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Abstract: Aquatic organisms are often exposed to mixed pollutants, which can cause endocrine disrupting effects.
Cypermethrin and malathion are widely used pesticides, and their residues are frequently detected in water environ-
ments. In this study, molecular biology methods were used to study the combined effects of cypermethrin, malathi-
on and their mixtures on the acute toxicity of zebrafish embryos and endocrine disruption of estrogen-related genes.
The acute toxicity results indicate that cypermethrin and malathion had high toxicity and moderate toxicity to ze-

brafish larvae respectively. Sublethal dose exposure test results showed that cypermethrin and malathion combined
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exposure (4 pg-L™' cypermethrin+1 000 pg-L™" malathion, 10 d) significantly increased the expression of estrogen

related genes in the hypothalamic-pituitary-gonad axis of zebrafish compared with the blank control group. The re-

sults showed that the cypermethrin and malathion combined treatment could significantly increase the endocrine

disrupting effect.

Keywords: cypermethrin; malathion; zebrafish embryos; endocrine disrupting effect; hypothalamic-pituitary-gonad

axis; gene expression
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1 ##l57 % (Materials and methods)
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FLDIIWE A AR A 20 A BRA A B TR
HFHARHF RN E G519 ; 22 E Invitrogen 23 7] 42 4t
#¢eE i SYBR Premix \PCR YR} Trizol 42 BURK ;
b at N4 A YR A BR S Rl S 5 SR &
1.3 SEEk
1.3.1 RGBS fa JRfiG 2w v

SRS T R r B A 2 = TN TR A R
100 00 mg-L™" 725 . R FH S5 56 3 1) % KO 4
A AT AR RS WO 1.5 VR EE R FE 1 — R
G, B i I — R 3 S AR (DMSO) 2 ik
JE<0.05% , M 24 FLANRES TR AT IS, £ 24
TR ] 55 TR AL A 2.5 mL TR, 2%
JE PR RE B A FLRS E B T M0 iR G . Rk 24
FLARMIARAE Ry — R BE | B — I R B 1 16
AL, A X IR B 4 AL, S AN E 4 FLAE M
(X HRA AR 25V B i 3 IR A
FHA 101 B D03 15 75 AR E AT 5 P41, B 1k IS TR K
VB Ao IR iR AR R G SR AR 1 A, BRI (26
+1) °C,JCIE/ERE I R 14 h/10 h, R T AR IET
LR AR R I ) A I 24 h B 9 B ER 2R —
W, BE24 h AR ARG IAETHL
1.3.2  AREGXTBE LD fa i W08 M 2 20

TEA 255 B A 140 2vE PR 2l I, 3
TR 2y LC,, A, MW f i vk BN | & 120
LC,, {8, %3 T &R .2 Al 4 pg L"), SHisR
(250,500 F11 000 g L™ )FI5E 53 Bk + 5 i wi i
A RENAE pg LA ABAEEE+1 000 wg- L7 B
Wil 2 pg L @B EE+500 wg- L' s w1
pg- L G BB TE+250 wg - L™ SR G sl ) ) 35 o £ iR
6 6 d BEu B Ll 1 R 25 A BetR b, 2R
JEFR A 100 A4~ BE S £0 IR G TR o, e il A9 A4~
PR EVE 3 WL, bebicE TEkEE 5



484 EOR OF M Oo¥ R %17 %
B SR B AR A IREQe+1) C G/ KT 18S rRNA 1) C. RJH 274 it B A4 Hhr LA

114 110 h, BRI, 50 24 h HIH R
R 10 A 2 2 A O e, o 1 X 2 A ok
PREFAAR | B RHXT Ab BRAE S AT LS, K i 5 bR 5E
T-HIAAG, fERE S IR IEiL 6 d 5, TFiR B R
FERTIR 2 RAGEE B, 7EZAHR 5 d 110 d J5, NTEA>
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RS 5 EP 45 b | 3158 85 vk B AL #RZE 43 SiICAE 3
AL FRRE S K A FRAE SRCE -80 °C UKAE TP ORAE,
TR 5 RNA 25,
1.3.3 B\ RNA $EHURISERT9E 6 & PCR

RNA AYHEHURT cDNA Sz %% 5t 45 B8 3857 & A0 10
WD BRI THRAE . SR Quawell &8 1 43O FE
THIE RNA A9 57 1 AR BE 8 A260/A280 L {E
fE1.8 ~2.0 Z[A], Ui W42 B r) RNA JC 8 FH T
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.95 °C 5 min BAEHES ,95 °C 10 5,60 C 15 5,72
°C 30 s;40 cycles, FrA il Hvx K 519 17 51
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SRS E i PCR 45315, RIS BIL
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) mRNA FHXT I8

FIFH SPSS16.0 A4 X 1138 i K4l 17 52 1149
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2  Z55 (Results)
2.1 GRS R A B R i e B £ 2 R
K SRR I T SR A IR AN B
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FITRRLN E F I HAZG X BE b IR 9 LC, B
T TR T ) P A TR PG . D PLBRE A oT BAE S 1 I
JIGf 96 h-LC,, {54 17.88 mg-L™', 7ERFE 96 h
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Table 1 Primer sequences of the fluorescence quantitative PCR
B RS E 351 171 Ik
Gene Accession Upstream primer sequences Downstream primer sequences
18S rRNA F1915075.1 TCGCTAGTTGGCATCCGTTATG CGGAGGTTCGAAGACGATCA

ERa AB037185 GGTCCAGTGTGGTGTCCTCT AGAAAGCTTTGCATCCCTCA
ERBI AJ414566 TTGTGTTCTCCAGCATGAGC CCACATATGGGGAAGGAATG
ERB2 AJ414567 CTCTGAACTCATCCGCCTTC AGCAGAGCGGGACTGTAAAA’
VIGI NM170767 CTTACGACACAGGATTCAG GTCTTCATAGGTCTCAATGG
VIG2 AY729645 TGTCACTTTATGCTCCTAGTCTT TGTACTCCTGTTTGATTTCTCCATC
CYPI9b AF00452 GCACCATCAGCACCATCA CGGTTGTCCGCTGTTTCTC
CYPI9a AF22662 GTCTATTCTGGTGGCTCTGCTGT GTTGGTTTGCGGGATGTTTT
B-actin AF057040.1 TCTGGCATCACACCTTCTACAAT TGTTGGCTTTGGGATTCAGG
RPL-7 DQ118296 CGCCAGATCTTCAACGGTGTAT AGGCTCAGCAATCCTCAGCAT
GAPDH AV671008 TGTGGAAAAGGCCTCACTTCA CAGACACGACCACACGCTGT

i NM_200713 TTGTTGGTGTTGTTGCTGGT GGATGCTCAACAGGGTTCAT
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R2 B-RANMDEFEFHHILKRE(LC,)
Table 2 The median lethal concentration (LC,,) of zebrafish larvae exposed to

various concentrations of single pesticide

2l FEFZ ]/ IR R fH LCs5y(95% HAR XAl (mg-L™")
Pesticides Exposure time/h Toxicity regression equation R? values LCs, (95% confidence interval)/(mg-L™")
24 y=49991+2 8384 x 09174 1.00(0.70 ~1.72)
S A 48 y=5.7697+1 9924 x 09030 041024 ~0.64)
Cypermethrin 72 y=6.8575+3 0784 x 09666 025(0.12 ~0.36)
96 y=8.9405+4.1987 x 09702 0.12(0.087 ~0.18)
24 y=-23932+4 9896 x 09516 3032(22.26 ~37.13)
R i 48 y=-75344+9 4373 x 09083 2129(10.031 ~27.12)
Malathion 72 y=-89030+10.9554x 09372 18.58(1137 ~21.89)
96 y=-103539+122593 x 09355 17.88(10.18 ~2122)
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Fig. 1 Effects of exposure to cypermethrin, malathion and cypermethrin+malathion on gene expression
in hypothalamic-pituitary-gonad axis in juvenile zebrafish
Note: CPM is cypermethrin, MAL is malathion, and CPM+MAL is cypermethrin+malathion; ERx, ERB! and ERB2

are estrogen receptor genes, and VTGI is vitelloprotein gene.
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Fig. 2 Effects of exposure to cypermethrin, malathion and cypermethrin+malathion on gene expression

in hypothalamic-pituitary-gonad axis in juvenile zebrafish

Note: CPM is cypermethrin, MAL is malathion, and CPM+MAL is cypermethrin+malathion; V7G2 is vitelloprotein gene,
and CYP[9a and CYPI19b are aromatase genes.
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