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Abstract: Paracetamol (N-acetyl-p-aminophenol, APAP) is a common antipyretic analgesic that is often used to
treat colds, fever and arthralgia. Due to its widespread application, paracetamol is widely present in the environ-
ment, with detection concentrations ranging from ng-L™" to pug-L™"' levels in surface water and groundwater. Parac-
etamol cannot be completely removed by conventional water treatment processes, and it’ s hard to degrade in the

natural environment. Therefore, the potential threat of paracetamol to human health and water ecological safety has
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raised concerns. In this study, we comprehensively evaluated the ecological toxicity of paracetamol by combining
the zebrafish embryotoxicity experiment and the locomotion activity assay of zebrafish larvae. The results demon-
strated that environmental relevant low concentration levels of paracetamol (5 ~100 pg-L™") showed no obvious a-
cute toxicity (death, hatching, etc.) to zebrafish and sub-lethal effect of abnormal embryonic development. With the
increasing of paracetamol exposure concentration (>200 wg-L™"), the mortality of zebrafish increased slightly. In
addition, indicators of zebrafish motor behavior showed good sensitivity to paracetamol exposure. The minimum
concentration of paracetamol exposure (5 pg-L™") could make zebrafish larvae a significant decrease in the swim-
ming distance and a change in their clockwise and counterclockwise turning patterns. What’ s more, compared to
the blank control group, each paracetamol exposed group (5 pg-L™ ~5 mg-L™") showed varying degrees of motor
inhibition distance and steering effects, and the degree of motor inhibition of zebrafish larvae increased with the in-
creasing of paracetamol exposure time. The results above indicated that neurotoxic indicators related to the behav-
ioral effects may be more sensitive to paracetamol. Future research should strengthen behavioral related indicators

and explore the underlying mechanisms of neurotoxicity, so that the ecological risks of paracetamol can be compre-

hensively evaluated.

Keywords: paracetamol; zebrafish; embryonic development; motor behavior
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maceuticals and personal care products, PPCPs)2Z —,
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1 ## 57 % (Materials and methods)
1.1 AR5

FEAL S - BE D 10 FR G AR A & 48 (% A=, ESEN-
AW-S1, H ) ; MGC-100 6 8 15 5548 (— 16, HP )
SZX16 &4 455 (Olympus, H A%); B & 11 05 5 & (%
He oD 24 fL AT 96 L A (Corning, 3 [H); Ze-
brabox(ViewPoint Life Science,ZebraBox Revolution,
1210 5 e e ROBORH (0,135 - R R 5 3 (UPLC-MS/MS) &
4 (Waters , Impact Il , 3¢ [&): ACQUITY UPLC &4t
FCA R AL A ShEERE RS | —Jo ] BEH C ¥
A TEFE(150 mmx2.1 mm, 1.7 wm, Waters, 3¢ [#);
Xevo TQ MS Jiiik 2 4tk — T DU FT, Bid A HL i 55
& FIR(ESD),

FZ ) . Fh OB (paracetamol, 99.9% ; Dr.
Ehrenstorfer , 72[); — H JL LA (DMSO, G.R., 99%;
Sigma-Aldrich, 5% [H);10% Hank’ s ¥ :0.137 mol -
L™ NaCl, 5.4 mmol - L™" KCI, 0.25 mmol - L™
Na,HPO, ,0.44 mmol - L' KH,PO,, 1.3 mmol - L™
CaCl,, 1.0 mmol - L™ Mg,S0O,,4.2 mmol - L™ NaH-
CO, ; Milli-Q 7K (Merck Millipore , &%),

1.2 SExbR

PFA= Y Tubingen ¥ Lt ( Danio rerio) [l 35 7€ £
PG R G rh, [HIR 28.5 °C, B H [ & % I8 A ]
14 h, SREGIFE] 10 h, P A MR FARIR 1 0, K5
S m LAMEREL 12 2 B FE &, K HIFLT
1 h JE R IE A Milli-Q 7K i BEBE 55 fa IR JiG , WG 7E
285 CHYMHIRIGFRA H I F & .

1.3 Sk
1.3.1 JRfia#EE

T it T 5T A AAE R B o S B
W, Tt 10% Hanks W% 200 B il £ 5% 05 W,
BFEWHPE NN S pg-L™"' 50 pg-L™" 100 pg-
L™ 200 pg-L™" 500 pg-L' .1 mg-L™" 2.5 mg-L™",
5mg-L7", T4 CW I ; 5 55 7 e B R UPLC-
MS/MS il X BEZH 757 0 0.1% — F B WP B 5
10% Hank’ s IRAIER .

TERLES TP Z K J5 6 h(6 hpf)#Y IE # B
A JRJG T RO B3R b 3647 IR iR 22 5% | 4 5 37 1L

' 60 ~ 100 MU FN 16 mL FIHE R B 529
AREER N E R R R 3 K, R
50% MR, L T- IR IR el gh e Bk ik . R R
WA K 2GR 14 h BBE 10 h, iR J¥ 28.5
C., WHRGERSE 5 dpf, 55 24 h WELC R KD
o RGP LB

1.3.2 B

htniz s A e SRR ALiE 3 (i F Zebrabox
(AT R i S8 R G ok S8R, Jor 4 A R J2& Video
Track for Zebrafish Software Version 3.5, it A&
SEUF FUKRE S IR W R4l RS i3t A Zebrabox | A
TEBIE S50 FaE M 10 min, FEAZEZ5 TR 10 min
FIZAIE 10 min 2c0F A9 RIDGRIEL, 347 2 A 13
40 min P97 A2t B IC SR BIRE F 1 min, J5UAR
/MBI 1 s,

BT RS HTINR T 2 RS [F2EI (A 7 R &
MBI B AL AT DS T BE S £ AE F AR
R N5 ~7 dpf (Wiz sl i & 5% 3y [ RS f ik
¥, BE T N SEe i 96 FLAR, BEAL 1 A4l fafn
200 WL BEEW , FAHE A % 24 FAT BTN
SEAEFH 24 FLAR, 45T BE I A0 4 fi 0 K R AR AR S
[, A G PRl s i el AR ke b ok e AT oh AL 1 A%
a1 mL BRI, BN RIEAE 6 A FAT, 1T
Shy S5 1A ) B £ 4 £ — ELAR TR AE 96 (5% 24)FLAR
WL gh T IEE G 14 h JBRE 10 h,iRE 285 C, A
AL R R
1.4 BdEintr

YER % H Origin 7.5 %4, B4R 5511 % H
Graphpad Prism 7 %K 4 ¥ [H & 5 22 43 M7 (one-way
ANOVA) A5 45 1k B 20 5 % B4l 2 8] 1) 22 57, 45
P<0.05, M HBA BEEES

2 458 (Results)
2.1 MR T BE D A A IR R

ARSI AL S BT T £ IR i 24 hpf BT .72 hpf
§8E4k 96 hpf Ly N 96 hpf FFHEZ5Hh 4 2Rk
205, % 96 hpf L ELHERT A 96 hpf HAEZS M 5 F- K
96 hpf K BIEASH , WY, MR LR, —
PO S B LRI AR, — ek
ARy 8 il 1717 5 — S BE £ D) [ Bk e B 2 A
TRIR(E 1),

BEIh f [RG5S R0 45 (R D R, B S ik
BT BEAL R IE 25 5 1 $0OEL e 2 58 vk 1 T I
IR S R, AEXT F 2= A X B4 (24 h JET- R
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233%), TESRER U EE =200 gL'} ,24 h JET- R %%
R T 5(27.0% ~35.1% ,B% 500 wg-L™"), HXT
T3 F4H 100% A9 Ak % 4% 28 % Tk i S5 40 2 1y
LAY R F(90.0% ~982% ,Hod 1 mg-L™' 125
mg-L7'h 90.0% ), 2% Uk E LI 4 B R (K B IE
BFE A ) WS LTI R 1.11% ; 585
HVEH 1.56% ~5.49%), BAEKE, IR THES
SRR T = VR B 2R R A (W =200 pg- LT
SRR, R B A T A F AR R 2 ng - LT EIMIK
pg - L7 LS BRSO BiE ) £ B8 R0N A
KB LA,
2.2 FNREE B R 0 BE L i s TR RN R
2.2.1 BshiiE

T S 3SR il 0T L 5 B ) £ &)y £ 1) i o
1,43 10 min 231 S EEE K 2 Frs, 88t 5
B 45 0 o < B 0 4y £ 7E B IS B TS ER
FINARE IR R R AR ] T B T £ 4 32 SRR
JCHETE RS I, B A AR 2 6 I JR] A 4
i, B T £ iz S0 )RR R N D4 A ol R R

Fig. 1

Note: (a)Spinal curvature; (b) Pericardial cyst; (c) Simultaneous occurrence of spinal curvature and pericardial cyst.

WS PN 7 dpf BEh 10 ) RS shlE B35/ T 5 dpf
F16 dpf, ENAHEE T 5 dpf #1 6 dpf,7 dpf Bt & £a %))
MAIZSNEE I TR, £ %55 dpf.6 dpf A1 7 dpf B
D gt BT fe TR 10 min (8% H0 3806 ik B 1)
AR A R, T AT S 5 A8 5 110 HL At %% 552 21 75 B
EIR RN 5 pg- L7 B C 2RIk 1
E B
2.2.2 Ehtih

FINA R R 0T BXE Tt Ay £ B e A7 R S A R
SR 25 2B B A0 1Y) 2 [ L 50 8 0 Oy L) 4 < 36
A, BV IE TR TR 1) B o B A B R YR RO %2
TEF &, F AR IR 2 88 ol AR T B LD A &)y £ R I
A I ) R | A R 4 B £ &)y £ 22 B0 R I A
Bt 1) BELESCR T 308 B A (B0 B8R ), B et 7 SR 1%
el BRFRALG pe-L). HLAh MR R T
B th 4yt e 1a e 7, Bl A 2 S B ] A3 , B
oyt e 1) PR RO B R R, MIAST S dpf,6 dpf
B f 4 1) 3 1) PBLBIOF- 2 F [ 50% ,7 dpf BE LS
i gy i 1) ] FEVBCOTF- 24 T R 70%

(b)
1 96 hpf X5 REHRSE
TE () AR (b) OB 5 (o) AR th 0O 22 R 1 B

Effects of paracetamol on zebrafish embryo development after 96 h of exposure

x1 HABRBNRISERBNEERSEME

Table 1 Effects of paracetamol on zebrafish embryo development
TR E 24 h BET2%/% 72 h LR /% 96 h & H 7 A 7 /%
Exposure concertation 24 h mortality rate/% 72 h hatchability/% 96 h dysplasia percentage/%

25 4 Control 233 100 1.11
5 pg-L! 234 98.0 3.80
50 pg-L7! 273 92.5 227
100 pwg-L7! 18.7 96.1 156
200 pg-L7! 30.1 96.3 482
500 pg-L™! 23.7 95.6 323
1 mg-L™! 27.0 90.0 549
2.5 mg-L™! 35.1 90.0 465
5 mg-L™! 284 982 375
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@ o
120F 2 5 peL
L] 50 pgL
b X 100 pgL
[ 200 gLt
100} ] 500 gL
| I mgL™!
2.5mgL"!
B smg1L

=

[*2
(=
T

H % /cm
Distance/cm
[
(=)

40,
20r| 1 %
g 8
LAY 8
20
S E] min
Exposure time/min
(b) [ 0
120 | 245 pgL!
[L]50 pg L
I B<100 pg L
[_]200 ugL”!
100 - @500 ug- 1
| [ J1mgL”
E 25mgL?!
80 |- 5 mgL!

P /ecm
Distance/cm
D
f==]

40
20
0 20
ST min
Exposure time/min
(¢) 120 o
A5 peL?
Lo Js50pgL
P 100 pgLt
1001 [~ 200 pg-L~
1500 pg-L
[ limgL?
E 125mgL
80 B 5 mg.L—l
g }
g9 %
o
g O [
3z
=)
401
201
0 30
Zk & T[] /min

Exposure time/min

2 HAREWBD &L &S EEE R0
H:(a) 5 dpf BEDh a4l ;(b) 6 dpf BEDh %y fh;(c) 7 dpf BED % fi s * P<0.05,** P<O.01,*** P<0.001 ,* * * * P<0.0001 ,
Fig. 2 The effects of paracetamol on the movement distance of zebrafish larvae
Note: (a) 5 dpf zebrafish larvae; (b) 6 dpf zebrafish larvae; (c) 7 dpf zebrafish larvae; * represents P<0.05,

* * represents P<0.01, * * * represents P<0.001, * * * * represents P<0.0001.
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{a PRI £0.4)) 0 76 1E 5 47 i, R Bl %
RIS, B B AR AR BN 5 223 B AR o S
SO 23 BRI ) . AT B faf Tk
FAIE[-10,10]E XA TCH: 11, [10,901F1[-90,- 1015
S — L 6] (90,180 11— 180,90 15E S Ay il 54 A4
By, BRI SCIRZE R BN R PR B R S
A B T 0 7 [ AR (E S B0 2 B £ 5 s (o R AL
()7t 1) 1 B A A J LT — 350, B — MR ) OB 22
SR TCH ], RO e 1 v g e b

FINREL IR AN [ e 2 R A X kT £ &0y £ 5 [ £
JERISE M GET T4 R IR 2, X T Jok ) Fl— e AU
[r], AR 2 0 11 B e Bl 32 T vy 7 2R 1 -2
PEAH]  AEBARH FERTGS ~50 wg L"), FMAETR &
PO XE £ 4 £ 9% 7 ] 5 Bt AR R 2 B VAR R 1

JN00 ~500 pg-L™"), BELh fa 57 $h PR B B, 21
PRI 1) IR 5 S ISR 2 9 Ve 448 o 3810 265 v i Ao
(1 ~5 mg-L™"), BEh 32 F R B s R0 s2 e, 7
UCH BUEE a4l o XTI A ] | v FEF MR R
FRER 525 PO HEAR EL , 24 S U T 4 o B 3

3 112 ( Discussion)

AR P BE 5 1 G B 1R o AT 548 s AT AL
N SN ARSS G 7 %, 255 VAL T F AR R 2R R X
BEthth R E Hiz st s, KRS, X
23 N R4, 24 h BOEAR IRNIG % & 2R KR
PR IR R EE TR (=200 wg- LA A Mis
BT ARV AE SRR R RS pg-LHESA W
WAEA, BB ST W 2 e e A T — R K F

x2 IMAERBRENHRISEHEEANTN

Table 2 The effects of paracetamol on the rotation of zebrafish larvae

" s
R 1 ,
Exposure concentration Time Rotation range
[-10,0] [0,10] [-90,-10] [10,90] [90,180] [-180,-90]

5 dpf - - - -— - -

5 pg-L™! 6 dpf + ++ - + # #

7 dpf - - - - - -

5 dpf - - - - - -

50 pg-L™! 6 dpf # + + - + #

7 dpf ++ ++ ++ ++ # #

5 dpf 4% ¥ ¥ ¥ - -

100 pg-L7! 6 dpf 4% 4% ++ ++ - -

7 dpf + ++ ++ ++ - -

5 dpf ++ ¥ ++ +++ ++ ++

200 pg L™ 6 dpf - - - - - -

7 dpf + ++ ++ ++ - —*

5 dpf +* +H+* +++ ++ - -

500 pg-L”! 6 dpf S - - - - —*

7 dpf - - - - - -

5 dpf + + - - + +

1 mg-L™! 6 dpf - -— - - - -

7 dpf - + - - - -

5 dpf - - - - - -

5 mg-L7! 6 dpf - -— - - - #

7 dpf ——* ——* - ——* - #
TE % P<0.05; “+7 =" B FEFELL 10 min TR 53 FRAIAHZE 0 ~30, “++7« —="fRFZAATEL 10 min T I %% [ 4515 5 %) BRAUAA 22 30 ~

100, “+4++"“ === LSRR EZ AL 10 min “F-I4%5% [ i 53T ML AR 22>100 5 “#7 AARTCK A5 R

Note: * represents P<0.05; “+”“~" represent 10 min average turning frequency between the exposure groups and the control group differs 0 ~30, “++”
“—="represent 10 min average turning frequency between the exposure groups and the control group differs 30 ~100, and “+++" “—-—="represent 10

min average turning frequency between the exposure groups and the control group differs >100; “#” represents no result was detected.
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3.1 WhaEts

IRIG TR PRSI0 25 01 5 LI 5T 4 SR LA AR AT
FREAACHRFE(S ~100 g - L) F A B IR T2 FR 0 5
A FAE Pk B 34 0 W AR AR G &R (1
TERRLEE T 0T LAER B B8 5t Rk B IS B,
Az B K Rk MU (200 wg L' ~5 mg
L) REEXT B BT BEAL | SO TG S R
M), {EL55 6 BZELAH L, 9 F 3R I AT o2 T 550 L £ s
A ETE, XULE, Fh R R X B f0 Y Sk R R AR
55, HAEER T REEWEOEHEN, 5500 h
LK A HED I R B R IR O
BERr e TR SRR, WAL TBEEIEY R
g8, RO KA BERT — Be RS R F AR IR
A SR SR AR b A o) B R A R A X B R R E
FEARFIRE " Gao ZEPNIE THMAB IR RIS
BEL R K B A G IR R R A KR iR qRT-
PCR 453, HEWTF NS X 3 5 fa 4y f B i & B L
ArEMEAEH, 7T fe o BE IS runx2a, runx2b., Sp7.,
bmp2b FI shh i) mRNA 7K 1fif S B0H 85 WHE | 20
e RN I A= L ARV
3.2 mEhAT AN R

5 PIEBALEI E 96 120 1Y 144 hpf hE—4>E.
AR B 2 B B £ (R AT R SE B AN TR, ARFSE S ~ 7 dpf
L3 d 5 FN R X BE T A0 AT Ol BRI, RS
B 2 B SRR N E IR X2 Bh AT AU Y R AR AL
et geiz Sh AT M de b (A &Iz 3 SR ) Ah, g m
T )z Bl R A I B A2 Sl AR DA R ) A R
TR ATAR ), SN 4T b B2 e T F AR X B £ s
AT R,

BT A R R MR R R T
B fasfifa iz e 1 S s, fER iRk
FES pg- LB, gl foff BE 5 £ &) £ 1 8052 B0 90 i 2R
G B ShIE By | 5 B T 2 1) B AOE , P OE
RS 300 B T OB 22 M) 472 A M
Bt 1o BB RSOK T30 I (B BORE ) . BE S # %)) £
)2 7 A3 A7 F N A 2 9 2 R )5 M 5k 52 2%, B4
RS I P R S A AR - R B 4 BAE
Fo ARk B R BR A [ RE A N, S g - L AR 2
R BT 0 &)y 00 1) O 8 1) — R 78 2 o) I R
52 2N, AL, BE T fh 4y fo 32 sh i A0 A B
i N A R 2 8 ) 38 I n 3 L5 .6 A1 7 dpf BE
I e 2y 6 ) iE o L B B AR A T4 U BEAY PEE

% 10% (300 ~500 pg-L7'BEAM) 20% F1 25% ; FHEL
T 5 dpf, 6 dpf BF L £ 4) £ 1% e (] el 5507 35 F B
50% ,7 dpf B -1hfh &) £ 14 7 1] PELESCT- 35 R R 70%

—BURIF IR, B I £ )y £0 36 sh A i) 9 5 ]
REFE T2 205 IR K i S LA F AR
G AR LA ARG SR A ] TR B £ Bl AT R Y
AGIA R F RS 45 R, Park P BRI SE L
BE I f8 f KH FE B A 2o 05, X R SR
PEVEF , NI T30 7% T 100 mg- L™ IS BERE Y 5
dpf BE 4[] 8 iz o)y, BLIE B i, Zhao SEP%HF
YR I 2R BDNF AR A8 1) pi 22 R 47 38 fi | 3 2
— RGN RS 54 R Gk B R AT X
15 SRR FH 0438 (6 DA T X X 1 £ 4 £ 7 A= ol
AT Ry, CLAES B S A 1047 R T Sl
LB SAT RGBT, CA TR R, $h
i R R 2 S BUIRBE RS B (ChE) TG PE b T}, 76 S e B T
PEE A (ROS/RNS) A 7E T, ChE I 4 934 fin 5
PZERATA T, HeAh MR 2 8 0 5 A Ak
ARG . BRI, MR 5 | AR B 1 3z Bl A7 R 41 il
EEEHLT B AT AN AR TE 2, SEEMA RN R &%
Je BE 5y a4y 032 s A7 N AR A ) BRI AT 75 2 — 2

5 ~7 dpf A7 A (8], B o) (B 4 S 30 £
it iz shife 1 S mae ) T, LRI, o) fE
S5 ~7 dpf BEE 40 DN BB AW, T H B A Y
B FRHOR R | R B D 75 B [ AN LA, KR
PRI B W ST G O, AR R Y R R RN 23
T

ARG G BE 5 o R R 0 S AT N Y
M ZF A PPAL F MR R A AR S Bk . BF9T R B, 5%
FHOCATR MR BE K (M A IR B2 B8 (5 ~ 100 g - L™H)XF
B E 10 A I B 1Y) 2k BRI (BROBE AL ) IR IS
RE 55 W EICRN 5 AT o e B R R /K- T (=
200 g L"), BaRBERHERLN A FTiGaE . fEAHEIY I
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