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O R AP AT N B ERT 7T, SR TREQ—
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TERE - WHIFAIEEZ TR B RN s,
HAE X PR Ge e S BN M AT AN . Chen
&V 5 B T £ LS B TBBP A% 5% X 40 1 [y o
247 N7 (8—48hph), IEWI TBBPA(5 pmol/L)
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FZAT TR PR R 80 B 25 47 N A8k . Wang
2Ot SY BP A Bk 52 o BE T 1 JUR G/ 40 0 F) e 5% 2
Ko WA LURIZE 34T A II52 M, IEB =k E BPA
(413400 pg/L)% 72 51 5 M ik fif /40 R B B2 1
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B fb il S 2 BEAR, % £0(120hpf)iiF S HE B, I H]
R [0 55 R . RS kW], 2% TBPA
(2500 pg/L) B 5 £ JIE 5 (24hpf) A Fiz sh Al %
(48hph) PRI, 410(144hpf)Is 2 FH 25 R Ik % 5 ek
/Ny FESRIEHIBCT, BPA(250F1 2500 pg/L)is/b %
BHENBE R . 1 A EBPAYS Yt BE T 1 I iR
TEAS AT AL TR 3Rk (1 A A5 55 BB AIE 0 R BN,
EIV A5 7 d5t = W 500 pg/LBPA 5% &4 1F T, Wik
W2 FBPAXT A iR/ 4 1 (96hpf) = A= 4 4T N TR o

BNELTEY  AHEIETG Rk
B A BEMAAT N, BRMA R, 5
B UKAT O . BRI 5t = SR BE(Triclo-
carban, TCC)¥ 35 % 72 %) B 5 £t 2247 N 520,
SRR, TCCRFR i MG FI 4l 1 5 3218 303 7
P, WERE L e A TR R BRI KRR
YETCCH T P Rl L H 03 P 8 e R, 3B 6 A

GRS R, JERDUH B M, NEAAL, Bt o
CIZ )1 1B IR RGN TR, X AT B 5
HME s AL, &8 2236, E41 i E
> BHES ZEL K. SchultzZ5 57t =&
A (Triclosan, TCS)FITCCK} i ki (Pimephales pro-
melas)ZH 2R . A BEAT NHRHIE 5200, 45 KRB IHTCC
(1.6 pg/L)sE A 91(560 ng/L TCS+179 ng/L TCCHI
1.6 ug/L TCS+450 ng/L TCC) P& AR FE s i 2 o5 1% .
v RS 0 J: Sk g P 1 2% B9 5% 2 1 BRIk, I B AT
AR I O B AR A SRR B A 5K . T kT
(Oncorhynchus mykiss)ff £, TCS(71.3 mg/L)iEIBAT
R I ), XA g S s T mlcs <. B
LA R =& K =& & bE(Dichlorodiphenyl
trichloroethane, 18 FXDDT) &) i A AL LR K
#. HawkeyZ: "5 90 DDT(10—30 nmol/L)% &% ¥f
BB A KT R b e AR SR IR R,
FEDDT 8 7 1 J5 BE I i FE FE M v /K = 3 Rk e 47
R, 28 X Higshig s, sHEE2 S
HHIESME TR, 14 H 538 5 32 I H v 3 VEFRAIC
FIIE Jz B30, F2 B DD T 8 2 B K BV 7E 1
AT N

BHBETRY GBS Y(OPs)iE
TP AR AN 2 R GEAchEXTAESE bR K AL 5
WIRLIR = A 22 5 P I S BT R 7 N T
VR4 T304 (EEDs) X Zh4 Al . R & Al
P43 WP A T AR L, 5 R LA ) S8 A RO
i DNA $i05. SE&AT NEMEE L MEL
R, R FEME(CPF) 2 B i 1A LR 252 —,
B 55 25 B 40 8 T K R G - IS O R AT R,
CPF % & [EAR &) 012 30 AT N (e Dk BE 25 R ) Aol
S S 4 £ PR S (WK BE D) . Glazer5 HF 5T
B, 0.3 pmol/L CPF 2 5 Bt 1 £11 2y 2. (144hp ) ¥ i
BNRE )7 AR, T R ARL(180dp ) M) 22 T HY £ FE A 55 4T
PR . YenZE R 5T 3F A [FJOPS[CPF. R4
(DZN) A Bk (P A) ] X BRE 2 £ &y 4 b 22 5 AR
IEBIEAEBEIRE T, CPF. DZNAIPAS Rt 1]
AchE¥ETE, CPF (300 nmol/L)AIDZN (10 umol/L) %
72 PR S #1315 51 (35%—50%), T PA (10 pmol/L)%%
= TR, MR E; RS R R
B, 46 CPF 2 #5 UK, T304 faiif ik 47
Mo KT RG], OPSTELE K J78: 78 #l 24T
HFFME. Hawkey25HIEWICPF (0.3—3 pmol/L) % %
1) B i BT RIS 38 0, 27 I e Bk SR TR A
Yk, 14 J5 B £0 3 B0 H i ik B S R A A B
IR AT . EAk, B 9T R A I CPF % B 4/ 8 H B
P FENE G RE, E B T A3 16 3% 1) 3 9 e 7
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HEIR, BT R H R 2 SRE R SR

ML 2 s 0 R FE T D)L R R RN SR A Xt £
KPR A B AR R, AT AR 58 424
[fl. CPF4 82 (1—Sdpf)BF T 1 &)y fh e vk o i AR,
e JEL IRF ) 38 0, 7 7 £ 320 25 R0 400 T 95 0 O 2 BRI
HAchEFK 32 35 B 1A WL 2 A% HUR) 5 s it 1
AL B 40y £ ) 2 B S 5 4 R TR AT 9 (e ok T P 46
PR BB TR 250), Ho R 0 1 o 2R IO, AchEYE Y
TREAT, BIRE A, 1X 5 Db R A
I (4 5 B A 6, T LI 2% L AR (R AR B ) T 78 A
SR AchESE P 0 R, 385 G A 3de 42 S ma B 1
HI4T 9, PR 24T g

3 Y

1T 953 Wrde s K Dy ge 21k, ARIMAT A S
B L ENL AN . SR U S5
FLEN IR, 2540 KR FLE Y AR 22 R
GEHAE FIHLAAR L™ "7, B h SR Ak AR 24T I
AN RAT RIS BT T AR5 S S
RIAZ LG BOLAR AN 25 A F, B 2 PR L 7,
MR AR s g U s 2 i
PEAYIT R PIEA R R FR AR ks .
FRM ML RGN AN 25 P F A 1) 25 B A
@[1, 79—82]o

BE RS EEE MR
—. RECMEHEEZS 5172 SRNG5Sk
X HRAX A2 R G A s i, (H LA ) /R FE AL TS
S B R o A SR A A FTHLA AR L,
FINHE AT R, R 70T Xof 1 SR 84T
EEVER A BT 18 ) e 2 A LA . Tran!”
DA 2447 751 12 0BT 8] 40 6% (1) B 5 # [1F) T DK AT N 08
CPIUF IR EE RS . B8R BE 3 RN FE M Y, B SRS
7S B 47 AR AL s TR B, R I e A g 5
HH(1.00%, V/V)BE D i) R 2 i [a] 0005 5 15
“U”JE, TIXFAT N 7E TR A 118 1 5 5% ) B Y sk
55, TE SV VEORG T 1), B D A 3 K A A R 1
Te WA 5 58 5 AT AR IR B TR BRI B, B
T AT NI 8] 43 B 0T B 00 9038 K 5 5 1R B A 3
YK i Dy Re A4k, S e BRI RS 1 T N R ik i 42
RGN P BB

MINFE &l o el (3,7-trimethylpurine-2,6-
dione){E IR 52 44 BEL 77 AN 42 B A i 28 R 0 0%
T, At S R P I RS e 25 . i
D] % i 5 M £ R ER AT N AR AT N AETE 3N, T3
e e ks O B e R 2 R 5 R B
£ £ R AT 9 S R R T K PRI 9T 3R B, b A

(100 mg/L)Ji/b Bt B A8 M 5 4R 20 s &, 190
FLRECAT Ny, 7 AL R B RN 2 TR £ 5% T
HE R+ R (100 mg/L+ 400 mg/L)H, A4-FEFR A2
U B FEAEAT N SN R A KT, AN 23 e apn v
DR 7= 2 (B AT R . SR 25 R R, Znt
DL 1 ()P 2R AT BRI AN (), Q28 s 2 S5 4 i v
R T 8 0 B 3 3 Y, TSR 259 77 R,
S BRE T #8132l 35 2 I A 1

MEEHY K R KW (Benzodia-
zepines, BZDs)FHifk $% I35 2 F- IS i) 71 (Se-
lective serotonin reuptake inhibitors, SSRIs)%5#7 £ f&
23R U B RN VKAT AL g Bh, i R A
Yif. SRR ERE R R O

KR AERLW): AE M AT AT
1, BZDs % #& fi] f RkAT A, U8 HAE B AT
Syt 247 M Tran " B SR, Mk
(Diazepam)XJ Bt 5 i vk A7 A B A MGIER, 25
VAR 12 RS VP ARG T A 5 P8 P o Bk 1 £ ) 5
HE FH, A7 A5 IS TR AROR I AR LA, 5 8 1 oy 8
ITNSHEER T MM EAERR FE . E7F
#r + % & (Oxytetracycline , OTC) % T i £ B
NEATL A, BF 50 I SRS PR 2 (Clonazepam, CZP,
0.006 mg/L)xf Bt 5 .47 52, 45 LW, OTCIBk
G CZPLH B By o 7E /K A4 b J2 15 B I ) 384 4, % B
CZPi¥%; T OTCHs FHIFEJEIEAT N AT N
W5t b & B, CZPY/>OTC(10 mg/L)2H B Ty £a 75 7
DX A5 B A T, B e N X A e . FR Ut IE B,
OTC 5 5 5t 1 1 (1) £ FEAEAT A AL 2 A AR 4k,
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PROGRESS ON NEUROBEHAVIORAL TOXICITY IN FISHES

LI Shu-Shen'?, ZHAO Zhi-Yuan'’, SUI Chang-Run'”, JI Mei-Xu'”, PANG Yue'”, LI Qing-Wei'” and LI Jun'”

(1. College of Life Science, Lamprey Research Center, Liaoning Normal University, Dalian 116081, China; 2. Collaborative
Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian 116034, China)

Abstract: Neurobehavioral toxicity is one of important research fields in neuroscience, neuropharmacology and neuro-
toxicology, which of growing importance for understanding the mechanisms of chemicals on nervous system and for
evaluating the quality of ecosystem. Possessing well-developed central nervous system, fish is extremely sensitive to
chemicals in the water environment, and the nervous system can produce a comprehensive and coordinated response to
various stimuli, which resulted in complex, well-characterized behaviors, including its swimming behaviors and social
behaviors. And fish behavior is now recognized as a complex, homologous to mammals, context specific, adaptive and
highly variable. A variety of behavioral tests have been developed to assess motor function, stress response, social be-
havior and learning/memory in fish. And behavior of fish can be measured to determine the functional impact of che-
micals. The elementary actions of a neurotoxicant can be followed in terms of disruptions of neural differentiation, prolife-
ration, migration, outgrowth, synapse formation, and circuit development. Fish has been widely used as a tool to detect
toxins in water samples and to investigate the mechanisms of action of environmental toxins and their related di-
seases in recent years. Fish offer many advantages that complement classic mammalian models for the study of normal
development as well as for neurobehavioral effects of exposure to chemicals. Fish provide a key intermediate model of
neurobehavioral toxicity between high throughput in vitro cell-based assays and the classic mammalian models as they
have the accessibility of in vitro models and the complex functional capabilities of mammalian models. The present art-
icle reviews recent research progress on neurobehavioral toxicology studies using fish as a model, and we present and
discuss the neurobehavioral toxicity of typical pollutants (microplastics and toxins absorbed to microplastics, organic
pollutants, ef al.) and drugs (alcohol, caffeine, benzodiazepines, selective serotonin reuptake inhibitors, et al.) on fish.
And future research directions are proposed. The article is expected to provide a reference for researchers in neuro-
behavioral toxicity and its application.
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