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HWE KRR ABAKEDNRENZ T 4H(Cd™) A 4 # I 1 45 (Thamnaconus septentrionalis) 4
By AEEE, REFLHERE, %F 819, 9.18, 10.30, 11.56 mg/L 3= 4 /N~ CA* K E 4 Z #HAT4
MEMLE, RIEAESEELHER, &% 1.84, 2.76. 3.68 71 4.60 mg/L 4 N F W E Cd™ Ak
FHEL, 2A7 6,12, 24, 48, 72 F1 96 h A I AF e o # S AL 4 (4. BE(SOD) , it A 1t A B (CAT).
A BEH IR A AL BE(GSH-PX)7E M X B (MDA) & &, WEM B, #BALEHN T, EREF,
WE CAREW i, AE W N E IR, 24 48, 72 F1 96 h L R AWK JE (LCso) 25l H 11.47,
10.82, 9.84 71 9.19 mg/L, CA* x4 & L E a4y 2 th 96 h Z AW E H 092 mg/L, 6h B, &ikE4
SOD #n CAT &M 53t P44 L B % 7% ; 6—48h Bf, SOD. CAT, GSH-PX E M4 E % EFET
Pty et 48—96h B, BREABEMIE THEAS, HeflEk, REMKA, FHEAK, 51t
B AL, MDA 4 B3R 2 S EEH iy # %, 12—48h i, 1.84 f1 2.76 mg/L 4 MDA 4 &4
W, 3.68. 4.60 mg/L 4l MDA 4 & 5 B o] fn ik & i IE th, 24 h B, 1.84 mg/L 41 i JiE 4 4 & W ¥
oA, 2,76, 3.68 71 4.60 mg/L 4 ATIE 41 AT 46 % B A B 15, RIAN WHEARE K EBRAH
W, 2w fE FAER, 1.84 F1 2.76 mg/L AHA LA T B F A, 3.68 F1 4.60 mg/L 41 H I /N
FEw, ERAMANEA, HAENFHERERS, TSN, ARFAREEFHAL., £
AN 092 mg/L WA 4 T T A 4 & P B A K, SOD., CAT #2 GSH-PX & 4 4 b & MDA 4~
ERMTEELHH Y 2 X RERE, TEILL2ERNRIFNHEZKE,
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YIRFRE . B R A A 2 AR L™ A £ (R i 6 4
2013), FfiE TR AR & JE, Tk HEBUE K . o
PR . AR S . FRIEFETG Y, KR&iE
RO 7 N 2 LTI Ny 1 P15 2 | I 2 e
(Sfakianakis et al, 2015), FHUKMAKIGYH 5™ &,
T A R A DK P B R R M A
155 KRG Cd 1R IR 25 DL Cd Uk A% HU5
T U AR FN G UG S HERA K (E D5 4%,
2019); BREED 1AL . AR EE KR BEks
A BET A I HoSO, . BEAEHERCY K DL IR T 7K
ROV TE POKASAR S (M, 2013), HAT, Cd 55k
LR AZ BN T, C U 2Bk B

TR 4 5 Y B | kB A R A
R BB U AL T R AR TR B B £
25, WK B E SR &R IR, cdP XKk
AW TR A RIE R, OF B SRR A
AE(HFIES, 2013), HAeJE Cd 320 i SR AF M /f
FARE 2 Fhor sl AR, sl R4 . Ak
ARG ARSI E KIBHAE, 2019), BEAh, Kk
5{RFWBE LA B REfi > m Cd d#EAKK
IR HE, 1999), M/KHEErh Cd™ W it 28 i
bR B B &2 A R B I, o WPzt e A B AR
M, B AR R SR, A S S
EMIET: . HEHSEQ2DHIITE LM, 7EE 4 EA M
b, IR AL A WRE 32 25 2, 3 RN B R
FHZ M ARIUE 58 SRR AL L% % (2016)
WFFE & B, Cd* 4 7E % 4 (Ctenopharyngodon idellus)
RNE R, PR B — o 72 B gt 23 X 0 R Py S AR d Dt
AT, W BRI A LY B AL B (SOD)TE 1
AL, B2l O IE . G AF 0 SURIAR L, dnHEZE
ZURFE . 0 R A A

&34 T 1fj il (Thamnaconus septentrionalis) H: K 4 1
i, BRI, SO R IR SR (AR X
85, 1986), 1M 51 4 & Xof Sk g 1 i i 5 R A FH A A DL
YRIFST  ABFSE S E Cd> W&t T 1 il 4 £ il 22 Pk
FEMERON, SR)G, TEICIERE B E RFEWIE R cd™
Wi, S fig B i fafi &) o0 S RTS8 A0 Bl T 1 22 Ak S
JIE . SR ZIZE AR, SR Cd™ R Sk fg 1 T il 4 £ 17
LI, DA R P B AR B B R ekt CdP s g
Jolp3 %) O X ML o

1 WSS
11 SHEMBEFEME
S S i vl 4 £ M0 P DK RS ST

B AR T AR P W 5 i s A A s, [)— L A 1 £ B
A, 2k HA(6.53£0.51) em, KHH(3.11£0.52) g,
T 120 L KA. $RFRKIEN(21.5£1.0) 'C,
29, pH A(7.5+0.1), #fi#*E(DO)H(7.5+1.0) mg/L,
SCIGHT 1 d AR,

WA BEATP) S &, HAARCAT). &
o B 5k 48 A W0 i (GSH-PX) . 54 48 42 Ak ) 15 Ak il
(T-SOD)i&E M . TH - (MDA) & 0l i i ) & 0% A R
FAERBHEARA ). CACL(AMral) . 4140 il
A Leica RM 2016 # 5V H AL,

1.2 FEBHE

121 FREHE SRR ER, WL K%
HEAF LR R L A BT IR JE Rl 2. 4. 8. 16 mg/L,
B 10 Bahfa, H0 6 hida 1 RSN L
BT, Ko ECH A0 Af DL B 1E V5 ek i . S0 20 45 e
JEBEE 3 APAT, MIES A 24 h 77T e e W AN
96 h EICAARASE , WELIFid 5% Cd> paf i 4y £ fry
HEE SN o

122 HkE Cd'HEREE HR A 700 5 95 245 2
FREEXT R BE VA 8,19, 918, 10.30., 11.56 mg/L
4 A CAP R ERRE BN | S as X IR, B
B3 AT, BAEATOAN 30 B4hfa, fEFRT 100 L
SCERW . SEER ], AR, RERRRS A MR
ICSESNOTE 24, 48, 72 F1 96 h HYTE SR ANAE 16 A
WHC, KRBT, IR R, TR, %
Ifa] S B B (LCso) . ZARURTE

123 KR E Cd* HFHR L M Cd> % L hig
g fa i 2R IR AR, IR ek B AT EOR
TESLIGRBERREE N 1.84, 2.76. 3.68 F1 4.60 mg/L, Fi4
B 3 ASAT, BASEATIOA 30 EB4ha, S8k A4 100 L,
SCEHIN],, AR, REFRRZ AR 6. 12, 24,
48, 72 A1 96 hBF, BAPATH 3 A aiEAT ],
HUBRFIEA L, A 5 mL SRIE DA, B T-20 C
UKAAORAE ] T TS PRI 22 , 7E 24, 48, 72 F11 96 h i},
XF oy e e . A BIORE A D B R 1 R R AE
T WL,

1.3 HAAHEFEMEFENE

T JUE2H 4URE Sl P 4 C T8 9 4R BR SR K T vk T
G, FEHWKARN LR IR Sy, PRBGE SR, % 1:9
FIELBIA 4 CRIABRER K, FHHZUHSRENL 10 000~
15000 r/min #4751, SJHKWAE 4 °C, 2000 r/min
B0 10 min, B E RS

R BCA fRE DI 8 3 A 7% 1, BTN

B

A
2
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FALIEDE SOD 167, TBAQ-HAC Y L 2 1Rl 5E
MDA i, HREENE CAT &M, DTNB(S, 5'-
RS R R kI i GSH-PX TEE, HAAE:
VES AR G Ui T .

1.4 ARAYIKEHE

PR FEZE 2 0.86%4: AR K whise 5 A
PRI T e, AL R 70%. 80%. 90%
F 100%IPE RS HEAT R0 LK, BB EE LK 40 min,
WA AT B R, AaM. DA (RE 5 um)
LR IRANE LT (HE) G 05 (8 R PR e 1
T FIRAT

1.5 #HFEaiE

K 1 SPSS20.0 AR {446 35 43 #7 H 42 Ji Cd AR Bsf ]
M avEdErE, 115 24, 48, 72 M1 96 h ) LCso, %4>
e BE (SC)=96 h LCsox0.1., FJHENZE T Z 40
(one-way ANOVA)F Duncan’s £ & L #:7: % SOD |
CAT. GSH-PX ifitEH MDA -1 7007, /s vk
FEAL PR 3t FRAH 25 5 P, P<0.05 MR RE .

2 RS9

21 BIRE CIEMEXE

211 L&Y B8 P FEa R 8.19 mg/L 5
Y 2HTE 0—24 h I, Ll T fafi 4 40 0 SRS 5 X R
HAHW IO 225, BRI Esh, SO R
8.19 mg/L #417F 48—96 h, 9.18 mg/L 417F 24—72 h
W, rhapgh s R e, PP GE , P AiE Ik RE ) 2

i, 10.30 Al 11.56 mg/L 4H % fa— ik ATK IR BN sh A
%, TCRVER PR S ; 24—48 h B, R fE T 2k
VA, PEMCEEEL, A MARTEAK A R B AR R L
TS AR EE S s AFE A 9.18 mg/L AAE
72—96 h, 10.30 il 11.56 mg/L 41 7F 48—72 h i}, %)
R I B IR, 885 MR RE R W £, i
S FNEE U TR ; 10.30 mg/L 4175 72—96 h I,
RICT-AREE S5 T, ff 305 A BRI R & 1, IR
PR
212 CA' gL @by boh Atk AR TR
TRV Cd™ Xl 4 5§ i i 4 £ S R 100 LR 1
M 1 AT LIE H,8.19 mg/L 4H7E 48 h IR I BIAE T,
9.18. 10.30 1 11.56 mg/L 4H7E 24 h JFH4 M BET,
11.56 mg/L 41 7E 96 h &=FIET-,

*1 REIESMHEERE CIRER
{EAB B THIET &
Tab.l Mortality of juvenile T. septentrionalis
at different Cd** concentration and duration

Hepr SBT3 Average mortality/%

Concentration/(mg/L) 24 h 48 h 72 h 96 h
0 0 0 0 0

8.19 0 6.67 23.33 33.33

9.18 6.67 26.67 36.67 46.67

10.30 16.67 33.33 53.33 63.33

11.56 53.33 66.67 83.33  100.00

Cd> i & i Th T i 4 71 785 P 0 2647 [ 09 7 A
LCso MUEWBENTR 2, WNE 2 /[LIFH, CdXfsk
figs T 1] ol 4 £ 7 2 AR B R 0.92 mg/Lo

®2 CAMREDEEHEFHNLIERITFE, LCoRRERE

Tab.2 Linear regression, LCs, and safe concentration of Cd** on juvenile T. septentrionalis

N N % B EX A ) kB AU B
] 1 2 HERM R | 9SHBRIXI FROLRE KR
Time/h  Regression equation Correlation coefficient 95% Canfidence interval LCso Safe concentration
/(mg/L) /(mg/L) /(mg/L)
24 y=3.404 7x-3.161 7 0.85 10.72~11.94 11.47 0.92
48 y=3.738 0x-3.349 1 0.93 9.89~13.78 10.82
72 y=3.937 3x-3.386 3 0.96 8.76~11.51 9.84
96 y=4.305 8%-3.635 8 0.95 8.02~9.89 9.19

22 {RRE CdHHELR

221 CA**FHFAEZA 2% SOD & 4= MDA 4% 4%

) ANIEHRE CA> X IFHE SOD 7l PERsZm LA 1, M
F 1T LUEH, 6 h i, SXFIRZHEREM: 167.24 U/mg prot
AL, A ALBRZH A1 SOD iR BE ETF, 7k

TH51 214.62 . 208.52., 224.85 F11 227.69 U/mg prot; 6—24 h
P SOD &M 25 FREE LT 24—96h, SUKEE
21 SOD &P FREka#A . 1.84 F12.76 mg/L 21 SOD i
PETE 96 h PIIRZA R TXF R4 ; 3.68 il 4.60 mg/L ZH7E 6—
12h i, SOD IEMERTXIRELL, 78 24 h B, SOD i&P:Ft
. Za—HANT TS H LT AR ; 4.60 mg/L
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CIXFHE4H Control [11.84 mg/L E2.76 mg/L E13.68 mg/L £ 4.60 mg/L
2 300p
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SOD activity/(U/mg pr

IS
i

24 8 M
Bif ] Time/h
Bl 1 Skt il 4 0 1 IE SOD i MRl Cd™ b3 A (¥ 254k
Fig.1 Changes of SOD activity in liver of juvenile
T. septentrionalis under different Cd*‘treatment time

ANRlINE FBE R R [l — i ] fOA [ b A
Xof B2 22 5% .35 (P<0.05). Rl
Different lowercase letters in the figure indicate significant
difference between different treatment groups and control
group at the same time point (P<0.05). The same as below.

[}
=

4 SOD EMEAE 96 h FFEIEAK, 4 103.61 U/mg prot, f1J
VR
ANEHeRE Cd> % TP MDA & & 95200 ULIEL 2.,

M 2 AILIEH, 6—12h i, MDA &880 FEETH
EREaE, H 6 h i, MAD ST R4 ; 12 h A,
MAD 84 271 ; 24 h 240340 MDA &A1 F
R, 4 XA, SX) R4 (3.73 nmol/mg prot)fH Lk
25 1% (P<0.05), 12—48 h, 1.84 il 2.76 mg/L 4
MDA i 2 TS FIHA#E; 24—96h 1, 3.68 Fil
4.60 mg/L —FAREE IS, BERE TG, HE
96 h B, MDA & &ikH|EME, 7518 698 A
8.36 nmol/mg prot,

1%t #82H Control [11.84 mg/L £92.76 mg/L E43.68 mg/L B 4.60 mg/L

e
g 8 il
e 7r =
af of =
< St =
93 41 B
!
< 1F =
g o 12 24 48 72 96
fist B8] Time/h
2 ki GG 44 FFNE MDA 5 RS Cd*
b TR i) 75 A

Fig.2 Changes of MDA content in liver of juvenile
T. septentrionalis under different Cd*" treatment time

2.2.2 CA*" *FHFAEZE 2% CAT A= GSH-PX 7& 69 % v

AR E Cd* Xt HTIE CAT M WIE 3, M
Bl 3ATLAEH, 75 6 hif, SXTREAAALL, #SAb3
CAT {H VYA % ETF, 2.76 mg/L 40 CAT %Mk 5
T KAH, 4 48.11 U/mg prot; 12 h i}, 1.84 mg/L 4

CAT 35 Pk 25 K , S 47.54 U/mg prot; 12—96 h i},
MO PR LR LR R ; 24—48 h IFF, 1.8 11 2.76 mg/L
2 CAT 75 PEAH Hb 22 530K i 3 (P>0.05) . 5% BRZIAH EE,
3.68 1 4.60 mg/L Z17E 96 h i}, CAT iHIEAEIERIE, 4
Sk 13.58 F1 10.84 U/mg prot, H:H, 4.60 mg/L ZH7F 48 h
Af, CAT {GHARF X IEAL,

E1% F84H Control [11.84 mg/L £92.76 mg/L £43.68 mg/L E 4.60 mg/L
60 -

W
(=3
o
[¢]
[=N

23
fra,

N
(=]

[\*]
(=]

CATIE
CAT activity/(U/mg prot)
s 82

A A A AL AL

=

ey

(=]

24 48 7 9
Bt E] Time/h

B3 ki ol AP CAT 3 PERE Cd™ AbBR A a] (1925 1k
Fig.3 Changes of CAT activity in liver of juvenile
T. septentrionalis under different Cd*“treatment time

ARV EE Cd* X AFIE GSH-PX 1% M50 WL 4.,
MK 4 mTIE 1, SAAEBATE 696 h N, GSH-PX
HPER e TR TS RS, 1.84 mg/L A
GSH-PX JGP:7E 6—48 h W #F TF5E, 48—96 h A
GSH-PX {EHFEAL, (H3E MY TR . 5%
TR AL, 2.76 F1 3.68 mg/L ZH7E 0—6 h i um il ,
6—24 h B, GSH-PX {fitd: T+, 24—96 h B}, GSH-PX
TEPERRAG, FLPR A B )R 3 P ERAIG ; 4.60 mg/L 41+,
GSH-PX {f PE 2 et s Rk sy, HAE 96 h B,
GSH-PX 1% PR3 F A%, M 300.12 U/mg prot, 5%}
ZHAH HE 22 57 3 (P<0.05)

[OXf f84H Control [11.84 mg/L B 2.76 mg/L £ 3.68 mg/L B 4.60 mg/L

=)}
—
o 2

§ 900
LE L T TR
i) i ‘ e 2y ¢ "
ES Mletee ld NV N2 e, K
22wl fRE A TINE BRNE AINVE Al

3= = R= 2= = £ =
2 8 300f Qéé Qﬁz %ﬁé Qég g:,__
Ox 2008 [IlWE k2 (|2 HEZ2 |lvE

& TolllEEE (e tIE (g e e

< 100 VE LIVE INE IV VR L HINE

] 6 12 24 48 72 96

Bt 8] Time/h
& 4 46 O 6 4 40 TP IE GPX-PX 1% Bl Cd*
AL PR 8] () A2 4k

Fig.4 Changes of GPX-PX activity in liver of juvenile
T. septentrionalis under different Cd*" treatment time

2.2.3  CA* x4 FF Ik 28 42 45 ¥ 09 % vl & fi I [fi i
gt Xt FEZH A e 3%, HEZI'R %, s mds), 4
MO B S (K 5A). 1.84 mg/L 2H 72 h N ATIEZH 2L IC
B84k, 1.84 mg/L 41 96 h. 2.76 mg/L 4 24 h i}, JIF
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Fig.5 Liver structure of juvenile T. septentrionalis under different concentrations of Cd**

A XTERAUFAESE M, BEk: 40ME%; B: 1.84 mg/L CA*AbH 96 h, Bk 4UMIEIR#& 5 HIK,
Bk ANMIEH TR C: 2.76 mg/L CA> AT 48—96 h, Mk WFANNSEFFHIHC, Wik ZhH RS2
D: 3.68 mg/L Cd*'AbHH 72—96 h, Hffisk. AF4NMRAE R, 25ifk, WFF k. MR e
E: 4.60 mg/L CA*"4bFE 96 h, ik HTHRAYREEBHM IR H, Bk RSN,
A: Liver structure of control group, the black arrow: Nucleus; B: 1.84 mg/L Cd*" treatment for 96 h, the black arrow: Different
and enlarged cells, the blue arrow: Blurred cell membrane boundary; C: 2.76 mg/L Cd*" treatment for 48-96 h, the black arrow:
Disordered dispersion of liver cells, the blue arrow: Incomplete structure; D: 3.68 mg/L Cd** treatment for 72-96 h, the black

arrow: Hypertrophy and vacuolation of hepatocytes, the blue arrow: Cytoplasm overflow and aggregation; E: 4.60 mg/L Cd**
treatment for 96 h, the black arrow: Large blank due to intracellular material aggregation, the blue arrow: Nuclear shrinkage.

Uk 240 A58 40315 AL, 25 B AR R ELTR R AN
W], 34 A0 A A& SB); 2.76 mg/L 4 48—
96 h. 3.68 Fl14.60 mg/L 41 24—48 h i}, FF4njis &
B TCY B HE, diiEgs i 2 A2 (18 5C); 3.68 mg/L
20 72—96 h, 4.60 mg/L 41 72 h i, P45 & 1
BN, AR, B m AR AR IR G, R R
H, 4l zs k(& 5D); 4.60 mg/L 2H 96 h i, 2 A%
A, ENIFRRE, HBURSASHLIN 2 (H (& SE).
224 Cd*" sTeRLnin 4 MW % vk 1EH Y 6
T iy 1) £ 11 6L 2 AR KT AR HE D), 88 22 | Bz 4 M 25 4 58
B HNROT AR H AR IAT, 25 EB A 40 M 34 T S
WL (K 6A). 1.84 mg/L 41 72 h, 2.76 mg/L 24 24 h
PN B 2E 223 4 G 0 2 AR A 5 AR B 2 R e I g s vk
2t B[] o 2H 2 5 R i 4 1 D0 AT — g AR,
1.84 mg/L 21 96 h. 2.76 mg/L %4 48 h. 4.60 mg/L 41
24 h B, S8/ RS, IO AR, S R B
AR IR, IR IRER A AR, A SREE /N AR
A5/ 6B); 2.76 mg/L 4 72 h. 3.68 Fl 4.60 mg/L 4
24—48 h i, /NERAARE/N T Z B R BRE S, B
B/ INEE E R AR AR, A R R R, BN R
A & 45 %6 (1 6C); 2.76 mg/L 21 96 h. 3.68 mg/L 4
72 h B, HaHCER /N SRR AL A R, BN

R A B 1 A e ™ e, LR ORI 1Y) B 2
(/1 6D); 3.68 mg/L 4196 h. 4.60 mg/L 41 72—96 h
BF, AHSRER/N A B AR E RS, JClERS i, AR
WFEE 7% (] 6E).

3 it
3.1 Cd*'3t4 i D mEshi4h & i 2l B4 U

LRt il Ayt CdPtrp e AR R B R [ BRI T
o BN, PRS2, PRUGERL, (R
TR 245 X 5 IR EEEE(Maccullochella pedlii
peelin gl fii(F + 4245, 2017). JI8%(Coilia nasus)( kA
&%, 201440, ¥ F BF(Paralichthys olivaceus)(ZF1Ef
&5, 20159 CA™ R RARML . 2[R — i BEP
CA WPk 5y, LRfE oy i fa 0 T3 5 5 76 W] —
WeRERE, RS, SETORME, AU e S atE D
T i 4 £ 22 ) 7 A B S 19 7)o B B TRIRON E R o 24 h
LCsp>48 h LCso>72 h LCso>96 h LCs, P W Bt Wit
ik fa] S, Sk dg T e dfi 4 £ 4 CA T RUE MRS N, X5
WATEESE, 2010), FEAEIEHESE, 2016), BB BHE
ff1(Oreochromis niloticus)(E/MiE%E, 2016) Cd* hEEATF
FEAE A —E, CA™Hba T, GhE A i) 6 96 h LCs,
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Pl 6 Cd* 4 ik ek fig 1 Tl &) £ B8 2 21 45 44

Fig.6  Gill tissue structure of juvenile T. septentrionalis under different concentrations of Cd**

A XFTIRAHERZERY, PP XSO R 22 25K, SRS

. BN B: 1.84 mg/L Cd* Ab3H 96 h,

ME s BUNTRIEE, WEk: BUNA C: 276 mg/L CAPALEE 72 h, BETL: AR
D: 2.76 mg/L CA*" 4bF 96 h, Mk #I/NA FAZ400; E: 3.68 mg/L Cd*" 4bFH 96 h.
A: The gill filament structure in control group. The black arrow: Gill filaments;
B: 1.84 mg/L Cd*" treatment for 96 h, the black arrow: Distance between gill segments, the blue arrow: Gill segments;
C:2.76 mg/L Cd*" treatment for 72 h, the black arrow: Epithelial cell plate;
D: 2.76 mg/L Cd*" treatment for 96 h, the black arrow: Epithelial cells; E: 3.68 mg/L Cd*" treatment for 96 h.

9919 mg/L, [RIFERIE /KAL) a2 mhs)
ff1 96 h LCsy (9.19 mg/LY{IX T4 F 614111 (17.27 mg/L) Y
96 h LCs, (&5, 2010), M4 28 A PE P 8528 96 h LCso
B 4 RIEVEARMECGKREARZE, 1991), CA* X T4 8 1
fiy &y e 1 5 B T R R R, 6 TR S Rl £
Ja TR B i, 10 B R 1 i el )y fea X € R T
32 FTMIXT AR, FLBURME B AT s R, Cd*
WRBE R 0.92 mg/L S LR 68 T T Bl &)y £ 1 % VR T, 7E
e B 9 A ] DUIE A

32 CAdxt4R#E D Eth %) & AT A R AL EE RO =2

SOD. CAT Hl GSH-PX %540 i ¥t AL R 58
FTEIEHAEBL T, AT LLAG 5 35 b A ) A 25 A G 3
FEAERTE R (RS, 2010), 1E T 4R U O
GAAWRBENREOUT , HLAR S ™A P A A G R g
AT P 480, DN I BILAAR 7 A= B 5 A T O A 45,
2011).

SRt DR i 4 f FE CdP M0 6 h N, A5 R AR
i JiFNE SOD WM B 3% ETH, H 4.60 mg/L ZH7E 1
BF 3k S W (R, U0 B A0 R FE G B 77 AR 1 ) 2% Ay AL
J3”(Stebbing , 1982)FFMtH R 1 . 24—96 h P,
KA SOD I PER T REEH, 1.84 Fl 2.76 mg/L

20 SOD M UR 28 T X IR 41, 3.68 F1 4.60 mg/L 417
48 h FFEA MR T X R4, PRI Cd™ S ML = Az it
A HE, MRRBTRIL RS Z . He Wl T 206
5 # (Lutjanus erythopterus)( F 2% 1§ %5 | 2010) AT i
SOD i Mt B2 AE 4L, JG R[] ) SOD i P i 3
Fhi, B Wk RN, SR EE4L SOD 1Mk
il o ASHIRSE Gkt T i fil 0y £ A R[] Cd> ok B 4%
£, CAT Fl GSH-PX 15 1 78 A [F] 1 Fi st [i] HLAA S 0
AR, (AR R ST R R BRI i, HAR L
WS Cd™WERIEME, 762 CdWha F, @
(Carassius auratus)iT it SOD 1 PE LA 25284k , T 4G
YA ST, B R AE T PR I, FFAE CAT
TGYETE 48 h WHLR EIA T, 25 BRI A R
B 5 0 A 2800 (BB 25, 2011, 1 Bt ] 2 43 i A b
W 2x i e B B AR CAT & P90 il (Atli
etal, 2006). Cr* Wi F, #AAFBENE SOD, CAT Al
GSH-PX {H Mk ¥ 2T 5 T R0 A GR e
45, 2012), FHHE 4 xHpu A 0BG 7E S I ) Py R BA
VAR, i s )1 25 i 1 AR I8HS 3 % F A
WA, KRBT EE MR E . T LUR
H, PrAEALEF SOD. CAT Fil GSH-PX I 1Yk 1%
D0 S W T g i I T i 1)y £ U 22 040 AR
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3.3 Cd*xtFeE D mehi4h & A MDA EBHIN

MDA &4 WK B o2 i 8 A A Y S 28 43 fife e
Y, AR, v 80K T 4 A g i
JIE 21 My D RE 1) 5 (At et al, 2006), K1 MDA 7 &
A BB R oA AP O R B )2 1 S 7 200 sz
PR

R CA™ M BEAME T, k06 T 1 fil &4y i JEF O
MDA & 5xTAIMIEL, 75 6 h g, 12 h i3
B HY R TXRL , 24 hivF, 1.84 2.76 F1 3.68 mg/L
205 12 h Mt MDA &80, 4.60 mg/L 4175 3
T, URBH Cd* e S B R Y 2 U BT R AL R G K
BL, oA A AR, s g S A
24—96 h N, 1.84 F12.76 mg/L 4HE5G TG FTRY#
B PEIMRHEEE Cd> fE 24—96 h AT EAL R Gk R
ZEAL, NI 2 B i APk B Al AR 35 3.68 Al
4.60 mg/L 41 MDA it — & bI e, Ul sk
FE CA* e~ Bl R AR, A A AR
K, BNz BRI, CrO A T, R
JE s MDA 5 it B ] AE ORI, 5 Cro e e 5
IEFHOG(FBIE4, 2012), B 5 fi(Danio rerio)7E Cu i
T, AEHEEHPEER MDA 2B ] A8 2 3 AR
[FIFRRERY ETHEH, H, S Red & & W s TR
HEXIIHE, 2017), 7 & % £ (Oreochromis niloticus)
TEESR Cu WHET, BEWEERIE M, JHFIEA MDA
RS LT AR R R PEAE, 2016), B
AH e vk i 4 U T S o) T AL BT SRS e,
B A EERE ) TR, IRIAG B AR, SR Ak
it o

34 Cd*XEsEomeishfafFRmeEAnEan

A

A B () Ab 2ot it EE 4 S K A T, W R )
JHFEZH 22 40 A, M 3 AT 20 B 25 40 i e 3R, 3=
BRI R T A0 R T 25 R B A, e A R S
&, WY 5K, ZepiiRZi1% (Giari et al, 2007),
JFF £ A SRR g 5 bt B ) 0 C >k B S IR ARG, 7E
R CAPWEFIT , Sk fig o i fli & £ T Ik 20 240 i G
JPESHL, AURERFRI K, s Ak, 0
2, MR I PR E IS . Zn® Wl R Rt
(FBE%SE, 2017), Pb> el T4 (Tegillarca granosa)
(BRE 5 %, 2014) DL & Cr® W38 F 2R f# (Channa
punctatus)(Mishra et al, 2008) AT 2H R 45 ¥4 il 2k
BRIE RIS IS WAL SR A I

R A A TIR L L KSR SR S M i) 2

JOT o P A 2 ) A 5 R 2 M i 5 1 & S B
Ao W B0 ok e 1) R R S R ful S 2H 2 A K LR e B
A, T 4 X0 SR A A S — g 2 Fe —Fh
SEBH R, BRI R 22 1 R g A, #8N F
b K A B K, A3 AR EE R AR s O — R B
TN L R AN RIS BT o 4w Man & ffirp
R O S T B B R e A N YL A TR RS R 1
PR PR A, HA KR Y T Y S e B R )
A FER R 2 S A0 A% NS, 3R B 4 J ] o st g 1R
B A E AL GRS HE, 2017). 48 WA ik 23 Bk
1 S A TG S RE G, 7 A i R R BEL R 22 5K A T
SARASH, M & B AR B4 (Carmona et al, 2010),
822 | Bz 2 3 A K g AR B8 | SN 7 T K A5 3
SYPIE IR A, TR TR, 24 h Y,
1.84 F12.76 mg/L £ ) Cd>" Wyt Xif & fi T v fifi 2)y £ 58
AR LAEE 1 N F, RERINE/ N T, K
B da, Ak . B, aEaz IR, JE
Sy UL R, AHARER /N R B AR /N, X EE RN T
BHAE 4 @ i AR, R PR Z EEBRFE.
3.68 Fl 4.60 mg/L (15 ¥R JE Cd> |2 Xof £ i 53t ol 1 %
P, MEE/N T R AT . RAE, B IR
UL R A PLIRE ., iR py, IR Cd® i A 2
i 471 (Cyprinus carpio)(FCIELL 5, 2004)6 2H 21 1 A 451
Yi, WiE kB Cd* hin 2 2 PR £,
INFASHE, KPEBLS, HAbESEE T, 0 Hg.
Cu Fl Zn Y523 % 6ELH 214540 38 B . 7E Cu B
AEMEF, ZENN/RES(Prochilodus scrofa)(Cerqueira
et al, 2002)H82H 2%k A Aupas A | B8/ Rl S5 BLAR
fb. &k cd® Wi R, 2% (Snopotamon henanense)
8 20 24, 2t BRI AR E R g K S5 B (T By
55, 2013), Ui BAAS [F) 5 4 I Moih 360 % AN [ 7K A A i 40
LN ZER BEVERON KRB, . ke WL, SOD. CAT
F GSH-PX it & MDA & it 781k, JFIE K 8 20 21 45
A i ERL 5495 15 0 340 B S e S £ T T el 4y £ 27 R 4
JEFEPES A FR B, AIAE Ry e A v XU PR B A
FESEPRA = R, KPR Cd™ e B R 4 i 7 28 4 vk
J(0.92 mg/L)LA .
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Acute Effects of Cadmium on the Antioxidant Enzyme Activities and
Histological Structure of the Gillsand Liver of Juvenile
Thamnaconus septentrionalis

WANG Xiaoran'?, BIAN Li*, HU Qiong’, QIN Bo’, CHANG Qing’,
YING Na’, WU Yanqing’, YANG Liguo’, CHEN Siqging*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao), Qingdao 266071, China;

3. East China Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Shanghai 200093, China)

Abstract The acute toxicity of cadmium (Cd*") to juvenile Thamnaconus septentrionalis was
determined using a hydrostatic biological assay. According to the pre-experiment results, four Cd*"
concentration gradient test groups (8.19, 9.18, 10.30, and 11.56 mg/L) and one blank control group were
selected for the acute toxicity test using the equilogarithmic spacing method. The mortality, LCs, and safe
concentration of Cd*" in juvenile fish at 24 h, 48 h, 72 h, and 96 h were calculated. Based on the
experimental results of acute toxicity of Cd*" to juvenile Thamnaconus septentrionalis, the Cd*"
concentration gradients were set as 1.84 mg/L, 2.76 mg/L, 3.68 mg/L and 4.60 mg/L at the safe
concentration multiple. The activities of superoxide dismutase (SOD), catalase (CAT), glutathione
antioxidant enzyme (GSH-PX), and the content of malondialdehyde (MDA) in liver and gill tissues were
observed at 6 h, 12 h, 24 h, 48 h, 72 h and 96 h. The results showed that as Cd*" concentration increased,
the acute toxicity gradually increased, the LCsq at 24 h, 48 h, 72 h and 96 h was 11.47 mg/L, 10.82 mg/L,
9.84 mg/L, and 9.19 mg/L, respectively, and the safe concentration of Cd*" on juvenile filefish was
0.92 mg/L at 96 h. Within 6 h, SOD activity in each concentration group was significantly higher than that
in the control group (P<0.01); SOD activity first decreased and then increased within 6-24 h; however,
from 24 h to 96 h, SOD activity of all concentration groups showed a downward trend. SOD activity in
the 1.84 mg/L and 2.76 mg/L groups was always higher than that in the control group within 96 h. The
enzyme activities of the 3.68 mg/L and 4.60 mg/L groups decreased to below that of the control group
from 6 h to 12 h, and increased at 24 h, after which it showed a constant downward trend and remained
lower than that of the control group. From 6-12 h, MDA content first decreased and then increased. At
24 h, the enzyme content in each treatment group decreased, but was still higher than that in the control
group, and the difference was significant (P<0.05). From 12 h to 48 h, the 1.84 mg/L and 2.76 mg/L
groups showed a trend of first decreasing and then increasing, whereas within the 24 h to 96 h period, the
MDA content in the 3.68 mg/L and 4.60 mg/L groups kept increasing, and was significantly higher than in
the control group (P<0.01). At 6 h, CAT activity in all treatment groups was significantly increased when
compared to that of the control group; however, CAT activity in the 3.68 mg/L and 4.60 mg/L groups was
significantly inhibited at 48-96 h. Overall, the activity of GSH-PX in each treatment group showed a
decreasing, increasing, and then decreasing trend within 6-96 h. The activity of GSH-PX in the 1.84 mg/L
group was higher than that in the control group within 96 h. When compared with the control group, the
activity of the 2.76 mg/L and 3.68 mg/L groups decreased from 24 h to 96 h, and the longer the stress time,
the lower the activity. In the highest concentration group (4.60 mg/L), the enzyme activity first increased
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and then decreased, and the GSH-PX activity decreased to 300.12 U/mg prot at 96 h, which was
significantly different from that in the control group (P<0.01). In the 1.84 mg/L group, there was no
significant change in liver tissue within 72 h, but in the 1.84 mg/L group at 96 h and the 2.76 mg/L group
at 24 h, the cell volume was slightly increased, cells had an irregular shape, and some cell membrane
boundaries were blurred. At 4896 h in the 2.76 mg/L group, and 24—48 h in the 3.68 mg/L and 4.60 mg/L
groups, the liver cells were disordered and scattered, and the structure of liver cells was mostly incomplete.
After 72-96 h in the 3.68 mg/L group and 72 h in the 4.60 mg/L group, the abnormality of liver cells was
significantly aggravated, including cell hypertrophy, large area disintegration, cytoplasm overflow, and
cell cavitation. At 96 h in the 4.60 mg/L group, the nucleus shrank, intracellular material gathered, and a
large irregular blank appeared. For 72 h in the 1.84 mg/L group and 24 h in the 2.76 mg/L group, there
was no significant change in gill tissue structure, whereas after 96 h in the 1.84 mg/L group, 48 h in the
2.76 mg/L group, and 24 h in the 4.60 mg/L group, the gill microplates were curved and club-like with
mucus secreted around them, and the epithelial cells were enlarged, showed edema and partial hyperplasia,
and the distance between the adjacent lamella became smaller. At 72 h in the 2.76 mg/L group, and at
24-48 h in the 3.68 mg/L and 4.60 mg/L groups, a small number of adjacent gill lamellae would fuse and
form a small epithelial cell plate, with a large amount of mucus around them, and the length of gill
lamellae was significantly shortened. In the 2.76 mg/L group at 96 h and the 3.68 mg/L group at 72 h,
most of the basal lamellae had fused together, the epithelial cells of the gill lamellae were swollen and
showed hyperplasia, and exfoliated epithelial cells were scattered around. At 96 h in the 3.68 mg/L group
and 72-96 h in the 4.60 mg/L group, adjacent gill lamellae had adhered and fused with each other without
a free end, and a large number of cells were necrotic and exfoliated.
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