE KB/t
BRI e . HEPIRN B, A RS
WAk, RS ik AU /N R AN BN B
e L A PR LR AR AR . AT AR, ROkL
i LA AL, m R s [
AW 5T A B0 e A8 0 2 B 5 U 38 B ek BE RN
B[] 42 TF A OG o X 5 — 262 8 i A 90 45 R M
L, G/ B A IR A 9T 2 AW A8 X H A b 4 g2
arE AR b R B, A A S iE R H A
wt JHF TR AR b e MO HE S 2R AL, RS e fl, A%
YLt B E SR, OB RN BT A > .
VUZRAEIE S R L At A s, [R5 AL
(Verasper variegatus) 41t fiF 241 o b K . 40 B 42 5
BOBT . MY 9K A B A% On F% RV R L 40 K
FEARPERNZS WAk . R B sk o 1 A5l & I AWy
18 2 T B 3k 655 40 fa T 2 20 40 i A% s fire A i
B, A0 B TR . KRR AR M AN MY AR B AR

W 2 WAL A AN IR AE o T A0 ik Ok 3R B 4
VRS, (H A0 B B s Al L R A i A A
2R R 32 451 ) e WY 2 RE 32 B B2 0k o [a] I AR A
FE I 2 B IR B 5 WO IE B B0 €0 A 2T, i K
-3 S N R TR S5 S NS B A P e N |
HIR L5 JHL I ek ) 230 €0 R A R R 38, T A 20 )
JEFRIEA 03 A8 58, O T 0 7 2 R 3 X B
R MR . HRTOR T &AM = BUK = 3h
FET- EEA LR =0 55— MR 2 A T BRI
T e I 25 25 B A AR 7, e S EOBE TS AR
T REARA FEERA L R A S AL,
B DAY /0 A A A2 A, R R AR, AR
L 7 UL i 32 4R T RE AT 2 ) G P I A
RAFEIT; =R EA R TR AL A
ik R Z 4, AL T ARAT 5
ZERKRF, PO R T P R iR 41 21
AR AR B, R ST AEE X 2 AW 30 B BURR . [R]
IR UL R 38 T B T S I, e BT
i i B A2 B G Ty 2, R A3 T/ e
B SERE . HESIAN K%, T 0 40 i % 7
Szt WA RSSO ES i, WS
FURRE S WA T RN Z —

32 RAMEX RS W ERE LSRR

SR S YV B R AN R ) &
BRI T A A g A A AL R R ) B
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Y22 1] devous mass
L Lt
optic lobe optic lobe

Elhr V. SRHIBX RIS MK Z FHR B M AR
1 H RN, 2 W I84H; 3. 1mg/L; 4.3mgL; 5. 6mg/L; 6.12mg/L. SC. 7MW 4R, S. L4, T
Plate V  Effect of ammonia exposure on brain ganglion microstructure in juvenile S. pharaonis
1. brain tissue of S. pharaonis; 2. control group of the S. pharaonis; 3. group of the S. pharaonis were exposed to concentrations of 1 mg/L ammonia for
96 h; 4. group of the S. pharaonis were exposed to concentrations of 3 mg/L ammonia for 96 h; 5. group of the S. pharaonis were exposed to concentra-
tions of 6 mg/L ammonia for 96 h; 6. group of the S. pharaonis were exposed to concentrations of 12 mg/L ammonia for 96 h. SC. secretory cell; S.

sertolice, the same below

e )

oz b
£ [4] nevous mass
At AL
optic lobe optic lobe

Elhx VI SRIBX RS WK E R R M AR R0

Plate VI Effect of ammonia exposure on brain optic lobes microstructure in juvenile S. pharaonis

WO, MRS TP Mk . REIRAE S R 0E &R i B B LES, A BN A B
FEYIHEME A A B G S ARSRAUR BN, B BRI A0 MR R, ORI BT AL
R0 2 T EOEE 0 I A M A B R MR B A RN S R R R R o LR B R
fift, MMRCR B Ak, S BRI AT 00 A R A AU A0 Y E Y s A S ) S
REBMIA SR, IR BIRIE . Bys MBI BL R P2 BE S e B W (=6 mg/L) & A
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JiriE 96 him , A WA 40 RN b B2 A0 T
FHHYIRIE . Chen? ™k B FM0 2R H A XS
IR B ZH 20 B I b R A B, S B BT P A
VAR A 52 o N AR IS 2 B Bk (Meis-
gurnus anguillicaudatus)TE 50 mg/LF1150 mg/L2d %
WS, SEZHZUR) b R AR K M, 7E250 mg/L
R M B W aE R BN R, TR A A
450 mg/LI e F , 68 1 7 40 s IR AE . B3R
U GE K BT £ (Mylopharyngodon piceus)E 2,
FON R (10 mg/L)RE 12 i AT v B (20 mg/L)
BB 6 b, B i 3E ] A R R, LR B
B 20 e B o B Vs, W A AN L BRAE T, B A
P Z BN, SRR RE SR E W BT, &
KFHFMILT . ARG R R A A8 =
T SO WA S AN RN B A S BLIR AT, B
JrRE L SRR, B A2 A 2 [ I L ik 2 e
RAIIRE ;s R E &I, HF A
B A2 R UK FE ) HE A DR R AR IR
g, BB FEEFERZ —

3.3 SREME X BT S W 2H R L5 1 R 20

IR o o 2 K, Y M R AR e R A
e, RTCHMESI Y N IR, IR A
%, HHEABArzEs . Bt UGARRE .
TEZ PRSI T, A7 E R AR
16 S5 0 2H SN PN A I R S R,

TEMAN T Z MR, 25K 2R
BB A M 2, A N R TR, AT

T A W ST R T R K S S E AL
HESERERTREREAAMmER, KRESET
MAPRKBZ RS, SFEORRIAMPILT A
i, A X LB R AN TR A LA, A
K 7= Bl & B SO A] RE 2 4R IR
240 b K75 e ) SR A A R S A ok A S
BEXT K™ Bl W) & b B BOL R RN A TE S
SRS T S ok Ui, 78 2 W a8 e 2 75 B A
AN ISURT R AT S SO S LT R WA 2 TR
JL i e L A B B T B R A R B — 0 R
FE o AW i ORI E S RR BE fik 2H 2 A o
L AN LGS, e B PR B 5 AT AN [k 2
R0 5, R 2 SN A B Y AR A
V. AR RAET G . A2 W 2
WRERKE, T 2BE R MRRE, Tk
Y s 40 DRI S I 2 800 e K o DAL e DU B B
CARNIBERONIE AR A I e AR

AEEAEAME T, RESHAFRHAANSE
ZE A3 A A 22 e, TR R A 3 0 R
R, HUGRERH UM 2L, ] i A RO
S IR B0 A0 b SRR B, o0 A5 I I HILAR 2
FERE . ARG, ME 06 2H U 1 8
H, Al AER B S IR P R EOLA RN . N
W, A AR 7 O 2 T X SR A KA Y M A
B, 7 1R RN BB L ) EE PO

SE R
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Effects of acute ammonia exposure on histopathology of liver, gill and
brain in juvenile cuttlefish (Sepia pharaonis)

CHEN Sihan, PENG Ruibing, HUANG Chen, ZHAO Chenxi,
LI Jiangping, XUE Ruiping, JIANG Xiamin
(College of Ocean, Ningbo University, Ningbo 315211, China)

Abstract: The aim of this study is to investigate the toxic effects of ammonia-N stress on the histopathological
changes of liver, gill and brain in juvenile cuttlefish (Sepia pharaonis). The S. pharaonis, whose initial average
weight was (13.80+0.65) g, were first exposed to ammonia-N for 96 hours and then the 96 hours median lethal
concentration was obtained. In this study, we established a control group (0 mg/L) and four different ammonia ni-
trogen concentrations of 1, 3, 6, and 12 mg/L for the acute ammonia toxicity experiment according to preliminary
experimental results, and each ammonia-N level was respectively sampled at 96 h. The liver, gill and brain tissues
were observed by optical microscope and transmission electron microscope. The results showed that the severity of
lesions clearly differed among organs with the liver showing the most extensive damages, followed in order by the
gill and brain. And there was no damage to the brain tissue. The damages of liver and gill increased with increas-
ing exposure concentration and time. It is found that the liver is bright red, swollen, and easily eroding from the 96 h
after exposure to no less than 6 mg/L ammonia. Microscopical observation showed that the liver displayed hyper-
trophy of hepatocytes, nuclear hypertrophy, cellular peripheral nucleus, hepato cellular vacuolation, hydropic de-
generation, necrosis, dilatation in sinusoids, cellular outline indistinguishable and cytolysis. The transmission elec-
tron microscope observation showed the hepatocyte nuclear crinkle deformation, the nucleolus disappearance, the
mitochondrial crista disorder, the vacuolation and the outer chamber swelling, and the number of Golgi bodies de-
creased. Microscopical observation showed shedding epithelial cells from gill lamella, irregular array and some
necrosis phenomenon, vessel of gill filaments was pycnosis or even became cavum, and branchial swelling and
congestion. The transmission electron microscope observation showed gill epithelium and chloride nuclear mem-
brane breakage, and nuclear cleavage, mitochondrion has crinkle deformation, vacuolization and incomplete break-

age. While the brain tissue and the optic lobes were observed, there was no cell damage in the brain tissue.
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