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Effects of terbium on acute toxicity and antioxidant enzyme
activity of zebrafish

ZENG Luxue", BIAN Zijun“", NING Zhoushen*", CHEN Ming"", DONG Wei™"

( a. Jiangxi Key Laboratory of Mining and Metallurgy Environmental Pollution Control ; b. School of Resources and Environmental

Engineering; c. School of Life Sciences, Jiangxi University of Science and Technology, Ganzhou 341000, Jiangxi, China)

Abstract: The acute toxicity of Terbium (Tb) to zebrafish (Danio rerio) was investigated by a semi-static acute
exposure test. Based on the acute toxicity test, the concentration groups of low (2.0 mg/L), medium (20.0 mg/L),
and high (40.0 mg/L) of Tb were set up to determine the toxicological effects of Tb on zebrafish by analyzing
catalase (CAT) activity and malondialdehyde (MDA) content in three tissues (head, muscle and viscera) of
zebrafish. The results showed that a high concentration of Tb was more toxic to zebrafish. The 48 h and 96 h median
lethal concentrations (LC,)) of Tb to zebrafish were 81.39 mg/L and 79.03 mg/L, respectively. The safe
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concentration (Cg) was 7.90 mg/L. Terbium (IlI) ion (Tb*") had different effects on CAT activity in various parts of

zebrafish. CAT activity decreased gradually with the increase of Tb concentration. With increased exposure time in

muscle and viscera, CAT activity was initially induced and then significantly inhibited, while it did not recover in

viscera during the purification period in the 40mg/L group. Under Tb stress, the MDA content in viscera of

zebrafish showed repeated induction-inhibition changes, while MDA content in muscle exhibited an obvious

induction effect during stress, peaking 57.13% on the 14th day after exposure. The visceral MDA content of zebrafish

treated with 40.0 mg/L concentration was still significantly induced at the purification phase, with the highest

induction rate of 28.99%. The study revealed the acute toxicity and oxidative stress toxicity of Tb to zebrafish and

provided a reference for preventing and reducing the toxicity of rare earth ions to aquatic organisms.
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Table 1 Acute toxicity test results of Tb to zebrafish
FET=3/%
Tb Ji e &/ (mg/L)
24 h 48 h 72 h 96 h
0 0.000+0.000 0.000+0.000 0.000+0.000 0.000+0.000
60 0.000=0.000 0.000+0.000 0.000+0.000 0.000+0.000
70 5.000+0.005 15.000+0.005 15.000+0.005 15.000+0.005
80 15.000+0.005 55.000+0.015™ 60.000+£0.010" 60.000+0.010™
85 10.000+0.000 45.000+0.015™ 60.000+0.010" 70.000+0.000™
87 40.000+0.000" 60.000+0.000" 75.000+0.005™ 85.000+0.005™
90 55.000+0.015™ 55.000+0.005™ 100.000£0.000" 100.000+£0.000"
93 55.000+0.015™ 100.000+0.000" 100.000+0.000" 100.000+0.000"
95 100.000£0.000" 100.000+£0.000" 100.000£0.000" 100.000+£0.000"

T R Th e L L A IR 2H 22 R 25 57 8.5 (p<0.05) , “** 7 HR Th e i 2 At B 21 2 [B] 25 i 2 (p<0.01) 6

®2 TOhXIRIEMFEHILRE (LC,,)
Table 2 Median—-lethal concentration LC,, of Tb to zebrafish

R . o LC./ 95% Bl c/ FEEom 55
: LR ] 15 S 0 S °

]/ (mg/L) X [E]/(mg/L) (mg/L) (96 h)
24 $=3.905x-7.116 0.6105 89.06 86.25~92.47
48 $=5.108 3x-9.192 0.8876 81.39 77.27~84.38

7.90 [

72 1=5.493 6x-9.866 0.940 1 79.73 75.44~82.71
96 $=5.630 7x-10.103 0.960 3 79.03 74.87~81.89

Ty AREBET R AR XA

0.01), 3124 45.56%, {H 2.0 mg/L W41 F120.0 mg/L
We FE 2 CAT 3% A1 K T %F BEKSF o 18 AL B Bt
2.0 mg/L ¥k B 2H CAT 3% 347 ik 25 = T B 4H /K P
(p<0.05),20.0 mg/L ¥ & 41 /) CAT i 19k 52 o Ji 4%
P, M 40.0 mg/L i FE 41475 i 25K T % BRAL 7K (p<
0.01), 20.0.40.0 mg/L ¥ & 2 WL H (Y CAT 6 178
FREEHE TR | R¥Z 8 T 8 3E 5% (p<0.05), 15
SR 53 T H 44.18% . 50.08% ; 75 R T2 45 14 K}
25U BE 2 CAT 1 77 359k W 3 il (p<0.01), #0132 A
Ik v 4l = v vk B ALK IR R 30.45% . 37.67% .
42.93%; W , 45 W FE 20 7E Ve Ak 00 ] 0K 52 21 1 ok Rt
KW-o FERREEMIE 1 REL 14 K, NIERY CAT 1% )
SIS B S B A A, i 20.0 mg/L vk B 4

At 2 BT R B S RN L T RN 46.77% , 1E
55 1 RIRFIER ; 2R BEZH N IERY CAT I S 3HESE 7R
3 B i 2 5 ( p<0.01), 410 2 K 2 = AR R A
49.62% .57.20% .66.26% . TEIFILI N, 2.0 mg/L ¥
J&E 41 11 20.0 mg/L ¥ 5 241 E FE A YK &, i 40.0 mg/L
W B2 2R AR et o BT L IR X T 88k iUk
40.0 mg/L ¥ B 4111 CAT 1 1 #F 2% #5565 7 RIH i 2R
B H AL T R
24 ThXHEEEAR _BESENHN

Kl 4—1& 6 FT 7 43 il b B 1 3 Fih 41 20 ) MDA
TSR, 2 4 FT B R AN [ s () B3 BE 2 £ 45 5B 07 1)
MDA & & & HARE A . 752 85 18], BR 40.0 mg/L
WS LA1,2.0.20.0 mg/L ¥k B 2H B 1 £ 3L 3 MDA %
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Table 3 CAT activity and its changing rate in different parts of zebrafish in different time periods
1R TR 14K EARPN H21 K
A 4L CATHE  725fk  CATIE  A8fk  CATIE/I Ak CATIE Ak CATIE  A5fk
a a a a a
HI(Ulg) /%  H1/(Ulg) % (U/g) (%) H1/(Ulg) %  H/(Ug)  Fi%
X HEZH 212.48 — 203.60 — 225.30 — 209.31 — 209.31 —
2.0 mg/L 208.77 -1.75  203.54  -0.03 21226 =579 23944 1439  203.54  -2.76
20.0 mg/L 31207  46.87 19825  -2.63  184.08 -1830 19825  -528 15548  -25.72
40.0 mg/L 30249 4236 22093 8.51 122.66  -4556  157.60 -24.70  177.01  -15.43
X 2 1449.07 — 1561.90 — 2250.93 — 1 676.33 — 1 686.56 —
2.0 mg/L 147503 179  1296.67 -16.98 156543 -30.45 142427 -15.04 153290 -9.11
LA
20.0 mg/L 1955.66 3496 2251.93 44.18 140297 -37.67 160027 -445 1767.07 477
40.0 mg/L 220373 52.08 231793 4840 128470 -4293 1666.17 -0.61 1857.87 10.16
X 2 51681.80 — 4662850 — 4743280 — 4204370 — 4543280 @ —
2.0 mg/L 52712.00 199 2349136 -49.62 50603.90 6.69 52397.66 24.63 51064.33 12.40
A
20.0 mg/L 758542 4677 19958.06 -57.20 63217.30 33.28 5472896 30.17 48062.30 5.79
40.0 mg/L 61402.9 18.81 15731.56 -66.26 67491.80 4229 3582513 -14.79 4310136 -5.13
"SRR T s AR R Sk S B B, 2 i
I 2 B L CX AL gz
500} =0 me /I7L E 3000} %Ooomngl/g%L %ﬂﬁi@ﬂ:
EE20.0 m H : !
mm 400 mg/L : 40,0 mg/L E
! __2500¢
<, 400} 5 o
=) i =)
2 g Z 2000} .
R 300} : R
5= i ia 1 500
2 i g
;i 200} ; E
b : < 1000t
~ ; =
100} so0l
0 0
14 15 14 15 21
i [al/d w5 ) /d

E1 ThEESEUEEPHEDELICATENRNETL
Fig.1 Changes of CAT activity in zebrafish head during Th

exposure and purification process

U 4 R (p <0.05), Th X465 1 K 2.0 mg/L ik i 41
F120.0 mg/L ik B2 05 T R MK IR N 78.46% FI
16.17% 5 1117 A% 25 41 B 7K SF- 78 5 58 F1g Ak 9 (|) 35 O
AR, 2.0 mg/L ¥ 5 20 F140.0 mg/L ¥ 4 1 HIL

2 ThREFESHUIBRHIEIEMNA CATEINER
Fig.2 Changes of CAT activity in zebrafish muscle during

Tb exposure and purification process

A MDA & 15 53 Bl A 2 58 55 | KA 7 K g m
( p <0.05), Hi T35 71| Fy 56.61% .42.32%; 1£ 5 5
155 14 K ,40.0 mg/L ¥ 41 MDA & & & & T
X BT p <0.01), ERZE S 3K BRI, 1 57.13% ;
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100000y ) oyt B bk Ak I B 45 20 L) MDA 25 1 A ) i B 25 T %o
B30 0L | YLK - (p<0.05) , Hitf1 40.0 mg/L e J3E 21 2 % HE 41 i
soooof | MMa0.0me/L 1645, PIIERRAY, 76 Th 552 W11 ,20.0 mg/L e i 241
2 f FI140.0 me/L 752611y MDA & fit 5 50 T 401~ 5
§6mm% A A S . 20.0 mg/L e JE 411 40.0 mg/L
ﬁf WeBELHAESS 1| KA MDA & & i 350800, ] %55 51
S 000 9 19.67% .46.75% ; (L AL 7 K Uk B EHE T 15T
= HANH 24.57% 44.49%, 20.0 mg/LYRFELITE 14K
200007 5 35 I% T % B 4L 400 ) 2 S 24.82% ; 40.0 mg/L
. W AR B B E T 5 R N 42.34%, Hip

Fig.3

14
fisf 1) /d

B3 ThRESSATERHEIE R
CATEHENMTL

Changes of CAT activity in zebrafish viscera during

Tb exposure and purification process

20.0 mg/L ¥ B 4 76 55 14 K A4 R ik 2] 0y
40.0 mg/L VA E A6 7 RIAPIE(E . B
BB B, Tb X 40.0 mg/L #¢ Ji 2 MDA & #4754 B 2
WS, — EE X B IK P (p<0.01), 35 3R 7Rk
Je 55 1 R ANER 7 K43 58 20.50% . 28.99% , HiAT i i
A AR F N B
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Table 4 MDA content and its change rate in different parts of zebrafish in different time periods

EAPS TR EAUDS EARPS 21K
s (o7 e MDA MDA MDA MDA MDA
LA S PUTHEE: < . Gt Tt 2 A . 2
o/ %/ o/ o/ o/
/% R/% R/% R /% R /%
(mol/g) (mol/g) (mol/g) (mol/g) (mol/g)
X A ZH 22.91 — 19.79 — 17.63 — 20.46 — 1790  —
2.0 mg/L 40.80 7846 2076  4.89 15.90 -9.78 21.76 636 1876  4.82
200mg/L 2662 1617 2663 3451 19.58 11.06 18.41 -10.02 1841 285
40.0mg/L 2096  -852 2040  3.07 20.14 14.24 21.38 4.48 1511 -15.56
Xt e 2H 16.29 — 14.90 — 11.59 — 10.57 — 1057  —
2.0 mg/L 2551 5661 2294  53.92 12.47 7.59 13.94 3187 1327 2556
LA
20.0 mg/L 1576 =329 1697 1391 11.95 3.13 12.31 1645 1431 3538
40.0 mg/L 16.68 239 2121 4232 18.21 57.13 13.77 3031 1687  59.68
Xf B ZH 54.06 — 47.22 — 39.94 — 46.55 — 44.80 —
2.0 mg/L 54.14  0.14 4084 1351 42.97 7.58 50.03 747 4884  9.02
i
200mg/L 4342  -19.67 5882  24.57 30.03 -2482 4110  -11.72  43.10  -3.08
40.0mg/L 2879  -46.75  68.23  44.49 56.85 42.34 56.12 2050 5779 28.99

e T L SO 22
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Fig.4 Changes of MDA content in zebrafish head during

Tb exposure and purification process
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Fig.5 Changes of MDA content in zebrafish muscle during

Tb exposure and purification process
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Fig.6 Changes of MDA content in zebrafish viscera during

Tb exposure and purification process

3 i %

R AR — M TR S 2
TR RN 2 S FEAE L AT DA SR B R 20
AR ARG /IN LA 7 S P ) 3 SR LCy, AR
N 2RI TR PR RS R R B T kB
)BT BE St ST R 1 — A3 i, H B 22 1]
FEAE B 09 500 et - R0 56 3R o S0 T R 1) £ o 2%
2% 58 W) AN TR) , HL B o 55 A AN [R] , AR A 5 R
iy 3 H UL R B AE A4, To X1 H Y 96 h
LC,, 4 79.03 mg/L, 7E HoAth AfF 55 H La g (Nd) (£li (Ce)
X A BE D (R K 29 3.5 em) 4 96 h LC,, 23 Ky
2.53.2.03.2.76 mg/L®". LRI EN, t F A R SRR
INBE I ASTR] , AN [ FP 2 9 s 4 88 7 X 6] — Fh 2 i A
W FIT 1 1) B P RO A AN

0 IS TE 4 fib B K B A B S 2377 A 45 Tl
HREIEIR . ARSI A BE D 0 B FE T T i b B
SEEAT A ELE B 2 sh AR TG R R S O
ARERZARYIN A o 5 08 i A fi S 1 fih
LA A AT BB S AT ML, P BT
A Bl )R 2 R G R 4, S v W B B T £
MBH B SR 22 AE M AFRUE T O, nTREZE T Th A
XF Bl P8 B A R 5 | R SRR A, S Ah, B
A %) 285 240 L X £ A B B Al H A B 4P D RE
ANE BB A% R £ A P 38 55 AR 22 [] 1 B8 482 , sk fi b
A I B A B R T ELIA BB X 14 2 A
IFEAT S S NP5 BT LA FEA S G vp B T £ A
(AR B 1 1 2R AR T BB 2 th T i R s | A )
AR LA 405, 35 BLEE R A W SR . BE S fah B S
WP e TR Sk OB A, nT AR h T AR AN i ) g
EGEE N ok ik AR SR N 7S sl
HEAT BB T,

XA AN T A AN TS e i it AR
i 2x 7 42 ROS, I H A 185 BE 19 T Uk S 1, i i ax
S 1 p SR B AR AR AR DY, 2 R ) 240 L ) S
PEFIT AR, X 4 A 1 5™ 45405, 17 ) ROS 55
JEE A Mg T S I, DK 3500 BT AR AR AR ik
PR BT AL B B8 R 45, BE WS 2% #h ROS (B TEAE
CAT il 8 # N 2Pt A b R G2 Bl /b4 9 &
B bR, 0] %) ROS JE A R PR 3 BE B, B 1k 4k
i 45345 -

CAT ¥ H,0, 74k K H,0 F1 O, , WA 1 31 il o7
i A2 20 B R RN CAT A by 3 4804k 47 il %)
BEhR AR, LTE P R W AR W R AR P9 A 1 ROS
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B 2 R AR TS R EE R G g . AR
SRR FE T WhE T, v Wk B2 20 5 5 40 S0 Y
CAT i J1 %2 8| T W 35 5 (P<0.05), {H % & J5 ]
40.0 mg/L ¥k & 20475 9K o 50T X RRZH KR, HLAE ¥
b3 ] — AL T Bl 30 ) (RS U B I 2 4R il 2R
eI RE ST 25, A2 R MR BE Y To SZ MR T 2 B T
BEPERY ST | [ A 32 44 P 4% BA 19 T s e imifE AR &2
Sk 8 F T 3 o R G UK T AT B T, 2
BRAEDERAHE FHHED. AR, L
T A A PN 1) R ER B i DA R I R > P >
% > S >E- > WA, 53638 CAT 1 J1 28 A R[] 1)
S WUA 42152 To i J5 , CAT 1% 1 (e 2 85 5 1 i
FEHIN(P<0.05), TEA AL I AR 2 X0 BRA1KF-. 2
#E I, 40.0 mg/L ¥k B 2H PN R 1) CAT 1 P (b 35 1 ol
(P<0.05), Bifi %5 % 5 BoF 6] AR 386, P R A Sk 38 AL
W R B CAT 6 I B EMH B LR, 7RG
B AT X B OK S R BRI (p <
0.05). 40.0 mg/L ¥ 20 7E 154k 7 KI5 47552 21 BH 1Y
FHIZLN ( p<0.05). 3% W A EXT T A4 U = T
HAZH 2, S /K PR 05 G 0 R i BB SRR
X 5 HR AT A A Y AR (Y b) R 52 ) e U R 35
SEELMRL, N ERY CAT & 3 AH L F HA 4 U 25 5
S B B A A IO . — e P T
JIE CAT ¥ifi 77 B AW UE B AR £ 5 1 T (PP SR fb e
R AR EERE BT AR AT RE SR R A AR 4 B
A IO JOAC 118 5 i e 5, B0 f I A 5 B T a5
MDA J2& I8 i o 48 K (LPO) 2 7 1 T8 32 7= ) |, ik
5 B A R R AR 4005 A5 ) K 43 R4 B R
Ge0Y, SRS AECITE IS 4% (Cr) Xof R 1 (1 48016 45 497 HIL
il B % B, MDA % f2: Bl 25 Cr Uk BE 19 b T 76 R B 384
i, 8 K MDA B HERE T AR RN HLAR B T EE TS
Mo XI5 A SRR w2 R A He? P, & BN E
MDA 7 & 1E 2 55 W10 1 2% b TH( p<0.05), fli 2 % #%
B Ak 5 91, P IE MDA 2 2 358 A 52 3] 1 K
Vo BRAESEC BT R, 3522 015 D1 (Perna viridis)
22 3| IR R Fik (BDE209) W38 By, 55 e B 4 A4 s
(1 MDA ¥ B I 75 B [ 3 4 R B 2 1 7, JF A
BRI A T BE S T 014 BDE209 Jikaft , Xif 35 52 i
DU = A B B SR R K M I N ek e . 7E S50
o, R AL A LA MDA W R FESE 7 Ka
B2 b T ( p<0.05), B 5 78 5 A0 1 8] JE AR K 525 i
40.0 mg/L ¥k i 20 2 B8 W ] MDA & 2 — L 3 5
TXF BEOKSF-( p<0.05) (HAEH AL B B 1 BE 2 47 22
] T A B 2 R R, S B IR E R A R — 3k
AN T ¥R BER |, 5 5 £0 Py JiE i MDA &5 5 56 IR 2]

AHEL , v W B A A R BRI 58 T RS T IS 7 R
9 TR BB 4H 7K SF-(P<0.05) 5 2.0 mg/L e B 41 TG
FARA, W] Tb REAE A N 51k ST L R gy
05, 5t o SO i g oot A Ak S AT 3l 1M 2
] SEUF ;. B 2 8% B ] I ZE K, MDA & it
5 BT RE BT A AR RN, 156 W) 240 A 57 4
FERE R . A2 B 4 A (Cu) B Wih |, B 1 4 68 N MDA
1) £ 5 o 2 i Ao ) 0 S AN T T, O L e vk B
) MDA 7 & i 3 i T X BEOKOFES, g P e
(GIFT, Oreochromis niloticus) -l i) MDA & & 7F 8
&) Cu e T, B & & i TR BT 4 T R
Je 3880 B A, 6 B Cu ml LS 1R T 4R Ak ek AR 1 3
P IR A ok 22 B el R TR BT AR T AR
BRIy g b 3 AR

R B2 A L B TS A RN AR T 2
P A AT 1A ) A 0 L B BE A AR ] Y
FEAC, HoHT AU A 30 5 S A1 F 4 i A AR AR5
B 25 53R, T X BE 5y 8 BAY S0k B 1 A48k 1 38
RN, B A Sk LR R PN R Y CAT i 3 M A
MDA & it B 75— € R b AT LUR e T X 5 2 £y
P VE R, o P i CAT 6 #: MDA 5 i, 1]
DA A (AR BB T 8 A R GEXT To JFR38 A i

S AW SR A AU T X5 To Jifka T 5
Y 2P FEPERSON AT R A  Bh AS R AR AR
R4 JE YRS 5 A B X K A A A T i S U
PR TSRS O A YR AR 1 0 3 0 AU T
FIFR PR AR

4 #& &

D) AR 5E R S Ak fvE S0, o T F6
T ICEK To X B E 10 (1) 2 PEREYE , To X550 96 h 1Y
LC,, 4 79.03 mg/L, Cs N 7.90 mg/L, FEETEN 290
FE o

2)Th B FZAE S ELBE o £ H B [ F2 B 4 b
AR, e Sk A 3t BRAT O+ 122 , 1T g2
ZHZVRN N E AL 2100 B AR, W] 25 A1 2 A i —
R LR AR A o

3)Th i3t B0 I IE L S B AL R S & 3R
WL, Bt 5 2 55 I 6] A 28 K, CAT 35 1232 2 Wl & 3 1 .
BE I N JIE o MDA 75 252 Tb ik (195 i #8 K , 78
Ak B) 8 35 1, B NG T i AR B s

PRI, 7S S R B X 0 I e K Rl B 22t
Fis A0 DR R TSRS AT R, L gl e L Ak A=
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