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B B OMRREBRRYRELE R (cantharitin, CTD) X858 F B BN Plutella xylostella (L. ) B fil A HLH
AP LT B BELAE T I Ak B/ NS i 4 e 4y UK BELH ZUEE R IO E AL . BEZE R BOEH 1 0. 15 g/ Sk A1
I 0.3 g/ Sk AR AL BEUHU R M F A, rha il S a5 SR AL Ab T 12 h 5 rh g HUAR R R B 225
Too AR 12 hJ5 PR 0 M A A 6405 0T ELIAR AL, ORI I , P RORN 1 3 25 YAk, SR A FIDREL T PR J5 199 5 it
TR AR 24 h s ABERAR B SR IAL BE 12 b AOAEIR , ELAEARTE AT AR . 5 2RERW] CTD X/ S e (A BE 2 Kt
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Effect of cantharidin on the integument structure
of Plutella xylostella

CHEN Li-Ping™ YANG Bao-Dong ZHANG Zhi-Yong **

ZHANG Ai-Huan ZHANG Min-Zhao ZHANG Lai-Xi SUN Shu-Ling
(School of Plant Science and Technology, Beijing University of Agriculture, Beijing 102206, China)

Abstract To investigate the contact toxicity of the natural insect product cantharidin ( C,, H, O,, CTD) against a
Lepidopteran insect ,the diamondback moth Plutella xylostella (L. ), transmission electron microscope (TEM) images of
P. xylostella larvae were observed at different times after treatment with CTD. Exposure to a sublethal dose of 0. 15 pg/
larva and a medial lethal dose of 0.3 pg/larva for 12 h and 24 h by topical application to the pronotum gave similar
results; larvaes’ bodies became dark and they died 12 h after treatment. TEM images of the epidermal cells of treated
larvae showed that cell nuclei had aggregated, mitochondria had become distorted with mitochondrial cristae and the
mitochondria had become blurred and vacuolizated. The quantity of mitochondria and rough endoplasmic reticulum ( RER)

declined 12 h after CTD treatment. These phenomena were also evident 24 h after CTD treatment. These results indicate

that CTD did not destroy the cuticle layers but damaged epidermal cells in the insects’ integument.

Key words integument structure, cantharidin, contact toxicity
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REA A S (IR 555, 1998 5 #8137 45, 2007 ; 4
I KA ,2008) AR (= H F R e 45,2003 5
J+,2008 ) | i 4 & Ht (Snead and Alcock, 1985;
Eisner et al. ,1996) . [%EL ( Masafuni et al. , 1987)
SEVERT, O HE A AR 2™ i T (BRI BB 3
2002) . fEZ W AE J5m, Carrel #1 Eisner (1974)
R RV 22 v Vi I 1% SR 2 2R ) MR T o i g 2 Y
AR AR AR . 5KAE B3 A5 (2000 ) & 4R
PEZE R A7 UM RAT B 3 JE R 2 A, i
LB B A i 1 fih A% 0 P WA e b S
HEe I MR, g T T, RIS E R A
CECHET RGN AR A TEAA ALY T, BEE R
TRIMEAS B Leucania separata ( Walker) 6 #34H1 5,
g U P 220 N P 2R A AR AR 2 L (R
I AR, e i g BE 0 IV (S B, 1964) . G
Aok, SRAEARSE (2003 ) 4z BE 2 2K 1) MR /NS
Plutella xylostella (1. ) %y v jiz HIR 40 % 280 6
JIE 7, ARTR AN 78 O, Jo 58T 2K 5 SR A4S JE U fire
I, PO HES ZETL T A T 25 ML TET 1 B I 9 5k B
MR R A , AR K, g BT A R ES
Lh3HE A (2010 ) Fi 18 50 2 22 1) W T B 4 410 o v
PR PR TG 5 B TG A % 0 T 24 Tt 25 40 22 1 4R Ak
PSP o Ml A AE TS 5 2 2 ) B e BORE AR )
)52, AE A SCH: fi A% 1 FHAIL B 5% R WL T
AR SO FHHL AR B, WL B0 B 2% M B0E 77 6 T2
B A T/t 4 o 1A BE 2 21 8 G 4 i
A, LIVA Ry 3 — 20 BIF 5 BRE 2 2% 00 B RSt A AL
FRER AL D0 AR

1 #R5FE

1.1 ##

BEZE % (CTD, 46 KT 96% , p b 5t 4 24 B
R O 3 B AL ), FH PR T 325 i B 2 22 T AR 500
pg/mL F1 1 000 weg/mL &, SLECHH, WHE, Z
Pt | STk S Y R S Hirat, T o

U /N SRIRPE T 2003 AR A LT RBIX,
PIHIZE 3 d 93 Ml s NS S To R 251 3% 50 AL
b FAFEAAFER 25°C DR LD =16:8,

HL 1% 4T 5 1% 5% ( New Bio-TEM H-7500) , #8
) HL(Leica EM UC6) 4%, iy [ 4 b 22 Be
JE TR 7T T AL .

1.2 A

WIS 3 A bR, B2 0 B R 2 2
FIKLBRL , 3 4 40 BV Ry i ] e, P Y ik
47.8 mg, BRLAL P e 10 3k, A il 4L 500 pg/
mlL 5 1 000 pg/mL CTD 2§ 0.3 plL, I &k
0.15 e/ 1 0.30 pe/3k, CTD ik iF Jy 31.38
ng/g F162.76 ne/g. 56 S mERRIE, 7
S VIR AR B T R 1) 24 YRR T AR, b 2
Ja o 3%, AR R BRREIR . 23 7E 25 7R Ak
S 12 h A1 24 h 5 Bl R s R A 3 3k,
TEREEVEE T 23 B9 M B 5 B, T 37 v B B L v 1
T YIS 1 mm® KN, BOA Y 2. 5% I %
4°C [ 10, R A2 24 h, 326RE & b E AR
BT REWE ST T HL R, A BLER K B E L 1%
W2 J I8 5E ,0. 1 mol/ L WL 2% M EEVE , 1% Tt 1R Bl
e 0.1 mol/L WL 22 vh WL VE , B L BEK , 2
W ARG B B EALY) F, BERR B - Fr R
B OSEE LR, T U T WS 4 i
RS A

2 #ER5HH

CTD APELHUR , Br 14~ ) 1 s A 10 b 17 3
JCREA G SRE AR TR 2450040 B 1 h )5, ik
HUCT 16 Bhiz Wi > 12 h J5 16 sh i @i 1k, 34
IR PEARERIRZS o o8 1 AU 25 40 IT 46 22 LIRS
W, e R IRER O, LTI D Rl ORI o
W24 h JRBEHAET
2.1 CTD mil/ScifREERT B R R RIS

CTD s fish 3% /N gk 4l T I 5 Ui 194 ok
SER R, MEEAESH A (0. 15 ne/Sk ) AR EUE
FIHEZH (0. 30 g/ k) IR B = 4514 5 % IR ZH AT
FERIR WL WS i AR A o 1 L (A BE 5 4 B2 5 93 2
T R = S R A M) B SR 73 B LR B
FIFRZH (0.30 we/ k) A BIAT LU H, A 3R B BTl
o) —5, b RBLAUR W, AR A APk b
FATUL (P 1:A ~D,a §ik488 ) o LR
W], CTD REHC TR 237 B M BE B = B8 B2 40
EAEAREE Ry 3K, n] LA 3 B 28 h iR R R W)
SR 1) DU JE G2 I, R Z 1 CTD 3 iR AE
LEHNR B TP 1) ACRE I B 32 31 T N R B
(YRR , CTD 5 WA S 3R B WU P i B 30 T 1
LRI AR S W) o 1k R R 8 a2 (1] 12D, b 53k B
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Fig.1 Epidermics microstructure of diamondback moth after treated with CTD
A:12 h BN ;B:0.3 we/k CTD 4034 12 h 2H;C:24 h XFIEZH;D:0.3 we/3k CTD 4bFH 24 h 4H .
EpC: BRHz; ExCo AR R EnC NZR B,
A:CK in 12 h; B:Treated with CTD 0. 3 pg/individual in 12 h;C;CK in 24 h;D:Treated with CTD 0. 3 pg/individual in 24 h.
EpC: Epicuticula; ExC;Exocuticula; EnC : Endocuticula.
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[Fi)— IF (] Ak B ) IV A 51 5 2 M~ BB A 2
] R AR BE AR AR AL A R A B 22 . (B
JE B IR TR A9 SE 4, (A BE 240 it 2 b (AR 45 1 5 IR 7
FEWI IR, AU IR A Al UL, AR BRZE R 12 h )R e
2R MO LA AR 45 ) 2 B, R o SR A e (B FE A i
(F3:B,C), UM, 2k (K 3:E) , N
USSR (] 3:B,C,E,F) s b B4 v 24 h ),
B AL AR L R 23 58, i AR

2.4 CTD g/ ek B2 x4 57 40 B o H & 40 B
AR HI R

M R BE LA SR ] DL, CTD Ak FHE X 3 He A
BE 20 A J5 0 445 A 2 W B R, (LG 1 R i 1A R Wi
AR ARG T (0. 15 ng/3k), CTD 4b3H 12
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Fig.2 Microstructure of epidermis cells in diamondback moth after treated with CTD
A2 12 hy B:0. 15 pg/3k CTD 4bBE 12 h 415C:0.3 wg/3k CTD ALBH 12 h 21 D=5 FI2H 24 h; E:0. 15 pg/3k CTD
Qb3 24 h 4] ;F.0.3 pg/sk CTD 4b¥H 24 h 4,
em : A s nm : A HIAZ B ch: Qe 5T
A:CK in 12 h; B:Treated with CTD 0. 15 pg/individual in 12 h; C:Treated with CTD 0. 3 pg/individual in 12 h;
D:CK in 24 h; E;Treated with CTD 0. 15 pg/individual in 24 h; F:Treated with CTD 0.3 pg/individual in 24 h.

cm ; Cell membrane; nm:Nuclear membrane; ch:Chromatin.

h 5 HUACRE A0 B rh A BT b RO ARG S XS C,D) o T I CTD il /NS BEBEIR T 40 i v
WA LA U R 4:A,B) s fefmsil i SEEA BB, A & A o T iz
(0.3 pg/3k) RIS (] (AR BE 24 h) B (ABEAN A9 R SRR IS UGN . BEE CTD Kb BRI F
M B R IAR S SR S X IR O e (P 4 WRBERBE N, K2 40 M AL
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Fig.3 Mmicrostructure of mitochondrions in epidermis cells of diamondback moth after treated with CTD
A 254 12 h; B:0. 15 pg/3k CTD Ab3E 12 h 41;C:0.3 pg/3k CTD 4b¥E 12 h 2H; D25 420 24 h; E.0. 15 pg/3 CTD
AbFR24 h 21 ;F:0. 3 pg/3k CTD 4b3 24 h 4,
A:CK in 12 h; B:Treated with CTD 0. 15 pg/individual in 12 h; C:Treated with CTD 0. 3 pg/individual in 12 h; D:CK in
24 h; E:Treated with CTD 0. 15 pg/individual in 24 h; F:Treated with CTD 0.3 pg/individual in 24 h.

25 LRl U, BEE 2R s i A /NS, X A 3 it
B PR AN T BLAR PV B0 2 B A B
TS AN ML, 5% 4 P 240 AP CTD A5 2504 T b Js
SEAROBIT. BT R kR A R gy s PURIRTTIRSTEMAD, 12 b5 i S AL,
B K, S R A N R gy s TR SRR TRt 25 AT 5
BB RS 2R X 54 0, 2 J5 IR, CTD fil R d i B8R
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Fig.4 Microstructure of other organs in epidermis cells of diamondback moth after treated with CTD
A:ZS 4 12 hy B:0.15 pg/3k CTD ZbFH 12 h 4H;C. 25 141 24 h; D:0.3 pg/3k CTD 4b#H 24 h 4,
ver ML BT 5 g i ZRBEAA
A:CK in 12 h; B:Treated with CTD 0. 15 pg/individual in 12 h; C;CK in 24 h; D:Treated with CTD 0. 3pg/individual in 24 h.

rer; Rough endocytoplasmic reticulum; g:Golgi apparatus.

B R ANEAT IR A A2 AL, Rl AT ] A b
LR ORI T, 24 h BT X LEAER
BRI (SR B 55, 1998) , U BEES 3R
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UL B A B A BN

B ATEMT 58 5826 28 A fU R DI RERT 42 Hh , BE 2
FRONT T8 240 ML ) 00 0 0 P 2t e 0 o 9 4 g s
e R R GE(Wang et al., 2000) i 31 ASBFSE
ELHEIER] T BEE 200 B A0 i AT Rl R A B L
H o DR R b A% /N 5 R A RE 2 B 4 S 4
IR (E R EE AR 2R (AT 25 S, SO
TR ORISR AR 3 T, S A R A%
s RE A R B2 A4t ATP. Bt 20 0 76 5 25 XA
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PEIE T, S B — R 5 A= A FERE I ) 2 B

HlTZET

HT IR HE BEEE R ae s il 2 2/ 7 2 R 2R
FIWEIRREE 1 A1 2A AU A9 96 14 ( Honkanen, 1993) |
IFHIR22 3R/ R IR A 2A A1 (PP2A)
RSP AIR (Li and Casida, 1992) , B2 = AL
A3 4 ) A Tl A T S e LA PN R
240 M0 e 375 P (Knapp et al. , 2000) o FEAHFFE UL
GBI B2 FR AL B /IR i A BE 240 i v ) 1 5 9
AIRZ ARSI W] 0 %, i R AR 25 4 A8 fb AR W]
i, RO BEES R A0 il R AE LA 2 T Tk
A RE A I A4 B T R, (B I 22 2R/
I TR IR B 1 AUA 2A BUAYTE R 53X
LER A AP OC, BT #E— RSt tAh ik
HEEE R AR R 2 BACE RS 5B
B HOUIE i R BE 20 A VR TS B B B A
XK W AHAFHE— 05T .
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2. MEBEBESIVIE AT JLat 100101)

' ARSCH I BTN S A B0 X AN [R] A 75 B B (8 2 U Scopula subpunctaria Herrich-Schaeffer 3
PEAS BB MR T TGS MR R (G B R B ORI SR Rl . 4 SRR W], MR (5 B 3 IR AR T4 8
9/10 R A5 I L, phy AR B 5 (9 B2 B A2 IR, 1 TLF- B i B ST DB I — P8 B R FRAR . sy
eI (3 FS ) PR ) AR A F B S R PR R A BAT IR B TR SR PR R R 240 i ] )38 L DL S
HRNEHTRL S A SL . TR B CPIAE 5 h ) PERRARI PN , X L5 Fy g ] S R Bl T ARS8
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Comparative studies on ultrastructure of sex pheromone
gland in female Scopula subpunctaria
at different developmental stages

HU Wen-Jing' CHEN Wen-Long'* WEI Wei’

(1. Key Laboratory of Plant Disease and Pest Management for Mountain Agriculture in Guizhou Province,
Institute of Entomology, Guizhou University, Guiyang 550025, China;

2. Institute of Zoology, Chinese Academy of Sciences, Beijing 100101, China)

Abstract Different developmental stages of the sex pheromone gland of female Scopula subpunctaria Herrich-Schaeffer
were observed using SEM ( scanning electron microscope) and TEM ( transmission electron microscopy). The results show
that the pheromone gland is formed by hypertrophied epidermal cells which occupy an almost complete ring at the
intersegmental membrane between abdominal segments 8 and 9/10. Ultrastructure of the pheromone gland cells of mature
(3 day old) female moths revealed distinct features, such as well-developed microvilli, plasma membrane infoldings,
abundant lipid droplets, intercellular canals and desmosomes. Conversely, the pheromone gland cells of immature ( within
5 h after eclosion) female moths are smaller in size, the microvilli and plasma membrane infoldings are poorly developed
and the cytoplasm contains fewer intercellular canals and no lipid droplets.

Key words  Scopula subpunctaria, sex pheromone gland, ultrastructure, scanning electron microscopy, transmission

electron microscopy

2K R R 1# Scopula subpunctaria Herrich- FER, RS W IR S 2 R K, —
Schacffer J& 8 B F ( Lepidoptera ), J& it B AFh 476 . B 3 20 i o 7 7 (T 4 46 %%,
(Geometridae) e EEF Mz — UGHIHE  1980) , HAGEEHC W L BNLI WL 280 W)
Mo AL TR AR k. RIHE RS MISE, CATRE T 7 & 2R R R i

* WHHNUH St RHE T AR BOC T H Z 0 5205 1 F A F B R B AR P ST (BFHE 5 NY 52[2010]3024) ([H 5K 973 T H
(071)532433) | rp E 005 RLAA B 500048 A 51 RHE I H (200901)
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RS B, B, X R IG  3EEET B AT
SRIEALE B TR R Rl T A 2 A 2, AU
A 5 KD RSB F d bt
5 T4 7 i DR A B R 4 A A 3 R K
FHHE ML= A B AP e T B, B, i
FRAFERM A AN HE LA FLEEPIET
B FH M AT AT, HAT, ATEMMHERER
VE g —Fh I %8 JERE AN 4 AN TS YL ER
B FE R A PR Z —, TR E NN 20
JH (Howes et al. , 1998 ; #Xi% 745, 2003) , A,
FI 52 R B T A5 R R o b BT AT Y

iR eI 5 B R IR IR B R
HEGE T U HAE A T 8 FIEE 9/10
FHpfa] a9 [E] i ( Percy and MacDonald, 1987 ),
(A A T K LA BN RR T 06, Wi s A 1)
W ZE7 gk Sesamia nonagrioides [ VE R 7 T 55 7
FEE 8 BT Ry (AR (Sreng and Sreng, 1988) ;1M
SRR /NS i Plutella xylostella 1 Jig W) AS (U AE
TET55 8 A 9/10 19 [a) I, iR AL 45 %6 9/10 45 3
IS DA ) 1 L 11 R 1 240 i R 52 TG 28 L) 1T ) L e 4
Jfl (Chow, 1976) , BH&f 115 B 28 B4R 40 i 14 fie
AV PR VA S JBOME P 15 53R 0 Bl , i
XTGBT AE BB (4R B2 N T4 #k
T A AR ROM PSR A R .

PR, A 5% Sk 49 4 7 I8 B3R ( scanning
electron microscopy, SEM) F1i% &f i 7 i {55
(transmission electron microscopy, TEM ) 435I %f A
[7) 2 T RS A RUIE e gk 2 2 1 R AT 2 A
JER 200 ) R S AR AT T B EE . AR
HORIAFRTEAL &, A5 B R e B R R Y £
BUSER . IEEN X R B AR B Beh 22 5 8 2 1 4
MLAEH BEAT RS A SR T I RE 73 Ao ATy
WIS B R BB BGE AR DL R Ak 2738 TR AL I A
IEEEr A

1 #R57FE
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Fig.1 Scanning electron micrographs (SEM) of the terminal abdominal segments of the

mature (3 days old) female Scopula subpunctaria
A MEMRES 8.9/10 fE T A K L A] A4 5 [a] B (IM) , 35 T W Dorsal view of terminal abdominal segments 8
and 9/10 showing the intersegmental membrane (IM) between abdominal segments 8 and 9/10; B {ii F45
)% | K B ek 252 Long dome-shaped microtrichae of the IM ; C ;£ F75 i) 5 B30 M A A K iR
72 Spiny microtrichae with enlarged base of the IM; D2 F5&E A3 A {7 B The position of tow kinds
of microtrichae. 5 Scale bar: A and D = 50 um;B and C = 2 pm.
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Fig.2 Electron micrographs of the pheromone gland cells of mature (3days old) female moth
A, JRARYN B N HFE 2 2544 Structure of gland cell and cuticle; B. JRAK4H M 45 ) Structure of gland cells;
C. WRAKRYHMIIE] 254 Structure between two gland cells.
3Kz (epicuticle, EP) |, JFifi N #8 ( plasma membrane infoldings, PM) , R & 7 (endocuticle, EN) , 4% E
(microvilli, ML), 40 )8 #% ( nucleus, N), #H 1 N it B ( rough endoplasmic reticulum, RER), i ( lipid
droplets, LD ), $& i ( vesicles, V), 40 §d #F ki ( desmosome, [ {4 i Sk white triangle ) | £& K7 {4
(mitochondria, HA{A=ff] black triangle). 5/ Scale bar:A-C = 2 pm.
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Fig.1 Epidermics microstructure of diamondback moth after treated with CTD
A:12 h BN ;B:0.3 we/k CTD 4034 12 h 2H;C:24 h XFIEZH;D:0.3 we/3k CTD 4bFH 24 h 4H .
EpC: BRHz; ExCo AR R EnC NZR B,
A:CK in 12 h; B:Treated with CTD 0. 3 pg/individual in 12 h;C;CK in 24 h;D:Treated with CTD 0. 3 pg/individual in 24 h.
EpC: Epicuticula; ExC;Exocuticula; EnC : Endocuticula.
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Fig.2 Microstructure of epidermis cells in diamondback moth after treated with CTD
A2 12 hy B:0. 15 pg/3k CTD 4bBE 12 h 415C:0.3 wg/3k CTD ALBH 12 h 21 D=5 FI2H 24 h; E:0. 15 pg/3k CTD
Qb3 24 h 4] ;F.0.3 pg/sk CTD 4b¥H 24 h 4,
em : A s nm : A HIAZ B ch: Qe 5T
A:CK in 12 h; B:Treated with CTD 0. 15 pg/individual in 12 h; C:Treated with CTD 0. 3 pg/individual in 12 h;
D:CK in 24 h; E;Treated with CTD 0. 15 pg/individual in 24 h; F:Treated with CTD 0.3 pg/individual in 24 h.

cm ; Cell membrane; nm:Nuclear membrane; ch:Chromatin.
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