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Abstract; Ciprofloxacin is the main metabolite of enrofloxacin, which is widely used because of its broad antibac-
terial spectrum, strong bactericidal force and rapid onset of action, and has been detected in soil, water and other
environments to varying degrees. However, there are few studies on the neurotoxic effects of ciprofloxacin on early
life stages of fish development. Therefore, in this study, the model animal zebrafish (Danio rerio) was used to assess
the neurotoxicity of ciprofloxacin on zebrafish at early developmental stages in terms of embryonic spontaneous
movements, motor activity, acetylcholinesterase activity and expression of dopamine and serotonin pathways and
key neurodevelopmental genes at concentrations of 0.1 mg-L™" and 1 mg-L™". Our results showed that the 0.1 mg
-L' concentration group inhibited the spontaneous movement of zebrafish embryos (P<0.001), and the 1 mg-L™'
concentration group induced acetylcholinesterase activity (P<0.05). Zebrafish in 1 mg-L™" group showed active lo-

comotor activity (P<0.05) and increased startle response upon light stimulation (P<0.01); at the same time, upregu-
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lation of the expression levels of genes ache, shha, th2, htrlaa and htr5a (P<0.05), and downregulation of the ex-

pression levels of genes gfap, dat and nestin (P<0.05) were observed, which regulate the cholinergic, dopaminergic,

serotoninergic and neurodevelopmental systems. These results suggested that ciprofloxacin produced neurotoxicity

by affecting the expression of dopamine, serotonin and key neurodevelopmental genes, thereby causing alterations

in motor behavior.
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KA R (N-methyl-D-aspartic acid, NMDA) 32 & i
PEAHEN A X FQs B 57 J5 1Y BE 5 fa &) 1 (1 4T
RGN AN LU B2 4B, R FQs X 2 B
F R AR, (H A 2 B AR AL M R o &
A, DR e e 0 — 2P B i 9 ok [ B B ) fa 4yt 5
FQs ¢y pih 2 s A E FBLEI ™

T RE B 15 [ (acetylcholinesterase, AchE)# 1A
kSRR Feh 25 B I AE AR R ™Y, da Silva Santos
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TECAN 7~ H]), B 55 #0117 4 43 Hr{L (Danio Vison, Nol-
dus A F], faf 22); ¢ H 4  PCR { (CFX96TM Real
Time PCR Detection System, BioRad, 32 [H),

1.2 L)

ARSCH R FHBE T 40 g AB R BF A 10, I [ B 5T
—RREAE YR A R A A, FFRFFIT OB
JiH 14 h(O'6)/10 h(H), /K if(28+0.5) °C,pH=7.20+
0.3, HL344(500+30) S-m™", 45 KA AR IR K
(Artemia nauplif)2 IR, 555 A — W, K (e 5 £
PR ORI AR 2 < 2(MAKCE Lo LA T 7 B
B, R H 3 R SE RS LRI B, Pkt & 5 15 H A9 BE
G T 25 ) 2R R 5L 5
1.3 B iGREE S
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IR M5 (B), il i# N 0.4 mL-min™" ; #:36 K 40 °C;
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55 K B A AR E S IR N s 3T o ;18 8)
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S, R I B I A A A [R] 5 ' RS T 9 R 9
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1.6 ZL Tk AR sl 7 A% 1 A
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PRAIEH K& ), Al 2, Bk AR a8 g i e i 38590
EHATINGE . WE LR - RIS A i i,
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-min~' B0 10 min, TyK FRFAH, BRI 30 wl H
TN 2. TR HELBR TR it 715 A, A T N JES 90 % o
AT 500 (LA 25 3R T UK 1 b e AE), IR
51,37 °CHERR W 6 min J&, M UCER 03 1 3 30
pL BB 100 wL(PA E 25 3R T I 25 0 T 445,
R4, ##E 15 min J5 , 6 HBEPRL T 412 nm & &
EUWOCEAE, A TIHEREE S B TR = 22
S AR 2%, (] Bradford 2 1 e ) ) 52 128 57
AR SR
1.7 SEWFSEOGE & PCR

Fie b R R i AR A A BT T £ IR iR 2 120 hpf,
WL o, BEAAE PR 3 AT, BT 50 Sk 4
HOBRARIER ZT MR, AR, & T-80 CIK
FEPR AT, FHA R & AT AL RNA $R L, $2 B 72
KRS G 2 i A 500 wL A% Buffer RL1
F20 C &M FHEREAI 15 min, K51 3K R 2
DNA-Cleaning Column H'(DNA-Cleaning Column Ji
AR H),12 000 r-min~' B.L> 2 min, Bk DNA-
Cleaning Column , f# B4 W& N _LIEW, INA 1.6 £%
ALY Buffer RL2, R ZRS, BIR A WHEB 2
RNA-Only Column H(Zlifb i A WA H1), 12 000
remin” B0 1 min, FREEF P HIER, EE K,
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) 4fifb A i A 500 L % Buffer RW1,12 000 r- 1 BWMEESIYFIIEER
min”~' B0 1 min, FFYCEE TR, N A 700 wL Table 1 Gene primer sequence information
#J Buffer RW2,12 000 r-min~' B.0> | min, 74 A BIFEHIG ~37)
BRI, B2 — R W A A R A Gene Primer sequence (5° ~3")
12 000 r+min~ Z5 8 B0 2 min B4l ALHESE RS 2 0 -acti F: CGAGCAGGAGATGGGAACC
RIS E S, I A E F 65 °C il #4 ) RNase-Free R: CAACGGAAACGCTCATTGC
ddH,0, % 5 AU 2 min, 12 000 r-min” B0 1 e F: CCCTCCAGTGGGTACAAGAA
min, 4 RNA #0728 A 2 18 3 R 4R 4, 27  QOGCECTEATERRAGETARCA
MG . i o TecCTCsEAGRGETICACT
cDNA )& B &4 All-in-One First-Strand Syn- b TGOACTTCCOCGCCTGTATGATG
thesis MasterMix (with dsDNase)i{ 71| & 15 BH 5147, dat R: TCCGGGCAGCGAGCAGAACTTGTA
W65 | PCR % B 2 xSYBR Green qPCR Premix E: GAAGACGGCGAAATCGATGC
(Universal )\l 5l & A THAE , (1 F SE B 258 it PCR nréazb R: CTGGCGGTTCTGACAACTTCC
PO A SE R HEAT Y4, DL B-actin NS HE, Re- it F: ATAGTAACGAACAGGATGG
al-time PCR ¥ ¥4 4500 5, FH 27224 Mxf @ | kit & R: GCTCAGTCATGGGAGTCC
FUFE A RSB R, BRG] YT 5E . F: ACATTCACGGCTGAGGAGTTT
BT | R R: ATGCTGCCATACGTTTGGTC
1.8 il 545007 it F: TICTACATCCCGCTCATCCTCA
SERHE T 1] Graphpad Prism 8 (/78500 R: CCTCCAAGTTTTACCCACCTCTC
GYHT RN, LI 22 53 50T i iek 8 K 56y 22 5 B husa pToaAeaAsaaaaAceaRTAce
(ANOVAY-EL Dunnett’ s 00 65 275 H i, 1 P< R: CTGAAACGTCACCGTGGCAT
005 HHA SEH2:25 5 * P0.05 ** P<0.01. b F: GCTACGTCAACTCACTCATCAA
’ ‘ R: TCCTATCGTCTGCAACATCTAAA
2 ZEE(Results) e F: TACGGTGGCTGGGAACATTTTAG
D1 ERET R R S R: GGGACACAGTGATGCAGGGAAA
CEOMIAR WL B e e
BEWE XA . G REETR Ty 0.1 mg- F: AATCAGCAGGTTCTTCGGAGGAGA
L'(0 h: 421E+05, 24 h: 3.83E+05).1 mg-L'(0 h: mbp R: AAGAAATGCACGACAGGGTTGACG
432E+405, 24 h: 4.05E+05), ;X %W, #£ 24 h 555 0) F: GCAAGATAACGCGCAATTCGGAGA
R 25 W)k fE AR i FRE . Mg E =SSR, 524 h shha R: TGCATCTCTGTGTCATGAGCCTGT
T — R R R T R R R MR A ‘ F: AATCACCAATGCTTGCTTCGAGCC
2.2 KAV ERZXIEIE A X183h 520 l-tubulin R: TTCACGTCTTTGGGTACCACGTCA
BES G B 3215 s o) 2RI S e i 2hip F: GGATGCAGCCAATCGTAAT
H4E SN, SEEE 0 IR B LT TC G, 52 B Zpf R: TICCAGGTCACAGGTCAG
20 L B2 By, AN BE S £ 1) I R A 48, 2T clavi3 F: AGACAAGATCACAGGCCAGAGCTT
HOr ) 0 5 7l 267 g0 T4 Ay R 2 74 i TOOTCTOCAGTITOAGACCOTTOA
BT E S b5 4V R FR ALY 24 hpf A E38 3K aapd3 F e R A
BnPE 1 TR, 0.1 mg - L7 ¥R 445 %0 IR 4LAH LE G '

e i R ‘ F: ATGCTGGAGAAACATGCCATGCAG
WEJiR 71 %232 8 IR (1.80 4K - min™) i 35 [ 1K (P< estin R: AGGGTGTTTACTTGGGCCTGAAGA
0.001),1 mg- L™ e 5% 5 T HO MR F 22 i 3 TR F: AGATGGAGAGTGTGAAGTCTGTGTG
(225 K -min™" )5 XFIRZ1(2.90 YK -min~")AH L G 2 % manf R: CAATTGAGTCGCTGTCAAAACTTG
IR(P<0.05), Kt H AT 3 25 0 IR JiG A 09 1 A F295 50 I F: TCAGTATTTTGCCACCACCA

YR, IX R W] BRI YD AR BE S IR ) A s sh
14,

R: CTTTGTCTTCGCCAGGTCTC
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ok B HIBENITH
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sz — ANy Z AR BRI 2K PG o R 8 T
3 2500 0 , 2. T L it 8 5 A 7K
2 o N— — : TR 1 HE % BB 2 VA 1 244 4F 26
W /(mg-L) Zempsh, W 3 AL ST AR E S AR R 1) 3R

Concentration/(mg-L")

E1 HAVERBNHIERRETEIHAZMN
e SR HRAUMLE, * 3278 P<0.05,* * * R7R P<0.001,
Fig. 1 Effect of ciprofloxacin exposure on the autonomic
movement of zebrafish embryos

Note: Compared with control, * represents P<0.05,

*** represents P<0.001.

2.3 WA BB XL 0IE ST
TEVBE YA AR Y N, 2% 88 2 120 hpf A4 £
TE G R 826 BRRR [A] ' B8 il R 1z
HEE WAL 2(a) ~ ()R, TRz BTG (] 2(a)) I
BF I PN, 55 6 BRZE A EL , 45591 i 4 143 ol B B 2 2
B BB AR, 1 mg- L YR EF4H(0.411 mm-
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H KA T A (B 2(b)) Rzl 25 5 7R | 2R ELL e ]

NP R RBIEE T S BEILGR AR B IS M B H 1 mg-
L7'(8.92 U-mg™ ") 5% HE4(6.96 U-mg™ ) Z A A
25 51 (P<0.05) , LT HELAR TSR P M 1 T i 15 & T AR
T 2 AR/ D A0 2% v 114 4% 356 DA 8 DA ot 22 328 Jo
ARG, X RNV BXTBED ta ) fa - e e B EA R
FH AT Rt T BR300
2.5 RN ELRZA IRTKAE R Gu A K SE R Rk

R T RGO R g it 1 AR A 1 D B A A
GEXTHEARZE B9 A0 5 FE K] (chrna 7 F1 ache) HE 17 5 IE
EOLNEE 4 R KGR R AR A SZ AR 7 ( chrna7) 5%
PR AR LY, L3RR i e 6 PR P9 VD B vk B2 i T v i
PRI 255 LIRS (ache) R ik i
B2 B T A, 1 mg - LR R 4 S 0 IR 4H A
HA 3 22 5:(P<0.05), 3 5 0 I o 45 R — 3, &
BRI VD B A ache PR35, 755 £ T IR 6k g it

1'0_(a) . S— 1.0*([)) 1~5_(c) : *k
x*
—
|
A % 1 o7 10
£E T £ E £ E
EE EE EE
=3 S ]
=g 04 =3 =3
& & 2051
0.2
0.0 0.0 0.0

Control 0.1 1
e /(mg- L)

Concentration/(mg-L")

Control

WeE/(mg-L™)
Concentration/(mg-L")

0.1 1 Control 0.1 1
e /(mg L)
Concentration/(mg-L")

B2 RADVEREBXNGEIEHNITAHNEIG
T2 (2) AR R T B2 S B, (b) A Ae RSt A N RB B, (o) 4 e AN DG IR K T a8 3hidi
EXFIRLA L, * a8 P<0.05,* * KR P<001,

Fig. 2 The effect of ciprofloxacin exposure on the movement behavior of juvenile fish

Note: (a) The movement speed of zebrafish larvae under light dark cycle, (b) The movement speed of zebrafish larvae under continuous light conditions,

(c) The movement speed of zebrafish larvae under different light stimulation duration; compared with control, * represents P<0.05, * * represents P<0.01.
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3 AV ESRHZNYEZBAEREEEE TN
T SXHRAUMLE, * %8 P<0.05,
Fig. 3  Effect of ciprofloxacin exposure on acetylcholinesterase

activity of juvenile fish

Note: Compared with control, * represents P<0.05.
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2.7 INDIVD BLRZUN A2 R R DG SR Rk

R T ARG IR N D X B L A P S R Y
AERL A T2k B RGO R 3k 45
UK 6 B, syn2a, mbp . al-tubulin ., gfap , nestin Al
manf F:RF3RE NV, shha . elavi3 FeR Fih = B,
gap43 FERFR IR L SR EE TR M, T shha,
gfap F1 nestin FE [N Fe 35 1 5% A AR LU At 3 25 5
(P<0.05), RIAFRN TP A FL4 fa n P28 e 7 OB A
FZeik , NI s A F s ST R 15 B E

L5r e Control —= cip-0.] mg-L~' == cip-1 mg-L"!
*
=] 1
2
a I
?'51 % 1.0F
® &
+— O
>~ o
2
< =
Z o
= % 05F
-4
g
0.0 chrna7 ache

E4 DRDEFEXNHEEREZEMEXERREAF
T S IR L, * 3278 P<0.05,
Fig. 4 Effect of ciprofloxacin exposure on the expression
of choline receptor related genes in juvenile fish

Note: Compared with control, * represents P<0.05.

6 *
(b) —
mmm Control
= —= cip-0.1 mg-L"!
1S .
'z === cip-1 mg-L!
Ko 4t J_
® &
+— O
> o
Ez sk
<= % 1
Z 2 *
=4 21T [
B2
~
g
0 L}
th2 htrlaa htr5a htrlb htr2a

Es5 ZADVERENYHEMHELERBXERRIENZN
1 (a) 22 PG I AH SCHE PR () 263K KT, (b) LI 2438 5 AH 3L PR A9 3Rk /K s S0 IRALAH 1L, * 3R P<0.05,* * 3R/R P<001,

Fig. 5 Effect of ciprofloxacin exposure on expression of neurotransmitter related genes in juvenile fish

Note: (a) The expression level of dopamine pathway related genes, (b) The expression level of serotonin

pathway related genes; compared with control, * represents P<0.05, * * represents P<0.01.
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mmm Control == cip-0.1 mg-L~! == cip-1 mg-L*
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.2
X &
W8
K oLsh x T *
22 ) -
%ﬁlo
g <
2
g 05
0.0 - — -
syn2a mbp shha al-tubulin gtap elavi3 gap43 nestin manf

Ele6 MADVERENHEHERBTEARENZ M
T S IRAIAH H, * 308 P<0.05,

Fig. 6  Effect of ciprofloxacin exposure on the expression of neurodevelopmental genes in juvenile fish

Note: Compared with control, * represents P<0.05.

3 iFi( Discussion)
3.1 HNTERXE ST R

B ISR Y H Az 3l R B Y ph 28 0T T
11,20 ~28 hpf i B Kizsh R A B s &, H
BHREC R, AR AR R, RN R
PRI BE L fa ARG 1Y B &2 shkEr, HA WO,
XA A Ks s T EE R Ea R B 2 L B
PERVE M 48 450, R AF SES 0 B 5 3% B WL S
(BPS) i - 10 5 5 £ A1 £0 1) - Yl B, W s sl 7
RRE ST AE R, BB BPS X B £ - fa 2 AT LY
MR FEEE 580 b SR sk s P IS 45 R R K
BT s B ) 0 YR IR S L0 s 2 R AR, NS
BRIz B4 2B ] 3G 0 45 b 28 3R A T A7 5 v e g 40
FEVER = Jii - 2 5 B ) £ IR e R B8 8 A 7 M
BRBEVRAIG , 2 B 402 I X B 5 fa IR iR A M 28k B B
PEVER . AR SS SR R RN TP B R ER 5, Ot
ST fR 32 sl B REAIG A R RO S5
SE) b 510 W A A b S I o || O R B £ R IVAY Y
TRARAS  MUE B TR .
3.2 PRIV BT R oA G I R AR5 e

RN BR T 2 K PG rh 2R 5% T #2225 1 1Y
A WIBR AR, T R R P T A0 A4 £ K i £ T I e
e 2 1 I ARG AZ 1A () DA M, AR bl 2 o 3B
ARG R T RNV B R G R S g n) &
T L P it it 05 P - v, 2R I L IR ML 2 AR sk /> il
R XAy wh S 15 1% . APFTEREIIE T IHTRAE 5
GEAH OCHE R R, < T IR Bk 1 il 0% P 56 PR 3R 3k 1
VA S EENG A5 R — 3, 5 MRS AR A 32 AR (2 TR AR
Feik i N H X FR PRIV AL R R 0 IR A7 A

(RN T Ay 15 35 | 1F 1T A R IR B e 32 406, %o Bk
Eyft A0 A i 2 MR

A SCEHRIE R 2238 BT & BT M TR E
FHR R & & 45 K 2 fe g 52 i 5 1 £ 4y 0 (1) iz 3 A7
RPN Z EL R Y BE D £ Az s P i3 2 R
B AR BT R AR R PR 2 R
B ARG 22 UL 2R 38 A0 DGR I R A 7 IRE
TRITIA VD B2 8 0 B 1 f ) f 305 S AT M I INTE 73
THLHIZEL

TEZ2 W AF 5 B b, % 2008 2 AL (TH) & &
22 EEL I 118 B il ) i 22 B B I 32 2K 11 (DAT) ]
Mia 22 U Wi 2 MU oy ik, SRR 2 LR P 223 o
nrda2b 11 57 22 U g 45 40 i L3 L A Ak R AE T T
bdnf FRTE M & K & h B E EZAERHY,
ARG A RIS )5 T8 T nrda2b M thi
(IR ek pl 22086 BT (9 40 Ak, TEABE R, dat J
N2 N, th2  htrlaa . htrSa #1 htr2a 3£ K ik B
= AL XS Jia PR R — B X RR A
VR RBENFELIE D g ) 2 B L 25,
B & IE Sis T A B EUKAT S B RS 5 B i
TR RRIR AR HEDS AT (538 | FE 1T 52 M 5 2 £0. %)) £
(' R SRR S AT R
3.3 FRNTD X B AR CEE D A5

B IE HAX 28 2R 48 (CNS)AH G 38 [ g e ik,
Wh al-tubulin, gfap F1 nestin ¥ #4 R G i A HE
YER , syn2a Z 5 1., mbp Z 5 BE¥SIY 1Y, shha
TEM ARG 7 N5 5501, elavi3 75 —Fl' RNA
HHHEAMNRIE, gap43 M T EYIMUE S, T mant
E—PVETMMALE R TR g E = EY



418 s #F

PLINN O P18

TR 4 J A AE T RIS A 0] mbp 5 syn2a W3Rk
TR D fr s 2L\ KAT NG, AR
W mbp 5 syn2a BFRE R IR T, A e T AW A
FAERFTWIT B2 FE S G S of-tublin,
shha elavi3  gap43  syn2a.gfap .mbp 1 manf 55 &
MR T, ARSI WK, shha 5K KA
w5 X R AR B LT gfap AN nestin 5 X% R AR
ARG R IR 1 25 ] X R WA U B 2 5% AT e
SEPEEL AR 22 R G 0 R F, HE 10X B £ IR iR
HEME R E B,

g5 LR PR U AL R R s T B D £ iR i 24
hpf H &1z 3l , 753 £ Wt N B g il 5 PF | 12 sh A7 R i
PR BRI R B I el A% [ I J PR 3R iR 45
R, Z U PR 2R T RGN dat, gfap Fl
nestin FEPK VA L3 2538 % | AL H% BE 25 40 A1 H A pf
ZRE RGN th? htrl aa htr5a_ache F shha #:H
AR SNV B 2 RIS 5 R R 2 B AR G
A BEPET S ML B R A, & 5 I 5
B — 2D IFIE LIRS AT R D9 v B X Bkt I £ AR JIG 1Y)
PR BEPERLE

BIEEEE T SR H(1979—), F AT R, £ 35 TR
T AR T F B R A

2 % 3Lk ( References) :

[1] Bird A. Molecular biology. Methylation talk between his-
tones and DNA [J]. Science, 2001, 294(5549): 2113-2115

[2] Bondarczuk K, Markowicz A, Piotrowska-Seget Z. The
urgent need for risk assessment on the antibiotic resist-
ance spread via sewage sludge land application [J]. Envi-
ronment International, 2016, 87: 49-55

[3] Chai TT, CuiF, Yin Z Q, et al. Chiral PCB 91 and 149
toxicity testing in embryo and larvae (Danio rerio): Appli-
cation of targeted metabolomics via UPLC-MS/MS [J].
Scientific Reports, 2016, 6: 33481

[4] Costa V, Angelini C, De Feis I, et al. Uncovering the
complexity of transcriptomes with RNA-seq [J]. Journal
of Biomedicine & Biotechnology, 2010, 2010: 853916

[5] Silveira AT, Maranho L A, Torres N H, et al. Assessment
of " C-sulfadiazine on Danio rerio (zebrafish) [J]. Journal
of Radioanalytical and Nuclear Chemistry, 2018, 318(2):
1001-1008

[6] Datson N A, van der Perk J, de Kloet E R, et al. Identifi-
cation of corticosteroid-responsive genes in rat hippocam-
pus using serial analysis of gene expression [J]. The Euro-
pean Journal of Neuroscience, 2001, 14(4): 675-689

[7] Ding L H, Zang L X, Zhang Y N, et al. Joint toxicity of
fluoroquinolone and tetracycline antibiotics to zebrafish
(Danio rerio) based on biochemical biomarkers and his-
topathological observation [J]. The Journal of Toxicologi-
cal Sciences, 2017, 42(3): 267-280

[8] Ellerbrock R E, Canisso I F, Podico G, et al. Diffusion of
fluoroquinolones into equine fetal fluids did not induce fe-
tal lesions after enrofloxacin treatment in early gestation
[J]. Veterinary Journal, 2019, 253: 105376

[9] Etminan M, Westerberg B D, Kozak F K, et al. Risk of
sensorineural hearing loss with macrolide antibiotics: A
nested case-control study [J]. The Laryngoscope, 2017,
127:229-232

[10] Gao D X, Lin J, Ou K L, et al. Embryonic exposure to
benzo(a) pyrene inhibits reproductive capability in adult
female zebrafish and correlation with DNA methylation
[J]. Environmental Pollution, 2018, 240: 403-411

(1] PR, AR S PR G T AR 2540 5 PR R R R
WD) dtat: db et B FlEE 24P, 2018: 7-8
Xiao C Q. Study on structure-toxicity relationship of fluo-
roquinolones revealed by zebrafish [D]. Beijing: Peking
Union Medical College, 2018: 7-8 (in Chinese)

[12] X5, Hskale, sk, %, mErE ek e E AT ge s
i Ay b O D AR YD B (D], b R AR,
2022, 58(7): 38-43
Liu C, Yang LY, Zhang W, et al. Rapid detection of enro-
floxacin and ciprofloxacin in milk by magnetic micro-
sphere immunochromatographic test strip [J]. Chinese
Journal of Veterinary Medicine, 2022, 58 (7): 38-43 (in
Chinese)

(3] A-Efe, KK, 4RL0My, 55 Bk b B ARSI 35
WP B A N B AR 3l 0324 (0], v [l B
EikrifE, 2018, 8(1): 24-33
Niu Y H, Zhang T W, Zou H M, et al. Pharmacokinetics
of enrofloxacin and its metabolite ciprofloxacin in Larim-
ichthys crocea [J]. Chinese Fishery Quality and Standards,
2018, 8(1): 24-33 (in Chinese)

(14] ko, =GB 25 ) 1) AL W) T PET S [D]. K.
PR, 2019: 18-22
Shen R. Study on the biological toxicity of three fluoro-
quinolones [D]. Chongqing: Chongqing University, 2019:
18-22 (in Chinese)

[15] AVELL, WRAEME, IME R, 55, S iS5 Y Boph 22
RGEHPCE REERIALEI BT SO R ()], hE AR R R,
2013, 38(11): 810-814
Yu C H, Pan R T, Sun Z L, et al. Recent advances in the
study of mechanisms of neurotoxicity and chondrotoxicity

caused by fluoroquinolones [J]. Chinese Journal of Anti-



4 4

GNBARE A - BRTA V0 B X0 B b £ L) B B B fh 28 B PRI 5

419

[16]

[17]

(18]

[22]

(23]

[24]

[25]

[26]

biotics, 2013, 38(11): 810-814 (in Chinese)

Lai K P, Gong Z Y, Tse W K F. Zebrafish as the toxicant
screening model: Transgenic and omics approaches [J]. A-
quatic Toxicology, 2021, 234: 105813

Laing L V, Viana J, Dempster E L, et al. Bisphenol A
causes reproductive toxicity, decreases dnmtl transcrip-
tion, and reduces global DNA methylation in breeding ze-
brafish (Danio rerio) [J]. Epigenetics, 2016, 11(7): 526-
538

TR IR D TR L £ VR I Y 2w S AL R T
5¥[D]. i BB K2, 2017: 10-12

He S J. Neurotoxicity of norfloxacin in zebrafish embryos
(Danio rerio) [D]. Wuhan: Wuhan University, 2017: 10-12
(in Chinese)

Laville N, Ait-Aissa S, Gomez E, et al. Effects of human
pharmaceuticals on cytotoxicity, EROD activity and ROS
production in fish hepatocytes [J]. Toxicology, 2004, 196
(1-2): 41-55

Xie Z X, Lu G H, Li S, et al. Behavioral and biochemical
responses in freshwater fish Carassius auratus exposed to
sertraline [J]. Chemosphere, 2015, 135: 146-155

da Silva Santos N, Oliveira R, Lisboa C A, et al. Chronic
effects of carbamazepine on zebrafish: Behavioral, repro-
ductive and biochemical endpoints [J]. Ecotoxicology and
Environmental Safety, 2018, 164: 297-304

BT W, Dt sg, FEE, A2V RE I XN B
NI RE 2 4t rh RE ROV 5T [J]. 453 B2 2%, 2022, 46(7):
481-486

Zhang Z N, Ma J J, Huang J Y, et al. Toxic effect of tabun
on the cholinergic system in mice [J]. Military Medical
Sciences, 2022, 46(7): 481-486 (in Chinese)

Li D, Sun W J, Lei H J, et al. Cyclophosphamide alters
the behaviors of adult zebrafish via neurotransmitters and
gut microbiota [J]. Aquatic Toxicology, 2022, 250:
106246

Liang X F, Zhao Y Q, Liu W, et al. Butylated hydroxytol-
uene induces hyperactivity and alters dopamine-related
gene expression in larval zebrafish (Danio rerio) [J]. Envi-
ronmental Pollution, 2020, 257: 113624

Ding L H, Zang L X, Zhang Y N, et al. Joint toxicity of
fluoroquinolone and tetracycline antibiotics to zebrafish
(Danio rerio) based on biochemical biomarkers and his-
topathological observation [J]. The Journal of Toxicologi-
cal Sciences, 2017, 42(3): 267-280

XIFE, P35, 256, 5. 24- 0BT BEOR B X BE £ R
W% B W B R 2 FE )] BRI, 2021, 41(7):
2913-2921

Liu W, Liang X F, Li X, et al. Neurotoxicity of 2.4-di-tert-

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(36]

butylphenol on the early-staged zebrafish [J]. Acta Scien-
tiae Circumstantiae, 2021, 41(7): 2913-2921 (in Chinese)
Jia M, Teng M M, Tian S, et al. Developmental toxicity
and neurotoxicity of penconazole enantiomers exposure
on zebrafish (Danio rerio) [J]. Environmental Pollution,
2020, 267(C): 115450

Saint-Amant L, Drapeau P. Time course of the develop-
ment of motor behaviors in the zebrafish embryo [J].
Journal of Neurobiology, 1998, 37(4): 622-632

XUAL, BRISE, BmenE, 45 B2 R B M 217
AT FE 9], Hh FE BRI 2527, 2021, 38(14): 1671-
1677

Liu J, Lian B W, Huang X T, et al. Effect of erianin on
neuro-behavioral alterations of zebrafish [J].
Journal of Modern Applied Pharmacy, 2021, 38 (14):
1671-1677 (in Chinese)

Velki M, Di Paolo C, Nelles J, et al. Diuron and diazinon

alter the behavior of zebrafish embryos and larvae in the

Chinese

absence of acute toxicity [J]. Chemosphere, 2017, 180:
65-76

Weichert F G, Floeter C, Meza Artmann A S, et al. As-
sessing the ecotoxicity of potentially neurotoxic sub-
stances - Evaluation of a behavioural parameter in the em-
bryogenesis of Danio rerio [J]. Chemosphere, 2017, 186:
43-50

XU, A, B A, BREE TS Y 0t 4k B TR AT
R—LUABE B R HI[C hE P22, th E S
S LA [ B B A R i SCER . KRG v [ B B A
4%, 2019: 206-207

BB, SR I, KRR B L R 2 K RIAT
HISZIR[J]. B HE 4R, 2014, 28(2): 98-103

Hu Z Y, Zhang J P. Effects of vincristine on zebrafish
neurodevelopment and behavior [J]. Journal of Toxicolo-
gy, 2014, 28(2): 98-103 (in Chinese)

AR, T AT, AN, S AR O BRE O £ iR K
B MBS INATHMEE[T]. EPR 250044, 2015, 42
(2): 176-182

Shang Y N, PuY Z, Li X M, et al. Influence of asarone
on zebrafish embryonic development and behavior [J].
Journal of International Pharmaceutical Research, 2015,
42(2): 176-182 (in Chinese)

Chen L G, Huang C J, Hu C Y, et al. Acute exposure to
DE-71: Effects on locomotor behavior and developmental
neurotoxicity in zebrafish larvae [J]. Environmental Toxi-
cology and Chemistry, 2012, 31(10): 2338-2344

WY, TRUL, AR, S5, BRRR = R0 B 5 £ L AR
B B 2R T (0], AR SRR, 2016, 11(1):
254-260



420 s #F

i

Fook 18 &

(37]

[39]

[40]

[41]

Peng T, Wang S S, Ren L, et al. Neurotoxicity of triphenyl
phosphate on the early life stages of zebrafish [J]. Asian
Journal of Ecotoxicology, 2016, 11(1): 254-260 (in Chi-
nese)

Liang X F, Zhao Y Q, Liu W, et al. Butylated hydroxytol-
uene induces hyperactivity and alters dopamine-related
gene expression in larval zebrafish (Danio rerio) [J]. Envi-
ronmental Pollution, 2020, 257: 113624

Lu Z, Smyth S A, de Silva A O. Distribution and fate of
synthetic phenolic antioxidants in various wastewater
treatment processes in Canada [J]. Chemosphere, 2019,
219: 826-835

Parker M O, Annan L V, Kanellopoulos A H, et al. The u-
tility of zebrafish to study the mechanisms by which etha-
nol affects social behavior and anxiety during early brain
development [J]. Progress in Neuro-Psychopharmacology
and Biological Psychiatry, 2014, 55: 94-100

Steenbergen P J, Richardson M K, Champagne D L. Pat-
terns of avoidance behaviours in the light/dark preference
test in young juvenile zebrafish: A pharmacological study
[J]. Behavioural Brain Research, 2011, 222(1): 15-25
e, A, RT3 A X B 4 0 ph 2858
JEARRZEAT R 1w [T]. RS d 2R, 2017, 12(3):
162-169

Yang L H, Shi Q P, Zhou B S. The effects of BPA on

neurobehavior and neurotransmitters of larval zebrafish

(42]

[43]

[44]

(Danio rerio) [J]. Asian Journal of Ecotoxicology, 2017,
12(3): 162-169 (in Chinese)

KNTr, R SR, 250, 45, B AF 255 W IRBE 1 £ 2%
STICICREFI IR M 28 B GEAH DI IR IR 1], 35 %¢
24, 2017, 12(1): 119-126

Zhu X Q, Tang T L, Peng X, et al. Bisphenol AF expo-
sure reduces learning and memory ability and influences
expression of nervous system genes in zebrafish [J]. Asian
Journal of Ecotoxicology, 2017, 12(1): 119-126 (in Chi-
nese)

Anichtchik O V, Kaslin J, Peitsaro N, et al. Neurochemi-
cal and behavioural changes in zebrafish Danio rerio after
systemic administration of 6-hydroxydopamine and 1-
methyl-4-phenyl-1,2,3,6-tetrahydropyridine [J]. Journal of
Neurochemistry, 2004, 88(2): 443-453

WMER, 22V, S5, & 4R aUYE TR 5 X 5
T 2 BEPERLN D], BRI TR R 22441, 2021, 43
(4): 376-380

Yang Y Y, Li P D, Jin Y W, et al. Effect of all-trans-retin-
oic acid exposure on neurotoxicity of zebrafish [J]. Jour-
nal of Wuhan Institute of Technology, 2021, 43(4): 376-
380 (in Chinese)

KT, Hk, MR, 55, b T RS & B a2t
BEVE RALRIBTFE [CY/ i 6 2 B2 25, 2021 (G TR ) 75
PR 2 S AL B 2 (B F AR BT 2 21
WICEE. TEMH: PR 2y, 20211 189 .





