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Abstract; Dinotefuran, as one of the third-generation neonicotinoid insecticide, is highly potent pesticide widely
used to control insects on rice, vegetables and fruit field. However, the toxicity of dinotefuran to aquatic organism
is still unclear. This study is to explore the effect of dinotefuran on the embryonic and larvae development and ap-
optosis in zebrafish (Danio rerio). According to OECD guidelines, the 96 h acute toxicity test was conducted using
30 min post-fertilization zebrafish by static system, and the treated zebrafish embryonic and larvae development,
were observed in 24 h, 48 h, 72 h and 96 h respectively. The 96 h-LC, of dinotefuran for adolescent zebrafish was
calculated using Karber' s method. Then using acridine orange fluorescent (AO-F) and TUNEL staining, the apop-
tosis of 96 hour post-fertilization (hpf) zebrafish larvae was tested. The results showed that the 96 h-LC, of dinote-
furan for zebrafish was 10.36 g-L"', with the 95 % confidence interval of 7.76-12.93 g-L", which is the slightly
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toxic according to the pesticide acute toxicity classification standard. Dinotefuran with higher concentration can re-

duce the tail swing frequency, heart rate and hatchability of D. rerio, delay the growing development, lead to the

disappearance of the pigment in D. rerio and cause the pericardiac cyst, vitelline cyst and tail deformity. With the

increase of dinotefuran concentration, there were obvious apoptosis observed in the head, abdomen and tail of ze-

brafish, especially in the heart and inner ear.

Keywords: dinotefuran; zebrafish; apoptosis; acridine orange fluorescent; TUNEL staining
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Fig. 1 Chemical structure of dinotfuran
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H RS B il 96% MEAET 4 °C . oAt =R
W BERRERZ vP I (PBS)W [ S AR A B A
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= REYF AT,
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56 gL' 897 g-L" 1341 g-L" 20.05 g-L" i1 30
g L™, A2 U IR CK, PRI B R A 7K R A 3 fit
1, OGS R IR, BCA IS R R 24 FLIG SR,
L2 mL, FHBH B0 WA PR ICA 4% 1) 32 4
U, BRI, LR, A ER 3K,
T RGN 14 h 2 10 h BOEBEE: 40 b B 55 | B
24 /NI ISR HBET- BRI AL B FR b | iE 2 IER 4
d, 4l OECD prifi, Biiil 4 mg- LAY 3,4- 54K
VERAE R B X R
1.2.2 WY BER YL

Be il BE R 2 mg- L AN BERE TAEW A H
% 96 hpf (IR JIG 2 A i A HH sk 44 64 30 min,
H PBS(pH 7.2)1E 7k 3 i, i AREFEMR & H . B
FAEL R 4hfa FH 0.08% Ay Tricaine FREE . FH IR & B
VBRI (40 0 8 T A 3% H AR 4 Z VAR B A
o T BB R I K Tl 450 nm,
LYt ML PR T AR B B AR O R AR R S ke
1.2.3 TUNEL {5

BEFH— 251 TUNEL 20 M 0 TRl i) G (4
%), C1089, EZ MY YA L BRINT R 4t H 4%
ZRHE@4% PFA)EE , FIRIAAF 4 h, FIHFBEAN 1x
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3.1:1.3:1.1:0,5K5 min, /K5 & T-20
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B EOR 26 W B v, VI B): VIE TR 7K ) =3:1
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0:1 FUARTH LI UE, 499K 5 min, FA4h e
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AYK 5 min, J5 FH 4% PFA A 20 min, {f Protease K
P, - 1 xPBST WUk 5 Ik, IR 5 min, B
TUNEL &5 & TdT B 2 pL, 2 GhRicii 48 pl,
FEATIRASTHERG N R . e T 37 CHIEIEE 60
min, ¢ W U, T A5 AN R A BEFA I 5 5K
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a1 min P9 12 2 %L, 48 hpf Al 72 hpf (1
L3 96 hpf FYIEAL

2 R 54 % (Results and analysis)
2.1 W UM B IR Y bk R
2.1.1 SR
Biil 4 g- LAY 3,4- G AR WA Sk PH A X
B YLEE 96 h 5, IRARFET- %R 100% , £F & OECD
FRIER T 30% LR, Uk A IR A 0 SO R4
2.1.2  WEHURTEE E St aE A R
ARSLHGEEREW] 96 h 1) LC,,fH} 10.36 g-L*
(95% EA5 X M) K 7.76~12.93 g- L), L [0 9 77 7
B y=-1.13+0.11x(F 1),

S 200pm

I e Xof BRE AR i 1) S SRS E R0
Srlicsk TIRHARAE 10 h.24 h 48 h 72 h #11 96
h AERKEEE, 7€ 10 h B, Gk & B 8EA 5
fdhy, Hoh s o BUR B IR AL TR ZF L6 g- L

2.1.3

F1 BKHEEMNEDEREKROSESE
Table 1 Acute toxicity of dinotefuran

to Danio rerio embryo

95% EfF X M/Ag-L"!
LCyg-L™y " (&L
Confidence interval/(g-L"")

it &) /mpf EYEp

Time/hpf Regression equation

24 y=-169+0.12x 14.61 12.33~17.43
48 y=-123+0.10x 11.85 9.23~14.60
72 y=-117+0.11x 1037 7.81~1291
96 y=-113+0.11x 10.36 7.76~1293
D E
- 4 —
200pm '200@ A

2 AERERKHAEXT 10 hpf BE D & BRRA & & 2200
¥:A,CK;B,6 g-L";C,897 g-L";D,1341 g-L"';E,20.05 g-L" ; k5L =200 um,

Fig. 2 The effect of different concentrantion of dinotefuran on Danio rerio embryo development at 10 hpf

Note: A, CK; B, 6 g-L'; C,897 g-L'; D, 1341 g-L'; E, 20.05 g-L™'; bar=200 pm.

N
200um " 200um

©
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200pum 200um 200pum

3 FRIREKERES 24 hpf IS EERE B NN
H:A,CK;B,6 g-L"';C,897 g-L";D,1341 g-L';E, 2005 g-L; $r/L =200 pum,

Fig. 3 The effect of different concentrantion of dinotefuran on Danio rerio embryo development at 24 hpf

Note: A, CK; B, 6 g-L'; C,897 g-L'; D, 1341 g-L'; E, 20.05 g-L'; bar=200 pm .

A

200pm

200pm

4 24hpf FEBISEREA(A)S 20.05 g- L' Bk HPRIREHRS (B) BEXTELE
TE 2L LR ML, 7R =200 pm,
Fig. 4 Comparision of normal Danio rerio embryo (A) and the tail malformation embryo in 20.05 g-L"' dinotefuran (B) at 24 hpf

Note: Red arrow points to tail malformation, bar=200 pm.
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£ %E 2.00 P ARSI R, B B ZE A0 0 BT AN ()RR JBE 1) B9
E@é 1.50 PEMh NG 8.97 g+ L™ AL AL v A~ S By s 00 411
B E § 1.00 Wb 13.41 g- L' F1 20.05 g- L ARG B0 T 64
EZ - 050 I 04 042 FU IS, 20.05 - L ARG A4 a3 T 0
= 0
0.00 e 1341‘ 2005 m AP A BRG] 7), 45 SRR FEAb B

R MU /(g L)

Dinotefuran concentration/(g-L!)

Bl 5 AEREKBREYT 24 hpf B D AR 1 min HIZEHHIZIN

Fig. 5 The effect of different concentrantion of dinotefuran on tail

swing frequency in 1 min of Danio rerio embryo at 24 hpf

AL FEZH AR F 90% -SMILI ,8.97 - L b HRAL b T
JRJEHA,13.41 g- L' F120.05 g- L' 4b 3 20 34 kb F fiF
I 30 g- L' AL BRAL IR iR B 2 e EB A0 TS (K 2),
SEIRRT ok U BE T s IR & E A B A AE R
YERT, SERVE ] S R IE T,

FERE A 24 h B Wl 1341 g-L'F120.05 g
LA Bk B AER I (1K 3D 3E), R
T REEBAA R B 20.05 g- Ly BELH b BT R BRI
TEHTE L] 4), WIZE 24 hpf i 1 min PHEEECNA

5,45 R AR B B e SRR AR D

A ﬁ B
?‘)’JIZOO;Lm

P4l P8 L P, o 1 o, ok A e o B £ o
KR H RSOk T RERINE S
I A0 2 35 ik />

72 hpf i, 28 El?ﬂﬂlé g LA I A K OE
AR 6 g LA AR KIEHR 1341 g-L7'H
OB I B B A i 4 (18] 8),20.05 g- L Ab 3
[ B A 5 T R O 8 8 o ) B 3 £ A o
gk CUIRIG AT R 72 h i, 25 (RIS T AL B2
LA TR MR AL (R4 ), Hod | 8.97 g- L' Ak
PR PP B REP G, 13.41 g- L AL FRAA AR A
TR (] 9), LA v o B I v R 5 (20,05 g - L)k
BEAL AN, Pl i A R Bk U B £
WG AR R B A HER AR . Be Ak, ok s e Xt 3
At ARG A PN L R AL A — 52 B, X 48 hpf A1 72
hpf MRRG I NO R EATSe 0T, 25 R R WT 6 g- L'kl
i BE TR BRE B £ R Jif 1) P 6, L2 0 7 VAR B Tk

E N\
200um a’mum '

200pm

E6 AEREKHEYT 48 hpf D AR E BN

#:A,CK;B,6 g-L";C,897 g-L';D,1341 g-L"';E,20.05 g-L',

QRSN O3 ,Hﬁ@ﬁu%ﬂ?gﬂﬁ%)ﬁ’ R =200 wm,

Fig. 6 The effect of different concentrantion of dinotefuran on Danio rerio embryo development at 48 hpf

Note: A, CK; B, 6 g-L'; C, 897 g-L'; D, 1341 g-L'; E, 2005 g-L"'. Purple arrows point to pericardiac cyst, blue arrows point to vitelline cyst, bar=200 wm.

A B

—

500pum

500pm 500um

BEl7 48 hpf EEREELELS 20.05 g- L' KRHEREATHEBRMELITLE
TE:A,CK;B 24 20.05 g- L Wk Uil T AR 1940, C,20.05 g- L ok Ut N REFMIFIE 1940 fa (2L T KR) , A5 =500 pm,
Fig. 7 Comparis oin of normal Danio rerio embryo and the pigment fade, tail malformation embryo in 2005 g-L™" dinotefuran at 48 hpf

Note: A, CK; B, 20.05 g-L"!(showing the pigment fade ); C, 20.05 g-L"'(Red arrows point to tail malformation); bar=500 wm.
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D1

D2

8 AEREWRET 72 hpf 515 & fRRR & B KN
TE:A,CK;B,6 g-L";C,897 g-L';D,1341 g-L';E,20.05 g-L"', S EH LR ORZEM, ¥ AFF SR I BN, 47 R =200 pm,
Fig. 8 The effect of different concentrantion of dinotefuran on Danio rerio embryo development at 72 hpf

Note: A, CK; B, 6 g-L'l; C, 897 g-L‘l; D, 1341 g-L'l; E, 20.05 g-L'l. Purple arrows point to pericardiac cyst, blue arrows point to vitelline cyst, bar=200 pwm.

A B C D

9 FEIREBKHREST 72 hpf 35 & Y140 & K500
TE:A,CK;B,6 g-L";C,897 g-L";D, 1341 g-L"', #EH /RN, L EaH LR ORI, 2T A5 LR BIITE b7 =500 wm,
Fig. 9 The effect of different concentrantion of dinotefuran on Danio rerio larvae development at 72 hpf
Note: A, CK; B, 6 g-L'; C, 897 g-L'; D, 13.41 g-L™". Blue arrows point to vitelline cyst, purple arrows point to pericardiac cyst,

red arrows point to tail malformation, bar=500 wm.

35
~ g 90% 70%
2 80%
% é < 70% 53.53%
% Q § } 60%
-}a?\‘]: % W 48 hpf %:—.‘; 50% 31.65%
é 5 % 72 hpf ?—9% 40% 1517
23 S 309 ’
P T 20%
= | 10%
_ 0%
ck 6 ) 897 1341 : 2005 30 Y ek 6 8.97 13.41 20.05 30
ok IR /(g L) W eV BE /(g L)

Dinotefuran concentration/(g-L™) Dinotefuran concentration/(g- L)

512 RERE BB AE3S 96 hpf BT D & ARBR TF 4L MG
Fig. 12 The effect of different concentrantion of dinotefuran

S 10 AN[ER Bk B AR RT 48 hpf 1 72 hpf
BE 5 & RR AR PO R B S 0E
Fig. 10 The effect of different concentrantion of dinotefuran on the

on the hatchability of Danio rerio embryo at 96 hpf
heart rate in 10 s of Danio rerio embryo and larvae at 48 hpf and 72 hpf

B 11 BkHEAERT 96 hpf 35 & ARRE B 4h & B 220
W:A,CK;B,6 g-L";C,897 g-L';D,13.41 g-L';E,20.05 g-L"', WO %ikROp 42 fh | 40 (05 kR BRI AR R =500 wm,

Fig. 11 The effect of different concentrantion of dinotefuran on Danio rerio embryos and larvae at 96 hpf

500pum

Note: A, CK; B, 6 g-L'; C, 897 g-L!; D, 1341 g-L'; E, 2005 g-L"'. Blue arrows point to vitelline cyst, red arrows point to tail malformation, bar=500 wm.
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HUe T B BE ) 0 BR 25 6 B A He At SE IS B, 2 05
it 25 VA 1) T etk i o B I £ PO R FH A
HiVEHI(E 10),

96 hpf i} ,8.97 g-L" [13.41 g- L™ Ay 4b B 20 4 £
A TGO B, AL TE O B M O AR | R
J¥,20.05 g- L AL B AT P4k, 25 (41 R 6 g- L Ak
FRZH gl ta A K OEH (K 11), a2 W BE 1 TH s, 5
At YR 07 Ak R 2 W B AR (8] 12), 72 hpf Bk
JHE HIE IR B Ey £ i B BRI E 20120
2.2 W BEREYLf

K BERE (AO) X BE 5 £f1 96 hpf Y] 5 4 £
SRR AT RARIG AR YL 8 FE 450 nm OGN, &
R TG, TR T A U IR 26 TN 5%, 45 5%
FUAHXT DNA 15 A% T #4518 13).

25 AN R A A I T B4 6 g - LTI
8.97 gL AYALBRLH th B /D043 ) 0 7 T, AH 24 8%
ERRE T IR 13.41 g- L' F120.05 g- L 4k

FRAL H I HSE A O AT BEAGEY
2.3 TUNEL %4f%,

%t 96 hpf () BE D f0 4l ff 3#F 17 TUNEL 4 (n, 4%
R, 2 PO IR AT A T A L6 g+
L1 8.97 g- L A AL BEAL H 88 1 238 4 () 40 g
T, S0 MEHS R B, U A O RN Y B A
B4 B S 2R A A0 T B 13.41 g
L' H120.05 g- L' AL FHEL P (8] 14), S5 5 0 nE R
Yo 25 FARRL

3 itit ( Discussion)

CA W5 R WY, wk ol e X6 3t 3 i f6 LD,, > 100
mg-L", XF /K& EC,, (48 h)>1 000 mg-L", ¥} (%
TR AEUIR T A K A A= ) 2 B A () 3, i
IF LC,,(96 h)A 0.79 mg- L™ (& #E), B UF LC,,(48 h)
484 mg-L'(h#), R 45 LC,(96 h)2 141 mg
LI 5), ¥ EC,,>110 mg- L (fI£3)™Y, 5X Al fig

B 13 07 BEiE g fa ks ik iR 15 S50 5 & R s 4R A
ek, X IE, A6 g-L';B,8.97 g-L';C,1341 g-L';D,20.05 g-L' . #OFF R MMMAT A5 =200 wm,

Fig. 13 Apoptosis of zebrafish embryos induced by dinotefuran using acridine orange fluorescent method

Note:ck, blan Icontrol; A, 6 g-L'; B, 8.97 g-L'; C, 13.41 g-L™'; D, 20.05 g-L"'. Yellow arrows point to cell apoptosis, bar=200 wm.

14 TUNEL 3t %460 ik H BR 1% S 5T 5 £ BE fn 48 AR T
Heck, 25 X I 1-1 . 1-2.1-3,6 g- L' W J¥4H ;2-1.2-2 2-3,8.97 g- L' W40 ;3-1 .3-2 .3-3,13.41 g-L R4,
4-1 .4-2 4-3,20.05 g- LR AL, HEAFT R RAMMET, #5/L =100 pm,

Fig. 14 Apoptosis of zebrafish embryos induced by dinotefuran using TUNEL staining method

Note:ck, blank control; 1-1, 1-2, 1-3 under 6 g-L'l treatment; 2-1, 2-2, 2-3 under 8.97 g-L'l treatment; 3-1, 3-2, 3-3 under 13.41 g-L'l treatment;

4-1, 4-2, 4-3 under 20.05 g-L™! treatment. White arrows point to cell apoptosis, bar=100 wm.
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