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B3 PR R AR A TN 0 B 4R GST , AChE 1 CarE 1 P 3578 Il R, Horh 4615 2% GST #1 AChE
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X HAALAY 39% 1 A Ak 4 2680 ACKE Al Carkl 0 I41 Flfec i, 7EALFHS 72 h, AChE I CarE 75 PESAR, 7351y % Ji
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WANG Ya-jun; ZOU Chuan-shan; WANG Ruo-xi; LIN Lian-nan; ZHANG Guo-cai. Insecticidal
activity analysis of three plant secondary metabolites on Lymantria dispar. Journal of Beijing
Forestry University (2017 )39 (11) 75-81 [ Ch, 33 ref. | School of Forestry, Northeast Forestry
University, Harbin, Heilongjiang,150040,P. R. China.

In order to investigate the insecticidal activity and mechanism of matrine, oxymatrine and kaempferol
on 3rd instar larvae of Lymantria dispar, the effects of three plant secondary metabolites on the survival
and three enzymes (GST, AChE and CarE) of L. dispar were analyzed by bioassay, in vitro and in vivo
enzyme activity assay. The results indicated that matrine, oxymatrine and kaempferol all possessed a
highly insecticidal activity on 3rd instar larvae of L. dispar, and matrine showed the highest insecticidal
activity among three plant secondary metabolites with a LCy, value of 0.420 mg/mL. In vitro enzyme
activity assays showed that the activities of GST, AChE and CarE could be inhibited by three plant
secondary metabolites. The IC,, values of oxymatrine against GST and AChE were 0. 928 and 0. 717 mg/
mL, respectively, while the IC, value of matrine against CarEl was 0. 436 mg/mL, which was the highest
inhibition. Furthermore, the results of in vivo enzyme activity assay indicated that matrine had the highest
inhibition on GST, which showed the lowest activity at 48 hours after treatment and was 39% of the
control at the same stage. Moreover, oxymatrine had the highest inhibition on AChE and CarE, and their
activities were 44% and 40% of the control at 72 hours after treatment, respectively. The above results
indicate that the inhibition of matrine, oxymatrine and kaempferol on three enzymes ( GST, AChE and
CarE) of L. dispar is one of the reasons for their insecticidal activity.
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R A T AR R B R R, 7E K
Auy L | TR 275 NE L7/ K A=Y & e i i
P45 22 T )y 2, 0 R A M B O A B A BL R
Fop A O AR AR B AR ) S R R B A G
R TR AW A AR R
KEZ P&, BET, 450 2 Mg AR
WL 10 JTARCTY ) REAT AR S Pk
BB AL TG TR TR A TE B kS
— SR ) U AR AR BT RE X A R R B He A R
B AERKEE B A AR w2 A 5 R
EH

T2 ( matrine ) F1 4 AL 77 208 ( oxymatrine ) J2:
AW SAE Y R A A BT, A T R )
T 2 ( Sophora flavescens ) . 7% & T ( Sophora
alopecuroides ) FEAHY) T | 5 SR AN S AL 5 S B
AEI IR A 2y, %) 22 b AR R A T AT T
PR T L 25 W) ( kaempferol ) /& — R B ERIZS LA W,
FEAFAE T ZFHE Y 1L 7% ( Kaempferia galanga ) 5
P AR Z RIS YT R B
ATHE R iR S A BT B AL
AT A=A B AEVAIL ) SR HRARD 33X L6 A1 A 25 ) Jo %
Hot g s e A B AR AR B AR AL R R
FH b g 2R RN LR AP il Z R AT A B AN R 2 B R
WA ER IR Oy A H RS-
# M ( glutathione S-transferase, GST ) I ¥ MR g [
( carboxylesterase , CarE ) J2 B HU A P 51 22 A i 75 1,
M7 £ 15k HE Bk 5 i ( acetylcholine esterase , AChE ) &4
PLBESS |2 TR T 26 LA B — LA ) Ok A 0 T i 1
FHER AR, BATH 2 5 5006 A 15 W T 1) 43 il Fn AR
i)

BEFEIR ( Lymantria dispar) 32— FhtH 50 i) £ 1
F ORI E N MR IE , B S E ALY £k
500 Z 1O g TR A MOl A AR AL R A TR AR
T BRI i H R R A LA
FRA N EEE N, B A 2 AR 25 K 2 3 8
JEE 3R R, R, SRR BRI E R
RITC AN F RN AT IO N BT YIRS HGR A RL
L3 SRR A 7 AR B R AR AR BT, R IR T B
IR HA RS RER B R TC IS YA AL, B
A BHIE A DI B ORI YIS ABFSE LASE
BRI AL R B I T 3 AR Ok A AR %
PEREIE 3 0% &) Mo iy 2% HOWE 4 Sokf H GST (AChE Al
CarE i HERY 520 | it — LT 3 MY A AR
W 5T 00 2% BRI RN 2R PP R A — o 1 B
S/

1 #MEEF&E

1.1 iRIewr#t
L1 R

FERR MR ON I F b E ROl B 2= B B AR AE 2
W SO T B BUR T L 00 =, T 4 CUKAE R
A AR FR IR D (25 1) °C IR A 141
10D, AR 75% + 1% , BUEERE  K/h—20i 8
I 3 4 H R
1.1.2 B A

TS A S LS bR B SR
S YR ABR AR SRR T 98% . H 10% —
HH AR ( DMSO ) 3 3 B i vk A= A 4 ot 43
SIEE A 0. 125 ,0. 250 ,0. 500, 1. 000 F1 2. 000 mg/
mL 5 BTk B AR
1.2 KEH*E
1.2.1 A4z

SR RRHR 2530 5 3 A S R AR R
o SRR i 3 4l U R HOROR . B A TR AN
FEREAN IR ARG 1% 300 Wl 253, Uk #i 2R
2GRNSR IRAE AL I, A SR X B2 M A [
A 10% DMSO ., AEHYURAIE 10 h 5
L I AR DR R R G i 3G e bih A 8
T EEA 20 Sk dL AN S 3 K, A TR
IR N TR WD S BT 0L, 72 h 5458
AT %k,
1.2.2 GST.AChE #o CarE #9328 IR B AR &P &

GST FFR 2 R T M I 2 2 BR ke L2510 vk
B, A ESR 3 K, GST 36 7 L
mmol/ ( min-mg) &7~

AChE i $ BRI e o 2 B AR A% 11 452
s InE S, MAACERE S 3 K, AChE 36 PEHA]
LA mmol/ (min+mg) E7R~

Cark i 8 $2 B K 335 14 I %E 2 B Van Asperen
FRUrkwns e, A ES 3 R, RIE o
ZR T b 1 10 2R AR AR B BsF [ P BT o 5 1) B 1 7K i
a-CTRZEFRA I o- 28 1) B i, 7103 Hh R PR R i 1)
FeiG 71, CarE 6 PEHAL LA mol/ ( min-mg) 67
1.2.3 ZaR&Eme

MR Bradford ! (9% 2215 G250 Y kXt
Ak R H AT A R E
1.2.4 GST.AChE #= CarE #9342 BUEAK 1 & b 2

R A= I 2 45 51, 3 5 T LG, T 5 R B 11 3
FRRE D Uk A AR ) Joi Ak B B 2 % 3 i & e, 4k
P20 k4, FAE 3 W, XTHEL A 10% DMSO %
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T, AR 12 24 48 F172 h BEHLHKEGE TR AR, TR
RIRURIET 80 CHKAIRAF#H], GST AChE Hl CarE
3 PP TG I ik IA] 1. 2.2,
1.3 HIERERSH

fdiFH SPSS 22. 0 B4R 3 Fh2h 7] Y BOE b it
R (LCyy ) JEEIE ik & (LC,5 ) DL B 1A il
T M S 3 e A 0 b B VR R (1, ), JF ST
GST AChE I CarE T ¥ 0 V- ¥ {8 F ks 1%, R
one-way ANOVA i 17 22 = W 35 ¥ J7 22 41 #r, LA
Duncan’s # &A% 22 15 LR [R) A0 B B] 19 22 55 2 35

(P<0.05), )i Origin Pro 9.0 £,
2 RGN

2.1 3 MEYRERBYRNESBHRNESN

3 bR A AR T SR R 3 4l 72 h
BESTMESE IR 1, o 000 A AL S A 1L 45
By} SRR 3 4l AR R —E AR HUE M, LG,
433124 0. 420 0. 730 F13. 860 mg/mL, 7EiX 3 Flik
AT S A HOTE P SRR U SR
2, T LLI 2% T3 A % E TR DO A X 95 55

R1 3FHEYMRERGWENESE 3 RGROFH

Tab. 1 Toxicity of three plant secondary metabolites on 3rd instar larvae of Lymaniria dispar

25 EIEpE " LCs0/ 95% A X i) LCys/ 95% E{7 X [i]

Agent Regression equation (mg-mL~') 95% confidence limit (mg-mL~") 95% confidence limit
208 Matrine y=0.342x +5.299 0.991 0. 420 0.311 ~0. 556 0. 060 0.035 ~0. 086
AT S Oxymatrine y=0.225% +5.072 0.952 0.730 0. 617 ~0. 964 0. 040 0. 023 ~0.071
111251} Kaempferol y=0.377x +4.491 0. 995 3. 860 2.051 ~5. 866 0. 650 0.461 ~0.924

T LCsy MEGEH BRI, LCos MW HBLIT M . Notes: L.Csy means median lethal mass concentration, L.C,s means sublethal mass concentration.

2.2 3 FEYR ARG RIS S4) R B s
Rk A

AN [) Jo £ VAR B ) vy S S v S e L 2 1
X BTk 3 4 HUBS IR GST,AChE Il CarE 15143y
A ASTRVRR EE ) A e 4R i BRI 9 ) - 2
% K 2 (LI ZS X B AR GST  AChE BYRZ I R 41) |, B
250 B R B O, Ak AR AR T 3 R I T
AN R Z 3G R (B 1) o RSOOSR, FIH
SPSS 22. 0 4351345 5 3 Rl o kA=A 4 ot
FEBE 4l e 3 Pl B AREHE PR 1C,, W 2,

HI Pl 1A FIER 2RI, B G v EE RN, v 5
B R AL SO GST I PR il R 2 0 8 LT
BOWH I IC,, 23500 1. 209 F11. 199 mg/mL, filfix
R 2 mg/mL ANERJS AP AR )RR GST 1
PERIIIRI Z 3 A5 T 65. 84% F169. 70% ;5 1M1 111 4%
M GST A4 il 28 JC W b 391 S 24007

1A i 24 790 o e v 3, 5 S A 4
ST ESR ACKE JE PR B0 il Fe o 2 B0 B b7t
HOPIE XS AChE Y 1C5, 435124 1. 095 F1 1. 002 mg/
mL, 2 mg/mL B PR AE YIS AChE T £ 4 i %
AN 69.47% F1 72.02% , L ZS X+ AChE Ay #1
il 25 B I e P R K 2218 T ,2 mg/mL B X AChE
AR A 31.52% (1B £ 2) .

3 PR A AR ) X B AR Cark 6 P 1 411
il 25 247 5L B S 0 S R AR R e VAR A
IR, 2 mg/mL 9 3 Rk A= 9 kb 3,
CarE T M 09 30 1 2 53 51 24 75.29% . 63. 85% Fil

61.60% , 1l 3 H XEAR CarE 1) 1C,, 50514 0. 664
1.283 #1 1. 311 mg/ml, Hﬂlﬂﬁﬂ%ﬂ, HZ X CarE
TR A0 VR FH W d 5 T S A S 80Rn 1L 25 B (&
1C.%2),
2.3 3 EYREREY R ESH L KN E
R
2.3.1 sHHEEMS RIKA GST #9% v

LC,s Tt R B2 119 3 i 24 7RI A 3L 5, B o i 4y T
N GST TEPEARfL VLA 2, AbFR S 12 .24 48 F1 72
h,3 MAEFRZH Y GST i PR3 A T X 4L (P <
0.05) , iWIIX 3 FAEY A AT BT R HA N GST
T PERIAERA — & B ISR ] Rl A 3 ] 4K
A AL IR Tl P S B SN IS B K Y A T Ak
S 48 h, i S A A AL S 080 > 2 F4H 1Y) GST
MR 3R B SR AR, 43 1) Sy [ B 399 %5 B 2H 1) 0. 39 I
0. 40 % ; M2 L A3 Wy A BRJS () GST {4 Fifi B[] ZiE <
AL IR B TEAL RS 72 h Ik BN R AR, A [ s )
X REZH A 0. 87 1%,
2.3.2 sHHEEHS RIK A ACKE 9% R

3 MAEHEZH Y AChE (G PETEAL IS 12 24 48 Al
72 h, B EAC TR (P <0.05) , WX 3 Fdd
YR AEACIEY) X ACKE 5% PRt A — & B9 30 i 7
FH o BEALFRAS A AE A 37 2 06 R Ak 3 S Ak 3 40
it 7% 1 2 IR TR N R R FEAR RS 72 h, PR A
PHEA Y AChE T MR I8 B AR, 43591 Sy [R] s 490 % Bt
ZHIY 0.47 F10. 44 5% Wit 75 By Ab BRZH AChE 9 75%
4 0] i 5 A PR ) P 3 AR AR S (11 3)
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=< 700
=
Bw 60r
Sa
LR
K o
o 5 40
g5 301
i 2
i& g 20F
D‘( i 10 1 1 1 1 ]
= 0 0.5 1.0 1.5 2.0 25
Ji &1 & Mass concentration/(mg - mL™)
—— W B Matrine —o— AL H £ Oxymatrine —v— [LIZ5f} Kaempferol
B3 A oA ARSI B0 SR 25 0k 4)) BB iR GST  AChE Fll Cark 1% 1A 515
Fig. 1  Effects of three plant secondary metabolites on in vitro GST, AChE and CarE activities of L. dispar

R2 3FEYRERGMEXFEE 3 IR ABSERSEEENME HRERE (IC,)

Tab.2 1Cs, values of three plant secondary metabolites to in vitro detoxifying enzymes of 3rd instar L. dispar larvae
it} Bl IG5/ 95% E-A7 X [1] e
Enzyme Agent (mg-mL'] ) 95% confidence limit
200 Matrine 1.209 +0. 144 a 1.011 ~1.476 0.972
GST AT S8 Oxymatrine 1.199 £0. 153 a 1.039 ~1.401 0.977
11 Z5H Kaempferol 19.051 £0. 150 b - 0.932
W20, Matrine 1.095 +0. 146 b 0.913 ~1.327 0.974
AChE A S8 Oxymatrine 1.002 +0. 148 a 0.826 ~1.217 0. 960
11Z% 1% Kaempferol 3.683 +0.154 ¢ 2.536 ~6.714 0.790
WA, Matrine 0. 664 £0. 148 a 0. 446 ~0. 872 0. 967
Cark A S8 Oxymatrine 1.283 +0. 141 b 1.063 ~ 1. 600 0.947
11 Z5F Kaempferol 1.311 £0.139 ¢ 1.068 ~1. 681 0. 966

VE 1o M) S0% RE P P75 35 B 250 IR VR . R /NG 53 AR V26300 [V R B 9 1C50 2 125 5% 5.3 (P <0.05) , Notes: ICsovalues

represent concentration for 50% inhibition of detoxifying enzymes. Different lowercase letters mean there is significant difference among ICy, values of

varied treatments of plant secondary substances (P <0.05).

2.3.3 EEML RAEN Cak $9%

I F 4 AT AL B A 4 SR TA] S, 3 N Ab
FREH Y CarE WM B Z LT X A (P <0.05) , 35
B3 3 AR U AE A B R AE X CarE W& PR BAT —
FERAMEIVER , BEALFRRS AR | 35 208 & AL S
BRALBRZE CarF 3 P 35 52 B0 74 00/ 6 R 3 | 78 4b
72 h 5, A AR A A AR R A B Bk, CarE TR
PEFRIR B e 1%, 43501 Sy & B 6T REZH 19 0. 43 ,0. 40 Al
0. 67 5 T I ZS B AL BRLH CarE 435 4 Fifi 25 Ak FH 5} 1)
ARG, S B e/ N S 3 R A a3 TEAR B )5 48 h

KA, Xt BRZHAY 0. 67 15,
3

it & ik

R A o rp A R G o8 BT A B o
FEALHE A YIRS S W R Il AR Y TR 2
A O A AR T B B W] B A R R RS
PO AW G R S R S LS B
XTEEREM 3 WA AR AT — 2 AR IR I i &
A BUSCR B B SRR 2 T LA 8 2% R 3
PERIXTAAR , (HEE 4k 5527 B 58 K B, I P L 2 1
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HATR, Matrine 2
- B 1145 Kaempferol

~

FALFESIH Oxymatrine

N

GSTi% 4
GST activity/(mmol » min~' »mg™")
w S ¥
T T

[\
T

Ju—
T

(=)

AbFEIRA] Treating time/h
FEIE I b [l /N5 o7 B 3 R AN ) 24 5 4k B 22 i) 22 5 W 3 (P <
0.05), T[E, Different lowercase letters in the same time bar chart
mean there is significant difference among varied treatments of plant
secondary substances (P <0.05). The same as below.
B2 3 R A A O SRR i 4 HUR DY GST 1 4 (5% 1)
Fig.2 Effects of three plant secondary metabolites on

in vivo GST activity of L. dispar

W2 Matrine B e {b 1528 Oxymatrine
ES L& Kaempferol [ JCK

240

AChE activity/(mmol » min™' » mg™")

Ab ¥R A] Treating time/h
K3 3 Ry o A A B0 SR 4 BUA A ACHE Y5 4 RS20
Fig.3 Effects of three plant secondary metabolites on

in vivo AChE activity of L. dispar

2101
77+ 20§ Matrine B Sb 152, Oxymatrine
- E=S 104 W; Kaempferol [_]CK

+mgh)

1 1

— —
n @©
= =

CarEJE Ik
.}
(=4

CarE activity/(umol » min~

x Nl
=4 =
T T

W
=
T

48
AbFEAT ] Treating time/h

4 3 TR U AL A S0 SRR e 4y U Cark 5 PR R

Fig.4 Effects of three plant secondary metabolites on

in vivo CarE activity of L. dispar

%2 ( Cacalia tangutica ) 115 HUAY 1L 2% 1 XT B4 A W
(Culex quinquefasciatus )4 W4l UG B AR IEME 72 h 1
IEAET AR H 82.00% o A 1 W) A AR )

F A FIRZ I | B B A R f A R v T e
IR AR RIS 22 ML 0 27 FE AR ) 7 A B
Horpr, i 25 A8 WG 60 45 B L 40 i (2 R P450 i &
(P450s) AL H K S-F6 RS Wl (GST) LA L g il 45 , 72
B SO R R A=A J5 4 e s A R rh A 45 G
PEFIMY B ARG S 56 FT AR o I 5 3 Rk A4
JIe AR 2R SRR 3 W &)y HUfdk 25 G - A B A IR
. Gade % PUHFFE & IR, 5§55 BRI oS BEREXT
& 2 I ( C. quinquefasciatus ) Fl Y& K B (Aedes
aegypti) BK AChE {5 M HA W2 3075 ; IR AE
Tong %2 UERA T B0 28 9 Ji A A 93 3 K 08 ( Musca
domestica ) B R AChE 7% Pt FLA & 2 A HI/E
IC5, 4 1.4 pwmol/L, A5 v B B3 R Pl I 1 50 25
W], 00, A AL S8 B B i 4 L GST \AChE
1 CarE 4RI WY WA dIVE . Horb w0 200t
CarE BN 58 T S84k v 20, i 48 A6 o 2 00k
GST AChE [/ 58 T 20 1 L A% B 9 R AT
R B A B AR GST Hl AChE BYTR

HE— 20 B R N TG SR R W] 280 S0 SR ALy
SN B, GST 5 M Bl Ak BRI 1] A3 1 e 3 0 5
REEATR S T v R 3, 150 1] TR 7 2 0 X GST i 4 1Y)
IV A RRAE RS i), 2 0 B 9 R BT
T 7T S8 0T 0 Z 42 ( Bombyx mori ) KN Z Fh {4
TRl R e i il TS 2 B Ak BB ] A B 4 410 o 4
IS, FEAE— I 8] J5 0 &8 20 A 3 M 5 T 28 1l 5%
A B A GST & M R WA oM il , HAE 44k
B ] 5 AR AL ERAN K, Y AERFAE X BREH 1Y 0. 86 1572
fio WS A S0 S 1Y AChE FI CarE
IR 22 I/, 784k B A] 48 4 22 72 h i)
WEPEAAERE A, ULWT AChE Fl CarE J& 33 ¥ Ff A= 49y B
() EEAEIREAREE , VP 20T TR W], o 208 S ALy
S0 B HUA AChE Il Cark 5 145 W 55 14 4100 4] 42
FIPR X S AT A AR B EDE , i — A R TR il
AP B TG T 1 B2 8 2 A4 W R 2 A ) R A A T
(VPSR , T 2= A M5 0 BT 4 SR B e R 1l AR
BTS2 L ( Pieris rapae) B — € BIFERAEH, M
AChE R A] RS2 MLAR B8 (1% 2 B A R0 AR 2 — 5 i 5 o
S A EAL S WA L, L2 B %) AChE 1 CarE 1%
PRI HIE B, B REAERR B ], PRk, mT
PAHEDN AChE 1 Cark JfAS 2 1123 B 25 0 0 B 25 1
Jo7 T BAE FH AR bR

TF5 L SRR P A 25 il o S U5 AT B A A v A A
Yyl rdy e R A BT — 20 T AR O AR A R
B pg A AL, AT A 4 i R A A 245 B T e 4
ATSER AR, [t Ry A 5 Aol 3 i 25 Gih BRAR
A iRE . A A A B A HurE AL
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