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Abstract In order to clarify the mechanisms of metabolism and detoxification of Agrotis ipsilon after exposure to
sublethal dose of cyantraniliprole. the leaf dipping method was used to determine the toxicity of cyantraniliprole
against the 3rd-instar larvae of A. ipsilon in the laboratory. The effects of sublethal dose of cyantraniliprole on
the activity of protective enzymes and detoxification enzymes in A. ipsilon were detected by enzyme Kinetic meth-
od, and the dynamic changes of the enzyme activities were compared at 1, 6, 12, 24, 48 and 72 h, respectively.
The results showed that the activities of peroxidase (POD). catalase (CAT). and superoxide dismutase (SOD)
were increased after exposed to sublethal doses of cyantraniliprole at the early stage of treatments, and the activity
of carboxyl esterase (CarE) was induced at the early stage and inhibited at the later stage; the activity of glutathi-
one S-transferase (GSTs) was significantly induced, and the activity of mixed function oxidase was, to some ex-
tent, inhibited after exposed to sublethal concentrations of cyantraniliprole. The results provide the theoretical ba-
sis for further understanding the defense mechanisms of A. ipsilon against cyantraniliprole.
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Table 1 Toxicities of cyantraniliprole against the 3rd-instar larvae of Agrotis ipsilon
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Fig. 1 Dynamics of protective enzyme activities in 3rd-instar larvae of Agrotis ipsilon

treated with different sublethal doses of cyantraniliprole
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Fig. 2 Dynamics of detoxifying enzymes activities in 3rd-instar larvae of Agrotis ipsilon

treated with different sublethal doses of cyantraniliprole

2.3.3 MFOs &

A 2 W] LA Y S0 S08E 75 174 7R 40 R i Ak
L 0~12 h NAEEE I MFOs 1614, 7EAL 3 72 b i)
WEEHH W& MFOs {4, 25 [ MFOs {
JIHE 0~12 h 2 B IF7E 12 h B SRR
{EL ZE BLE B B N 25 E 0 BRI MEOs 36 4 2 3 5
FEB A WBFER AL HL; 78 72 h AP B i 5 T4 4b
) MFOs {57, LCoflmAAHETE 0~6 h )4 &
Fhia#; LCos FHE A HEAE 0~24 h & EFH#HE I
7E 24 hik B KAE . LC IR FHAE 0~12 h Y&

ETESGHE 12 h KB RME. B8R 1 IR
HEEHAEALF 1,12 h DL K 72 ho b, HAR Ny MFOs
T 1 BB A T P B v B R T RN SRR oA
i a1 B P 4%k B A L AT ) MIFOs 15 7 TG H 2. 22 5.
FEHH V. B AL ) it 1 TR L B % /)N b 2 B IR N
MFOs 1 J1 RN — s R M s e .

3 Fit5itit

TR LB I 5 A KU e 218 245 57 A HE d5c R 22 5
e T LSNP Y E i I L S i & o G



45 55 2 W

A0 R - YR L B % A0 X/ 3t 2 DR B Tl A A2 TS P 8 S A0 « 95 -

SRR L 2 RART DA R B IR R 4 i H
o, XS H L E i B B R B
TR W BRSO AE AL A S &%
ZFFEE R . A HOR I8 2 4 S B A
KEH EFH WG b rE 4 1 A R 2 B2 1Y) 5%
W, ISR 2R B SOHE 1) e 1) T A T e XF /)
ZRMNAKER B e Y DL B SRR A
TGRS R B o AE T 0 % T AR
PP AE S ORI AN BT G 250 55 5 T W 5 R F
FEAE S . AHE ST 5 i g 2 A T
BOHEHA) i (10 1R B B XT3 b 3 I A P DR 7 T A
REBEHG 1 0 3h 25784k 2 WY TR R It i vl 15 5 s
/)Nl FEAAR A R4 e e 2 6 0 S LA vy LA
X YL TS R e 11 ik 224 QT R

AR S5 A B AW A2 2550 e PR T )
xR HUVE KR BRI AR s 2 B
FNHME A QRLEE R RE L CO, MR EE Ak~ 25 51
A FAEYEE) Bof o FLAA DA B T P s TS N 3
IO NITAETE T RN /N FR B AN Rl F 25 A4
X HAy BB AR KR AR AR R 4 AR
CAT TR PEBAT i34 2252 K S POD A SOD i
PR FHCE SR B KT SR M 2 AR
B MR A RSN FEAE LI [v] A 5 R 4 T 1 T
e (HE SRR S VBT B R, SR Bl 2%
OFS R AL TN G =2 L7 i i [ F =R R R BU R R ER N
P BB MR IR AN W B b 35 e
BEFN DA TG 1 S FEAR B U R A B DD G &% T HL
ANTF)2F A BE bR B LA A7 58 i B A DR A
FRIE PR A AR 2 50 DRI, S [ 36 Jl 3 % B
ORI 0 i B Bl RN DR AP s e AN ]

B A Y A RE T 1 i T 3 B B 24 1 R B
OGS SRZ R A v i AL 2
PRt (CarE Na™ +K" 4 ATP fiff) fHURPEREAR %
HEHE (MFO,GSTs il EST) f) 7 1 38 38 LA K AR 47 il
(SOD.POD 1 CAT) i J148 ey AL L2 S B R A
PR EERHZ 1, Na” +K" +ATP
it LIS FIALL B o 2 TR 288 56 24 790 ) S ARl
P LCso 77 5 1Y 1 280 58 502 TR o g Ak A 2%
Helicoverpa armigera ( Hiibner) 3 #44h Bt J5, 545
FIXFRRAR LG . 48 h il Na©® + K" +ATP ¥4I /)
SN 48 h JEHIE A TG TS R
TSN B RIE T  Na® + K" + ATP $E 45 &b
TR R Z R B Y R R Y 32 2

VERTZ T BRI A B35 P S s Ak B i 2, — B
BB B SR AR A R BUETE )
TR EEGIRIET . B A RS TR [
PERE AN 2 AR UBE AL B 14 ) POD, SOD 3£
B ALY S B THIE T B AR AL AR L 3 24 500 X 4l 1
PRI POD A7 .25 YA RIVE T LT Bty — &
S VP W o 2 W ORI AL B S e T E
AP IE R R A A R 2 #E AR E R
B B 1 2% B AT 35 S B A PN i O P T
e AT 42 1 B8 bR B2 J 0 4% 5] A9 i 75 40 0 g
JIH L FeuE SR AE MBI AR W] G L Y e R e
TR e b P IS I RE 5 /N SR M AR A CarE 35 )
T e o TR R F5UAR XU EE e 4 MFOs F148 GSTs 1 )
B WEFZNT T R A R I B
TR B WE B X B SR R Mk Spodoptera exigua
(Hiibner) %)y HAC P A 75 Bl 15 14 A7 A ] 752 2 1) 410 1
PEFIES o AT 24 700 e 1 O X R L3 A A ] 4o
S PTG 10 22 55 Rl S [F Fp 2t ] —Fp 2
2 [7) 23 B AS [R] R SR B AR T A o B OR3P 6
fifb- B R ) S0 1 25 57

A% HURNEBFE RN S AL 5 1 AL A5
2 AT SE B I — 0 SR B A 2R i BR
R T LU 7T LAAE S — i AR A e e ) i A
U BOPE RO o R ke AN (F % /N b
PEFE e T M N R IE R AR K R A
HA W] 0 3 22 sl £ RS . AR g R 3 )
SPEIE T AN R SO0 ] £ 04 1R I e 6T N b 2
I 3 4y H AN [a] P ) B A A 2 Tl R DR A il % ) 110 7%
A TEA R S5 S B AT DA EG AN W] 50) 2 2 A [] i [a]
ARG ) 22 53, BT LA FE AR AS ] i 1) A 1] 7] 2 Y
BEFI 372 A T 4 THD A7 Y5 R T e I B3AE )
X7 INHIL 2 FE4S) UK A it R 6 R DR 7 T 0 1 S
WFFELE AR T e/ I3 1 A8 PRI T L Tk Jie 1) 9 1)
HL B — e i R Bl 5C T JH W B8 800 L
LA RIFLBE 38 15 e — B0

S 3k

[1] COSSENTINE J E. The experimental evolution on application
microspondia against Agrotis ipsilon (Rottemberg) [J]. Ento-
mophaga, 1987, 31(4). 323 - 330.

[2] 1M EH k. Nt AT 1 & A E K BR R AR
(1. 2Rl B2 . 2008, 36(33) : 14636 — 14639.

(3] MIEH MGREK 2T /N 2 % SR 57 12 1R 1k i
26 WAL WERLT ). B0 BE 4R 5 2010, 12(5) : 67 - 69.



0960

5 4Ly 2019

(4] ZEENG . BB, /N0 1R AT P B LRI 850 3 200
W] 4 25.1995(10) . 19 - 22,

(5] Rt TR AUt R 7 Ab BB 6 K /N R [ D], %84
IR R, 2017,

(6] HpEa, skER. JUR SRS/ & 2 5 e [ ). A
G AR, 2000(1) 153 - 56.

L7] FHun AL ZENE SR, 45 7S HORIGE /N B8 19 75 ) okt
TIRAEY L ATETH LT PRI AR 2012, 39(3) . 277 — 282,

(8] TR Mt R, 55, L2 2R T R B/ SR AR i e 75 ity
EE MR SE L . B RS 2441, 2016, 53(2) : 314 - 319.

(9] SASHk, AR MS 4 2 M. UG IR IV B8C5E i J3E % /)N S i £ 37 g 2
TR A IS L) ] A DR E 4, 2016,43(2) : 293 - 299,

L10] XUmAeg . SR T5 A0 . 55, LI BU2 PERLI « 472 A B R %
AR LT ] B4R . 2006,49(4) 671 - 679.

[11] RAKOTONDRAVELO M L, ANDERSON T D, CHARL-
TON R E, et al. Sublethal effects of three pesticides on activi-
ties of selected target and detoxification enzymes in the aquatic
midge, Chironomus tentans (Diptera: Chironomidae)[J]. Ar-
chives of Environmental Contamination and Toxicology. 2006,
51(3): 360 — 366.

[12] vVOJOUDI S, SABER M, HEJAZI M ], et al. Toxicity of
chlorpyrifos, spinosad and abamectin on cotton bollworm, He-
licover pa armigera and their sublethal effects on fecundity and
longevity [J]. Bulletin of Insectology, 2011, 64(2): 189 —193.

[13] RINGSR W, ARNOLD F J, KEASTER A J, et al. A world-
wide, annotated bibliography of the black cutworm, Agrotis
ipsilon (Hufnagel) [M]. Ohio: Ohio Agricultural Research
and Development Center, 1974 1-106.

[14] BRI . N RL PR/ g R /N L) ] =AY BiA
“#4%,1989,5(3):125 - 126.

L15] ZKasE. /o AR TG I M R A LT ] BRI 1964(1) .3 - 7.

[167] gk, JEL  TkImg 4. 13 FhK BRI/ b 2 58 51 RN %)y By
AR TELT ] PRI R U2 . 2013, 35(3) 1 409 — 414,

L17] A ZE. /N 2 g% JLER ORI 0 35 T S B o4 24 1 2 4k
LI, MR 241, 1986(2) : 125 - 130.

[18] SALAMA H S. Strengthen control result of Bt. against Agro-
tis ipsilon (Rottemberg) [J]. Journal of Applied Entomology.,
1989, 108(4): 372 - 380.

(19] Bk, BEFT . BRAR 55, 0 B 2% s 700 W ST s 7k Joie wF 98 Mk 3k (.
e FL A 25,2012,34(6) .19 - 21.

[20] FLZE0E, TR, F40, . =R DL 2 JURI X/ b 2
WIS YRR R . A PR AP, 2013, 40(3) : 266 — 272.

[21] FEAG, EBLL 004, S PR Bk e RS e o Y ok i v = s H
5 HURE VR UL 1. A IR 2741 2014, 41(3) : 360 — 366.

[22] SIMON L M, FATRAI Z, JONASDE, et al. Study of perox-
ide metabolism enzymes during the development of Phaseolus
wvulgaris [ ]]. Biochemie und Physiologie der Pflanzen, 1974,
166(5/6): 387 - 392.

(23] YAl RIBRET  AATbR . 55, B4l 22 AR RE I E X AT 05 [ H 2k
FeARBrmeS Ema Ll 1. A Ry 241 2008, 35(6) : 530 — 536.

[24] sk @R, F8 QA 3 WhE X KRB R P 32 2 AR B il 7

PRI ], AR, 2004, 37(10) £ 1487 - 1491,

[25] HAMA H, HOSODA A. High aliesterase activity and low ace-
tylcholinestease sensitivity involved in organophosphorus and
carbamate resistance of the brown planthopper, Nilaparvata
lugens Stal (Homoptera; Delphacidae) [J]. Applied Entomol-
ogy and Zoology, 1983, 18(4) . 475 - 485.

[26] OPPENOORTH F J, PASL]J TV D, HOUX NW H. Gluta-
thiones-transferase and hydrolytic activity in a tetrachlorvin-
phos-resistant strain of housefly and their influence on resist-
ance [ J]. Pesticide Biochemistry and Physiology, 1979, 11
(1): 176 — 188.

[27] MEE.H R pAR, & RN Z B2 AW R /N iR
RS (], R 252244 . 2016, 18(5) 1 589 - 595.

[287 YU SJ, NGUYEN S N. Detection and biochemical character-
ization of insecticide resistance in the diamondback moth []].
Pesticide Biochemistry and Physiology, 1992, 44(1); 74 - 81.

[297 BRADFORD M M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein utilizing the principle
of protein-dye binding [J]. Analytical Biochemistry, 1976, 72
(1/2): 248 - 254.

[30] FBEEHN . JFIRIVE , Bof 5798 5. AU A8 ORI N B [T ], 4%
#§,2012,51(8) ;554 - 557.

[31] BAPESC, PhEE B HRPH BH , 55, V5550 o ik foie F 7 a0 g B oy FH AR
[J]. BEJrael.2016.10(31) ;24 - 27.

[32] FHk, BT WRAK . S5, 7 8 2% o 0] YR ol ok Joe F 5 Mok [ .
S 25 ,2012,34(6) : 19 - 21.

[33] WRFLLE. )%, DUH 22, 55, G0 DU VP It e U 06 70 52 X I 37
U A R S M S AR BT R L) L b RO B2,
2017,50(8) ;1440 - 1451.

[347 XU CM, ZHANG Z Q, CUI K D, et al. Effects of sublethal
concentrations of cyantraniliprole on the development, fecundi-
ty and nutritional physiology of the black cutworm Agrotis i p-
silon (Lepidoptera; Noctuidae) [J/OL]. PLoS ONE, 2016,
11(6): e0156555.

[35] SKAOMR, 2 M2 AR 3HE. ANIR) 25 A/ pR AR R BRI
A ERE e L ], BT R IR 2441, 2013, 50(4) : 1049 — 1054,

[36] Wk, SCRLES sk, ARt TR ENE X R A I B 4y L (b iy
AR M2 L], A R B4R . 2016, 53(3) 1482 — 490.

(371 XUl 8 a5 5 241 55, CO» e TH i X 7Y 46 8] 2 1 4 i) T
TG A P St 2 AN O AP R P Y R [ ). B e 2R, 2014, 57
(7):754-761.

[38] XU FEH, FIHE. M. 55, 57 FAEYN 3 FhRg & mUAk 2 Al A
PPl LR 2 L. b KRR, 2011, 25(6) : 659 — 666.

[39] TH&I &, XIHE B4 25 S HORHHNSR 48 Tk A 245 1) 1k o 9 3 e
(1. FRER = 54K . 2010, 33(10) . 68 — 74.

[40] BIEGE , o A, S SO 55, 24500 /NSRRI K B0 3R L TE
JIE G B R P LA L) 1. AR 22425412, 2008, 10(2) : 211 - 216.

[41] frigtt  ZeM 1 7 45, OIBR JU 35 R X K 8 Na-K-ATPase il
AR AATIELT ] B, 1999,42(1) 1 19 - 24,

(427 BRI AR 222l A% S0 T BOHE ) X A A% H B A it 14 52 i
LI BifA4 2y ,2006,5(3) : 35 - 38.

CFH 102 10



« 102 -

5 4Ly

2019

AR S E PR IR B . b R 4l AUE A2 F
FRY S » HUPAR 2 T Ao A S 5 0 240 ML B 73 114 3 [ A
FHT AR BIFAEN B o A SO 266 LB 48047 S — G 8
G AR AR AL T — S A BB R X 78 IR AR
U I 1R G i) RE 7 DL e bl R AL LA
HE

S 3k

[1] LAMBERTY M, ADES S, UTTENWEILER-JOSEPH S, et
al. Insect immunity [J]. Journal of Biological Chemistry,
1999, 274(14). 9320 - 9326.

[2] LAVINE M D, STRAND M R. Insect hemocytes and their role
in immunity [J]. Insect Biochemistry & Molecular Biology,
2002, 32(10): 1295.

[3] SCHMIDT O, THEOPOLD U, STRAND M. Innate immunity
and its evasion and suppression by hymenopteran endoparasi-
toids [J]. Bioessays, 2001, 23(4); 344 - 351.

(4] SR, Acgis Vi TG Y40 & E I K A0 T AL ) 26 0
FEL)]. WRHSEH 2007(12): 15-17.

[5] LEONARD C, RATCLIFFE N A, ROWLEY A F. The role of
prophenoloxidase activation in non-self recognition and phago-
cytosis by insect blood cells [J]. Journal of Insect Physiology.,
1985, 31(10): 789 —799.

(6] Zeaink, PREA:, T, 4 R AR aFA#0]
Ak, 2003, 23(5); 348 - 351.

[7] ADAMO S A, WEBSTER J P. Neural parasitology: how par-
asites manipulate host behaviour [J]. Journal of Experimental
Biology, 2013, 216(1): 1-2.

[8] REYNOLDS]J H, WHITE A, SHERRATT J A, et al. The
population dynamical consequences of density-dependent prophylaxis
[J]. Journal of Theoretical Biology, 2011, 288(1); 1-8.

(9] ZROi, EAaAE, WI3CHE. R Z 1 AT O AR B bR i Il il
RE L. MY 4], 1964, 3(2) 1 101 - 110,

[10] VL2A4G, ok B 2 8, 45, FREDRY IR e BUIR X & e ka9 ].
RS 24 . 2014.(4) : 881 - 889.

[11] Kz R, 22 E 8, 45, 2012 48 = AR HE H K R AR SR W) 45 43
M) D, A, 2012,38(5) .1 - 8.

L12] VLA, 5K B B 45, FRIEDRS HUR A 78 08 R i SOt 543
MrlJ. BEFA ES 3 f, 2014, 51(6) ; 1444 — 1449,

(18] LRI, 2T, MU0 55, - EDRG e R AR DL - 60 4 [l it [ .
o RS 2441 . 2014,51(4) : 890 — 898.

(141 BALE AR 201 Ry B gl B B gl e g R TR 1 5%
ma[ )] B2k, 1995,38(4) 1428 - 435.

[15] BALE 250, W e S, 45, Rh s &)y M 2 b i R AT S5 2R 3
R (], B 242, 1995, 38(1) 138 - 45,

[16] FNT. o B xR duA OB & K& B ae g iz (D] &
ARl K24, 2010,

[17] Bt T4, 5K, 55, — HIRE JUR RIS 7 6O AR 1 2
FEAw R L) 1. B R Al 2014, 51(4) 914 - 921

[18] BR3CH:, 22 0%, DT R, 55 W 40T 6 7 28 4 109k B8 v A 356 0 4
1 B R R g [ ], Lok &l . 2005,27(2) ;12 - 15,

[197 BRADFORD M M. A rapid and sensitive method for the quan-
titation of microgram quantities of protein using the principle of
protein dye binding[ J]. Analytical Biochemistry, 1976, 72;
3177 - 3188.

[20] WILSON K, THOMAS M B, BLANFORD S, et al. Coping
with crowds: density-dependent disease resistance in desert lo-
custs [J]. Proceeding of the National Academy of Science of
the United States of America, 2002, 99(8): 5471 - 5475.

(217 B S T JUHTRE, 5. H AR I iy B S AL B b 5 T .
PR, 1997(3) ;157 - 165,

[22] #ESCIH, 2238, 5K . 5. FERI & WHT R 0™ A4 R i
TWEHERFFELT ] ZRURE . 2007, 35(4): 990 - 991.

(23] sRIEV, EWGE, ARDUUL. B4 HS FEAF AL A Ponf B SR bk I 2 1
JRE AL bR BRI, 2000, 20(3): 201 - 202,

[24] XUSFAE AE22b, ST, B Ho M AL A 1 B G A= B2 T g
(1], ZAolAlE, 2010, 38(34): 19249 - 19251,

[25] FIFTE, 5K BE, ARG, 25, 0k A 2 X /N3 ik 4 L 4801k
il S AR BTG PR SE I L) D, A8 e E R 2 i (A R B
Ji) » 2010, 44(2) . 274 - 277.

[26] GLINSKI 7, JAROSZ ]J. Mechanical and biochemical defences
of honey bees []J]. Bee World, 1995, 76(3): 110 -118.

[27] Vrdear, BRIERE. B Hu ol e i br i ¥ i [ 1. B sl snal,
1999,36(5):316 — 3109.

(28] XS Haik . FIZRTE. AHACR M &)y h B A 7 22 £ 1A 75 ) 1L 40 i
R BB T ). A Il R ARIE A . 1995(2) 18 - 20.

[29] Bl W5 AR Thkox B He S 1 T LWL ) K i 200 A ey 3 24
Y[ D], b AR TR, 2011,

(A% | &)

CE3E 96 5O

(4371 TTASHE . SEIB, 51 TR 25, 0 4 51 22 %ok 2 D 25 0 e R 47 Tl R
FfgERE R LT ], FREEE B4R, 2016, 38(5) : 990 — 995.

(447 BEA KL, 3545 25/, 2. B A e o) 408 24 0 4 b 9 il
PRI [T, Aol BkF.2011.47(9) 193 - 99.

(457 SR3CHR, TAFiE . 4035, 5. g D36 0 FH 3 00 Mk pL b il 22 A fi
BEME R AR R0 [T . R ORE 254 2009, 36 (5) : 455 — 460.

(46 w3, T4y, SR SCEE, S5, % FH A BURIA 5 (0 S0k 1 2 7 S 3L
PRy L) . AR 2441 . 2015, 42(2) : 258 - 263.

(470 FFib5e, BTN, F 70T 5. TR G0CR OURE fie xoh /N3 i 11 75 g I

HASEEHE PR L] . A PRI, 2017, 43(1) 112 - 116.

(48] AEA 1024, 2 51 dE, 5. VRS BRI S0 B PE 7 33t X FH SR i
AR E BN IS PR s L) ] B R AR . 2015, 58(6)
634 - 641.

[49] RUMPF S. HETZEL F, FRAMPTON C. Lacewings (Neurop-
tera; Hemerobiidae and Chrysopidae) and integrated pest manage-
ment; enzyme activity as biomarker of sublethal insecticide exposure
[T]. Journal of Economic Entomology,1997,90(1): 102 - 108.

(tiEshit. | )





