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Toxicity of the new neonicotinoid insecticide cycloxaprid on groundnut aphid Aphis
craccivora and its degradation and transformation in 4. craccivora and rice plants
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(1. Shanghai Key Laboratory of Chemical Biology, School of Pharmacy, East China University of Science and
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Abstract: To figure out the insecticidal activity of cycloxaprid against groundnut aphid Aphis craccivo-
ra Koch, the leaf-dip method was performed to test the acute toxicity of cycloxaprid and NTN32692 on
A. craccivora, and ultraperformance liquid chromatography (UPLC) method was adopted to study the
hydrolysis of cycloxaprid into NTN32692 in 4. craccivora and rice plants. The LCs, value of cycloxa-
prid against A. craccivora was 3.45 mg/L, which was lower than that of NTN32692 (0.79 mg/L). With
glutathione S-transferase inhibitor treatment, the concentration of cycloxaprid and NTN32692 in 4.
craccivora enzymatic incubation solution was obviously less than that in the control. However, the con-
centrations of cycloxaprid and NTN32692 were not significantly different in 4. craccivora enzymatic in-
cubation solution with carboxylesterase inhibitor and with/without NADPH in cytochrome P450 mono-
oxygenase. The accumulation of cycloxaprid and NTN32692 increased significantly in rice leaves with

different cycloxaprid dosage treatments in 24 h. Cycloxaprid and NTN32692 were both found to be de-
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graded in rice plants within seven days. The contents of cycloxaprid and NTN32692 in rice plants were

decreased significantly, up to 67.33% and 89.42%, respectively.
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20155 4RELAEAE,2017) . HHT, BB A BAIE R
5 R R 258 2 — (Simon-Delso et al., 2015) ,
2y 5 RN T S 8 B A B 25% (Bass et al.,
2015) , R BAT w0 3 XL sh PR R
Bk AR S BT TR G M B\ Nilaparvata
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2013a) . PRAE HORE 5 B RS H B R ORIZE L, AN
AT DA 2ot il 2 Oy U v 5 L, R R AR Nk
P (Cui et al.,2012) , Al A RLBHIAFE CEL W HL A7R
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one S-transferase, GST) Fll 4l }g {6 25 P450 fif 75 21 48
HmE ry B A R b A FEAEH (R AT,
2016) , {F i 75 B0 A PR A QA Tt X A A L IE AR i
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B K i £ B NTN32692 (Shao et al.,2013b) . At
DL 15 W A A 6 4, SR A HUR iR (5K 4
2015) 433 I 5 A0 4, A R LK fife 7 ) NTN32692
X 1 2535 R RO . i e 2 ) o5
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J5 £ 0.05% TritonX-100 FY /5 7K K5 B0 48 g i) e
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el % 200 mg/L SRR, FH 28 Fs A 58 H BERR R A
100.,50.25.12.5.6.25.3.125.1.5625 mg/L (I ,
4 NTN32692 #5 & B 25, 12.5,6.25,3.125,1.563,
0.781.0.391 mg/L (S . L il 419 2 R AL &5 4
FRTRET VR S i e R vfe JBE vy AR 8 vy O DU 7 7 8 e 4K
T AH 8 3% (ultraperformance liquid chromatography,
UPLC) il 4347 , If 2 fil brifE 26 . UPLC faill 5%
P« 34t HSS T3(1.8 pm, 100 mm=2.1 mm) , 4
16K 40°C , i3 4 0.4 mL/min, fff Jl] PDA 60 2§ , 27
A HLUBE FITNTN32692 114465 38 K 4351 >4 340 nm Al
325 nm. SR HShPEEERS, 10 L @ R, AR IERE
1 uLo BRI A K NG IR Z B B VB 1L
141 : 0 min BHEEZAEK : ZE=90:10,5 min 4K : £
JIE=82:18,6 min i H4l/K : ZJfF=82:18, 10 min i}/
4fi7K : Z.5=75:25,11 min 84K : Z.J5=90: 10,
123 FE kA B 75 iR oF AL ag 2

HUE 75 W B 50 S A 2 mL B0 L I

pH 7.4 19 0.1 mol/L W2 %z v 1.5 mL, KIS )5
F4°CF LA 10 000 g #5.0> 20 min, B | 75 WA A
VR, AR v R S ol FH et A T LR B

% H] Bradfold (1976 ) 1Y 77 v W e 7 W B v
AR, AR L v AT B rh AR 2R
1 000 mg/mL. KBV IN A £ 40 pL 3 5 HUBEH IR
(i T IO VR B2 1<10° mg/L) iR & v
PSR HELR S 100 mg/L, 1A 2 SUATH g 4 mL K
TR VR A Ry Wl TR 8 A Sy o HRAH g A PR AT
3. HRIR4LE T 30°C FRDGEIE KBRS, T
ANTE] ] 85 214,68 h 43 S HCHE 0.5 mL, /il 1 mL 7K
CIELAERN, 1 000 g F 5.0 10 min, B30T
0.22 pm SRR PEUEIE S , ) UPLC A B4 4 g S
LKA ™= ) NTN32692 (144 &, 4 PRV i o 5
W3, R AR 1.2.2.
1.2.4 BRSBTS AL 6 a2

R T AR L A PR ST B SR i R A
A 19 52 W, K FH CarE #1157 TPP A1 GST 411 i 51
DEM, Pk K s Jin % By B -F NADPH by 2% {4, i i
UPLC K J7 42 647 P4 480 HUBE FITNTN32692 ¥ FE 1Y
WE 4 531 DA PR 4 I e B ik /D> 1 I NTIN32692
JEE BN 2R E WA R P 3 FiOAS [R) AR I R 1 i il
(carboxylesterase, CarE) . GST Fl 41 il {2 25 P450 fiff
X R R E R e AL i s

CarE F1 GST X P44 HL g B2 A i 14 1) 5 i 0 7
Z: I8 1.2.3 Ty RO 15 W B, A D R 24k
41 000 mg/L, If W] E i th A A 1x10* mg/L 48
HUBERS K 20 pL . 1x10* mg/L CarE #lil5 TPP 20 uL
5 110" mg/L GST #1131 DEM 20 pL, i )z v 14 %
SMARFR 2 mLo Xof BELH T A5 (A RRU R 1 7 I Tl R
T4 Tl A ) 700 A2 Aot A AR ) W IR 2% v . [
1.2.3 2 440, ROGIE T 4 h s A UPLC /G 2R 48
HEFINTN32692 Ak, kRl 1.2.2

20 60 €51, 25 PASO X B S R IE AR A 7 1 11 52 i)
W < B S0 Sk 15 1 W s HR L AR % o i (7 pH
7.4 19 0.1 mol/L BifR 2% #hK .1 mmol/L & & PU 2,
fi% .0.1 mmol/L &R I BEEE . 1 mmol/L 78 JE 475 Ik K
1 mmol/L 2% I SER 50 , WHES 5 4 °C R LA 10 000 g
230> 30 min, B VST ARA 2544 T 2540 60 min,
WUILVE , A PR R 050 209% 1 H I AF % 2 op i
V7 AE R AN (6 R PASO BRI 3 VR B2 Je in A
T IS % R, (A0 i (53K P4SO B2y
75 png/mL. [ PR HBE R A1 000 pL 4 (5
FH PASO A 150 pL WILAHRE N 20 mmol/L 5 Bh
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K F NADPH 7K i , 7 52 I A4 72 v B 4 H e ok
100 pg/mL, B IHFES S SN AR A 1.5 mL,
YEAIRIRA (FNADPH) . ¥ NADPH 4 hy A FH
AIF I 2% vh A 25 1 24H (- NADPH) |, 8- Bl R+
NADPH FI4H i {6, 2 P450 BRI Bl LA A A
SE R R B, AR P A 3R S A5 )
1.2.3, 3607 F 4 h 5 A FH UPLC A 2R 4 He B Al
NTN32692 R, ikl 1.2.2,
1.2.5 R R AT A ARG P AR B0t &
PR A E T LA B AY, 1x10% mg/L
R, S8 J5 FIE 7K 43 5F6 BE 22 50,100,200 mg/L, f+F
o #k3k 15~20 cm fdoH: HAR TR ICHA B9 /K RS , 1
ASMIB TR AT T B IS ER, A BImAA
[Fi] e 3 ) B AR UBE T L 0 LR IR IR R .
PRER IR O N A 1% — H B AR5 K VR A
XTREZH . AR 5~7 IR, Hidr 24 h 5 e B 220
FUGT BT KRG ke, £ dURS B PR 12 2 g, BY RS
T 30 mL Z i #E 7 $2 5 60 min, Bt 0.7 pm
DEFSUEE . A 0.2 ¢ EALEIF 0.8 g LK BREREE
ITHE 1 min, BR7K, iEZE M4, LA 10 000 g #5.0> 10 min,
bR LA A L, IO E4E 2 5 mL, 4 0.22 pm 25K
PEUE AT B RE 5 5 IR RS T /A7 . A UPLC k2

TN 5 A2b FHLZF AR i v B 4 R BE T NTING 2692 TR
Tkl 1.2.2,
1.2.6 ZRA k75 NTN32692 f2 K48 F 3%, G 2h 4]
100 mg/L 35 AL BE VS IR AR K5 772 K R 1 24 h
J& , 7K M geAE AR , W T R THK 435 Bk R
I 2R IR, I AHT B /KR 8 SR R 1,
FrCEFRM AT I RIE) . #5598 1.3.7 dIFH
FEARGL I 7K A 7 r B 4 L IE R NTIN32692 1R
IR 1.2.5, AN 100 me/L BR4 i 55 35 K R i
24 hiby, LUK G Fob 20 48 g FINTIN32692 1Y
BEVE ARSI 7 e
1.3 HBIESH
K H POLO-plus &4 X} 55 1 90 K s 25 17 4k
BT LCso S AHOCHH 5 38 2F DPS 3.0 A% 55
ARG 530, N fe/ N i 2 22 8 (LSD ) ¥ 1l
Duncan [GBT &l 2550 725 5 b 2 PR 5

2 HER55H

2.1 IREHIEFINTN32692 W EEHFHIE
R HE B HL K A =4 NTN32692 X E 75 W5 1

LCs 43514 3.45 mg/L #10.79 mg/L, 5 # 8975 71 W]

i TR EUREE , B IR IR AR BE) 4.37 1% .

F1 RS AR NTN32692 3 BEHHE S
Table 1 Toxicities of cycloxaprid and NTN32692 to Aphis craccivora Koch

AbFE Treatment LCs (95% CL) (mg/L) #F% Slope+SD 5L Toxicity ratio
I HUE Cycloxaprid 3.45(2.77-4.51) 1.48+0.13 1.00
NTN32692 0.79(0.56-1.05) 2.50+0.19 4.37

3 3 LCso V€ JBE 119 B S HUE FITNTN32692 Ab 3
H AR W5, K I AS 5] it 2 B (8] P 3 40 HL e K
NTN32692 X 5 15 W (I BOLH %, ZIAEMEZ 5 20 h
PN A R H B X T A I 1 AT R 18 T NTN32692
(1), 7E0~10 h IR HE RN 15 WF 1 P T 3
¥ITE2.00% VAR ,20 h JG 6T R B AT £ 41.27%,
BEJS AT 2% K= NTN32692 4bBRE F5 1% 7 h
J& , AR B R FET R A 37.20%, 10 h 5 75 1
FET- A5 40.46% , BG4 T 2% . RILEL)H14b
FE20 h PN, NTN32692 X F 75 1 14 55 7 s 50 bE AR
H TR AE,

2.2 IR HAEFI NTN32692 HIHR A # 2%

HE 4 BR 4R 0 A NTN32692 7 UPLC A& 1 4
WS TR AR, IR 2 RS W AR T 42 . PR
WGE R ARG I 98 4 A 340 nm, P4 B8 B5F 18] 47 5.6 min, BRifE
£k A y=6 357.00x+763.65,y AW TR, x A 3R
SAURBEIR B A OC R B R M 0.99 5 NTN32692 (146 1

Wi R 325 nm, f BE B IE] A 4.2 min, BRifE 20 )=
12 949.88x-343.85, y Jy W st T X, x y NTN32692
(AR A R LR 0.99,

—— NTN32692

60F  —o— FRgulBE
Cycloxaprid

(O8] 4 W
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T T T

FET-F Mortality (%)
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(=]
T
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fi} 18] Time (h)
B1 REHRLEF NTN32692 W BB B R ETN
Fig. 1 The lethal rate of cycloxaprid and NTN32692 to Aphis

craccivora with time

P Fr s ) R S Y 8RR iR . Data are mean+SE.
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2.3 INEHIETEEE B R P AP
PR 5 J5 , Ab P2 PR 4 R E R 38 3500 IR

AL F AL, HBA R AR (B 2-A) o AT

BOREE 2 hm, P4 HOBE R R B 25 I TR IR AL

4.6.8 h)5 —Fm 255 B E (P<0.01); [FFE:, bEE
I N ) ZE <, b FHZH H NTN32692 k¥ i & T
(FE2-B), 55X R4 22 55 35 (P<0.05) . R ETE
M Tl R0 A S R () R e A LA — e (R R

851 A 1 W CK 15r B
2 I At Treatment N %
gg : =&
= X en o
é‘)é 80 r EE 10F *x
5]
Bz o B3 .
%5 " g
= 751 S
H g § g 5t #3%
& 8 *% E 5
o 70 £ O
ol .| .| BN W 0 . . .
2 4 6 8 2 4 6 8
B [8] Time (h)

2 ETEUTER R A A E P AR AN NTN32692 3540 A U #20
Fig. 2 Effects of the enzyme solution of Aphis craccivora on the degradation of cycloxaprid and transformation of NTN32692
P B P Y B bR IR o I 43 51| s Ak BRI B 2 [A] 28 LSD R A B0 AE P<0.05 F1 P<0.01 7KV-22 5 i % . Data are
mean+SE. * or ** indicates significant difference between treatment and CK at P<0.05 or P<0.01 level by LSD test, respectively.

2.4 BEREUARERIEEEXIIAR HIEREEE LN

AN I ] AT 50 350 s % BELL ), B 4R RUE Y
W REFAIK T 10.70 mg/L, 1fif NTN32692 ( H R 48, dL i
Rif e it AL 26 ) VR BE TS5 T 5.24 mg/L; LA GST
P11 55 DEM J& , 20 5 HURE 98 2 it (7.50 mg/L) Al
NTN32692 # iz (3.60 mg/L) 5 %} FRZHAH 34 i 2%
I/ (P<0.05) ; i LA CarE 41151 %) TPP Ji5 , BR48 1
WE I /D i S NTN32692 34 i 428 0 K, H 25 5
AN (E3-A) o HULHED, Y GST M2 8] —

JITHIERE , E 7 Wop Xof BA SE U RE P B A R 0B T T IR, )
A2 W GST X 40 56 HRE [ A i A HAT — 2 O A
fEH

M NADPH #EA7:F a5 , PR A gk /D i 5
XFIRZH 25 4 (-NADPH) AL, 23 AR, HA
] b FZH H NTIN32692 ¥ B2 19 A8 4k 5 60 IR 4 Fn s 1
AT R E S (F 3-B) . HEMIZE B AT AR 2514
T, 41 i €8 K P45 il I R XF B 4 HLUE (1Y) R i A
NTN32692 (A ™ A= 5720

O AR/ B Decrease of cycloxaprid B NTN326923 & Increase of NTN32692

12 - A

B Concentration (mg/L)

1
SHHE4 CK  +DEM +TPP

8r B

1
SHH4H CK  +NADPH  -NADPH

AbHE Treatment

B3 EHgEEXT 7k FE e 3R & FRE BEAR AN NTN32692 4 B K #2H
Fig. 3 Effects of different metabolic enzymes on the degradation of cycloxaprid and transformation of NTN32692 in rice plants
+DEM: R4 e H K S-SR B 78] DEM; +TPP: SRR ER B 77 TPP; +/~NADPH: %S/ ANASINAHH (3 P450
B B P 7 NADPH. [ 88l P 3 8 b it . 37 b BRI IR 22 9] 28 LSD ¥: G 45 7F P<0.05 /K- 225 1.3 . +DEM:
With glutathione S-transferase inhibitor DEM added; +TPP: with carboxylesterase inhibitor TPP added; +/-NADPH : with/without
cyp450 auxiliary factor NADPH added. Data are mean+SE. * indicates significant difference at P<0.05 level between treatment and

CK by LSD test.
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2.5 HEZGIREITINE RIEZE KRR AR AR R RSN

FEALTE 24 b, Bl S HORE R FE G 0, K AR
HRIR AR HUBE K NTN32692 AYFR Rz i in (& 4) .
VK 50 mg/L 3% 100 mg/L i, K AF - p 3R
SR HUBE (1) 3k B VR 4 T, ML 6.04 pg/g FW $2 71 %]
15.72 pg/g FW, H 2 5 1 35 (P<0.05) ; 4k FEARSLIY
JNE] 200 mg/L B, KR i (%) 20 4 g ok B 4k 242
T+, 85100 mg/L iR H 2 F A B E .

PR AE R (9% 2 R 50 mg/L 35 A1%] 100 mg/L
B, NTN32692 7E/K A i AR 5 1R 10.07 pg/g FW
FETFF 2 18.32 pg/g FW, 2 /A LA 1] 22 S I 2 (P<
0.01) . P4 HBEVR A 200 mg/L i, NTN32692
TR 0 25 T, 1551 46.84 pg/g FW.

i 5 B A W it P v B T, 2 R 2RI AR K
Fent i BAE BRI, A HER R 2 I
P PR T 22 B A 3, T NTN32692 (19 BIR 2R BN
e B R T ; HAE AR AR 254, NTN32692 4 1
FIRIRZm T AHRIE . HENDY PR v B 5 T
100 mg/L B, 7K F8 AT A 000 e PR A8 e I 1k A 1
JNTN32692,

60 [ PR HBE Cycloxaprid

E B NTN32692 A
)
o
20}
=i
k3
=
B
g
2 20f
S C
b b
®

0 1

50 100 200

FR4E HIE IR BE Concentration of cycloxaprid (mg/L)

B4 REHEZSRE IR 24 h FIRE HIEFI NTN32692
TEKFEM R RENR
Fig. 4 The concentrations of cycloxaprid and NTN32692
at 24 h in rice leaf tissues with different
cycloxaprid dosage treatments

s B br iR . AR/NG FREFIA R RS
FE43 367K 28 Duncan KT & i)k 22 W5 46 30 78 P<0.05 FlT P<
0.01 /KF-2£ 5% 3 . Data are mean+SE. Different lowercase
letters or uppercase letters indicate significant difference at P<

0.05 or P<0.01 level by Duncan’s new multiple range test.

2.6 INEHIES NTN32692 ZEKFEHEI% B
TTRARSE SR, A S ER B =5 T 100 mg/L
FiF, KA AT A 280 A A A i I R AR A A B NT-
N32692(1&14) . B — 204857 2 Bl il 7e KA
I RFEE AR AT 00, A BY T 1 i FH [B) FH 245 )5 RE AR

TR P95 B 25N HEAR T G R . fEiR
HRKEFRKFEN 24 W), BiE TG 25 R R R] (R 34 in, 7K
Feg - v B AR Ht IE I NTIN3 2692 (v B 15 522 90 R Wk
(R S), Horp PRE e N R RS TR IR
3dJE FIET 29.55%. 153727 dfi , KRG H RS e
(R JBE B 2 FRAIR (P<0.05) , 1 15.97 pg/g FW LR
522 ng/g FW, FREE T} 67.33%. FIE T R4 R
WE , NTN32692 7E /KRG I Sk B AR e, B3 57 3 d
B, FE KRBT P B B R I T 64.18%; 1537 22 7 AT,
FEAKFE R i 2 TR 1 89.42%(P<0.05).
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Fig. 5 The concentrations of cycloxaprid and NTN32692
in rice leaf tissues with time
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Data are mean+SE. Different letters above the same line indi-
cate significant difference at P<0.05 level by Duncan’ s new

multiple range test.
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R L E B ) R R 0 2R SRS P AR ke
POt Hobk 48 EURIAR Ry EUELA S A A T
Y OB IR AR S U39 (Shao et al.,2009) . &1 X3
A8 HWE BTG PR TS AR 7 Ao T, B 0T il i
OF A v T« mEl | KE R B AR BT Aphis gossypii
(Glover) 4] % BEM W Erythroneura apicalis (Nawa)
T HA R R B IR SR X R A 4 B W Rhopalo-
siphum padi (L.) BAG AR LT 1 fiok 235 F1AR 35 A 0 77 e
(Cui et al.,2010) , 3X 15 I FR 4 HUBE AT L3 2o fish A4 5
FE ) PR AE AR -1 B 7 RO 5

AH AL GUR TR HUA], PR BE R 25 A
TR TRYESME T K ATE AL S I NTN32692;
SRR 4 G 2 W], NTN32692 5 nAChR
[ 45 5 B8 ) 2 21 480 HUIE 1Y 15~40 4% (Shao et al.,
2013b) o PRI, ASBIEGE 43 )00 s B A, i I R LK S
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FEHI NTN32692 X H 75 1 (1) 8 1 BB =%, K B
NTN32692 (155 /1 W] il i T IR S g, 3 A8 80
IR HERY 4.37 4 s FEAR TR AL BRI [A] Py, 5 4R e g
AH LG, NTN32692 15 1 78 W5 i isf [a] s bR, 3 7 B
o IR AR R T P A — 2 1R
T DUPEE A B 48 i % ORI 3 B EE T (Li et
al.,2011), [HUL, 76 ]2 P58 S5 44 T, ik 1) 78
I8 T, 3843 R A S8 ORE BT I RS e T
NTN32692 i e A% HUG P AT DAAE 35 Ul i vh & 4 T
AP A HUBCR .

HIIRF ST A B, Zoad PR R e b R, 7 I
PN CarE i 4 76 B .22 4k , 1 GST 141 ifg (2. K P450
T 15 PR Y T, e AR X A AR A AR g, GST
AR PASO B A FE—E VR (R BB HSE,2016) .
ARG 57 25 S 3R W 1 0 W B A g A o
R AL AT —E MR EVE R o 6T, A e ik
TS SINBEEAI 7] 09 7535 , WF9E CarE Fl GST X 244 HUbE
ot i 3 AR R 52 0], % 8 CarE o BA 480 L IE A A6 it I
NTN32692 i 4= B AT 520 5 11024 GST 13 152 2]
Al s, A A e W 11 i T NTIN 32692 119 A= i B i
ZRAMH], F GST X IR R e F i 5 AL B —
PIAE AR 5 I A1, X 44t €8, 3R P450 B YA 92 45
R AL FEIREE 4 h5 , PASO B 5 e 3148 e i
() R F FTNTN32692 Ak AR . B TAZ2 BR Tk
S HTACES BRI S5 4 , ASBIFGE v 3 2 i SR 1
U B ARV 5 A S L I L [ 07 75 A T AR A A A Pl
E T RS R ARSI R G o 52 4%, R R SR
WE FITNTN2692 75 B HUTE A P 1) B A i AL I 100
A RpiE— ARG, R 0 2o RGN SR A o A
A EUR B o (A 2 s i

R ZHCHRBRZE A HOFR 2T NI AE I HE A
RN, BT 2% fire RO e 1 7= A 30 A R AT ) 2 i)
(Ford & Casida,2008) , H 7% HU538 o P AE HEA
FEAR PN, X6 T BT e = 1 28 A R RO
(Lietal.,2011; i 1l1%,2016) . e PEFGT 45 R
PR, 25% A HUBE ALY A I FE K HP s T EE
IR RE T, — W E HOK s R U — 4%,
R4 B NTN32692 ([ 9545, 2014) . fb4k, Zhang et
al. (2013)BIF5E & B 1C- I H e T B 28] /) 1 SR AR
H I AT LAIE i AR BB is i R G A B E R AR
S 7% B A R B A7 5 Liu et al. (20152, b3 2016)
HF 5 45 SR 2% B 0 S8 e 7 e R38O0 o 5 d,
28 d i HAE I A & i MR BRIt R ) 1%,

H AP A HUE SRS A AR 2 im i C/r AT
CAVE R KRS , TS 7R 60~90 g/hm?, %

750 kg/hm? 7K 13-, A AT %04 54 80~120 mg/L.,
AR LA ARG R0 5, F 98 A 48 L e 7E /K R {4
PR RS M R Ak 3 R FE 5 NTIN32692 7E 7K Ff {4 1
BE I E] A8 i SRR | & B 25 A 4R o e it P I
M 50 mg/L 3% 200 mg/L , 2 Fh Ak & H e K fe i v
(1) S2 B A0 B S B, 22 B A it 2 R R
100 mg/L B, 7K i A] A7 250 IS0 BA A U , I e fie e
A UNTN32692, ZKAG gk — 20 1 5% B S5kl
SEILFA | U E BELE A K FERIVE G |, B TC 2555
SR [E] Y E S, 7K I e v A 4 LU IE AT NTIN32692
e BB S R R B3 d el R T
29.55% 1 64.18%; 3535 7 A J5 43 W T W T 67.33% Fil
89.42% , HH NTN32692 ¢ Ji . 3 T [ 1l i 5 Hi4w
Gy RANCRERRAT G . T ARMSRAIETT T A dUE
FEKREAR R o SRBURIGE B8 sl A KL, K RETT J 5% B4
25 RS AN RS KA B YA RO AG I, IR A
St 24 i AR HURE R NTN32692 X T3 U B 6 75
BRI AT R — 25

T At PR AR, H 7 b g R SR AR P T Ay
AU 2575247 IR . Nauen et al. (2003) & LB
R TE B M 5% %MK Spodoptera frugiperda R AE
A 705 Sy g e O R, AT A 2R AR AT T W e g
Stk Auebicre H BN B 22 B3 . Bredeson et al.
(2015) /2 SHE HUVELE R DA P Bt T A v e e R LA
DA A B DA OG . S5 2] ARt &
LA A HUE 7E R ORI IR N S 560k 2=
NTN32692, NTN32692 HAT/R & A A s, H6
AFEVERR ] T HAELAED R U N . P4
HUNEFRI R IR R R T R AR AU
bk R BRI T A AW RO S . B, A
SR HUBE AR kg i 78 3% AR 3 B i ot A, A
AR PR AR FEE 2 X (Shao et al.,2013b) , 17
HAEA: IR N A B A i AR AR 5, 10E— 25 U W 7 HE 1)
SERR R FH AT G s A b A5 ) ST LA
RO AR HAEFE B Ba T EH]

£ % X Wt (References)

Bass C, Denholm I, Williamson MS, Nauen R. 2015. The global status
of insect resistance to neonicotinoid insecticides. Pesticide Bio-
chemistry and Physiology, 121: 78-87

Bass C, Puinean AM, Zimmer CT, Denholm L, Field LM, Foster SP,
Gutbrod O, Nauen R, Slater R, Williamson MS. 2014. The evolu-
tion of insecticide resistance in the peach potato aphid, Myzus
persicae. Insect Biochemistry and Molecular Biology, 51: 41-51

Bradford MM. 1976. A rapid and sensitive method for the quantitation

of microgram quantities of protein utilizing the principle of pro-



408 i R/ A= 7 46

tein-dye binding. Analytical Biochemistry, 72(1/2): 248-254

Bredeson MM, Reese RN, Lundgren JG. 2015. The effects of insecti-
cide dose and herbivore density on tri-trophic effects of thia-
methoxam in a system involving wheat, aphids, and ladybeetles.
Crop Protection, 69: 70-76

Cui L, Sun LN, Shao XS, Cao YZ, Yang DB, Li Z, Yuan HZ. 2010.
Systemic action of novel neonicotinoid insecticide IPP-10 and
its effect on the feeding behaviour of Rhopalosiphum padi on
wheat. Pest Management Science, 66(7): 779-785

Cui L, Sun LN, Yan DB, Yan XJ, Yuan HZ. 2012. Effects of cycloxa-
prid, a novel cis-nitromethylene neonicotinoid insecticide, on the
feeding behaviour of Sitobion avenae. Pest Management Sci-
ence, 68(11): 1484-1491

Ford KA, Casida JE. 2008. Comparative metabolism and pharmacoki-
netics of seven neonicotinoid insecticides in spinach. Journal of
Agricultural and Food Chemistry, 56(21): 10168-10175

Gao ZS, Zhang XF, Liu HT, Zhang WJ, Mu W. 2016. Feasibility for
controlling wheat aphids by seed dressing with neonicotinoid in-
secticides. Journal of Plant Protection, 43(5): 864-872 (in Chi-
nese) [ i L, sKE=0E, IR, 5K SCIH, 5= T2 2016. FrArmss
A HUR RN -FELAC BT 16 42 85 0 nTAT PE A A DR 241k, 43
(5): 864-872]

Li C, Xu XY, Li JY, Ye QF, Li Z. 2011. Radiosynthesis of tritium-la-
beled novel nitromethylene neonicotinoids compounds with
NaB’H.. Journal of Labelled Compounds & Radiopharmaceuti-
cals, 54 (5): 256-259

Liu XQ, Xu XY, Li C, Zhang HX, Fu QG, Shao XS, Ye QF, Li Z.
2015a. Degradation of chiral neonicotinoid insecticide cycloxa-
prid in flooded and anoxic soil. Chemosphere, 119: 334-341

Liu XQ, Xu XY, Li C, Zhang HX, Fu QG, Shao XS, Ye QF, Li Z.
2016. Assessment of the environmental fate of cycloxaprid in
flooded and anaerobic soils by radioisotopic tracing. Science of
the Total Environment, 543: 116—-122

Liu XQ, Xu XY, Zhang HX, Li C, Shao XS, Ye QF, Li Z. 2015b. Bio-
availability and release of nonextractable (bound) residues of
chiral cycloxaprid using geophagous earthworm Metaphire guil-
lelmi in rice paddy soil. Science of the Total Environment, 526:
243-250

Mao DR. 1994. Research methods of plant nutrition. Beijing: China
Agricultural University Press, pp. 16 (in Chinese) [ T ik 41l .
1994, HEHE TR 7 i . ALat: thEfOll K% i hiiat:, pp. 16]

Nauen R, Ebbinghaus-Kintscher U, Salgado VL, Kaussmann M. 2003.
Thiamethoxam is a neonicotinoid precursor converted to cloth-
ianidin in insects and plants. Pesticide Biochemistry and Physiol-
ogy, 76(2): 55-69

Prabhaker N, Castle S, Henneberry TJ, Toscano NC. 2005. Assessment
of cross-resistance potential to neonicotinoid insecticides in Be-
misia tabaci (Hemiptera: Aleyrodidae). Bulletin of Entomologi-
cal Research, 95(6): 535-543

Simon-Delso N, Amaral-Rogers V, Belzunces LP, Bonmatin JM, Cha-
gnon M, Downs C, Furlan L, Gibbons DW, Giorio C, Girolami
V, et al. 2015. Systemic insecticides (neonicotinoids and fipro-
nil): trends, uses, mode of action and metabolites. Environmen-
tal Science and Pollution Research, 22(1): 5-34

Shao XS, Fu H, Xu XY, Xu XL, Liu ZW, Li Z, Qian XH. 2009. Diva-
lent and oxabridged neonicotinoids constructed by dialdehydes
and nitromethylene analogues of imidacloprid: design, synthesis,
crystal structure, and insecticidal activities. Journal of Agricultur-
al and Food Chemistry, 58(5): 2696-2702

Shao XS, Liu ZW, Xu XY, Li Z, Qian XH. 2013a. Overall status of ne-
onicotinoid insecticides in China: production, application and in-
novation. Journal of Pesticide Science, 38(1): 1-9

Shao XS, Swenson TL, Casida JE. 2013c. Cycloxaprid insecticide: nic-
otinic acetylcholine receptor binding site and metabolism. Jour-
nal of Agricultural and Food Chemistry, 61(33): 78837888

Shao XS, Xia SS, Durkin KA, Casida JE. 2013b. Insect nicotinic recep-
tor interactions in vivo with neonicotinoid, organophosphorus,
and methylcarbamate insecticides and a synergist. Proceedings
of the National Academy of Sciences of the United States of
America, 110(43): 17273-17277

Tomizawa M, Casida JE. 2003. Selective toxicity of neonicotinoids at-
tributable to specificity of insect and mammalian nicotinic recep-
tors. Annual Review of Entomology, 48(1): 339-364

Wu YC, Xu ZP, Shao XS, Cheng JG, Li Z. 2016. Toxicity of cycloxa-
prid to Aphis craccivora (Koch) and its effects on detoxification
enzymes. Chinese Journal of Pesticide Science, 18(6): 710-716
(in Chinese) [% 55, 271, HIOTE, FE5 0, 254 . 2016. 3F
Sel, HHUE O 0 08 FAO 7 T B AR DAY TS P s AR 2Y
2£224],18(6): 710-716]

Xu HX, Zheng XS, Tian JC, Lai FX, He JC, Lii ZX. 2017. Advances in
the development and application of control technologies for in-
sect pest management in paddy fields in China. Journal of Plant
Protection, 44(6): 925-939 (in Chinese) [f& L&, K1, R
W, BRT, TR AR, B 2017, Tk EUKAS 3 AR @B
RAGWFFTRE L R FHBLIR . AE R3], 44(6): 925-939]

Zhang J, Cao YQ, Cui L, Qin ZH, Ma YQ, Rui CH. 2015. Toxicity of
N’ - nitrohydrazinecarboximidamides to several aphids and the
influence on the activities of related enzymes in Aphis gossypii.
Chinese Journal of Pesticide Science, 17(2): 143-148 (in Chi-
nese) (3K, WY, BEIH, TIRME, THKER, P EHE. 2015 N -
TR SIS A G W 0oF 18 2 T 0 e B DG AT 1
PRI 2G24T, 17(2): 143-148]

Zhang J, Fu Q, Wang H, Li J, Wang W, Yang Z, Ye Q, Li C, Li Z. 2013.
Enantioselective uptake and translocation of a novel chiral neo-
nicotinoid insecticide cycloxaprid in youdonger (Brassica camp-
estris subsp. chinensis). Chirality, 25(11): 686691

Zhang YB, Qian H. 2015. The global marketing and development of
six classes of insecticides and new insecticides. Agrochemicals
Today, (5): 26-32 (in Chinese) [5k—%Z, £RIT . 2015, AN
2o RN Y e RUHT O K B 4 SRR R . A AR ZR, (5): 26~
32]

Zhuang Y. 2014. Study on the hydrolysis and the photodegradation of
cycloxaprid in water. Master Thesis. Shanghai: East China Uni-
versity of Science and Technology (in Chinese) [ %% . 2014.
IR R BE K SO GIR R E PEFTE . -2 3. B 4R
TR

(TS £48)



