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HALHIBF T B B R X, AWFFELIBE S fi(Danio rerio) I XT4:  WF I8 P45 AH 56 e B Tl e e ki 12 PE 22 88 21 d X3 S
HYRR AT R TENE, S5 G B BRI 1,10 A1 100 g+ LA, JeUNE H BRI 18 1 8 B8 %o i o BKE 20 il £ 6 FE AR AT LA
B> ACALAT N A — 8 S W i T R 2 B e A R T B B A — R B (A S 0 IR A L T B 2 R (>
0. 05); S 247 JgAH S JL I £ AR IR SN R 71 2 (mitoguardin 2, miga2)Fll 5 I W il 0 il (xanthine dehydrogenase, xdh)(1) %35 /K
I 5B 3 U (P<0.05) ; T iR 11 2 i (adenosine deaminase, ada) , T4/t 2 815 [l 7 1 (interferon regulatory factor 1, irfl)F1Z&A40 {4
Bl & 2E 1 2(mitofusin 2, mfn2) 3 ANFEH AYFIAETC B ZEREI(P>005), KWt 5D aRHET 1,10 A1 100 pg- L™ A ENE
WL 21 d J5 , AT R IR SOR R SRR DI BE 32 B0, AT Z8 X SUE SR Bk e Xof 7K A= 2F W PR KU T8 B S
HME.
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Abstract ; Flonicamid, a selective insecticide, is the only insecticide which is reported to act on the inwardly-rectif-
ying potassium channels (Kir) at present. It exerts toxic effects against sap-sucking insects by inhibiting insect feed-
ing and neurotoxicity. In order to use it rationally and scientifically to control pests, it is significant to study the
toxicity of flonicamid to environmental non-target organisms and its mechanism. In this work, zebrafish (Danio re-
rio) is used to study the neurobehavioral toxicity of flonicamid by chronic exposure for 21 d with environmental re-
lated concentrations. We found that flonicamid showed a potential effect on anxiety-like behavior and learning-

memory capacity of adult zebrafish at the concentrations of 10 pwg+L™" and 100 wg-L™", and increased slightly the
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contents of dopamine and cortisol in the treated zebrafish. However, there was no significant difference compared

to the control group (P>0.05). RT-qPCR revealed that the expression levels of migaZ? (mitoguardin 2) and xdh

(xanthine dehydrogenase) related to neurobehavior were changed significantly (P<0.05). The expression of ada (a-

denosine deaminase), irfl (interferon regulatory factor 1) and mfn2 (mitofusin 2) genes showed no significant

difference comparing with that in the control group (P>0.05). Therefore, flonicamid showed potential effects on the

behavior, mitochondrial and immune function of zebrafish after exposed chronically to 1, 10 and 100 pg-L™" for 21

d. This study provides a starting point to unveil the early warning of aquatic toxicity of flonicamid.

Keywords: flonicamid; zebrafish; neurobehavioral toxicity; anxiety-like behavior; learning-memory behavior

FENE P B 2 — ol Y b W T Fhe SIS R U Xk
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2018 AFFIE HL T i A% 1R T 3 0y A o A A 3
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SEEAYVRMIE" , FE—P s £, Fe R
Tk e B Ml TR L o e AR R R [ LE 8 43 W 0 B
WA FUE H S g A A A e RS 73 R DG i K
B BRI, 3 WY FRUE H B AR T 0 A R R
4, 2018 4F, FRE 2 Ren S5 R AR #L44 Fl ey
A FREAAIT 5 B GRUIE ERL TR S 14 5 7 SR O PN 1) R
B -F 18 18 (inwardly-rectifying potassium channels,
Kir), 518 [ b5 3, 0 O R 25 1 i A 5 Ry 5%
. Kir LA TR A s an i, RA T 24
LT ATPE  TEAH I ZH 240 i N AR FRRR G 1 AR BRIDRE
FLFEW AT 5 17 T 0 LRSS 24 Ay 1 1y 42 o Bk T
W Ry FF e 2% AT o FHE U BT, (A e
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] By RRTRS TR SR BB B IR . 2019 4F Met-
calfe 55"V F YR i 1 7E 052 K42 KW A8 TR ) T
DN T GeUIE Pt e , HOvk B2 L R 0.79 ~ 1.75 g

L7 7 EE R O ER VT = A U AR Ml - g G v
JEH 026 ~0.27 ng-g " [FIA, GRURE HL B K
PN 520 g-L7'(Q20 C), HA KA B TR
I ST HURE H I B X P BT AR R AR AR 1 B
PERF ST i H3E DA, 6T e H I B A 1
FS AR5 09 4 1 V6 LB R 0 5% 2% % 7 76 ] ik
Pk, T L0 2 (0 8500 R VAR L K AR AR W 2tk
A A
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SFIER TS 518 SR [FRE, R 2L sh P
B R AR i 22388 BT R 40, b R b iy
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1 ##l57 % (Materials and methods)
1.1 pEHSEGH

BE a4 ~6 A, WA i W K54
K 2.50 ~3.50 cm, IRJFHE 020 ~0.30 g, 97.1% 9
I I )5 24 (CAS £ 158062-67-0) , B2 16 S5 5 245\ 4E
AR AT BRON 7, —H L A(DMSO) R A #ir 4l Iy
AL A E s B A R A R, £ B ELISA K
W) &0 e i ELISA At & 3% b 5
ASEERHE A BR 2y B 72 i ; TRNzol Universal & RNA
PERGRH G A 4% FZ A EAR A AR A
Hifair® Il 1st Strand cDNA Synthesis SuperMix for
gPCR (gDNA digester plus) it 5] & 1 Hieff UNI-
CON® Universal Blue qPCR SYBR Green Master Mix
R G R 28 28 A R (i) Iy A PR 2 w1 77 il
TaKaRa Taq™ {5 & 0% H EAYHE AR AL ) AR
NHEE L SIS A BRI BN R B AL S AR
KREEH B A BR S Al e o
1.2 U 5i&

sz sk IR B & 4t (Noldus EthoVision XT
14, iR AL E B ARG RSHMEA A, 167 22), 758
Jt6E f PCR ¥ (QuantStudio 3, $EER K /R B 4 R
A, 2 [), PCR X (T100™ Thermal Cycler, 3 [
Bio-Rad /], 35 [H), £ I GE i A 1 (Infinite M200
PRO #!, %+ TECAN /A #l, #i L), B & %% (OSE-
Y30, & Bk AEYE AT A RA A, ), W
B¢ JH{X(TRIPLE QUAD™ 3500, AB A, %), £
e TS E E (L (SG68 , Mg F - T AU B8 (L
A FR A A, A D) B (T (8 L, b 5t iy /K ik
T ),
1.3 SEEIrk
1.3.1 By

B A S = YIFE 7 d DU, BIFRAK
HE SRR AR LA 24 h L L pH{E R T ~8,
VAt S R B >80% , Bl 185 ~ 215 mg - L7 (LA
CaCoO, ) IR K 27 ~28 °C , JEKEEWI 4 14 h/10 h
(Ot RERT[E] 8:00—22:00), & H & MGA AL 2 ¥k, Y157
WA B ARFET- AN T 5% .
1.3.2 BEAR

DMSO il 10.0 g« L™ e H e 45 W, fif
fET4C, LT RELWMEH LA 24 0 DL
AR A R AKHEATH RS R 88 25 W P Y DMSO & &=
A 001% (V:V),

AR S22 i A AR v SR R B o) IXE £ il £

1 SRR MEIR 25 3 LC,, {A>900 mg ai.-L™' X
BE L 0 p 0 Y MR AR EE . PR, AR H AT 2 i
1) FUINE HL PR e K PR B rh ik B2 [ 0.79 ~ 1.75 g -
L S 10 g - L7 A< 100 Ab 34 20 iy vk 2
1 g L7 H1 100 g - L™ 43 531 by Ak $HLZH ) A1 s ik
B RIS S IO IR, R E 3 AN EA,
BAEEHHUCE 25 F RN —BUWBE ol 6 T
5 LA, RN 21 d, 7ERFEWIN, 4 48
h R REER WL, IR IR VRS &, BB IRIE N 27 ~ 28

Ix, 56 ] K B E BRAE T Ge it 4 AT 4L
1.3.3  FERV IR P oRUbE H MR 1) Sl v JiE

R A R i R v RUNE I e i) S PR R
FER RS 1 RBCHIZ B (0 hy RIS 1 kK T
(48 h)sr B EE 10 mL 7K KR, 2 2% Ty B 450 1 )y 32
R PRI FHASGHA TR B 3 B
1.3.4 Frfasri Kl

5 21 d J5 R E A HUS S m kTl ok
R, 2% Dong 5PV 13RI Iz g, 3
% BB ET (B 1), MK TT LA R, B AL s fom
AR HRAKZE 10 em R, IFEREELE 5 cm 4b
Rl — 2K BRI 7 TR 2 2 (BT 1), 3845 L
BERIEXT K2R, 47 A A, DA 52 B+ Bt AL ER
5 R MAMRIEATAT SR, IR FEAAT 5 min(fa
FE Aok I 46 T 47 R 401, EthoVision XT
14 3T B SR T M AH S IR PR AL HE - (1) b 2 i e
5RO, BRI f0 5 min N7EKELR 15K

(b) JKIfi The surface of the water
-------------------------------------------- —>25cm
I-243 Upper area
10 cm
2384 Lower area
21 cm

1 HemEKlwEER
T :(a) LA (b) 7R B
Fig. 1 Diagram of the novel tank test apparatus
Note: (a) Picture of fishbowl; (b) Diagram.
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Bl AR 5 R 2l AR Y O AE () 7E B
], RIS S min P AR ZKSF-26 1 K 8 14 Ui sl s
)5 3)EE 1 Wk L VRAT ], RS 025 1 AR 2K
It K2R HE A 12 K A s ) 5 (4) SRR IRER,
B £ 7 9 0 0 7 el ] ) 2R U B

1.3.5 T HUpkErdes:

T BURKE 37 B BB ) (81 2), 530 1 AR
(KxTExE =50 cmx 10 cmx 10 cm)Fl 2 N5 (K x
x5 =20 cmx10 cmXx10 cm) P4, KA 1) Rl
Ui A A B X K FE R 10 om, AR LA R Ay
ME R amagaraes, ma i, T AR E
HEA 8 em IRIMBESUK, #5821 d S RELEES
St R T T AR E XK, 2% Pilehvar %1
R g7k, 55k 2 BB ()N ZRB B, B Y
SR T BRI, S o bR XS B A
2 RERBE T a2k e RE T . ARVt R O
S AEEE J E bR X, [ 56 BH 22 R 4 St AE
JaBh X B, LB e T R E P AR 3
min, [A]AS7E 5 AR DX A S & RDRHE S B
Jili, ANSRBELAAAE 3 min PR F) Gk H AR X 5, Bl
FARLEFT 515 7 BARX IS5 B 1 min 585,
YILEBF ] R AR 9:00—15:00, %227 d BK 1 ¥k, 3T
ALAENN SR At R A7 M L )T B BE, I 4 52 U Y
55 2 RUEA TR AL BE L 0 1 2% 2T e RE 1, 7E
BB BE RO T ETIE By, 24 RS
P F S A AR ST 2 DX SORE T, DABRE ) £ 3 A B IX 3
THATHI Bt E T Bk et [ B8 5 min,
AU YHE R, N5 R T J5 22
17 M43¥H7 . EthoVision XT 14 43 #r2% 24247 J M
SRR FR LA (1) B 35 IE A0 OB, BRI 7 5
min PN F 35 B AR RIS U (2) F )R 452 B3 1] )
TG 10075 5% wp X 3 14038 58 B ] 5 (3) 1B AR A 9
R APt e B AR DX 76 BRCRAS (@) 5 1k F
IRIEHE AR, B SR f5 1 kit A H bR X 38
AE BRI AFIR]

1.3.6  Z LN 7 o e 15 i 5

21 d BERIE U, BAEE IS Kt 55
HIBURZHLU(Z 0.0150 ), ITA 0.9% Y A= BEER K 1
mL, FHBFEES 78535739 ,3 000 r-min~' B> 10 min
JEWCE B WOOT e, BT -20 C IR AR, IR
ELISA i 2t 0] 00 2 2 1 e A0 Bz o e ) 5 ok
1.3.7  miga2 SE47T A L PR ek 5l

21 d BBRIAE TG, E G IS A5

(a)

(b) T K I
FARKHE : Bl X,

H Start area

<—1

Target area | 20 cm

i ! T

! 1

H Y

1 I \

50 cm i 10 cm

1 | 1

; ? o

1 1

E 20 cm

: |

1 1

: 1

-10-
fe-10--]

2 TEEFHEEE
1 (a) LW (0) I,
Fig. 2 Diagram of T-maze test apparatus
Note: (a) Picture of fishbowl; (b) Diagram.

(% 0.0150 g), it A 1 mL TRNzol Universal iz
) ARGE RNA $2IB0R0 & 3R B OUE RNA fi
BEbR SN 52 . RNA R . K75 19 RNA ¥ 70 2
JEHE T -80 CUKAFEMRAF, B 1 ng RNA, {fi J1] Hi-
fair® I 1st Strand cDNA Synthesis SuperMix for
qPCR (gDNA digester plus)ififll &6 RNA K% %G
i cDNA , % | TaKaRa Taq™ &7 & 17 PCR §”
B8 38 3 B R I L VKO B R R B RN A T g
R, I e i — 2B B e Y Y B T, i
I # Bl K 25 11 L13A (ribosomal protein L13A,
pl1 3a) MR MR AR 1 R PO (ribosomal pro-
tein, large, PO, rplp0)[FIFVE NS FEH 51 itan
% 1 PR H4fE Hieff UNICON® Universal Blue gPCR
SYBR Green Master Mix i 5l & #F472¢ 't %€ 1t PCR
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P34, HAIER IR 278 b i A 2 #5% (Results)

1.3.8 Hduibsg 2.1 B EAIET R
K SPSS26.0 FEAT B IK 3R U7 22 73 M (P<0.05 I 21 d B A0 i A v B 0 Y SE T R?ﬁfr
FORA R SN R B B EMEE S, M EX- W 2 R, TR R 10% , £ X 3
CEL ,ORIGIN 2018 HF{7KIF2 1, VAR o BRE T £ ) 7 0 SR A R )
=1 EE5Y
Table 1 Sequences of primers for the genes

FEH FIHIFENGE —37) Hids YEH

Gene Sequence of the primers (5’ —37) Accession No. Function

pll3a F:CGCTATTGTGGCCAAGCAAG e

Ui LI3A, NM_212784.1
(AR R:TCTTGCGGAGGAAAGCCAAA -
aribosomal protein L13A)

plp0
F:AAGAGATTCCTGGAGGGTGTG
CRER VA PO ’ NM_131580.2
(@f‘ tEERE E' KWL PO, R: TCAGCCAAGGGGAATGTGTAG -
ribosomal protein, large, P0)

Ad
? F: GCATCTCGATGGGGCCATTA

R A NM_001002646.1
(H%ﬁﬂﬁ%ﬁs ’ R.TCTCTGTCCCCTGCAATGAC -
adenosine deaminase)

irfl
F.GTGTCCAGAATGCGCATGCG
THRFRMTHET 1, ’ NM_001040352.1
| PR R:GCCCACTGCTTGAACAGACA -
interferon regulatory factor 1)

mfi2
F:CATCCTTCACCAGTCGTGCT
RLRRL SR 2 ’ NM_0011282542
b ?k . E' &R2, R:GGCTTCAGACCGTCGATCAT -
mitofusin 2)

miga2 F:GGTCAAAGCCAACAAGAGTCC

. e . . NM_0010135572
(R SNIETR 1 2, mitoguardin 2) R:CGTCCTTCCAGCTCCATCTT -

xdh
. F:GGCTTAGGTCTGTTCACGCT
(Mt Sl XM_683891.7
. R:GAGGTTCACCCACAGCCTTT
xanthine dehydrogenase)

Reference gene

N

Reference gene

S S RIENE SRR F AR
Involved in immune response and related

to neural development®®-2"!

S5 RN AW, 5EIERT R
HAGES
Involved in immune response and related

to anxiety-like behavior®*!

ZH5MARGERE MR, S EiRTT
PR AR P

Involved in the regulation of nervous sys-
tem homeostasis and related to neurode-

generative diseases>”)

ZHMARGREEE, SHEIBITHR
P A B0

Involved in the regulation of nervous sys-
tem homeostasis and related to neurode-

generative diseases®”)

S 5 ph e AL I | 5 B R T R
e
Involved in regulation of neurotransmitters

and related to anxiety-like behavior!!

x2 FEABRPHIGEMIETE

Table 2 Zebrafish deaths during exposure tests

SRR (ug L) 58S FET- R % BET=3 /%
Concentration in exposure tests/(pug-L™") Total number/pieces Deaths/pieces Death rate/%
0 75 3 4.00
1 75 3 4.00
10 75 7 933
100 75 4 533
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2.2 FRERVA R JRUNE HUIE R % S0 v

Yo Ak 32 245 0 ) SOE PR e AR A T S R R B )
DIZE (3R 3), Z5RFRW, rA A BRZH 7K R 1) S 0 v i
SR B 0 3 22 S (P>0.05), Uk BH JRUNE H
e 2 R G P ok B AR AR X AR A
2.3 HrasrE KL

BT AR IR VAL T BE 5 a7 B R BT i AR
JEREAT R, TEARHTSE %o B 20 Bl R B 2 fn e B IE
BT RO AT A RE T, 78T 0 BT B R — 2 B
] B3 4 42 Je TP AR 2R 2 3B T IX 8k, I 2 vk 5
BT EREMELHTIRE, M 1,10 F1100 pg
L FEOE LR 21 d R R RS, S5 IEA4LM
Eb, BB Tt B A 5 1 R TF AR X it TR R
10 11 I € o s [T W D e Ol A1 2 Y 7
B B BRI RS 34, 2 BH B £ i R — 2 1Y)
FEIEREAT R B, Y s SR R 2 Oy 110 A
100 g LA, BRI 1 4 A6 bR, BIBRBE 5 £1 5
fo e AR RE S R SRR UM, 7 LR E] L 28 1 K
VPR R SRR YRR, 5 X R 2 B . 3 22 (P>
0.05) (K 3),
2.4 T RIREIIREE R

T B E IR T B £ 2 ) iC 12 g
TEARGEN T AR B (8] 4), %] B2 rh gl B
iy i fa BEAS L 238 TE RV X I, HEAE AR LR R |
150 X R Bt A AR SR Y C 2R 7, vl AT
DA E A FNAS R . i Zead 1,10 #1100 wg-L7
Y FRNE e 21 d 18 PR AR R Bl BT o £ A v )
SRR N IR] ISR 1 VRS 3K TE AR s TR 248 o, B 283 480
WE RIS 1 R 5 S, X B o A S 36 1) B ] 44
T, FIAHE BB R 21 d )5, BB S
Bt ARI2AT R B R, (R, R
B E N 110 #1100 weg-L' I, 5% RAAM L,
JITINSE 1 4 N HE R , BRI EE D £ ol o e 00 S s ] Py
FIIRERARE R TERA R N IR sh A | b A4 R
RIS 1 YR EISK IERE I E) TG B 5 50 (P>0.05).,

2.5 FEUME HU P e B R X B I £ 22 U e 0 R SO T
EipAl|

511 M —FE, — A B R AR T LN AT
A REMEDT RS UEA M A B . 2 R K
Frin iR B LA B RS i 2238 i, TR 3l VI T
h R AEE BRI B e K AT DLt —
VPN BRE S 0 (1 £ IR IR AEARBETE Y, Y e
HUEE e B R 1,10 FI1 100 wg - L7, % BE 2 £ 52 62
21 d J& , B o £ i 21 20 Hp 22 B R 7 SO R
A R R H S X IR T B 2 R
(P>0.05)(&1 5),,
2.6 FRUE HU I R SR G B a4 T R A 56 3 R G
IR R

BE I 1 0 1A [ R 110 e PR A v 12 1
#5 21 d Ja, N2 51t s AR DGR I 3R Gk
KU 6 i, 505 BRALAR HE , 224 95 s Bk e )
WPk 1,10 1100 wg- L7 B, miga2 (33K K-
FIER(P<0.05); 100 g - L™ A4 9600 H ik e 52 52 1
xdh (235K 2 THE (P<0.05), 1%t ada, irfl Al
mifn2 X 3 R A 2R A 1 TG B 3 2 e (P>0.05)
X R W FEUNE R 18 M 2R R 21 d I BE S AR R
GRS R R SEREAT R R 4 SE R 28 B AR MUAE
17 HAT by vl B Rl 2 22 B

3 132 ( Discussion)

FRUIE HL P 2 — i BT BE ML IE P e 2 R R A=
NS R B i I S T g T e (o R R Skl
BIFIEIE T d A S g R B R
PR T PRI A0S 7% H 700 A PR e 3 | S e o ik
PTG 22 o A8 W AR A 8 JRUNE R e e X
BERK A AR R T SRR A PR R
Ha e, T G H P e X PR L A A A B M M
HHURIOF R B E L, WS i APl —fh
AT AR AR R AR R TR, 178
JS L B VR 280 N B B2 52 A BBURR B A

x3 RT|IEDGELEHRBERNEILREMTNRE

Table 3 The nominal and measured concentrations of flonicamid

S E] /b

FRUE S P e e P A - L71)

Concentration of flonicamid/(ug-L™")

Exposure time/h

1 10 100
0 0.95+0.06 9.69+041 102+2.98
48 0.85+0.03 8.96+0.51 934+3.03
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FEAIRGE A, ) 0 v KR B0 A T Bk Ey
TR A VPAL FUNE HR IR I 18 M 2 5 X B 6 £ g
AL SF I FNCALAT RS, e T K
g, SN RRALA L, 280 1,10 F1 100 pg- L' A3
WE LR 21 d 1SR R IS, SROE H ke Ak 2 4H B
I A AR T R XA TS 1 IRIR R,
A O N T € o€ I R B R ) I ¢ S N N 8
B 2 [ 2R M U BN s/ D TR B2 P i B £
TEZR TR TR AELET , i T SRR AR T o, &
He o R e e o T I s o o W 7
R FE T AR ERE b, Zad B A B D
PR 455 B8 S (R) A1EE 1 U 30 35 1E B N (] 2 34
i, B o A0 R A B a1, PR S

Wbl 21 d MR PERER IS e 5 1D IR Ak
JEREAT O, HAp ] e AT MR R At (HGEt
ST As SRR W] Y e H SR v B 1,10 F1 100 pg
L7, BRI AT AR bR, 5O B O 2 2 R (P
>0.05), Metcalfe 25" 7E 2019 4E P RIRE T &K
B RIEAE TRl o 0 P ot Mg 3 B WAk B Y 1Ry
079 ~1.75 wg- L™, HoAth [F K P45 5% B 5t B it
BAHGE, EADFSEY 1,10 #1100 pg- L™ JEEIP,
FERE BB R A 5 | R B kg 2 AT ek AR
B T AE 5L PR PR 5T FUNE LBk e Xof 7K A AR )
4 TR BT R T 22 0 g AT PRAS, At 2517 Rk
B, /Mg B O A A Y | [T R A v vk

(a) S R R (pg L)
Concentrations of flonicamid /(ug-L™)

0 1

10 100

*F 07
oy O
E e 50
oty Q
Sesw
a2 8
Ll = ! ==
g3° 2 : .| — 3
S 4= X ° ° &
o % 8 h
;E% 10 : ; . 1
03 il :
0 0 1 10 100
S R R e B /(ug - L)
Concentrations of flonicamid /(ug-L™")
350
5 (d)
w5 300 T
= = A
=2. 25 :
BEE 200 :
455
Keg 150 g )
| &5° 100 8 s ]
3 50 °
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Fig. 3 Behavioral profiles of zebrafish after exposure to flonicamid for 21 d in the novel tank diving test (1=14)

Note: (a) Cumulative visualization image of zebrafish in each group 0, 1, 10, 100 pg-L™"; (b) Ratio of upper distance to total;

(c) Time spent in upper area; (d) Latency to enter the upper; (¢) Shuttle times.
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Fig. 4 Behavioral profiles of zebrafish after exposure to flonicamid for 21 d in T-maze test (n=14)

Note: (a) Cumulative visualization image of zebrafish in each group 0, 1, 10, 100 wg-L™'; (b) Times to the target area;

(c) Velocity center-point; (d) Cumulative duration; (e) Latency to first entry to the target area.
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Note: Data in the figure are expressed as mean+SE; * indicates significant difference compared to the

control group (0 pg-L™"), P<0.05 (Tukey’ s test).
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