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FEE . S (ketamine, KET) 2 — BT #IE MW T, 8 1S €77 A2 3040 VT 45 B AU gk, KET B4 etk iz
R W AA 420 ng-L7', OV KEMFFR R KET XA REEFL e A RE M 231 (B KET X @280 ph 25tk
FOEAERLE W ANV, B HTATSE 2 0G0 KET XFdE e 4P N-H 5E-D-K [ 14 2 f2 (N-methyl-D-aspartate, NMDA)5Z (& 521, 3¢
2% 1§ 2 W ik (dopamine, DAY y-Z 5 T FR(GABA) F AU . BFSY KET X 5 B £ 4t A 400 bt 28 B S AR FAAILTH % 2
hpf (hours post-fertilization) i) 3 2 F IR i 43 R XoF BE AL AN 3 SR FE41(10,100 F11 000 ng-L™"), 34T KET X B IR fiG An4h (15
9 PRI LR A R S R R B S KBS, S5 10 ng- L' KET W FAK 7 dpf BE S .0 %(P<0.05), 4750 #T1
7R ,100 ng-L™' F1 1 000 ng-L™" KET & #4055 fa iR A & 152212 sh 4% (P<0.001), 1 000 ng-L™" KET %3 7} 27 hpf
BRE At X5 Al i 52 57 A RURRRR T 611G 48 hpf BE T £ (AR B (P<0.01),, 10 ng-L™' KET {2 2 R BE D fo e BMBRIR A N 1#4
filPE(P<0.05), 16 MUK AL 25 SR 68,1 000 ng- L™ KET & H4h BE T £ 44 £ 3 ROS PG5 551 ¥ (P<0.05), qPCR 4y
Brét 301,10 ng- L™ KET T8 2 L AZ AR SE I drd3 557K 100 ng- L™ KET b 38 P 1] 8 0 38 1 W 52 18 T B 6 A
kenj6 3K, 1 000 ng- L™ KET _FiH y-23E T R 42 R IEIN slc6al b F PN ) B a8 W 005 T 61 5 FE kenjs 5 57 KF-
ARG R KET #5200 DA F1 GABA 38 [ 5K b 5% W £ 41 047 R FpE G AH DGR IR % KO PP A i g st
KR SR 3 a2k O RE R
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Abstract ; Ketamine (KET) is a new psychoactive substance that can produce hallucinations, audiovisual separation
and euphoria. KET has been widely detected in surface water at concentrations up to 420 ng-L™'. Some studies
show that KET has strong neurotoxicity to human, rodents and other mammals, but the neurotoxicity of KET to
fish and its potential mechanism are not known. Current studies have focused more on the effect of KET on non-
competitive N-methyl-D-aspartate (NMDA) receptors, and less on the effects of dopamine (DA) and y-aminobutyr-
ic acid (GABA) pathways. To investigate the neurotoxicity of KET on zebrafish larvae and its mechanism, 2 hpf
(hours post-fertilization) zebrafish embryos were divided into control group and three KET groups (10, 100 and
1 000 ng-L™"). The effects of KET on the behavior, reactive oxygen species level and nerve-related gene transcrip-
tion of zebrafish embryos and larvae were analyzed. The results showed that 10 ng-L™" KET apparently reduced
the heart rate of 7 dpf zebrafish (P<0.05). Behavioral analysis revealed that 100 ng-L™" and 1 000 ng-L™" KET sig-
nificantly enhanced the frequency of spontaneous tail contraction in embryos (P<0.001). 1 000 ng-L™" KET signifi-
cantly elevated the sensitivity of touch response at 27 hpf zebrafish, while decreased the sensitivity at 48 hpf ze-
brafish (P<0.01). 10 ng-L™' KET obviously reduced the degree of thigmotaxis of zebrafish in dark (P<0.05). The
results of ROS showed that 1 000 ng-L™' KET markedly increased the ROS fluorescence signal intensity in the ab-
domen of zebrafish larvae (P<0.05). The qPCR data showed that 10 ng-L™" KET reduced the transcription of dopa-
mine receptor gene drd3, 100 ng-L ™" KET enhanced the transcription of potassium inwardly rectifying channel sub-
family J member 6 gene kcnj6, 1 000 ng-L~' KET increased the transcriptions of GABA transporter gene slc6alb
and potassium inwardly rectifying channel subfamily J member 5 gene kcnj5. The above results indicated that KET
could affect the behavior and the transcriptions of nerve-related genes of zebrafish larvae by affecting the DA and
GABA pathways, which resulted in neurotoxicity in fish.

Keywords: ketamine; zebrafish; neurotoxicity; cardiotoxicity

TR A 5 PE 9 5t (new psychoactive substances,
NPS)2 45 “ AR [ BRIl B — A 29) R i 24
WA Zy) g i, B BAT U W D 0F a] LG R A 3
R IXURS: RS M TG P B, MR A (2022 4 T 3 5
i) 7E 2009—2021 4E4IE], 134 A E K 10 5
[ 75 i ML SR 0] 8190 20 % (United Nations Office on
Drugs and Crime, UNODC)# % T 1 127 Fl NPS"!,
NPS 1B T AT 7= A Xy | FIRPORIE L) 450G G
P WS 5 2 38 il P 8 FIAE TS, 42 3K K NPS
FET B R 1Y = 8 B WA, 5K B (ketamine,
KET)jf & H i —Ffp LA ) NPS, KET 2 % B 2R
IE (phencyclidine, PCP)i7 A= 4, J&=AE 7a 4+ M N-H 3k
D- K[ 4 & Ji# (N-methyl-D-aspartate, NMDA )32 /&4
P, KET 1 1962 4F 15 K # 5 [& 4k 22 5 Calvin
Stevens 755256028 G MUT , B EATAH 24 /Y BRI AR
A—E R IERVER, Tz T AR R 22 1Y i K

JRAEFI®, [FIRE, KET X iR p 28 22 45 AT 2445 F1
T 7 R, e ok - B2 R 2R G A
VER, i % Fe i At 2 R G0 A M4 E AR, 2R
J& KET R A SLIVE, T LAk sh 0] R 52 44, fifi
Ja BT A LT AT 43 B JERORT TR PR JER T A 4 BR
R IRMET MR

F AN T R R B v A SRR e 591 1) R Al
F 7 KET w8 ANBERE A8 2 A0, KET 25 LABEA
P4 Wy as A i T2 20 48 R KGE BE TS K A B
7O HAETK 2805 KA BT X KET LB FRALT
50% " KA KET BoUEHE & W BE K fige Ak 9 e
fife 78 A SRR Y A AR R AR TG, S8 b
KT Z KB KET 78 i 96 /K F1 R K b A K Hy
KK ng L7 ~ g L7020 gl ep [ 4 A6 i R
R e B fe K 420 ng- L', A AL EE B HEOUR K ik
JEELZIRF T 10 pg- L7 B SRR oA w1
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W BT e Xt KA A W A 2 ARG 5 | S 4k 2 45 B
JZRTE, EEASE, KETO51 .9.5x10* 9.5%10° Al
9.5%10° ng-L™")Z: 55 7 W I i Fngh fa, S EORIR O
BREEAR, WA AER | 0 IR B TR 218 | 75 8% £ 4)) 1132
Bl Y- 35 B 7 A 2SR T B L £ RN 2L 3l ) 7 < A3
U 5 e g, B 5 L 22 30 e 7] s 5 4 A1
Bz shiE " B R B KET X285 A
KA,

G AT 5T R BV KET 288K A4
Yo SRR LR REHEEDT A
PEUSIZE B, KET X AR 3 55 40 /17 R AT 7
HHIFIEAY 2 FAON 2% 10° ng- L™ KET M58 1 BE 5
R F AL A B T, S e 3 IR 2 2 A4
ghdy IR HEE 34T R ;2%107 ng- L' KET 5425
FEBE A0 R A0 5, nrla FEDH B VR HLAAGHE i QR
98 NMDA SZ KRRk | iof B2 G NMDA 32 {438 &
FEOBE 077 A A RO, 7E NMDA Z Ak i5
(%) 24 hpfH)Hj,KET(2x10° 4x10° Fl1 8x10° ng-L™")
FRFRBE A0 RN 20 min J5 , ATE DR A T34
FEEIE EFE, A, KET(50 ~2.5%10° ng -
L) Al i 18 i 22 2L e 0 A 2 e g 1) 5 i A T 44
TIN5 T BoFE £ L %) B 1 R s gh Y ik SR B
KET 1] BE52 0 22 15 Jie LA e Ho Al ol 28 30 o6 5 350 o
235, ZE R (dopamine, DA) I y-2 3t T 2 (GA-
BA)ABETE X 28 Rk 1) S 22 i, B 5 p
WA 2 RGE 55 5 &L 8 iz 3 550t
i, BRI H AT IR IR K OF KET Xtk A 49
S 1A 28 BEPE RN R R A R Bl 2 M ASON (1 B
o FHLfIaE R 3D . itk — 0 W] KET 1Y 8 1
YERIBL , AR R AT R 2 A AR bR L S R ]
AN IR T BT AR ZS B 7 1% IRHMIRVR BE KET X
BE I £ )y £ 0 B PR AL

1 ##57% (Materials and methods)
L1 s R R
1101 SEEH

AN W £R 2+ (4 X b C,H,CINO - HCI,
CAS 5 1867-66-9, 4l ¥ =99.5%), I A |1 i B bx
YR ATBR S wl S R E6 2 £ B v T 0 A
Ak W 1 mg-mL IR T =20 CUKAH
#H.

RNAiso Plus, HiScript® Il RT SuperMix for
qPCR (+gDNA wiper) 2 % 5517 #1 ChamQ Univer-

sal SYBR qPCR Master Mix #¢ 6% i PCR {5 4
TR i MERE A R e A IR A R AR AT -20
CIUKFE. HEHEGIYFIE A A TAY TR (R K
A BRAH

FRAE 1SO 7346/3 At e il I i 11 (294.0 mg -
L™ CaCl,-2H,0,123.3 mg-L™' MgSO, -7H,0,63.0
mg-L™' NaHCO,,5.5 mg-L™" KCl), B &% 1 : 4
BRI IR R S5, pH 7.8+0.2 3873 24 h LA L,
HERPKIRQ7£1) °C,
1.1.2 FELE

SEHY ¢ % % 1 PCR 1Y (ABI, QuantStudio™ 7
Flex System, 3% [#), & ii PCR {¥ (Bio-Rad /A A,
T100™ Thermal Cycler, 3% [), S2 5 % #E AL VK | IK AL
(FA T, SIM-F140AY65-PC, H A%) K I &5 .0 HL(IL 78
2 B /R %R Microfuge 20R , ¢ [/, (AW 38 A= ) . 1
BR(HAF6, SZ780, H ), A W i B (JE BE, Ni-
kon Eclipse 50i, H 4%), Bt 5 fa 17 4 53 M 72 4t (View-
Point Life Sciences, Zebralab , 5 [, # = 50 AH (013 /
= PUGAT B TE U (Waters , XEVO TQ-S, 3E ),
1.2 LR shy) K omrdl

AB i Z2 W A B R A BE L 1 ( Danio rerio) R V5T
M —RREE R A R A R, IE ST, B
ERE SRR RGP 2 DER 2 A, W
FRIIE], B 7 Rfe— 00K, giF5KIRQT 1) °C K&
IR T 80% ,pH ZEHFAE 7 ~ 8, IR mg A 1 ok
14 h : 10 hOBRE = JBRE), B R RHE IR EAR IR 5
T 0 FH ) R B S vk 2 BRAS IR B4 22 T )
R, F RO HLIE Y KET AHC IR MR ™ ik
BAEFEUE 10,100 F11 000 ng-L™" . B IEH KEH
ARG Ay B 4 41, 055 X BE 4L 3 AR R ik KET
W, BHE 4 FAT, BT 300 BURIG (RN n=4,
31 200 FRAG), 2 85 I AR BE S IR IG 2K S 2
hpf (hours post-fertilization) 4 , 7£ 7 dpf (days post-
fertilization )+ £
1.3 {2

S R RV KET B9S2 bR P Y vk i | 16 2%
FE o 5 RIS X REAFAT R b 1 W AT A2 40
Mro 24 h HH— R BRI, 7E 24 h(/KADATO h
(HeKJ5)2 A BF ]S, ABREAS T T B R a0 i i 4
500 mL ZFEW, B 4 NMEY VAT IR A
ASEATH KET 43 BIAEIX 2 AN 18] 500 52 bR BT oR
H R ER AN KET 2R Bt i i P avk B L3k
7N BE £ 4 £ 1) SR R BR TR
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1.4 —BFHERR

R B ARG 53 i B 95 T RR A 2 LT G
BRI BERe b 7 2 hpf BT IR 258, 70 BIAE 12
24 48 .60 .72 .84 .96 hpf 1 7 dpf ic st b AR
YR WAL EORBET 4L, Ge TR % 24 hpf 1%
53R 7 dpf FET=, 7E 7 dpf B, WEEAS-A7 Bl
ML 12 50 94 i (n=4 , 3 48 Z4h1), 3%
FA L2 4 2R [, O ) 7 A 8 BB T 4% 30
s, GO R AKX smin ™),
1.5 A7 R0

TTARESE RS RGN AT BEMIE,
FERSE KET X8 (2 RG0K B B0, %20
OB RN S B B L £0 IR iR A 0 AT o, RS
H kAR5 Sl S, B K Iz sh A fb ko
Mr , IR 8] 48— 7 9:00—15:00 [A] 37847,
1.5.1 HAEREBEREZHr

£ 24 hpf, WEEAPATHEA h BEALIE X 30 iR
G(n=4,3t 120 FRIR), A %A FH N TR BE 2% 55 W
(1) 24 FLA A A FLA  ZE AR BB T S5 1 min,
R SRAZIC % 1 min PIRIG IR R RER, Giit A &2
AKX +min "),
1.5.2  flilf =2 7 43 A

o1 7 24 hpf BED [ k42 R 18 sh T e R 1T,
AN FL A il i 396 398 52 W 8 7, 177 27 hpf B & 45
iz 3 O 45 HIF iR vk GR LM fl il ik i%) .48 hpf
A2 KA T R aE 120 Bk B 7E 27 hpf Al
48 hpf PEA7 Al s B K, 7E 27 hpf F1 48 hpf, 53
HNEA AT Rt h BEALEHL 15 Bi(n=4, 3t 60 i

WA IE 3 & B IIEIE S 24 FLHR B 1L JH 0.1
g-mL ™ BER R N E A TRTE S IR T8 IKEREE 30
min, DL R OIS, 5 A Jo N &) 0 B VR I B
Wb, DRSS FH A ) B O B A Al Al 0 5 £ 3635 10
U, A UK S L 8] B 10 s, [ Bk 7 A A el Bl e T s 1%,
R SRS XoF 5 UK M Bilf s B 5 00 ) A7 R B 1o 4R A7 0F
gy FRIEBE D 10 K I B SRR A AN TR, 7€ 27 hpf
F148 hpf 73 5I6E fil Al Sz 7 #E473F43 ., 7E 27 hpf, &
UK il BXE 2 £ Sk BN, 2 B A B 4 3 KOS B R
140 K RS 28 RN i 0.5 43, TRV id A
0 73, BEACALAE 10 YA 25 oI5 A5 20 M ic o fi il
1955, e K45 43 4 10 43P, 7 48 hpf, BE D4 25 F
JR SIS B A AR 52 B, G R R 30 A2 45 11 i
TRAT RO B 56t kAl B2 7 B4 T A v B R e
W1 FRP,
1.5.3  ffvkizshsrdr

7E 6 dpf M - 8 55, NEEASFA T hebf v Bl B2 Y
12 &4t (n=4 , 3L 48 541 0) B EAT AH I TR B 1 T
(1) 24 FLAL T, REFL— % 4l o 13 IO L AR FR 855
F 7 dpf § I 9 £ I b AT U vk 2 s AT A i,
PES A1 2 0 1 5o AE ZebraLab £ 48 1 3& i/ 5 min 1
MRS 2 5 7E 10 min YG RN 10 min BB 51
T W H Rk B s AT R, (B AT R A A
RGN HIE SRR A4 B4 Bh 5932 B B G2 3
IR 2 Iz 2l R 22 i 1)), B S A ] Excel 37—
o B fa 4yt [ fR UK S B AT R, AL AR BT

Vs gyl R 55 AF T s sh DG A T s
B,

F1 bl RS R AE

Table 1

Touch reaction scoring criteria

1THh

Behavior

Pixid

Score

N2 3]
Fish do not move

£ JH e B2 [ ol (LA 9 3

Fish flick the tail in response to touch, but do not swim

8 R P2 IS A Y Dk S A

Fish slowly respond to touch, and swim a shorter distance
A X R ) 52 T, 045 4 I i K 2K 2K T )
Fish rapidly respond to touch, including prolonged and disoriented swimming
A TR 8 A AL, B LA P B L AR R BAL A 55— i

Fish rapidly swim away from the source of the touch, and move across the length of the well
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15 6 dpf W [ 8 s, NEEAFATHE s Hh Bl B3 H
12 541l (n=4 3k 48 Z54))0) S| AT HH N vk BV T
) 24 FLARH, REFL— S5, i EE N FLAROABE , F 7
dpf F I 9 St # AT b e T Ak, B H 0 %)
10 SE7E ZebraLab R4 i 5 min A J& IG5
ZJE BB XIS AR Y, 76 10 min YGREAT 10
min RS T R4E 20 min B4 B sh g, fi
FHBE L 047 R 53 RGEMUER T i sk B 2 4 £ g 43
B2 shEE | FL3G Az shilh B8 Mz shipseista) | py JE
1B S M s SRR LI ] B S fd ] Excel 3R
— AT By £ 4y £ A SR vh Y as e | AR Ak
P iz 3l SRR RE B, DL RIS S RS A1
2 Bl A )RR R 5, e DL AR R SRR A ) A 4 L
JFE bR ARAE Ll AR
1.6 KEN4ML T /K

TE 7 dpf i YR R S5 wg-mL ™" A I BEAS %
TR Bt 4y AT Y 0 43 AT 4 i R 20 B R
T, IWEASPATEEA T BEPLIEHL 5 4540 fi(n=4,
20 FEAh 0N 24 LA, BEAL S A WY RERE YL
IR YRR, B AEfLAR HREDEIF & 40 min J5 H
BEE RGBS FRMOEVE S IR, Bl TR fef FH AE B ¢
TR A HE 2 G EE, H Tmage T A% 40 £ 3k
BRH LR BT R AT
1.7 4hfafA Py i 4 0K (reactive oxygen species,
ROS)

77 dpf B, IR R 20 wg-mL ™' 27,7 -
TR E T LR TE (DCFH-DA ) 41 il & 5 5 £4
RN ROS 7= MG, INBEAFAT A rh Bl
MLEEHL 5 &4 fi(n=4, 3L 20 4 fa) A & A
DCFH-DA Y 24 fLAR 4 £ e L AR Hh ok 't i
B 40 min J5 FHHT B 0 RGBS SR WG U8 5 I, S
T IE B 5O WG iR 9L E 5, FH Image T
B A 4y £ E R B A T Ak AT
1.8  ZOtE i PCR A 4T

17 dpf, NP ATBe bR rh BE AL B 40 5540
fi(n=4,3% 160 Z5& )% 1.5 mL BE.OEH,INA 1
mL RNA Later {#4F , i F Trizol ¥4 BB 5 £ 4)) 11
A RNA, Bl J5 FH i 4% 8 0 22 { Nano-200 4360
FETHIE RNA # i B9 B2 S AE 260 nm 5 280 nm
LB A, OD,, /OD,,, B HLIHEBAE 1.8 ~2.1 Z
6], VW] RNA Ji i 5 hf . MR 4% HiScript® II RT Su-
perMix for qPCR(+gDNA wiper) &2 % 55 1 7] & 15 HH

P BN E AT UG )5 iU cDNA |, #I 1] qRT-PCR
Ty A 22 S 3R HE TR JHE S I AR 28 R g R I 2
% ChamQ Universal SYBR qPCR Master Mix ¢ (i€
it PCROAF & Ui W5, B 282 7 PCR AUA
H A PR 20k 5, H A% 28 R AL 45 2 0 i i % v
lg AR AL BE R A th (tyrosine hydroxylase) 2 [ i
RIFHEIA dde (dopa decarboxylase) . %5 [ i 32 /A 5k
drdla (dopamine receptor Dla), drd?a (dopamine re-
ceptor D2a), drd?2b (dopamine receptor D2b). drd3
(dopamine receptor D3). drd4a (dopamine receptor
D4a));y-2d 5t T 12 3 % th A 2 TR AR Tl 1a Kk
gadl a (glutamate decarboxylase 1a).y-Z 3k T k¥4 iz
FEH 1 3£ slc6alb (solute carrier family 6 member
1b) y-R It TR 81 2 FEH slc6al3 (solute car-
rier family 6 member 13) & B 'E I 2 8 8 1 3
slc6a2 (solute carrier family 6 member 2) ., % [ i
i HFEA sic6a3 (solute carrier family 6 member
3) AR A e S A GABA T R I
ARG 12 1% 2 2R 5L slel2a2 (solute carri-
er family 12 member 2) # %t GABA fef5 514 S
(7 T AR SR 12 1L5E Sb B AL slel2a5b (sol-
ute carrier family 12 member 5b) B P4 ] 2 it i i 3V
FiE T W E 3N kenjS | kenj6 | kenj9 ., kenjl9b
(potassium inwardly rectifying channel subfamily J
member 5/6/9/19b), B T S AR A C A 519,
B G A A T AR TR (i) ey A PR W)
Wit A& A, i#id Primer-BLAST (http://www.ncbi.
nlm.nih.gov/tools/primer-blast/) & M 5| ) 45 5 1. 8-
actin 1pl13a 1 efl-a J A SCI N S FE R R H
2788 ORI S R B4 A E Y S R A T 2k
i, qPCR il iy 5L K 4 PR sk 5 5151 9
WP Y B ROR IR 2 R
1.9 St

fdi /1 SPSS 25 Ge it #1443 #r 5% 5 £ 4 , Origin
2021 B AT B S0 R s 1 LAF B E + bR i 22
(Mean + SEM) % 7~ , Kolmogorov-Simirnov #1 Lev-
ene’ s K2 FH X B9 1) 1F 285 0 A0 T 25 55 R Y
Mo BAPd & J5 2243 HF (One-way ANOVA)H1#Y LSD
2 A T o M % B 20 55 %) R 20 2 R] 1 k2 1 2
5, B EMKEEIR A P<0.05 ,P<0.01 Fil P<0.001,

2  Z55 (Results)
2.1 KET SZFre &
KET %8255 5 KAE T, F1 T,, A [a] 25 i kG )
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F2 ELHWNEE PCRIIMFT
Table 2 Sequences of primers used for qPCR

P IEHE Y%
H A5 kT BIHFHIG ~37) P fop e
) . Amplification
Target gene Accession No. Primer sequences (5’ ~37) Product length/bp )
efficiency/%
F: AGCGAGCAGATCGTGTTTGA
th NM 131149.1 178 97.596
- R: CCTCCAAGCCATCCTTTGGT
F: CTCCAAGCCTACATCCGCAAGC
dde NM 213342.1 112 106.387
- R: AGCAGACGAGACCCATCACCAC
F: CGCCAAGATCCGCCATGATAGC
drdla XM _021472789.1 145 90.058
R: AAAGGGCAACCAGCAGCACAC
F: TGCTCTCTGTGTGATTGCGA
drd2a XM 0092916173 151 106 43
R: GCATGTGCGTTTGGTGTTGA
F: TGTGGGGATGGAAATGGTGG
drd2b XM _021476029.1 134 106.322
- R: TGGACTGATATTCGGCGTGG
F: CCAAGGCAGTGGCAAAGTTC
drd3 XM _021470111.1 140 116.003
- R: GGATCACCTGCTCCTTGCTT
F: CTCTGCGCCATCAGCATAGA
drd4a NM _001012616.3 162 106307
R: GTTGGGGACGTTGTTGATGC
F: TCTTCGACTATTACTCTGCCAGC
slc6al b NM_001007362.1 125 91.665
R: ATATCCGATCATCTCCTCCAGGT
F: TCAATGGCACCGTCTTGGGT
slc6a2 XM 0093033502 92 91429
- R: ACTATGCAGCACTCCACGCT
F: AGACATCTGGGAAGGTGGTG
slc6a3 NM _131755.1 151 107.017
- R: ACCTGAGCATCATACAGGCG
F: TTGCTGGGCCTTGACAGTGA
slc6al3 XM _ 005166019 4 176 110.392
- R: AAGACATACAGGCCGCCCTC
F: CAGGCCACAGTGTCTGGTGA
slc12a2 XM 021479152.1 112 98.772
- R: GCGCACATGCCCACATAACA
F: TTGAGGAGGAGATGGACACTAGT
slci2a5b XM _009304148.3 200 93.153
R: CACCCCAAGGATGTTTTGAAGAC
) F: GATGTTCAGGGTGGGCGACTTG
kenjs XM _695527.8 78 106917
R: TGCTGCGAGCGGATGAGTTTG
) F: ACAGACCAAGGAGGGCGAGTTC
kcenj6 XM_005172575 4 98 102.131
R: TGAGCGGAGACACCAGGAAGAG
F: AATGTGCAGCACGGCAACAT
kenj9 XM _009298868.3 87 110.266
R: AGAGCAGCGCCAGTTCAGAT
F: CGCTGTTGGGCTCCATCGTG
kenj19b XM_001340292.7 105 110.874
R: CTGCGTCCTGGCTGAACATGAG
F: TTCCTCAAACTACGACTGGAGTG
gadla XM_002663304.5 161 103.832
R: TGTCCCGGGTTAAAATACTCCTG
F: TCTGGCATCACACCTTCTACAAT
B-actin!"”] AF057040.1 93 97
R: TGTTGGCTTTGGGATTCAGG
F: CCCTTCCCGTGGATCATATC
1pll 31" NM 212784.1 208 96
R: TTTGCGTGTGGGTTTCAGAC
F: GAGGAAATCACCAAGGAAGTCA
efl-al"! BC064291.1 147 96

R: AATCTTCCATCCCTTGAACCAG
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R ERWE 1 IR BEEF, =1.000, P,>0.05; F,
=1.100, P,>0.05; F,=2.074, P,>0.05; F, =4.746, P,
>0.05; F,=2.087, P,>0.05) JRIFE#(F=1699, P>0.05).

SURRER (KET) &= E5t 5 & ARRR/ 4 S SL30 oh & SOR BN ST K B

Table 3 Nominal and measured concentrations of ketamine (KET) in the zebrafish embryo/larvae exposure

%4 S E (ng- L")

SR FE (ng - L")

Measured concentration/(ng-L™")

Nominal concentration/(ng-L™")

T, Ty ¥I{E Average
10 7.15 8.53 7.84
100 76.73 82.25 7949
1 000 726.55 787.67 757.11

LT, M T, FonBFENHEO h A124 hy, SEIk ORI E(n=4),

Note: T;, and T,, represent exposure time (0 h and 24 h), and measured concentrations are given as mean (n=4 replicates).
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Fig. 1

Hatching rate (a), survival rate (b), mortality rate (c) and heart rate (d) of zebrafish larvae

Note: Compared with control group, * P<0.05.
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WETHR(F=2.514, P>0.05) L E MG #2E5, 10
ng-L™" KET &K T 7 dpf 0>3F(F=1416, P=0.034),
2.3 KET X} Bt fa ) fa 47 ok 11 5
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ANEMRE KET @ AR 7E 24 hpf J5 19 H &
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BIE DG A K ERIE 8,
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_{

24 hpf spontaneous tail contraction

ikl
Group
B2 pEDfEBRR 24 hpf B RBREED
T X HRAL AR, * * * P<0.001,
Fig. 2 Spontaneous tail contraction of zebrafish
embryos at 24 hpf
Note: Compared with control group, * * * P<0.001.

2.3.2  KET Z& 58X 4y fil il 521 19 5% 1

AR B KET %85 40 %)) #0535 78 27 hpf 1 48
hpf SEAT A S B3, &5 R an il 3 R, 50 R
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0T Rl S 7 H A A3 380, X Al sz g B REURR (F=
8.990,P =0.005); M 7E 48 hpf,1 000 ng-L™' KET 41
() EE £ %) 0 A Sl il S 17 A543 BTG, X6 il 2 vz
UL BE IR (F=6.035, P=0.008), Fifi %5 % &% I [f]
Hahn , KET % 88 BOR R 09 fil il 52 1
2.3.3  KET ZEXT 4 H HRliFikis shif s m

AIRIHe R KET Z2 884 4h e 7 dpf 4716 4
PFRET ATk sl A vk 23 B, 245 5 an
4 Fii7R . S RELLAR E AN [R] R 5 2 5 4 &) fa iUk
BT & G 22 5 (P>0.05), {HIE, 5XFIRZE
L ZESRS S04 5,10 ng- L™ KET 44 ff 75 51 Pl
15 B B IE] 7 43 U AR (F=2 436, P=0.015), [a] it 4 £
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B3 B &%) 27 hpf F148 hpf fibfii ;2 5745 R
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Fig. 3 Results of contact reaction at 27 hpf and 48 hpf
in zebrafish larvae

Note: Compared with control group, * * P<0.01.
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FEFHAGI AR, SXRAMLIL, dde 15 100
ng-L™' KET 4 b (F=2.251, P=0.010), drd3 7E 10
ng-L7" fl1 100 ng-L™" KET 4 FIH(F=12.610, P, <
0.001, P,=0.032), slc6alb ¥ 1 000 ng-L™' KET 21 |-
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Fig. 4 Changes of swimming speed (a) and thigmotactic analysis (b), (c) of zebrafish larvae under light and dark conditions

Note: Compared with control group, * P<0.05.
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Fig. 5 Effect of KET on apoptosis of brain cells in zebrafish larvae
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Fig. 6 Effect of KET on ROS in zebrafish larvae abdomen
Note: Compared with control group, * P<0.05.
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Fig. 7 Expression of nerve related genes in zebrafish larvae
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