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Effects of atropine on protective and detoxification enzyme
activity in Frankliniella occidentalis
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Abstract [Aim] To investigate the effects of atropine, a secondary metabolite of Datura stramonium, on protective and
detoxification enzyme activity in adult, female Frankliniella occidentalis. [Methods] Using the membrane feeding method,
the bioassay for toxicity of F. occidentalis female adults was conducted, and the 25%, 50%, and 75% lethal concentrations
were calculated and designated as low, medium, and high concentrations, respectively. Female adults were then exposed to
atropine solutions at these three concentrations via membrane feeding. The activity of three protective enzymes [catalase
(CAT), superoxide dismutase (SOD), and peroxidase (POD)], and three detoxification enzymes [glutathione S-transferase
(GST), carboxylesterase (CarE), and cytochrome P450 (CYP450)], were then determined in each treatment group after 12, 24

and 48 h. [Results] The activity of both protective and detoxification enzymes were significantly affected by atropine dosage.
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Protective enzyme (CAT, SOD, and POD) activity significantly increased in a concentration-dependent manner (CAT: P <

0.001; SOD: P < 0.001; POD: P < 0.001), with peak activity observed at 48 h. Notably, increases in SOD and POD activity

were most pronounced in the high concentration treatment group. With respect to detoxification enzymes, GST and CYP450

activity initially increased, then decreased, peaking at 12 and 24 h, respectively. CarE activity was significantly enhanced only

in the low-concentration group at 12 h (P < 0.001), but was continuously inhibited in the medium and high concentration

groups. [Conclusion] The activity of protective and detoxification enzymes in adult female F. occidentalis were significantly

affected by atropine stress, which indicates that females of this species adapt to the effects of this plant secondary metabolite

by regulating their protective and detoxification enzyme activity.
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PG AL & Frankliniella occidentalis +2& 2558 H
Thysanoptera % 5%} Thripidae i) —FhZ & AR
Fol, RE AR ALK, e E, 2003 4
T b T AR DX RO o R (kA
SE, 2003 ), PUAGET MRS . BHE T R 1L
T B H Gy e AR ST X 2R EY) LD i
BHEYH BUE B ( Demirozer ef al., 2012 ),
TEHIA], P4 A8 i) B 3 2 HUE 2R A AEY) 1 4 iz
0 mRAE, TEAEYIO B BRAE
&, [RGB 5 145k 2 Rt ) 75 38 B TA) 42 15
% (Reitz er al., 2020 ), HrpfeFHE0™E 12
75 h BEZE 9% 7 Tomato spotted wilt virus, TSWV )
XA AEIRFEBEH 7 ( Impatiens necrotic spot
virus, INSV ),

PR it 0 ik 75 WA Oy B SRR N P 2R
g2, FEAERr R ROEH A A A 5
Yo )y B AR, DR B R A AR
Wy AR BRSO Y R A AR . i A S

( Catalase, CAT ), #E LY 1L ( Superoxide
dismutase, SOD ) Flid % LY ( Peroxidase,
POD ) J& R UK B Z A ORI, 7T LA R 41
H S IR S AP AR, R Ry B 5
REFEBARAY K-, AT 1 H3E (Winkiel et al.
2024 ), XEELRIPEETAT 32 A EAEY IR A AR
FESEAREYRNES. REAS (2011) R
T /NEW, Plutella xylostella ' 4k 7 22 USRS BTk
FRER PRI BEEIS E, ARBPCHEREE 3 PR PR
CAT. SOD F1 POD T FEE5m; —HEM-i
Tetranychus urticae WK HUBCE VY ALE] H R (1)
SKE 5hJ5, M POD, CAT Hi SOD (i
BE R TR RS, /e B RS 5

1.60., 1.07 A1 1.22 4%, UEHHANIX 3 Fhfdrm ]
AR R 7 2 B B8 ( SRZEBEAF, 2016 )0 3
W RUE Locusta migratoria %7 AL B R a4k
S, SOD i PEFifiAb B B2 T i fp 2 BT IRAE
FEREE T IR B, 34k 2 MRS POD I
CAT EPETEARME B PR ( BRI ST,
2023 ); 0.5%%Z% )RR k8 (B4 Protaetia
brevitarsis 3 W34 72 h J5 ,POD 1 CAT &
EftE, (02 SOD {HMEmE M (SKEHESE,
2025); ZEEY Apolygus lucorum BUE IR JINASIH]
Fi B & i RS AR 3 R ORI PEAE 0-72
h NS ETHE T RERE S, 1 48 h Il PRk
W, R H G Z 2R A ke 5 RN s T
& ALE] CRAFHESE, 2018 ),

WAL, freER e B R al T N A2 A
TpLE, BN IR A ( Glutathione
S-transferase, GST ), RIR Mg /i ( Carboxylesterase,
CarE ) FI4ijg {2 P450 ( Cytochrome P450,
CYP450 ) 3 Firfig-2z il o] 5 B B2 A 2 A ST
YIRAE BT, DT S5 A 0 58 e i i B
HIfEE . Flan, W EKEE Ostrinia furnacalis
B AN R 7 BOHE v B B R 3R 7 2 JHE 28 (R AL )
PWARBFG, R GST G PEAEARH BE EP B Ak
H 12 h B AR, CYPASO 7RIV B v K e
AT 72 h PR AR, T CarE 7E 2 Fhhii|
JiipiE T IR AL FAHPARSA S 50, 0 3 Fp
fif 5 W7 2 5 2% AU g s AR i B T AR AR 22

( EWEREE, 2025); BRBEHAE (2018) MIMFSE
< WG R o URUER BE 75 VU A6 i) 15 1l R A T
A WEH IRBRAE L1 . L IEAHAKIER B ( Acetylcholin
esterase, AChE ) FliE & ThfE & AL ( Mixed
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function oxidase, MFO ) i ERH W T, EFlE
BHUZE I GSTs. AChE & MFO i ; #iHh &t
Rk Spodoptera frugiperda AR HELREHTIE M &
3 FhfiEEME (GST. CarE Hl CYP450) ihtEd
ZETHE R (Cenetal, 2026),

HEHE P 2 g B AR IR A A i A
BA[E o R 2R B 25085 ( Biswas e al., 2023),
B[ ¥ S A g — o ALY () e IR B B AR P ek,
15 2 MR RG34 2 fish S B ML EAAZ 4, BH
Wr BB 5 32 AR 455, N4 B IR ik i A 22
B D4AT RN, PR R R | AR RISET
( Chowanski et al., 2017; Gupta et al., 2024 ),
Zhang % (2023c¢) % BREAFE fb XoF PG 46 ] 25 Bl
FIBAE AR X 2 U 2 M EOEE
HH, HAET 2B A BT HE S R B ) e miss m . B
I, &% A= ot L He B iR i o8 2 e 7 )
Ke 253004 J5 1 ( Farhan et al., 2024; Tt
G5, 2025), TOCT 4B AE DB 46 i 6t B Huf4
PN A A A AR AR e A ATE 5 1 R ILARGE . PRI,
A5 B TEIE 5 BT HE X PG A6 0 LR B e A A
REMEG PE RO RZ R | B 5T 455 SRRk B A BT ) P
AE 8 5 R REE VAL B (AR | A (5 FH A ik
Bii 6 AR AL R

1 #HREFE

1.1 ghREH

50 PG AR i B R 3R T VLA Ol B A B
T PR AP 5 302 W i 5 e N TS & P [
(25 1) °C; FHXHBEE 70% = 5%; Y6 JE 14 L -
10 D], sl fe AR il AT AT e 24 .

1.2 M@ ELE D R B hNE

KIS ( Zhang ef al., 2023c) P4
A0 8] 5 e B R R T BTG A B RE A, B 9 A
FIHE SR ERRE . 80, 50, 40, 30, 20. 10, 5.
2.5 F11.25 mg/mL, F#T 10%EEHHAWT, LA
10%BERHATRCA BT XTI SEG T, SEBOR LT
] —3 (5 d) KAEATIARIE B 47 i 74 A6 6 H i
HHTAYME ., EH 40 mL ¥RAF (44 mmx
22 mmx25 mm ), FESRIARHHEA 20 Sk VG AL i

o, H—E2HEOBEEER D, DUk shis,
P A 100 pL ARV A T MR, 7
— 2 E OB SRR, SRS KR H ) SRR
BT VEE SRR T, A 4 A E
52 48 h JE A I HUAE TG L, DAl 3 S AN
RENC L — > HU R B R AE T R A i, X HEZH AE
T-R<10% KA LK

1.3 BEE DR ERF0GEEEENE

1.3.1 FIFERBMEAIE B E AT, G P
1o VR BT i VROR P AR ] Sh AT I, A 10%
TEWH AR BT IRl PSS S RARAS
R AT PE AR ST S B, B PEAEET S 2 000 Sk AL
R 40 mL SR (44 mm*22 mmx25 mm )
t, H—)2E O ERAR D, UK S h EERAD
BRRES — 2 E D A 1 mL B & 4%
W 3 VR BT SR R A R, B — 28
PR 75 2590, SR R SRR B T PG 4B i) 1) 52
AMEE S BAMRBEALTE 4 A5, B4 DER,
AL HR SRR PR AF 24 h B e — IR T PR

132 BEBSEEMERSE Lo, 12,
24 f148 h 5, SrBIMCAS[EIAL PR S Rb S, Rl
BLIEH 50 Sk 37 1A VG 46 gl 5 e g M A4 7 it 3% 2 30
FEo B 50 SAERKRE REFMPIEE DA E T
JIA 400 pL A BERRZE whi% (0.05 mol/L, pH=
7.0) ) 1.5 mL B.0% (Eppendorf, Safe-Lock
MEEOE) B, HAZUWEL ( TissuePrep
TP-24, ZRARAFHIEARAF ) BHE T3 515K,
B E TR RE LHL (TGL-16.5MS, |
Vg A D AR A BR A F] ) 8 000 r/min G
4 °CE&.L> 5min, KRG EEREHEH 1.5mL
BDE, T -20 CHRUFNRTE, MTIRZEN
VR T 0 5 S T AGEN o

133 ZFEHSENE HHFENERH BCA
BEASENERA & (FH K Beyotime,
P0010) M, ¥EAPRHEMFEA 0. 0.025,
0.05. 0.1, 0.2, 0.3, 0.4 1 0.5 mg/mL ¥R,
20 pL finA 96 fLAR , FFL N 200 pL BCA T
YEWE, 37 °CHFE 30 min, FERESIE 3
RERE . HZUHERRY ( SuPerMax1900, |
WEINIEA Y ) T 562 nm MEWRGHEE, LI
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FEMREARAR | WG RE P BRZ dil AR 2k, 4R
RS R (E . ARIERE OGN E] )5 )y
IR EAWRE, HTRSEERG R,
1.3.4 RIFEBSHESEHEENE

1.3.4.1 RIPEFENE 9 EE %N
iR T A AR (CAT) W&
(SW1032 ). AL ( POD ) ik &
(SW1031) ¥ T3 HAFAE Y TRARAF,
ALY E LB (SOD) {Fl& (BC5165) i
PERTIN I T 5 R A BR AR 433 IR
R & U P S EC I AR , I BIAE 2400 CAT ).
450 (SOD) #1470 nm ( POD ) J K A
B, BN E 3 RBEARER, )R
Pt A AR S R RS

1.3.4.2 FEEEEENE M5 e
AR GEWT . S H KRR EE (GST) ik
& (SWI1301 ), RMREFHE ( CarE ) 7 &
(SW1336) I F8 HFr A TRABRAF,
B d1 2 i €5, % P450 ( CYP450 ) I 28 23 Bk
& ( MM-3442001 ) W4 F VL5 e 5200k A BR
) o G % R R A U BH B R AR, O
4 HAE 340 ( GST ). 450 ( CarE) F1 450 nm

(CYP450 ) P T ARG, AFAAb BRI E
SWKHEAER , e iRIE vt E A E A&
B PE
1.4 BB

¥ JH Microsoft Excel 2010 X4y #E1 7o 7 |
ffiH SPSS 26.0 #4714t 1145347, >KH Probit JLF
{E AT T A BB B B H: 95% 5 5 X (0] o HoAs
5 Ak 38 ) il 7 1 ) 2 R R FH B IR 3R 22 4Tk
KA ST REAS ¢ K600 3k HL A T FE AL B ZH 5 0] 1R
HEFE 2SS, 257 BEKFEN 0=0.05,

2 #RE5HH

21 FREGNIAEEFDHFANE

R A5 BT 5 0T P AR 8 M 1l A B e |, il
SK 48 h A NREEXT I FET R, 285 [ 43t
BRNFF S EIE TR Y=1.86X+2.65 ( R*=0.985 ),
IRRAHRBOEIRE (25%BOLIRE LCys) N
13.15 mg/mL ., "EBEIREE ( 50%ESEHK B LCso )
1 27.64 mg/mL FIEBICHRE (75%3F0H
LCss) 4 58.10 mg/mL (£ 1),

1 MREGENNELER

Table 1 Toxicity assay results of atropine

LCas 2 95%

LCso & 95% LCys 2 95%

A= s Virulence - R BEEXN (mg/L) BHEXW (mgL) BFEFXIHE (mg/L)
Alkaloid  regression Corre}aFlon Chi-square LCys and 95% LCs and 95% LCys and 95%
equation coefficient value . confidence . confidence . confidence
interval (mg/L) interval (mg/L) interval (mg/L)
FATHE - 13.153 (5.743- 27.644 (19.370- 58.103 (37.973-
Atropine Y=1.86X+2.65 0.985 19.213 18.475) 34.075) 156.569)

LCys. LCso. LCys ARFRALA I AARBOILIRIE (25%BCHRIE ) . HEIEIRE (50%BOLRE ) MEBOEHE (75%E

PEHRPE ) o

The LC,s, LCsp and LCys treatment groups were low lethal concentration (25% lethal concentration ), medium lethal
concentration ( 50% lethal concentration ) and high lethal concentration ( 75% lethal concentration ), respectively.

2.2 [Emxt B IS DR ERE AR

2.2.1 PFIEMITTEIEE D CAT BEiE R0
B FE i HL CAT BEGMEAEfbange 2 fr

7N o AHFIE [E] AN [R] v B A BT HE S AR B, 7 45 R

FERHE] A5, K. B 3 R A BT S AL R 2

PEAEH] T CAT FE PR IR W& T (12 h:
P < 0.001), AbF 12 h )5, EkEEL] CAT itk
WEE T AR, i IR G
BEXEFE (24 h: P < 0.001), 4324 h )5,
CAT {5 1 BE BT FE i v B ot iy &2 i 2 1 T 3%
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(48 h: P < 0.001), 4b¥H 48 h )5, =ik
CAT 1A & & T AR AL, ik gl i
WS AR 4, (B S4B A BE (P <
0.001 ) TR N A [l At 1] (BT G 4 AL BE, 7Y
L] T CAT I EFEAL PG 12,24 F1 48 h 245 3%
ETXT AL, HSWanE 2 eSS, K. d
ECEEALTE 48 h N, CAT BEGPEFREEbs, £
T 48 h IEMEYIE T 12 #1124 h (LCys: P <
0.001; LCso: P < 0.001; LCss: P < 0.001),
UL CAT XY A S 42 2R 1EH o
222 MEMITFELETS SOD EiF R0
BlFE SR E i L SOD BiHE TStk unge 3
1N o AH RIS (B AS [) % 52 AR BTG i Ab B, 45 BRORE IS
)5, AL P R 3 Rl R BT o A B P AR
I SOD IE M BN B THE( P < 0.001 ),

H5Wria ik B T s 2 EA G, =ik E4] SOD
WHHEES TR MREEH (LCys: P <
0.001; LCso: P < 0.001), "FikEH R ERT
Rk (P < 0.001 ), SXJHEZAHEL, 12 h
A L P L i SOD {43534 32.96% . 53.75%
1 87.73%; 24 h B} SOD i PE4r 334 TN 64.86%
87.71%H1 121.51%; 48 h i SOD 7514435134 i
192.85%. 213.91%7%1 294.41%., AH R JE T A
A ] A BT E b A 38, DY R8I 2 SOD & PE7EAL 3
J5 12, 24 F1 48 h S T AR, H 5 At
B S IEAHOG AR 48 h i B E = T 24 h
W, 24 h IEERE ST 12 h iPE (LCys: P <
0.001; LCsp: P < 0.001; LCs: P < 0.001),
FH] SOD FEBTHE 5 Wi i B Bk Rr s, H
P R R PR I ] S T 39 5

F2 MERTELEDERN CAT iEFHEA M ( nmol/min/mg )
Table 2 Effect of the atropine on CAT activity (nmol/min/mg) in Frankliniella occidentalis

BTFE AR 5 (mg/L)

AbPRAFE] (h)  Treatment time (h)

Percent of atropine

content (mg/L) 0 12 24 48
CK 64.81=1.10 aB 73.05+0.48 dA 75.14£1.19 dA 72.52+1.91 cA
LCys 64.42+0.32 aC 77.58+1.70 beB 79.75+0.74 cB 87.02+0.86 bA
LCs, 65.06£0.97 aC 80.07+2.08 abB 83.95+1.89 bAB 91.16+0.34 bA
LCys 64.43+1.11 aD 83.12+2.11 aC 88.79+1.65 aB 99.14+0.96 aA
CK AXTHRZL, BN 10%FEMEA W . LCys. LCson LCys ARFRZ 53 5IXT N FTHE L MR BE S 13.15 (fIRMEEE ) | 27.64 (k)

A1 58.10 mg/mL ((FHE ) o FRHRBUE AT « briEiR, W —358HE G bR A RVNG FREFoR [ — B A Wk R
HRNEEE 225 B3 (P <0.05, one-way ANOVA ) ; [Rl— 178 G ARA RIE KE F B3R Rl — ik BEA R B A] T 1
RN EE G R B (P <0.05, one-way ANOVA ) , T ZJ[d,

The control group (CK) was treated with a 10% sucrose solution. LC,s5, LCsy and LC5s treatment groups correspond to
atrtopine concentrations of 13.15 mg/mL (low concentration), 27.64 mg/mL (medium concentration) and 58.10 mg/mL (high
concentration), respectively. Data in the table are presented as mean+SE. Different lowercase letters within the same column
indicate significant difference in enzyme activity among different concentrations at the same time (P < 0.05, one-way
ANOVA), and different uppercase letters within the same row indicate significant difference in enzyme activity for the same
concentration at different times (P < 0.05, one-way ANOVA). The same below.

223 MM AEEE DS POD EiE RN
BAlFE S 3 3 B POD Bl AR Ak an e 4 Fr

TEPES B3N 213.98% . 443.32%F1 537.24%;
48 h BHIE . B4 POD i PR3 5340 189.61% .

R o R ) A PR A [ o FEE BTG A A B, 45 BRURE st ]
KL L 3 R R BT A PR P A ]
POD i IR BT m (P < 0.001),
H -5 Wha i B T s SRR SG . SXT IR AR
12 h B =5 4L POD PR3 513 112.44%
221.34%7%1 387.38%; 24 h K. . E4 POD

470.34%7F11 509.38% . AH [A1¥ B2 AN [R] Bsf 1] B Bl 4
aALEE, 3 e BN R [E] & POD I 1 P (] 34
FIERFEES (LCsP < 0.001; LCs: P <
0.001; LCys: P < 0.001), EHkJEWHATF POD
FrekThEr, FB POD TEFTHE & 0 hi i F Hr 4
SLR IR
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Table 3

£33 MEEIELEDMEA SOD iEFHE

98208 ( U/mg )

Effect of the atropine on SOD activity (U/mg) in Frankliniella occidentalis

BUHEAh it (mg/L)
Percent atropine
content (mg/L)

AbFREFE] (h)  Treatment time (h)

0

12

24

48

18.30+0.21 dB
24.3340.40 cC
28.13+0.41 bC
34.35+1.03 aC

19.24+0.19 dA
31.72+0.45 cB
34.96+0.50 bB
42.61+0.89 aB

19.09+0.34 dAB
36.81+0.73 cA
40.83+£0.76 bA
56.19+1.98 aA

*4 MIERMEEXEDERN POD iEF MM ( Umg )

CK 17.42+0.21 aC

LC25 17.12+0.09 aD

LCso 17.18£0.21 aD

LCys 17.510.24 aD
Table 4

Effect of the atropine on POD activity (U/mg) in Frankliniella occidentalis

BIHE A & (mg/L)

AbPREFE] (h)  Treatment time (h)

Percent atropine

content (mg/L) 0 12 24 48
CK 238.00£15.13 aA 243.62+14.42 dA 210.39+£7.22 dA 255.65€15.73 d A
LCys 237.51+£9.70 aD 517.54+11.08 cC 660.57+28.71 cB 740.39+4.02 cA
LCs 239.03+8.55 aD 782.84+32.35bC 1 143.09+30.99 bB 1 458.09+16.57 bA
LCys 209.42+28.97 aD 1 187.35+53.66 aC 1 340.69+40.70 aB 1 557.91£14.17 aA

23 FfEmxiEES DRSERE AR

L@ AEED GST EEEFHEMEIN
B FE i dL GST B MRk ange 5 pr
7N o A RIS R AN [] e B %) BTG b AL BB, 45 BBURE B
[, AL mh R 3 Al B BT it b B 7Y AR
I GST i P R38BT = P < 0.001 ),
AEER 12 h 5, ARIEL GST 1M B % & Tk
R BEA T v R 2H S (PR 4 1R G 3 2
(12h : P < 0.001); AP 24 F148 h )5, H
WREZH GST WEPER B m T, mvkEd,
kA SmkEAR TR EZER (24h: P <
0.001; 48 h: P < 0.001 ), HH[EHE T A
(i) P AT i b 8, VY A6 GST {GPEEAL I 12

2.3.1

24 F1 48 h G ERE TXIA (24 h: P <
0.001; 48 h: P < 0.001), HIE{KLEIETERE
G K. . EWEAET, GST iEPEYTE
12 h ARG, 43008 274.10, 287.85 FI
301.40 nmol/min/mg, 24 F1 48 h BA FF T Ik,
A E S TR (P < 0.001), %8 GST
FE BB B30 ) D e R, FL 3 1 A2 2
il
232 MIEEXELED CarE EiEER R
BTG 5 b3 33 Bt CarE W6 P22 AL N3 6 FF
TN o AH LR T AN [R) B[R] BT 4C A AR B, PR B
BTFCAALBE TR, CarE {&PEFE 12 A 24 h W35
TR (LCas: P < 0.001), 48 h BHKE Z %t
WEK - ; Bl ) ZE 1, CarE 1 PETE 12 h iAIE1(HE

x5 MEEMELBDMER GST F AN ( nmol/min/mg )
Table S Effect of the atropine on GST activity (nmol/min/mg) in Frankliniella occidentalis

BTFE A & (mg/L)
Percent of atropine
content (mg/L)

ALEERTE] (h)  Treatment time (h)

0

12

24

48

CK

LCys
LCsp
LCys

210.77+2.75 aA
211.69+0.87 aD
209.66+1.97 aC
208.90+2.16 aD

205.08+3.18 cA
274.10+1.36 bA
287.85+£5.23 bA
301.40+4.90 aA

201.88+2.73 cA
254.63+1.24 bB
266.19+5.3 7aB
257.28+2.03 bB

200.33+4.05 cA
239.92+1.86 bC
260.80+2.54 aB
233.67+5.84 bC
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X6 MITEMTALEDENRN CarE iEFERZME ( U/mg )
Table 6 Effect of the atropine on CarE activity (U/mg) in Frankliniella occidentalis

BTFE A & (mg/L)
Percent of atropine
content (mg/L)

ALEERTE] (h)  Treatment time (h)

0

12

24

48

CK

LCos
LCsp
LCys

16.78+0.25 aA
17.07+£0.24 aC
16.73+£0.37 aB
16.68+0.16 aA

17.27+0.20 bA
21.76+0.48 aA
17.76+£0.41 bA
16.59+£0.11 cA

17.2240.17 bA
19.15+0.16 aB
17.40+0.17b AB
13.11+0.14 cB

17.50+0.31 aA
17.37+0.23 aC
15.69+0.23 bC
10.64+0.39 cC

1 21.76 U/mg, Bfij5 2 TR, RISl
JE R R Rk EEBTHE AL BE R, CarE
TEPETE 12h 2 17.76 U/mg, B&EE TXA(P <
0.001), 24 148 h£F2L N, 48 h BT R ELT
XTHE (P < 0.001), FRIHJCfe ok 53 i 1
AR, AR RTIC A AL EBE R, CarE JEPETE 12,
24 T 48 h KRNI, AHHE]A Y KT X IR
M (P < 0.001), RIMHEFFLLINEIE-

233 MIEMXMAELED CYP450 EEiE M
20m  BFC S MNaIRIR CYP450 EEEIE AR AL A
37 IR o AH R A [RDAS ) e B BT 4G i b B I
oL R 3 AR BE RATHE 8 X P AE # ) CYP450
WA REAESER (P < 0.001), HifS
SR B A R B T I R, 40P 12 h, IR APk

JEZH CYPA50 {5 PE W& 5 TXT R, ik el S5
MR EZES (12h: P < 0.001); AbFE 24 Fi
48hj, fik. . WA CYP450 iM%
ETXHE(24h: P < 0.001;48h:P < 0.001),
H ISR SOR R BE > TPk EE > Sk

A RV B AN [R] B[] P AT s b 3, PRI B
BIFCAALER R, CYP450 JEAE 12 £ 24 h 354
B TFE, 12 h 9 24.82 U/L JH 2 24 h 1 34.68
U/L, 24 hikI&(H)5 T 48 h %% 27.01 U/L, 1}
BEBTAE (P < 0.001), |, EkEE
AL HT, CYP450 (G PEAR LS AARL: 24 h iH
HWTF R R, 48 h B E TR, &uESER
B3 (LCs: P < 0.001; LCs;s: P < 0.001),
FEI S0 FE ] 4 i ) B A

®7 MIEEMELEDER CYP450 F AR (UL )
Table 7 Effect of the atropine on CYP450 activity (U/L) in Frankliniella occidentalis

BTHC A & i (mg/L)

AbPRAFE] (h)  Treatment time (h)

Percent of atropine

content (mg/L)

0

12

24

48

15.43+0.35 cA
24.8240.48 aC
16.91£0.07 bC
15.63+0.26 cC

15.15+£0.32 cA
34.68+0.36 aA
33.24+1.87 aA
27.01+0.47 bA

15.37+£0.28 dA
27.01+0.47aB

25.39+0.28 bB
22.95+0.28 cB

CK 16.05+0.04 aA
LC25 16.60+0.14 aD
LCso 16.53+£0.15 aC
LCys 16.29+£0.27 aC
A A
3 g

ARG R I, B 2 B 2 R R i
B FE 6 P A6 81 ) 2L i 2 BOEE T, R RES
S AC ] DA Py 3 AR AL A AL S (CAT ).
ALY LR (SOD )., & LW (POD)
Ml 3 FhfgEERGA M H B FE RS ( GST ). RIR
sl (CarE ), RRHEANEZE P450 (CYP450)

PGP o BITHE S 226 A R AT TR
YEH, FEGE TR R a2 5, 2w E R
Wik, B S S A ME S, RAFEIET
(Guptaetal., 2024 ),

B, VU AR 8] E AN [ BE BT FE it e
T, 3 MR ERRE R A, RIVE L
N R BT R B B E R S AL Z —. CAT
TR TEAS T BE AL 3T Yoy I 25 1 i, U HLAE ik B
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48 h IR FEEME, ULEH CAT TEdL A LB &
FERRSRAR A VE R ; SOD I P Bt e 38 A1 s ] 34 il
SEIEASCT 1, 48 hosy VR B 4 B0t R il 3 4%
POD G VLRI W3 B Fh, k5 HA ARG 45 5
H—2, B, VOAEET IR B e
M35, H POD. CAT F1 SOD JH P74 E
BfE] 05 B T (Qiu ef al, 2024 ), Bi&4F
Acyrthosiphon pisum TEFEE &I+ FilH HEE
3 FPREEE MR EIE, R ERRS S
B Ayt A0 U5 38 A R 57 AR B SR B ( Farhan
etal., 2024), {EfHFEEMNZ, SOD Fl POD {f
PETE 48 h B 5 A5 B0E = T CAT WhtE, X%
BH e o X BTG 5 5 & K S e A B, SOD
F1 POD #i T H EZEM M0, SOD 1ENH—iE
B2k, o R A A i1 Ho0, Fil Oy, 1
CAT Fi1 POD Wi — 2544 H,0, 43t K3+, =
H IRV UL g2 A A4 ( Yuan e al., 2021 ),
AN, AWFSE PR IR CAT WEPELE 12 h 5 1T
JETFERE, i POD 5 SOD b AN 2, if—
UL CAT A PU AR 8 2 S AT S A R 225 vy vl
TS, XAIFES HXT Hy0, B 6 Kb
BT (Lietal., 2014 ),

EN GRS OP A TRED O N
[vi) figt B TG P () S ), G A ] o e G P
T, 3 Ri#EEME GST. CarE F1 CYP450 if ¥ &
Az 5 AR, AR R RS 25 S, R A
) “VRBEEAI” 5 “HTRKES” XN R RAE
VG 6 i) 78 AN (] 9 52 BT T 38 1 45 e H IR
WA (GST ) iGPEY W1k, L HAEM 0
12 h Nl B, RfJE 2 TR, R
RIS S B SR BRI
H KBS B8 i 5 e R o A A L R )k
AL AR T 805 SRS, NS 56k S
AR, N, Koirala 28 (2022) 4811, GST
FIEIE 1 255 48 I H AT B AR PR I ot 84k,
RAI . 2R, GST fEZFhE I
s ek 2 M R G I, BE S P e AR
TR (Zhu et al., 2024 ), RIREEHT
( CarE )X BT+ i fr i o7 D) & 20+ 52 2% P ok 4K
WPE; ARM AR T, CarE & TE R R, W]

REEBTHE VR NS S5 5 s Tzl Rk £
48 h BPIE T T RE, ULBAAE R P T i dE T pE
REZ F M, PR EERTHE R MNE T, CarE 2“6
PRI W SUAHAE Ak, , T o v A P D) S5
PERRLL TR, RUIZEE R G AE R P38 T ol BEwk &
P40 ) B8 DR G 2 R A2 B G TR . X — RS
Zhang % (2023b) WF7E45 R —35, CarE fE{KHk
FEAb 238 T #75 F LAE T B D RE , T 7E = ik
JEE £ 4 AT R DAL 9 A R i s A 3403 1 7 3]
Ml i, RIRFERFENRER B RGHET,
FRIREERG ( CarE ) TP BT R R LA (£
HERSE, 2023 ), UGBH R HUAE HXAMR AL 2 B i
B, i 25 1 2R G A7 A6 VR B R 15 T PR A 1 H &
JEAYE . AN ZE PASO BETE M F B I Sk A0 ok
B ERR I 25 5 . TEARMEEEMMA TR, CYP450
ST 24 h N T, S TE 12-48 h B
RS AR S X IRAL; e =ik
JEMHAT, 12 h R B R, % 24 h i
P TG T 5 L B IS 7E 24 A48 h SUPRHUR %
M o A% 25 AR U AN [ o XU, ARGV JEE
IR CYPA450 fiff 2 Pl Vs G DA T i D e
MAE . Rk B AT, A s ny ) 2 3 ) B
B HEIR AN , SRR RGNS S A — 1
(LB e K 14 17 R A i ) SRR B S e
fib B TP R A HRGE L L AR B R R Manduca
sexta WL MRS CYP6B46 g e v T, LU
MHiPERRES . Helicoverpa armigera il i £54E 5
ik CYP450 LA 2% (Hueral., 2025),
ELHU CYP450 Jit R G508 & APk A=A A
A& M G5 T ( Zhang et al., 2023a ),
AR ORI I R S R R T
o i 4R A S 3A CYP6BA46 fit Bl A 1249
JoT i A AR TE 3 7 ) AT B D f R JE T T
MIEETE . MRS b2y i R BRI B EH &
CYP450 FfF% 1, T W% 2 A ik 24 i ( Kumar
etal., 2014 ), ZE LPTIR, POAEE] SR % BTG &
360 P i 7 SN TR A A i 3 1 R 3 5 e ] AL
M

PO A6 80 S 7E BT FE & 38 T i AR P i i
Fitf 22 5 12 2L 5 25 ) ) () B ek i R AT, B A
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NG SRy PR s Zb o IR I i i s i vaf e
TEHEMBI AR . 1E 12 h BRARE, PEEH
DY SR SR G R S, IR XTG5S DR A &
FE R i i SOD | POD Fil CAT §if M ik & 1458
A 3 T 5 A P e AR ) P SRR AN RS
VYA 8 5 19 A 75 SOV & — SIS I L AR T B aa
5o JE RS (] (RS 25 A R, 3 P R B B A
IO X BTG B B TIH AR . PR EIMEF, AN
W 5 B () B B 2 R 2 S A A e AR R
P 7 A R SR AL T A B AR B, A 7 1
FEJE BRI R ZE R SRS, FH AR
6] bR Ja i . ThARELAh, L[ SCBL T P AR
Xof BT it At f) v 5 1Y S R S 4k R ( Gholami
etal., 2025),

AHIF 5T 38 Sk 4 1T H A3 ATT T VG A6 i D LR 3
5 it R T TS A T T 7 R 0 A sF D %) e
B, 25K, BTG AT 50 PG AL i 2 A g f
PRGN A R S TR AL, R L OE H AR BRI T
e, AT LME N VEIEE] SV E AR AR 25 o AR SEHG
HWFGE T BTG 5 X PG A6 8] 5 L 4 g 0 A 57 I 06
PERISE I, B AR NI AE VR 2 HALRE &, Qi
UG R . s, (CImEA R G, &M REss
i g%, HOEMEAL SEERNE | A R
KR Erm | AMRAIEE R RS Em UM, Jae it
— S IR FE BRI RN BE , A BH 8 BT 3E o6 7
P I et A e (YR L ol N T TR 2 i
BTG b A FH (B, A D A B0 25 () (e Bl s B A1t
BB SR S
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