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¥ E [Br] 45U Ectropis obliqua Prout 245K A EE d, AHISE B AEWFFT AR I H FHAR 2415k
TR BT H g P e e 24 562 P B 20 AL A B I v B S M B R, Ry FJS S A B R T AP R R e 3
o [A3RY SRABRIEEZE NG T 5 825 R4 dOi BR 4618 5 8l sl 2 BRI B LCso H. RH
LCso MR 2RI — A Ab BRSO | 3 b o6 S r L SR T R B T 5 17 R ke 4% R v i AT R 5 F O 52
DL gk L R A5 B H K-SR i ( GSTs ). ZBEAHTRIRHS ( AChE ) FIFRIRMRNE (CarE) 3 Ffif i i it
WA e, DEERY BEORZGRE S5 e dUgint 5 #425REL Y LCso {EH4r 510 5.884 mgL ™' 5 0.268 mgL™ ',
BHEEERN, PR M TR ERAE . WELSG TR, RS RS, Ik L
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AR BEIRAE RE AR AN B A , (A AR B 7 [ M 5 S PRk, IR S IR AR AN P B 1Y
AR IIRE . BN AR Ik L A i A SRR ( AChE Ml CarE ) X, S5HBEF (GSTs) X,

T B SRR ( AChE Al CarE ) FI%ASHE (GSTs) WH A %,
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Effects of bifenthrin and indoxacarb on the midgut cell structure
and hemolymph detoxification enzyme of Ectropis obliqua
Prout (Lepidoptera: Geometridae)

LI Liang-De’ LIU Feng-Jing'© WANG Ding-Feng =~ WU Guang-Yuan'

(Tea Research Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350014, China)

Abstract [Objectives] To investigate the effects of bifenthrin (BIF) and indoxacarb (IND) on the midgut cell structure and
hemolymph detoxification enzyme of Ectropis obliqua Prout, a pest of tea plantations. [Methods] The tail immersion
method was used to expose 5" instar larvae of E. obliqua to the median lethal concentration (LCsy) of bifenthrin and
indoxacarb and subsequent changes in structure in midgut cells were observed with transmission electron microscopy. The
activities of detoxification enzymes in hemolymph, including glutathione-S-transferase (GSTs), acetylcholinesterase (AChE)
and carboxylesterase (CarE), were also quatified. [Results] The LCsys of BIF and IND for 5" instar E. obliqua larvae were
5.884 mgL ' and 0.268 mgL ', respectively. Transmission electron microscopy revealed that BIF and IND induced
disintegration of the microvilli in columnar cells, which became scattered in the intestine. In addition, intracellular organelles
were transferred to the top cytomembrane and became obviously deformed. BIF induced an obvious increase in AchE and
CarE activity but no significant change in GSTs activity, whereas IND significantly inhibited GSTs, AchE and CarE activity in
hemolymph. [Conclusion] Bifenthrin and indoxacarb damaged the structure of midgut columnar cells in E. oblique by

destroying the microvilli and disrupting organelle function. In addition, the detoxification of bifenthrin in hemolymph is
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related to esterase (AChE and CarE), but not transferase (GSTs) activity, whereas the detoxification of indoxacarb is related to

both esterase (AChE and CarE) and transferase (GSTs) activity.

Key words Ectropis obliqua Prout; bifenthrin; indoxacarb; midgut structure; hemolymph; detoxification enzyme

2% RUi# Ectropis oblique Prout (@ H . R
MERL B RO R ) S — s bl H 2 A IR g e
ZHRAERE LS FERXIA S, T HEE
g B, SR TR TRAS T R A K, Rt
M7 BRI AR A ™ E S e (Li
etal., 2016 ), HFI, fL2Biin2ix®H i %
BiiG s, Bl FARP Y, KREAGHENH
2, LT Z R0 BRI A e T2
PE—2E30 N T iZ AR FEMERE ( Wang et al.,
2018; Zhangetal., 2018 ),

BT, A<hEphinas R 2y, BRI
S RPN AR UL 2550 . He, R 45 TR
FENMEHTRAMMAERS, i K i 4%
BEIE LU S PS5l IE TRk, (AR E
MAy . ERAE . BREHMSET: (Cao et al., 2011 );
[T = 1 N ES A =R/ DA R <
( Oxadiazine ) I d5], FbRTE HUZR Bl HUE
AL IS E T RPN 5 BE B 28 40 A Y A 2
FIEIE, E IR, PMRRET TR BRI
MAET: (Wing et al., 2005 ), Hi T-1Z M2y 5] %}
fige s B 5 BT R AR TS, XL s
AR BAnshW e 4, RmiTE 240l E 2 Fi X
A RER G AR 2 T )z N H

B ER R FE R EE A —,
R AGE S ICEER, A2 AHAGE , FimaR
e, RHEIHAE R oy =80 Rl . s
UG o BTl BOH AL S W 5y, 5 S
rh AR A , BHE S P B LA R X HE
RSN, B IR THAAE /N (Sousa et al.,
2013; Napoleao etal., 2018), #ifz, HmH)E
TWRRG T AL, QowEme . Ay AN 2R 1 R A (L it
TH AR TR G B R A SR ( Tamaki
etal., 2014 ), WAHh, HrllmdnHh 6L 2 T
BRACHIEG, X N2 A R, B
WA EAE AR BR bl B il bk
ARG BRIz i E SR B g B, 1 HLAE

PESAMEYEL AP 0 L AR, s ol e s A%
R R 2 T AAE o LS PN A I A K
fi RN, ANTR A T AN R, BRI R
RN YA SR E (Lalitha et al., 2018 ),

B AR EX IR A TR 5 B g R U AR 4%
g 2 A R B 3A , (E R IIHZ K
TR A3 AT AT JRy PR T i B A R A 300 DA B =
(EE FIINSE , SRR B g 5 B R PR AR 24 1) vh
BEVEFIRESR, AR i/ D DAREE . R
Hh fiz 2 2RI I bk B R G 7 24 0 A 1 O T E R AR
HHEEVEH, N T E U T M R A 25 A
RS REARE R, ARG I A2 T B A 4 1 5 T R
AR B R S LCso {8, FHHI %Mk B 24
FUALFRIS ROE | i — DG T H 7 40 I ) 25 4 AR
e T Sk LK B PN IR 40 500 o

1 #R57E
11 R EERAREY

TR0 2% RUMEE Ay v ] M B} 2 B A5 0T 52
Ay i B i 5 e b CHRTL, AU ) St
R ERTIRAEN, T(25£1) °C, RH60%,
DGR 141 £ 10D 5AF T, BRREF S E
WL KGR . AU R AR A KR BR
Y 5 U825 ROEL) Ui A T8 1 , 4t
FH S A
12 EERARME

PR 28 (AR 25 ¢/L, 100 mL/f )
W B 7R 8 2 A R R AA BR A R (I3
M), B (FRORE 150 g/L, 50 mL/Af ) A
2 EALIRA T 5 B0 H K-S # il ( GSTs ).
CTRAATEEERS ( AChE ) FURMRERME ( CarE ) ik
&0 A r RS E Y TRV (P E, B
0 ); ZIREBE MY ( ELIASA ) 5% 8 B+ W6l
%% ( Transmission electron microscope, TEM ) &
FEI KRBT A H] ( Thermo Fisher Scientific,
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M E

SR F R AR i 6 R 0 R A R AT 8 U
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FIZGH IR 2 min, JEIRAFRHRAMAETRH, F
PRI 3 ARASAY; (4) BEAFREAMBIEEA 30 3k
FFENBER, KR/N—%0hY 5 25 RS, FH{R-
FRCKS 75 RO A, I AR R 7 B e IR AR 1, 7
FH/N O SR 30 NS, &5, ¥R
B E T ANTERFEANEESR (2521 °C, RH
60%, JEJEM 14L : 10D ),

R 22k B0 56 4R R A4 TR 5 Bl s Y
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1.2 mg-L™"), P24 751 1) 2L o 38 3 4 o) e A
3K, FERARZAR A BRI 2 525 RO A X
24 h J5 R BEPRS UK, BUEARSIIABET,
SEitic R RANEEZE N H T RSET R FE A
LCs fH .

1.4 HEZHBRAES BENE

AR S SR ATH ) TR R A T - B RO 2 R
WERY LCso fHL, 731 HC i ML BOLH L LCso HYIBA
W S e RO . SR 1.3 Rk,
FI LCso #RJEE FOIEARA Mi 55 B HUBRAAIRE 5 I8
SER L, I RUARAL B HUR O 2% RO IR, Ak
24 b5, PEHORIETMIZSREEL dL, PR Bk
HH 2% RO Ay T BT KR B R L, v VR
JRIE 10 min J&, SEHIA )R A9/NY R BT,
TR R 4 A Sk VR AR — IR AR R R AR R

— NG JEALTY 25 5 IR ROl B Sk R, P I T
BEJe /N B OB R 2 RO b i o, FH
H i 240 ) 3 B PR L

K 25 1A ROEE R i RE &, P AR BEER K Uk
R IR, FHWRE N 4.0% 2R H
% ( Paraformaldehyde ) 7F % iR 25 44 T [ &
30 min, S5 0.1 mol-L ™' ) pH 7.4 Mk 2%
7% ( Phosphate buffer saline, PBS ) F{RAF, &
F 4 Cokfh e’ 12 he T2 K, A
0.1 mol-L™' 1Y) pH 7.4 1) PBS PE L LRI, 1
1% 148 L3 ( Osmium tetroxide ) HJ5 [ &
2h, TEEIREMT, FH 70%. 85%. 95%7F1 100%
() T2 X0 B it 2R A 0 B K, R A B UK
3min, SRAIAIEXIFE S IEAT AL, AF B2
FXEE SRS T T BeJE, SRR R ML R
AT D) e, FEAFTIERET ( Lead citrate )
EiBERRHE ( Uranyl acetate ) W EHYA)5, 7615
ST B EE (TEM ) F LA 350 nm Wk,
SR A BB R 950 V A K 2 400 nm 4
R, HTHAIE
1.5 I B RYEETE N E

Z 8 1.4 0980 1, 43 3 LCso R BE I
FAGTE S B R BRI 5 A U AL IR AR 2
AR FR HOR R 25 RO X R, 4b3E 24 h 5, &
45 Ik BRI ) 2 RO 4% 10 Sk A6 0 it 3k
EL A e H K-S RSB ( GSTs ). ZEEAH Bl ity
( AChE ) FIFRFRER ( CarE ) 975 PE . S 18 Choi
(2006 ) SEg0 i, SR FHEE R4 UMK e .
ABRIE « FH AR ST ZE S A R v i
BE, P EAMBOEE WS A MmOtk e . PR I
WEE T AR 1.5 mL B.0% T, A 0.1 mol/L
() PBS (pH 8.0 ), #MA 1 : 1 HHIHEITIRS .
wJE, FHEA BRI ELOHLT 12 000 r/min
B0 10 min, WAE LIS WA M EGIR . BERERPRIYL
%} GSTs. AChE Al CarE 3 NG HEATIE,
FE T 2 BRI AR B Ul B A5, 3 AR EETE
B RS A R R 43 0 412, 412 FT 450 nm,

1.6 HEHZITSSH
F| ] Photoshop CS4 #k{f-5j Adobe Illustrator
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CSS5 HAFxTh Im A OB S K AT 9 5 691 25
R RS e, B EE 3R A
BG4 ] GraphPad Prism 5.0 44, R
{8 + SE JyiE#AT4 K. FER ] SPSS 13.0 #.F,
Xof 43 2H B4 % Fl Duncan’s 220 BG4 . BAIA
E I EH (ANOVA) ik, Sl
PE2 R (P<0.05),

2 HR5SH

21 BEFESEHREMFRENZNESH

TEZE NIE THFRHE (Bifenthrin, BIF)
5t g (Indoxacarb, IND) X} 5 85/ i)
) (R 1), SRR, PRGN 5Ei R
BERT 5 A ROMER U Rz T [ 5 R 3l R y=

— 1.452+1.887x Fll y=1.210+2.114x, PIFP245511
HBIEHE (LCso) 4094 5.884 mgL™' 5
0.268 mgL ™' 95%E(F X Al /r5H 4.449-7.939
il 0.205-0.347 . LA K [o] 5 B 28 &% ( Straight
slope, SE) 434l>47 0.296 #1 0.309.

22 HBES ARBMEHEINE

22.1 EFTRMAMMBHMEHE EidEHE
BEULER T IEH 5 A% UMD iy v i 40 i Tk
ghiky (K1), M L ATUE S, itk
T ok B A E AR Z , HESV %A T, I T
SEfR (& 1. HE 1, B). HRBIERIMEN;, IR
SEEE, PSS (B 1. fE2, C). B
WKL, ZHC0EE (E 1. HE3, B), Rk
THIWTET WL, EEDRR (B 1. HE 4, F). B4,

F1 BREFHESEHE S BEREHRMSHNE
Table 1 Toxicity of bifenthrin and indoxacarb to 5™ instar larvae of Ectropis obliqua

B2 el e 959 5 < ] A

Pesticides Regression equation %0 95% confidence interval Straight slope
XK 25 TR BIF y=—1.452+1.887x 5.884 4.449-7.939 0.296
Efi H g IND y=1.210+2.114x 0.268 0.205-0.347 0.309

1 IEH 5% R ey b 5 BB (45 14

Fig. 1 Ultrastructure of midgut cells in the 5™ instar larvae of Ectropis obliqua

A, R 5000 5 H I AIAE s B, K& A BIHE 1 BORE] 4 D745 C. 518 A BOHE 2 21K 4 i D. K 5000 1519
BN E. K D AOHE 3 HOREN 4 145 FORFIR D BOHE 4 700K 4 i RE S ARIREANE; AR OB S 2 pm.
A. One of the ultrastructure of midgut cells by magnified 5 000 times; B. Enlarge figure A by 40 000 times from box-1;
C. Enlarge figure A by 40 000 times from box-2; D. The other ultrastructure of midgut cells by magnified 5 000 times;
E. Enlarge figure D by 40 000 times from box-3; F. Enlarge figure D by 40 000 times from box-4;
Box-5: Goblet cells; Scale bar =2 um.



3 22 RAEAE: BRORAGTR 5 o e glor 2% RO v iz 4 45 ) % L b 2 A 27 B ) 52 ) <671 -
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RRE (B 2). hE 2 aTLIEH, etk
b, AR TR RO TR R R AR L BT, HIGEL
oA Tl (2. HE a), KB E H 7R
MOTUBERSE, JF s, BIEREZ NEES
MHIEDE (18 2: HE1, B), [EIRF, ZohriAicm iy
Z, NEWBMERSE (K 2: #E2, C), mfEH
ParEE, AARIE S (K 2: D), 40
THM (K2 KE3, E), MASEAMES LA
AR, IBEATHN (& 2: HE 4, F), KUK
AR P 23 I e g 2 P R T T
223 ENHELEEPREMMNBRENS &
Ef HURAR R 2% RO P I A M 45 HA TR A 2R T W]
BRI (1B 3). K 3 aTLEH, stk
240 T (9 S B R T 3R L Wi B, AL
SHEmEN (B 3: HEa); JFH, KEHpS

AR T % 8, T B T A TP (1] 3.
fE 1, B) FIZekifk (& 3: #E2, C) M4Iii#e
RATEARING: s RIS, 7640 P 0 40 o 3
Tk g (B 3: #E3, E), DI
MTAIE, WM T oE . BEEEIE (K 3: fE 4,
F)o A, BT s S RO v gy 110 40 i 285 FA i 3R
PR R

2.3 MK E A RYESENIE

231 HFRFHOELIE HAPER RS 10
K, ME T 2EBEEHREE (LCso ) BEA SR AL 3
J5 .5 SR MEF 1 12 h 55 24 h B9 GSTs . AchE
Fl CarE B (K 4), 455 %M, SXTIRAAHL,
GSTs BfIGPELE 12 h 5 24 h BFEARARAE (1A 4.
A); [FIEF, AchE RREEPES AN T 215.85%
(12h) 5102.53% (24h) (K 4: B); &),
CarE FUBEE 43 3G T 336.15% (12 h) Al
159.62% (24 h) (& 4. C). UiHHEIES S
YI2siR e 5 W25 Nl AchE Ml CarE HIBETS, H.
AbEE 12 h PEENE I KT 24 h BRSNS, (AT

B2 FREFALEEEFEFMTEABRESEN
Fig. 2 Morphological change of midgut cells after Ectropis obliqua larvae treated by BIf
A TR 5 000 fERTH AR B. KEP A BOHE 1CKRE 4 7455 C. KB A BURE 2 EIK 4 J74%; D, CK 5 000 %5
A4 B KK D BOHE 3 ORE] 4 74 FOREE D ROKE 4 0K 4 T HE a: PRORTEAEH.
A. One of the ultrastructure of midgut cells by magnified 5 000 times; B. Enlarge figure A by 40 000 times from box-1;
C. Enlarge figure A by 4, 000 times from box-2; D. The other ultrastructure of midgut cells by magnified 5 000 times;

E. Enlarge figure D by 40 000 times from box-3; F. Enlarge figure D by 40 000 times from box-4;
Box-a: Structure of microvilli.
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B3 FREFRABETHBRRTHERESTN
Fig.3 Morphological change of midgut cells after Ectropis obliqua larvae treated by IND
A TR 5000 5 R IBANAE: B FFIE A BIHE 1 ORE] 4 D7 4% C. ORI A BYRE 2 JEIR 4 T35 D. K 5000 f5 64
A . I D AfE 3 MOKE] 4 T . OJ4E D BORE 4 Ok 4 TTE; HE o BORELEH.
A. One of the ultrastructure of midgut cells by magnified 5 000 times; B. Enlarge figure A by 40 000 times from box-1;
C. Enlarge figure A by 40 000 times from box-2; D. The other ultrastructure of midgut cells by magnified 5 000 times;

E. Enlarge figure D by 40 000 times from box-3; F. Enlarge figure D by 40 000 times from box-4;
Box-5: Structure of microvilli.

\-1’\{['_ ~ A ~

gg 600_E|BIFE|CK ﬁE,QZO @50
g é a a a @ s é 15 oo 2 40
. % £ 10 g 230
<4 5 &5 EE 20
= R PR &2 10
S % 0 NS o 8 0
& 0 12 24 0 12 24

KbFEFE] Treatment time (h) KbFREFE] Treatment time (h) KIS A] Treatment time (h)

Bl 4 ZRIENIE LCs BEEXFBE /R MM E GSTs. AchE # CarE BgE R TK
Fig. 4 Effect of GST, AchE and CarE activities in the hemolymph after Ectropis obliqua treated by LCs, of BIf
A. AP 12 h 55 24 h J5 GSTs AIEEG; B. AbH 12 h 5 24 h J5§ AchE RYEIG; C. 4P 12 h 55 24 h J5 CarE AYERIT;
SEI AR 22 b B BRI A 2 RUBE S X BRAT, B R APE3ME £ SE (BREA n=10) ik raeit, Baids b m
FE AR AN F R AR R Z A 25 (P<0.05). FEIHE.
A. The activities of GSTs after treatment 12 h and 24 h; B. Activities of AchE after treatment 12 h and
24 h; C. The activities of CarE after treatment 12 h and 24 h; E. oblique treatment without pesticide are used as the control.

Data are mean = SE (each group of samples are 10). Histograms with different letters indicate significant difference among
different groups (P < 0.05). The same below.

GSTs MY RIE A K GSTs BEEE I T 73.43%( 12 h )5 86.42%
2.3.2 ETHEAE PRI RS 10 (24h) (E 5. A); [FEE, AchE ARG PES 5
Sk, e TSR (LCso ) B b S W1 77.63% (12h) 5 73.42% (24 h) (Kl 5:
5SS d 12 h 55 24 hif GSTs, AchE Ml B); fitJa, CarE BYEEIGE B T 71.09%
CarE (BTG (& 5). 453K, S5x R4, (12h) F151.55% (24 h) (& 5. C), DL
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& 0 12 24 0 24 0 24
Ab ¥} [A] Treatment time (h) AbFRET [E] Treatment time (h) Ab 3t [A] Treatment time (h)

5 ZRIEALIE LCs BB MK E GSTs. AchE 1 CarE JE1EHI L
Fig. 5 Effect of GST, AchE and CarE activities in the hemolymph after Ectropis obliqua treated by LCs, of IND

A. 4T 12 h 55 24 h J5 GSTs (IEHG; B. AL 12 h 5 24 h J&§ AchE MG ; C. 4b¥H 12 h 55 24 h J& CarE (IR .
A. The activities of GSTs after treatment 12 h and 24 h; B. Activities of AchE after treatment 12 h and
24 h; C. The activities of CarE after treatment 12 h and 24 h.

HUB AL B 25087 5 25 R GSTs. AchE Al
CarE WG . Hirh, GSTs BYBHETE 24 h i R %
H% %, 1M AchE Fl CarE RYRETE 2] 24 h i} XA
It [l 7t

3 %it5itie

PR 20 B2 P B 20 B T R AL RER A, 12k
L) T LA R AR O TR, X SRR 45 1)
B T A ] AR L A A5 AR i RE A% X
FERE A — IR (R G b, 2015; RS,
2018 ), AWFFE R, KRR ZAIE i 40
T gk B E AR, HEVEEA T, HmIME
J Fes S AT, T KR 4G TR 5 B A S, 4
TR IO B R s A . W, IBids . BaL A
Tk, BRIz FP A 25 A i R b i Ak 20
2 [ M 5 R AR

AWEFE &I, R 4 I S B R b B
Jei s 25 RO v i R AR 40 B R e 20 B 1l 4
TR HH% . AL, HARLIR R E A
211 J T P 1) i s B 2 () B2 o AR 200 R %) 200 i 2
B W IH A B A Qi i il (AL e | 5
FEMGFUK AR RESE ) (IThRE, AEil IS 2R E X
A T 53 WA T A I, R TN 25 ) iR AT A
o QI AI LI (0 R P4ASO BTN ( P450s ),
i A LI JFAE F X 22 Fh R 2 ) R A T i

(Xu et al., 2013 ); GSTs 1] 25 L oMNEEEE
RIVAEANGTAEH , R EZMZ A ( Enayati

etal., 2005), VAKX CarEs J&—Fh 855 1) 7K fit i ,
A3 38 7K il B A AL A LB A UL Rt 2 T R 24
(IR S% (Heidari etal., 2005 ), I, #HEMZER
W AR A Z R AR 2 5 T R 2 TR
e g R e, BA R 2 — 2
5%

AHRER, BB &Rz —H
25k o R A gl 25 a2 AR L, T A ot gk
B RS T f#E ( Denecke et al., 2018 ),
AT LI, YHBOR B S, A R I
WP GSTs. AchE il CarE FrBT 14 R 1
e, BOHA T K S R AR S S THORS
Wi i) i A o A UL He 2 TR A A A 22 AL
i, —HAATES LRI, i s 2
EThAEWR 2R A A T O B AR g R
(2005) JIESE T #EHR4S #L Helicoverpa armigera
o, LA R PASO SEUAKEE Y TR i RE AR
BEMRA 2 B EZHLH], MRS (2002 ) HIAk 3
BRI B 1 2 5 T S0k AL 4G TG 1 ff 2 o 1
KT GSTs, KIIFLAETURE K 44108 0 28 P 1EH
BN, AHGE & B AChE F1 CarE Jigl 206 K 45
Be46 Je T, 1 GSTs MG A K, RKRFFA
W IRHrE (2005 ) IORIFFTES S, TS5 BRIAEE (2002 )
W45 AR

Ja, AR R RS, 5 B
JUME IR EL i) GSTs. AchE Al CarE FBETG 4
FHRE YRR, fems B RERREESIAE] T 70%DA |
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TAAFAE (2019 ) SR VB H L B HUg AL BE 3
RS gl i, I Hi ) GSTs. AchE 5%t
WEFPHEAR LU B & T, 1 CarE A B IG M Io 35 %
{i% - Shono 45( 2004 )TEMFFT % % Musca domestica
Xof B HUBR BT R A B, SR el g i A 2 AR
S ERAGA GSTs YIL KR MXIFESE (2011)

K, TERISRK Spodoptera litura %4 5
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AW R Ah i g RAE e 22 5, AR &
GSTs. AchE Fl CarE 745 RUER 7240, 5
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