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Research advances in pesticidal activities of coumarin derivatives and

acaricidal mechanism of scopoletin
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Abstract: Coumarin derivatives are a class of natural compounds with phenylhydrazine a-pyrone
structure. They exhibit a broad scope of medical (e.g., anticancer, antibacterial, antiinflammatory and
antioxidant activities) and pesticidal activities (e.g., insecticidal and antifungal activities). Recent studies
have shown that coumarin compounds have the potential to become novel acaricides because of their
prominent acaricidal activities and unique target. In this review, the advances on insecticidal, acaricidal,
antibacterial activities of coumarin derivatives have been summarized. The structural modification and
structure-activity relationship of coumarin derivatives and the acaricidal mechanism of scopoletin
against Tetranychus cinnabarinus have also been reviewed. The main target has been identified as the
calcium channel-associated G-protein coupled neuropeptide receptor (7cGPCR). These advances
provide an important basis for the development of new phytochemical insecticidal and acaricidal agents
derived from coumarin and targeting calcium ion channels.
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7,8-furocoumarin
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7,8-MLIE T 5%

7,8-pyranocoumarin

EX1 FEREUAVNTREN

Scheme 1

R E TR BN EYZH Vogel T 1820 4
M HS B35 B B Melilotus officinalis W53
B ORE, HAETC M 800 Z A Y 4 5 H T
1300 M RAAKIEH R B EWE. A N—KHEY
RAERBYR, &9 REMUEY T LLIE S S
WEREXTZWaEE TR, 2878, %
BE SR H AR LS R A A A T R
LM RS, RSB AE Y A
DRI, FGRBMEWAAEES EEH)T
2, BAYUE. PUE. PR APTARASEE N,
WAESR, EEHPLEMAT T BIAN & 2R KNS
VIR RIS YE . GBI . FO R AR E
PLEIHEAT T RS, RERIFAESETR
KB AHRE S NBE (scopoletin) FIYE ) A fig
(scoparone) 55 B A R4 B AR v 1 (F K K%
Fl: 71.2012105548719 A1 ZL2015107773560), T
EE AR RAEEEEES TARAEE NN (72 h
[ LCso 15 A 429 mg/LAN 122 mg/L)". AKE
5 PN 0T AR b I 0 B A Ak o L PR R R T o) S
Z 7 IETENS, HAEE NKIbE T, Kbt
JUFTEPUIE R RN, 3B 2R B 55 PN IR A 7 N B
A TF R RSk 0 R AR A7 G SE AR 264 . H ke,
2 [ R 2 FR AR 25 51 23 1E AR 2R B %5 N R A
YEE T PN IR (%) A 24 8 FH 44 FR 43 il i 44 < R AU B
fig” (AR 7 2012 55 005 5) LK« AR IR (R
72018 55 003 5). AN GHLRENUEY)
A S, HEAES RN AT ED
0D A% W R 1 R R B A R T R AT £R R, DA
FIHAE ZRX — RARTE AR . A6 H R
AR A W 1 AR e LB AR L R 7
Rit=%.

N

The structural skeleton of coumarin derivatives

1 BERXUAVEWENY

1.1 FEREUESYRREN

H A & 2R BAE W 7T 2 2R H R
U TR ANR DT b, X HOR S MR A TR E
HAZ, MHEEFHEMNEY TR EER
KW EW AT R TE & FH) A K A ik o 55 35 1
o Mukandiwa &7 M ARG 5 Y b —Fh 2= H R
T )\ R ¥ JZ Clausena anisata ™A ER-1E &
et B oy AR T 20,2 - R R A R
1), KIS Lucilia cuprina A RIFH
HEEH, £ 1 mg/L FRMRIKE T, RInr#0)
1 W40 2 we gl IR .

Vera 558N TR SE—Fh A L A4HY) Prerocaulon
polystachyum W5y B HIF 6-F2 H-7- 53 I — M S 0k
HEE Q). 6-FHEE-T REBREETE 3). 6,7-
WH AR TR 4). 5-FHAE-6,7- T 4k
FER (5) Rl 6- T IE-7-Q-12 5 25 0k) &
(6) 55 5 Fi iy B R B E WX St ST Spodoptera
frugiperda ) A 4R F5 IR B IENE, EVE R
W 2 pg/mg 1 LIRS PRI A 100% 6 A
H, HAEY) 4 815 LTI H—E B4 KAMHE 1

REEL B B 2 Bl 6-BR 2L A TR AT AN
WRiF Aphis gossypii~ HF Aphis croccivora Fkg
Bk Orgyia postica HLASRZIMIRAER, 12 Fh
6- ik i 7 TR ATV NS VR (4 B Culex pipiens
quinquefasciatus FEWF A. croccivora 1% W 2. [
b RAETE, YR SRR SV E 4 R A
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Table 1 Insecticidal activities of coumarin derivatives
E YERX % fER77 WEVEVEAN S5 30k
Compound Target organisms Mode of action Activity evaluation” Ref.
MELER
- AFCs5y=50 mg/L, 550 mg/L*
Coumasabin (10) RITFH % e e
SRR AED Mythimna separata
3-FHRUIE PG 7 5 5% 7 7 EL AFCsy= 670 mg/L, 3440 mg/L¢ 21]
3-Methoxycoumasabin (11) s Antifeeding
S T iori
8-HAAL A 5% Pieris rapae AFCsy = 740 mg/L, 3500 mg/L¢
8-Methoxycoumasabin (12)
J Ty i VLT ek {5 Antifeeding FDs, = 0.097 pg/mg’
. . 22
Scopoletin (13) Spilarctia obliqua 142K Growth inhibitory  Glsy = 0.021 pg/mg* [22]
1= 7Bl je
8-HURAL M IR Flsy=7.4x 10* mol/L, 6.6 x 10™* mol/L*
8-Methoxypsoralen (14)
4 L e e A
5B AN R Fl=7.1 x 10°mol/L, 5.2 x 10* mol/L?
5-Methoxypsoralen (15) IR b
A N e Spodoptera littoralis
5.8-— FRAAMT R podor e Flsp= 6.4 x 10 mol/L, 6.6 x 10™* mol/L* (23]
5,8-Dimethoxypsoralen (16) I 2 ik Antifeeding
I 2 P
8- EAEANEEE Heliothis virescens Fly,=8.0 x 10 mol/L?%, ndr*
8-Geranyloxypsoralen (17)
SEI R AN R R
SRR R Flsy=4.4 % 10* mol/L, 6.1 x 10™* mol/L*
5-Geranyloxypsoralen (18)
R
LDsy = 0.029 pg/mg’
Aphis gossypii it 50 He/me
Fih g 2 ) Antifeeding
HER fmer LDy = 0.031 pg/mg/ [24]
Daphnetin (19) Myzus nicotianae fih 5
it L Contact toxicity LDs, = 0.096 pg/mg’
Toxoptera citricida
Plecoptera reflexa
AN R i 10 me/mL F i 3A80%FE T 2
Murraxocin (20) ostera cupreata Contact toxicity 80% mortality at 10 mg/mL (251
(UESEX R0
Crypsiptya coclesalis
M IR Psoralen (21) LCsy=26.64 mg/L, 34.22 mg/L#
1EHEE 2 Xanthotoxin (22) LCs0=39.35mg/L, 45.11 mg/L?
7 Hif PI T Bergapten (23) o LCsy=72.42 mg/L, 73.49 mg/L#
R R
F S Angelicin (24) - LCso=22.84 mg/L, 26.40 mg/L*
Culex pipiens
f= = =
T-LRRELR quinquefasciatus fiA LCso=31.73 mg/L, 40.54 mg/L* [20]

7-Ethoxycoumarin (25)

7-H A% . & Herniarin (26)
FIFF 2 Limettin (27)

¥ 5. % Coumarin (28)

A6 I Umbelliferone (29)

B R AR
Aedes aegyptii

Contact toxicity

LCs0=39.27 mg/L, 44.39 mg/L?
LCs0=57.03 mg/L, 60.50 mg/L*
LCso=73.95mg/L, 76.35 mg/L*
LCso=106.02 mg/L, 132.65 mg/L*

AR IR 1 A G P 2 A R dUE
R TESERE; ¢ BUEHIRE.

AERTIREL: RO R

CEHUE RIS EROREREG BRI RN R

Note: "Parallel data indicates the insecticidal activity of one compound against multiple pests; * antifeedant concentration of 50%; * feeding deterrence of

50%; © growth inhibition of 50%; ¢ feeding index of 50%; ° no linear dose-dependent response; / Median lethal dose; ¢ median lethal concentration.

WEFE RN, MK 53R (30) MU FLa . 77 x)
141 Bradysia odoriphaga 1 K% Sitophilus
zeamais R R 475 R, AE [ & Ad 197 5
1% WEIR T3 AKFA L 1% KEPK T2 +8 000 TU/uL
Bt /K& A 0.4% IR TR AWM, HTPiR
RHMRP. rapae MK R Ectropis oblique

hypulina %, & G 2RBAMEGW IR H &R

TR P S HR 3 A LA T R R R A R AR
.
A
H,CO oo
|
30
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1.2 FERALUEPIMNETEM MZFEAKEY; Yang S5 € 1 18P R KM
EERBUEMEAT Z M E . Chen G E M E R IKE R. solanacearum P3| 7%
SEPVRHL, A EEK (28) BEIE I A A TR A AR AT PE, HAE PRI VG 2 (19), {E 100 pg/mL
BELA A5 0 £ 2 B3 1T 470 761 55 A 75 K EQ B Ralstonia I 2K 97.4% . BhAh, Mg, BHERTEH
solanacearum [P THIMEY FFE R, 7E 7 G2 BB VIR B4 SR IR TR M H R
100 ug/mL ~, FFEERXEME /R IKH R solanacearum I (31~33) B A T I i TR 2).
24 h (IR IE 96.40%. ZREFNES (13) R E HAT O A — 255 T3 B a AR v 7% Bk
J9i 8 Rhizopus stolonifer~ EJE 1 Lasiodiplodia IT T RZEIL . BRPECIIRIE T 10% BIHHES R
theobromae~ J& 2%k JJH# Fusarium solani F14:7 (34) TFLFA 100 5T 200 £ W A5 K H T K FE
W JIE Fusarium oxysporum 4 T B & 1 B 22 4 K A FERR A RAFMPIRL, ig 14 d JEBiia RER 4
AANEIEFCY; 78 4 x 10° mol/L T A% 58 44l 5 81.89% Hl 81.34%., A EFITMIE T 1%
KW - JEL 995 B8 Colletotrichum gloeosporioides e R T2 K AA (D 5E R E0) X3RN Ak LA
B KA BER B Corynespora cassiicolalf ) K BUFPa R, A s HEN 27.0 g/hm?
| OCH, OCH,
X -0 N
X
O O O lo O @)
H,CO (0] (0} _ _
31 32 33
#2 BIRFLUEYNIIEEM
Table 2 Antibacterial activities of coumarin derivatives
& YERIX 5 LG EE DTN
Compound Target organisms ECs"/(ug/mL) Ref.
FEPRLUNR T Rhizoctonia solani 21
TERBIERR T Colletotrichum musae 24
SERI AR Rhizoctonia solani 27
BAUZ R Phytophora capsici 40
BAURIE (4) W Collectotrum gloesporioides 41
K FER I Botrytis cinerea 42
IR T2 WS H R # Sclerotinia sclerotiorum 43
Osthole (30) /N FREER B Fusarium graminearum 57 [34]
SEREC LU B Macrophoma kawatsukai 62
JHEL I BIRH Alternaria alternate 428
VU TG 2200 B8 Fusarium oxysporum f. sp. niveuma 40
MRAEREZi B Fusarium oxysporum f. sp. vasinfectum 47
WAL B ZIR i Verticillium dahlia 218
JKTERBIER T Pyricularia grisea 453
T-HEEEFETE N FRFEIRE Fusarium graminearum 42,30
T-Methoxycoumarin (26) TSR B Sclerotinia sclerotiorum 87,77
S-JR R AE-7-H i%ﬁi% IKFELEI Thantephorus cucumris 44,26 (331
5-Allyl-7-methoxycoumarin (31) 16T RS 1 Rhizoctonia solani 46,40
e SERE LR Valsa mali 70
lﬁt;)?"aﬂlzri%(ll) INFZIRBER B Fusarium graminearum 230 [36]
MAERE 2R B Fusarium oxysporum f. sp. vasinfectum 120
S F A T 4
Isobergapten (32)
51 A A i Pimpinellin (33) MG BRIEHE Colletorichum gloeosporioides a2 [37]
18 A i 46
Isopimpinellin (8)

s P IEFIHE B 2 R A s — s i 81 4 1 7 1

Note: Parallel data in the table indicates the antibacterial activities of various compounds against one pathogen.
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X

o~ ~O
O

OH
A

34

i, BRI ATIE 74.79%~98.51%
1.3 BFERAUEVHHMBEMEME
13.1 FREHRE AHAREH, EERBUED
AHERIFMAREME, Kb —RRERFERNL
AW BS54 ENARA LR IIE M. H

1948 M, WA SR T KR, BEjE RS
[ HLHE I BRI AR AR (35) M Ak, HIL#E N
BR, EHEPEHRA KRR, hERKN 3-
(I-NEEEE)4-REFET R, FEIFRHEME
AR A &CK R R (36). 70 KA (37),
2 AR BRI K B (38) FREL % (39) ¥R T ¥+
BF G RMIEALE O, ZR AN EAE
FARLE] R F0 i 4 A= 2 K BRI, B RS g i il S
7= A, R PR AR Pk a4 T OA B R P R
1) H e,

132 BREEN FEREBUEIEN LKA
K=y, S ZFEYEEREE, FitEER
FATRE XS T A 2 2 e, AT RSO T R R
SRERBLFIMAR S BMR, BTt A —RINEFGTRRE
T ARE R A BREEM . Wu 50U R,
M EEE T8 Melilotus officinalis 47 % H &S
FAE WL W B KR B ZZ L Lolium multiflorum
Wl &5 28 Polygonum aviculare F14L =¥
Trifolium pratense SEAEY) M1 K40 K
KRS EITERT 10N -IREREFEST R
KUEY, KREotbaWAA —EMBREER,

133 BEMENE FERXUEWEEL 5K
MRt iz. BA PRGN E SR

m
O O
2

g M = AL &) (42) 7£ 100 mg/L R X} [k
Ui Amaranthus retroflexus M. ZAEKEE
PRI HPHE L, 2k 99%, T XA 2
M EERE . HAIRRE, »EHECRENEDE
FERA R, EAGECOIRE T —MREE
RRMTEN) 3-CHE-4-G- A A )-6,7- WAL FH
2 (43) XL IT Arabidopsis thaliana 15
Amaranthus retroflexus EAAMGIER, {8 H 2= mtmi
1%, 50 mg/L THIHIZEATIE 90% 1 85%. H AT
W FE R RIE R A REEENE SR EY
e, Bt 5aRG MR ENERTFR AR .

0. (0]
cl E i OCH,
OCH,

43

A B P HIV WS, e M Marila
pluricostata 73 & H ) 2 i 4- K F T K (44~45)
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A I HE 7] NF-KB {5 5 # B A0 ] Jurkat T 40
HIV-1 R HIs B Calophyllum lanigerum
R 2 B B R 4 U R SR A5 & calanolide Al

AEKEMFTIEY, 4RBEFER. T-BER
RSSO AR . I R s
BAF — @ WP E TEE, SRR E 2RIk

H,CO

HATAE Wk, &ERmFUEY C4 M CT
B ji e 5 PR IS TEA R B AL i, HA
EVERISR IR R BT« PUAAL T VE P B AL
DR, 2R CT BRI E G R R SR
RFHIPTREE . thoh, FERRMUEGYWIEA
AHEEZ . GURERIR L FARee 55 2 F i
F, AR5 SR ETTE TP AR08 A 1) 82 143 )

N

168701
2 BEZREUEPRIREEMN

EZLPN/NINESIEE YRt y/Po s B Sy CE
MEERERH. ZEHE R, HFER 28) XAk
i Tetranychus cinnabarinus 3R H — % ) fil &
WEPE, SR IR IR BHE I B A EE R R D il
48 h ) LCso ftiN 1814 mg/L, F.E 5000. 2 500 Fl
1250 mg/L FALHEE 12 h F1 24 h J5 R B H B4 F 9K
WEVE 1 o TRAK SR I, B AR T R A R R )
Xt RO T cinnabarinus A% 4 )N Panonchus
citri FEEIE B 5485 Petrobia harti 290 L 5m 20 F fit
Fim M, 5000 mg/L FALHEE 48 h JE IR IESET: R
AN 100%. 88.84% Fl 82.52%. i i A4 i
(R PRI B, T T B D o 1R 3 T 4 DR R
B NEE (13), #E— DA aRE, AREE NEEX
SR g B b o L YRR B AR S5 22 07 TS

(46) 1 calanolide B2(47) #% &K N HIV-1 B S %5
I )

46 47

S E R (19) FE R (48) AT EE
(49) F1Z 7 2,3 (50) KR Fe N AR 1) — Lo 18 2L A
R E F 0,

N
m /@i\/\l\ " b
"o ° © )\/M m
NS NS NS
OH O o) 0] HO O O
48 49 50

P, ETE R A GKGEEE PR, SR B A R A
M RERBE AT e 45 SRR, REEN
Fig %o Wb i 48 h Y LCs 169 5 N 483 mg/L
1297 mg/L, 24 h WIRIEPER) LCsy {E 7 388 mg/L,
SRR E AR B2 WER AR B J5 F AR Rl = 0 =
I AT R, AR Bl 180 me/L AbFE ) 5 SR B B
2, IR IE 27.79%! 1,

YK RGP T IS RKET I (7).
TEMEF R (22). WHAFWEE (33). B LE (50). i
NS (51) fEN ) 25 P RIRE S R BIEY (7.
8. 13. 19. 21. 22. 25. 28. 29. 33. 48. 50-
63) X ARSI M T, cinnabarinus Il 06 T (R 3).
SRR, TR ONEE B, HA0FE 48 h
A1 72 h (1) LCso 187351 4 285 Al 122 mg/L, LT
ot HE 24 77 2 g i (588 A 206 mg/L), W EHE—
W I E

ik 8 S0 i R EE R A B4R B 1< TR A
W, REZENEE. WMEER. fHER (64) M
T (65) X #E LMW Tetranychus truncatus
B4 Tetranychus urticae ¥ B — % 1
BAMER, Hp A AR S T, 0.8 mmol/L
™ 24 h ROESETZZ53 314 76.49% F1 72.24% .

UbAk, RN TA R EZRBATEDFE
HA RS BB HRiE T 8 fMikit&
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Table 3 Contact activity against 7. cinnabarinus of natural coumarin derivatives!”
WEw ACERR [A] o EEATTRE LCo £ SE R ZH
Compd. Treatment time/h Toxicity regressive equation 50 r
7 48 y=4.8088+1.176 9x 1454 £257 0.9857
72 y=5.529 0+ 1.604 2x 468 £ 41 0.958 7
8 48 y=4.8409 + 1.634 3x 1251155 0.997 2
72 y=53155+1.668 3x 647 £ 56 0.997 1
13 48 y=4.8927+1.134 5x 1243 +128 0.961 8
72 y=54095+1.114 5x 429 + 39 0.9279
19 48 y=5.1783+1.072 Ox 682 + 88 0.983 8
72 y=6.0355+1.375 8 527 +27 0.993 9
21 48 y=4.2372+1.123 3x 4776 =699 0.995 1
72 y=4.6111+1.857 6x 1619+82 0.998 8
22 48 y=4.8953 +0.908 6x 1304 +267 0.994 7
72 y=5.6477+1.188 6x 285+ 37 0.991 1
25 48 y=4.171 2 + 1.068 6x 5965 +938 0.920 6
72 y=4.5432+0.928 7x 3103 +550 09165
28 48 y=4.5042+1.572 8 2 067 =355 0.9243
72 y=15.3657+1.404 9x 549 £ 53 0.9752
29 48 y=4.5630+0.854 9x 3245+ 1166 0.9550
72 y=54917+1.110 3x 661 + 46 0.898 7
33 48 y=4.8771+1.1553x 1277 +£208 0.9612
72 y=5.7912+ 1472 4x 290 + 301 0.947 5
48 48 y=4.8827+1.056 4x 1291 +£232 0.995 8
72 y=53452+1.3119x 546 + 56 0.987 2
50 48 y=4.7602 + 0.676 5x 2262+793 0.8523
72 y=5.9381+1.505 6x 238 +£28 0.9577
51 48 y=>5.8072+1.489 8 285+ 30 0.982 4
72 y=6.6609 + 1.819 3x 122+ 19 09727
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523
Table 3 (Continued)
fetrt LR CmHEERE LCe s SE MR
Compd. Treatment time/h Toxicity regressive equation 30 r

52 48 y=5.448 1+ 1.144 1x 406+ 49 0.992 9
72 y=6.609 2+ 1.707 8x 114 £20 0.983 5

53 48 y=6.170 0 +2.254 2x 303 +£23 0.993 3
72 y=6.9809+1.967 3x 984 + 17 0.9773

54 48 y=5.6732+2.104 9x 479 + 34 0.997 9
72 y=6.6171+2.026 6x 159 £20 0.989 8

55 48 y=5.2511+1.403 5x 662 £+ 70 0.967 0
72 y=63756+1.4149x 107 £23 0.965 9

56 48 y=5.4185+1.044 5x 398 £52 0.976 0
72 »=6.2326+0.981 8 136 +21 0.984 3

57 48 y=4.2132+0.809 1x 9939+ 169 0.928 3
72 y=4.399 3 +0.909 1x 4579 +36 0.8973

58 48 y=4.2329+0.155 0x 5793 £260 0.993 0
72 y=4.8353+0.839 1x 1571 +140 0.954 6

59 48 y=5.126 9+ 0.642 2x 634+ 131 0.843 5
72 y=62745+1.939 4x 220+23 0.903 7

60 48 y=4.873 6+ 0.868 6x 1398 +324 0.977 5
72 y=6.067 2+ 1.388 2x 710 £27 0.997 5

61 48 y=4.5075+1.250 9x 2476 + 583 0.990 3
72 y=5.3474 + 1.492 Ox 585+55 0.988 5

62 48 y=4.1393+1.362 8 4281 +905 0.990 6
72 y=4.8735+1.300 6x 1251+186 0.988 8

63 48 y=4.876 9 + 0.849 8 1396 +313 0.993 2
72 y=5.5639+1.024 4x 282 +42 0.996 1

BT spirodiclofen 48 y=5.3458 + 1.498 5x 588 + 55 0.9855
72 y=6.0329+1.503 2x 206 +27 0.998 2

OH

0]

CH,0 o o o So HO o o oo

64

JR ) 7-F ik -4- W BT SR AT (66~73) X G ¥
W Psoruptes communis cuniculi B A5, H
3,6,8-={R-7-F2 k-4- W H A G K (66) 3 P e o,
500 mg/L F 24 h RIEFET-F N 100%. Gleye %1
ME T 21 MEEDREBMNEDNE LW Dermato-
phagoides pteronyssinus WL RIEE, 24 h 1)
ECs, fli KZ7E 0.025~0.500 g/m? 2 [a] . it F
T 40 Fib 6-FgEF H R ATEYLE 100 mg/L T Xt
RS RS T, R 4 MO IESE TS R AR

65 OH

90% LA I,

WA [ S5 0 2R %5 P4 TG DR AR R R AT T 5
R, 167 mg/L 1 10% 75 B %5 P e - UG A 2 22
TR BT (AL L 7:6) 7E B 6 A b -4 ) FH 8]
RGP RIMRLT, BiRAEZE)E 7 d A1 15 d 5 5
L] 95.27% F1 94.82%, 5%F R 255 24% W2 g
RVF A 73% IR el L v B 2500 B M= 5
HAREENESBEMUD, SHEE R, LkHE,
FLAG 75 H )4 T3 FH A {8
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H AT R A SRR A i SGEE, H
MELERE T A R G R AR R
RO TERE, Xt 2 1R E SR AT I PRI
HA 0 EEE A

3 BFEZRXUSYRBEERMKR

TEF AR AR R R, KRERRR Mk AE
NG, IS S5 A U B T IA 211G A%
FISZIL =LA, 4 20 tH4D 70 AR, DLRIRER
11557 I (pyrethrin 1) /£ %6 240 & D & 1
PABR A BRI BRI, DURARS B R D & 5
# (nereistoxin) 1E 56 FUA Y RINFT K 1PNV 22
B3 HURIE2 DL R DAR AR B IR SR o Sk
IR A B v 1 DR Sl R SR
PS5 HAl, 0 RAEERFUEMAATE
PEE s TG B 2 LSO I P SRR R,
TRBNESE RS IR RAE R KM
GWKIEER ZE WG, WA A B E X R AR
HEEHRBEIATE MBI NE, RBRER
S N FHANE R fige i A 5 )T

I H & B MR & (quantitative structure-
activity relationship, QSAR) T 71 & 5. 25 45 /) 5 % W
M APk R OISR . Sok)IEE R
R BUENE T 25 Fify B2 BE 5 A b
IR i RS (R 3), IFIZ A Chem3D #AF 1T
T EREFEGERRMUEWH 34 P 2%, @il
Pearson #HK7r#)a, ik 17 17 NSEAE
Rz 5ZkBlEaNr, W T SRR

T
o o
Og /\é
c @
o
(@]
(@]
T
Q
(@]
(@]

B[] J3 R0 53 T 42 A2 s A A & R AL S W 2R i
MIoCBE R -, FFLAEREE T — NPT EEMT 2D-QSAR
B 5 ) R JR B A5 2 TcPMCAL B
SERIVE AR FRERR S 30 Pl B R BB W4T 4
FXTE, PR E ST T CoMFARI CoMSIA
2R, TN R s IR, FER
FAbEWE S C3. C6 Ml CT7 & HAMHAE A%
ARG, 78 C3 Bl AR KI B REF]. IEME
B, BAKEERARAEZHRERER, 1
C6 7 i1 b5l ATV e FIA 47 s PR A,
1E C7 Bl MR KI E e I S A 5K
B A S5 22 e 0 18 e AR v 1

R0 BT DL BT — 0 0 AR A R
ITEEROIE, WA T 29 Fi By EE AT A
(74~102), F 3% 7R B 1 0k 4w - i
T. cinnabarinus [ RWHEE (R 4), HAH &
74 1 R IEEPE R, 48 h ) LCsofti N 185 mg/L,
BAOMYT ARSI EYARE S NEEM 5.72 5. Ik
Ab, SR S UK AL T, o e
ST 30 AN AR P TR O I T A A R 0 v P A AL
% £ 19 2D-QSAR 1 3D-QSAR 8, I F5i 0 78
C3. C4 M1 C7 £ s BRI ABIRBCR I ERER] . 1E
C6 AL 51 N A7 H PR 3 [ ] DLSE & 46 & 4 1 3% il
WM 7R C3 M C4 LS B NFK M REH] . TR
C3. C4 M1 C7 7 mi B NA AR T e M see A
ROR AL SRR, DL B e e Sk B
BRGNS R RN AE &I A R A T

FEX.
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4 BERFMUEVERESNEERIEERIIE T Z Pt £ R G ARG A0 £ 19 IR ER S (AChE).
Na'-K'-ATPase. Ca’"-Mg>*-ATPase fll Ca*'-

KK SR HT IR AR I, R D P A B ATPasel®), Jffe /™= A AR ERIRER, 1
1250 mg/L ZREEE NERJG, RILHJUA 2 g o 827 mg/L ALK EE N, WK N ZBEIRG (ACh) &
ZRA P ERER, WS AR RS, RHARE BEAPAERME, X5REZENEEGE®HH AChE
FENBEATRe e —MIBIERI M AR, R H S, H 2 RE AR 5 T 4R 5 38 10 fl st 5
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* 4 FRENBEIEETTE PI3T RED AT 15 AR AR A0 AR 3 0F 14
Table 4 Acaricide activities of scopoletin phenolic ether derivatives against 7. cinnabarinus™®
ey B IR LCs 2
Compd. Toxicity regressive equation (95%CL)/(mg/L) X P

51 y=10.770 + 1.004x 171 (102~239) 1.678 0.642
74 y=0.715+0.977x 185 (105~264) 4.958 0.175
75 3=0.183 +0.695x 545 (363~842) 2.125 0.547
76 3 =0.388 + 1.012x 414 (308~541) 1.187 0.756
7 3= 0.400 + 0.788x 311 (175~459) 4875 0.181
78 y=0.163 + 1.302x 750 (587~986) 1.633 0.652
79 y=0.137+0.194x 708 (505~1 064) 1.929 0.587
80 y=-0.106 + 0.453x 1715 (856~18 039) 0.114 0.990
81 y=10.243 + 0.445x 284 (63~539) 4.509 0.211
82 y=-0.015+1.033x 1034 (755~1 595) 2.495 0.476
83 y=0.178 + 1.261x 722 (559~961) 3.133 0.372
84 y=0.019 + 0.808x 947 (660~1 598) 3.418 0.332
85 3 =0.822 + 1.385x 255 (185~325) 3.475 0.324
86 y=0.164 +0.638x 552 (358~887) 1.929 0.587
87 y=0.302+1.279x 580 (449~754) 2.889 0.409
88 y=0.780 +0.621x 1333 (792~4 015) 0.497 0.919
89 y=0.744 + 1.865x 399 (269~568) 5.571 0.134
90 y=-0.012 + 0.642x 1 045 (643~2 567) 0.567 0.904
91 y=10.157+0.897x 669 (476~996) 0.780 0.854
92 y=10.623 + 0.964x 226 (133~318) 0.643 0.887
93 y=1.060 + 1.624x 222 (169~276) 3.764 0.288
94 y=10.022 + 0.470x 887 (431~6 279) 2.416 0.491
95 y=0.362+0.712x 310 (160~474) 1.689 0.639
96 y=0.676 + 1.628x 385 (314~467) 2.428 0.297
97 y=0.315+0.516x 245 (64~436) 2.280 0.516
98 = 0.482 + 0.966x 317 (222~421) 2.642 0.450
929 y=0.268 +0.661x 393 (229~619) 1.208 0.598
100 y=0.101 +0.497x 627 (365~1 257) 1.330 0.722
101 y=10.249 + 0.988x 560 (404~783) 0.062 0.996
102 y=—0.172+1.118x 1424 (1 053~2 353) 3.129 0.209
ZRE % W scopoletin y=-0.022 + 0.872x 1059 (726~1 896) 0.416 0.937
FRIBEF propargite 3=0.790 + 1.660x 334 (264~409) 4,034 0.258

PRI H B ZE B (AR . FKK SRRV SE L =
PULAMETR I, 75 70% &R K )1 F sk 18 1K,
R I 0T AR Y B P R B A
Ak, XA N R B N R AT BB AE A T 2 bR
A=

R R, 0.1 mmol/L MEEEN
e AL BEAHD g J, LA Ca®*-ATPase I3 14 B
BT AChE, 5 CaCl, BR &R At &2
HABEETESY, FEY Ca>-ATPase A BE R AN
BEAIVE SRR 2 —, AbFE 5 R PIHi# Ca*-ATPase
(1) 4 ZAFRER ) HE R (TePMCAL. TePMCA2.
TcSPMCA2. TcSERCAI) #45 #H 1 L, Fp
X} TePMCAIF] TecPMCA2 FiRTEE R, 43 ik )
JFRIRA 120 50 100 fi5; 4 Z5FIERFHELES, TePMCAL

MAREEARRBER. adEARS N s
VIR, WIRA 7R A N R 5 AR Ca”-ATP
By TcPMCAI W Z5 SRR EE AL, #E—
FERE T AR L5 A TR A b P gl 1) 1% gV AL 3 2
—: HVARE N BRE I S EH S PR Ca®*-ATP
filf PMCA1 WAL &, FEUR A A RO EAAL,
ETEDIREE R, S IE s, 2k
AL B 5 L2 H, RAFUHIE T,

UEAh, FZLEEC I, 2R A I A R AL
TP S A A S R AR, BRI R N S AR
A, 7EH 0.01-0.09 mmol/L 7R B %5 Py 1 b 31 50 1y
T Spodoptera frugiperda 4l (S9) J&,
SO Jf PR U 8 5 R FEE I R B s A i Ak BEEAR B T v T
THim, SRR ERNE (B 1), XL
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Mean fluorescence intensity
of Fura-2/AM

Fura-2/AM {1738 5% i 5

0 pmol/L

10 pmol/L 50 pmol/L 90 umol/L
ALEEYRE Treatment concentration/(pmol/L)
FE: A GEXIRRIEIT Fura-2/AM S¢6 R R SO 418
Ca®7KF; B. SO MM Fura-2/AM [FFEITOCIREE . AN FhE
FRSILFE R EEZER (P<0.05),

Note: A. Green region indicates Ca*" levels in Sf9 cells detected by Fura-
2/AM fluorescence staining; B. The mean fluorescence intensity (MFI) of
Fura-2/AM in Sf9 cells. The different lowercase indicate significant
difference between different treatments(P< 0.05).

1 FEENEGES SO MR FERE 1M
Fig. 1 Increase in intracellular calcium concentration in Sf9
cells induced by scopoletin®”

N7 UE B B AR, RH B R R AR
IR FF, IR AT B T A e AR A P
() 3 26458 FIBIE M S IE Y S HRRIAE (TcGUK)-
T (TeBAG) 1 G 2 [ B e 22 ik 52 14
(TcGPCR), HEFEWERAE S F TecGPCR 1)
ik, T TeBAG Ml TcGUK ik, RNAi Tk
ORI, 3 2K IE AH DG R 38 5 AR s R IR R
WHEE PR 5%, YUER TeGPCR Ja BRAR T A hb - i ot
REE NER U, UIBR TeBAG M TcGUK &
B8 T ARAD N AR B A Y R I RO, TR
B W@ i LA 3 FERMRIE, K7
e U A 4t L P S AR S IR Y, AT S50 AR T2,
R, AR E T PL pcDNA3.1(+) Fiki N4 1)
KA G B A B SR Z AR (TeGPCR) I

A R UM (Chinese hamster ovary, CHO) 4 ik
KRG, @R FRAIMERAR, RINAES
PN T BE % 98 Z130E TeGPCR™ . LL L HF 70 2& W
TcGPCR W Refe R WBR IR HTEERR 2 —. B4t
S FEIEVRAL T 22 B E R B EIX TeGPCR
MY, 1 C-61 C-7 A RAFETEBUARIE ] Re % 1Y 5
HFEEHERBUEMX TcGPCR WO &M, Hrh
0.001 mmol/L FJ<=TEAE AR 3-(2- 28 JF i M 5E)-7-
(Z O HL) B 5 3TNV N R R 0 HE B 4 ()
WEIETE, RN 112.20%, 90.19% F1 90.19%,
KGR SR KA AT Re H A AR I 4 1 52
Fro #E— WK, MH RNAL SRR A 1
WG T B H 1) P A B AT UOBR S AR R
WX 2R B P A BRI AR (1 2), R T e
JE T T4 45 B8 - 180 1) BE A2 2R B 5 A R R e A b it
WA Y SRR AS B bR 2 — 1

A LC
35 ¢ 30

30

st
Molaity rate/%

DEPC-water daRNA-GFP dsRNA-TcT-VDC

B LCs,

PETH
Molality rate/%
%) w B
(=} (=} (=}

—_
(=]

DEPC-water daRNA-GFP dsRNA-TcT-VDC
I AL B APIERIR T AU B TIE i S R T BT G AR D 2 LGy, AN
LCso AR EEAF A BRACHLFIBET . * RN SIHK AL HLAEAE
REMIER (P<0.05).
Note: Mortality of TcT-VDCC-silenced Tetranychus cinnabarinus to
scopoletin at LCj, (A) and LCs, (B). *Indicates a signifcant difference
between the treatment and group(CK).

2 FER T BEEHES B B E A E R AR A Xt
ARENBEHRME
Fig. 2 The sensitivity of Tetranychus cinnabarinus to
scopoletin reduced by silencing T-type voltage-gated
calcium channel genel™

AR R, REE NI TR ERH TR0
LT B, HETIARF R R, £ 0.938 mg/mL
FIARE R NESAEE S, Wik B I AR S48, K&
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5 FESRE
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Hw e, TRV AIT R EmeY. @
SRR E B RO R, AR AR
NEERIATIEH I L, JFRGHMIET A EM
AWEVER & SR B SV & K.

V2 R EA B ks i/ FHALEE,
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Ak, N T B SR SRR EYIT K

RN T A AL AR 24, 38 N8 P 77 B ATt
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