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Insecticidal components and toxicity of Vitex negundo ( Lamiales:

Verbenaceae ) essential oil to Sitophilus zeamais ( Coleoptera:

Curculionidae) and their action mechanisms
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Abstract: To determine the development and utilization value of Vitex negundo Linn. as grain protectant,
this study focused on the component analysis, toxicity, mode of action and action mechanism of essential oil
of V. negundo, which was extracted using steam distillation. The GC-MS method was used to analyze the
components of essential oil. The results showed that there were thirty-one components whose content was
more than 0.3% in the essential oil of V. negundo. The main components were caryophyllene, eucalyptol
and o-pinene, with contents of 35.97% ,8.21% and 0.69% , respectively. Eucalyptol, o-pinene and V.
negundo essential oil all had high overall toxicity to the adults of Sitophilus zeamais in 72 h of treatment and
the highest one was eucalyptol, whose LCy, was 0. 7171 g-kg™'. They also could control F, population
effectively. At the dosage of 2.0 g+ kg™', the inhibitory rates of eucalyptol, a-pinene and V. negundo
essential oil to S. zeamais were 100% , 85.45% and 89.73% , respectively. The LCy,values of eucalyptol ,
a-pinene and essential oil of V. negundo to S. zeamais in the contact toxicity were 0. 2690, 0.7529 and
0.2969 mg+ cm >, respectively; and at the dosage of 4 g + kg ™', they all exhibited distinctly repellent
effects and the repellency rates were 96.49% ,84.26% and 90.61% , respectively. The LCs,values to S.
zeamais were 14.053, 28.648 and 21.429 pL- L' fumigated by eucalyptol, a-pinene and essential oil of
V. negundo for 72 h, respectively. They all showed high fumigation effects, of which eucalyptol had the
highest one. The essential oil of V. negundo, and its main components eucalyptol and o-pinene all affected
the breath of S. zeamais. The three samples distinctly inhibited the activities of AChE, CAT and CarE of S.
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zeamais in vitro. All the results suggest that the action mechanisms of essential oil and main components of

V. negundo show the characteristics of diversity.
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¥ Jf Vitex negundo Linn. J§ I #f ¥ F}
(Verbenaceae ) , 4131 J& , 7E 3R E /3 MO Hl ), BFAE WE
BtordE, o X580 EZE N2 AEYMyiE
FIFATHIR 5 K (B ,1999; BFEBRME
HEHT, 2002) o FRATE S HT I A AY R BRI
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0.25 pm), L 3C- min "' A 40°C F+ 3| 280°C , {# 45
10 min , ERE CTRLE 270°C , 5 1R 280°C , AL IR,
BE290°C , B A B A AR, Wb 1:20, BRM
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J& 24, 48 F172 h 43 HIK 2T BB, TR AE T R
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B EHRERG, MZFE T 09 cm 37335 55 MUK
TR, FEUR K24 B I CE B B 3R (D8 em x H20 cm)
PEEFH M AR AL 28, LABH 1E R BI€, BTN
AP S ~10 d B EARG LR 20 3k, RIS ERAL 22
EXTHR, BB 3 IR, B TIRE N 28 +t 1THFERE
WL AbER S 24,48 F1 72 h Rp A B, THESE TR
ML IEFE T2, F] DPS GE i+ 3k 43K i 3 71 [l 5 =X
M1 LCy o
1.5.3 IXEAEF: XK A Jilani F0 Saxena (1998 ) J5
%L AT ERSGEENNE, ke AR/
FESR3 B, TR 1 B AREES 1 43X BR (PR Ak
) XFRBCT @12 em MR M. FWEA
P b PR B SR ML PN BE , 58 2o U 2} 1) 5 5% ML PO B4 A
PS5 ~10 d il 20 3k, H B 17 ) AL B AT BR
H/NZ R EY R ER 3 R, AR IR R T
28+ 1CHEBEHFREN, LIHEBEAER. LH)F
48 h £ 7 i B 7E b H 5 X R /N 22 R 4 A
1/ /N g = KIS

B = (0 HR i A 28 — Ab 3K AU 80) /0 BB
B x100%
1.5.4 FEZEMER: B 500 mL =M RMEA S, %
LR 3. LAPIALIE 5 ~ 10 d B £ ORGSRy ik
49 20 KB AN B R F B RS
TH R P R R B vk BE 34 0k 100, 50, 25, 12.5 A
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(eucalyptol ) 8.21% , 4,11 ,11-=F -8-F F F-F
R[7.2.0]4-F—%5 (bicyclo[ 7. 2. 0] -undec4-ene,
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A 3:-3-3F & 445 -1-F 2 ( 3-cyclohexene-1-methanol , o,
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Fig. 1 The gas chromatogram of essential oil from Vitex negundo leaves
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2.2.2 IR B B A R R AR A B
YRR : BEFRDRE 0 B R 0 TR R AR5
HIVERI DL 2,00 1.0 g - kg ™' FIEANEL/ING , B3RS
T AR R A PR RV X T K A B 1 B 13K 45%
P, BERT o-IRMBHIALTE;7E2.0 g - kg ' FI&
T, B R A PR RE Sk X T K 2 R R A 4 o 2Rk
100% , ¥ 31 K5 1 1 -8 45 2 51 4 89. 73%
85.45% ;76 4.0 g - kg ' FIE T, B 0 AR N
TR AE TR e 3T R R 345K 100% , TR 3% 90% LA
Lo ARG o-JRIMG—HE, A FR /N JE N E K
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A LCsy 435143. 0556, 0. 6067 F10. 2969 mg - cm 2,
Rt R 9 LCsp 43 51 4 1. 5656, 0. 5236 A1 0. 2690
mg em 5 3 ANJE AR E] A i R T M B R
TG ; - TR LCs 20 91K 5. 2866, 2. 1944
F10.7529 mg - em ~* , H: 3 ANJEZT AT A A kR FE S 2
BB /NTF BT . & 25500 o R B Ak 2 ]
o, HF TR (R 2) o WA B IRURE T R e AR g X
B S 3R 0) L AL =

2.2.4 XFERGHIKEVER : BEIRE T AEA Fo Fn
o-JRIE R KR 2 3 B A R ZU A SKEEAE L 3 245 5
7E0.5 g - kg 'FHIHET 0 E KRS 48 h BKEER N
60.32% , 72.06% F148.72% ;7£ 4 g - kg 'FI&ETF,

IR 362 4351 90. 61% , 96.49% F1 84.26% , 3 Ff
2453076 AH R WS s ] T H35 ) R/ MR A i >
BIRE I > o-JRI , [7]— 24350 bl 2 Ak 2 550) £ 38 i
BRI R (B 3) .

2.2.5 XTEKRPEAEFET: EIFDK W W IR
- TR RABERMEZRIER, 35 72 h,3 Frzl
FIXF F K %M LCy, 43 B R 21. 429, 14. 053 FI
28.648 pL - L' AR A B S B, B
FREH 1. 53 £5; oIRGB BB R, (URH
FKGHIR 0.74 £5 (£ 3) . HEAZH BRI EEK
B AR, A T,

®1 BHAFBRNAREIERSNERSKBHRNEAES

Table 1 Overall toxicity of the essential oil of Vitex negundo and its main components to Sitophilus zeamais adults

P Bt ] () BIE R (y =) LCs(95% confidence limit) eIl
Treatment Time Regression equation (g+kg™!) Toxicity ratio
AR 24 4.1263 +3.48024x 1.7826 (1.3755 -2.3102)
Eucalyptol 48 4.6633 +2.5827x 1.3501 (1.1336 -1.6079)
72 5.3761 +2.6047x 0.7171 (0.4161 —1.0522) 1.86
o-TEHS 24 3.4073 +2.4879% 4.3670 (3.6424 -5.2358)
a-pinene 48 3.6989 +3.0367x 2.6820 (2.3118 -3.1114)
7 4.1296 +3.179%4x 1.8783 (1.7340 —2.0503) 0.71
IR 24 3.0616 +3.7672x 3.2700 (2.8331 -3.8771)
Essential oil of V. negundo 48 4.1999 +3.0596x 1.8260 (1.5754 -2.1164)
72 4.6478 +2.8239x 1.3327 (1.1359 - 1.5636) 1.00
PIRE 24 5.0455 +2.98624 0.9655 (0.6272 —1.4617)
Cassia oil 48 5.5874 +2.3972x 0.5688 (0.4965 —0.6407)
72 6.0776 +3. 1843 0.4589 (0.3983 -0.5288) 2.90

x2 BHBHREFHMEIERSNEXRZHBRBGMREN
Table 2 Contact toxicity of the essential oil of Vitex negundo and its main components to Sitophilus zeamais adults

43 B 1] (h) BIE R (y =) LCs (95% confidence limit) eIl
Treatment Time Regression equation (g-kg™1) Toxicity ratio
AR 24 4.3923 +3.1215% 1.5656 (1.4673 —1.6778)
Eucalyptol 48 5.9373 +3.3351x 0.5236 (0.2916 —0.7467)
72 7.0883 +3.6617x 0.2690 (0. 1988 —0.3382) 1.10
o-TEHS 24 3.3662 +2.2592% 5.2866 (4.9629 —5.6545)
o-pinene 48 3.9917 +2.9541% 2.1944 (2.0367 -2.3809)
72 5.4092 +3.3205% 0.7529 (0.7137 -0.7928) 0.39
EFE 24 3.8816 +2.3055% 3.0556 (2.5615 -3.7959)
Essential oil of V. negundo 48 5.7334 +3.3798x 0.6067 (0.3346 —0.8811)
72 6.5048 +2.8534x 0.2969 (0.2334 —0.3593) 1.00
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R3 BAHAFRRERMEENSMNERSHBRHERSEN

Table 3 Fumigation effects of Vifex negundo essential oil and its main components on Sitophils zeamais adults

EET R (y =)

Regression equation

LCs(95% confidence limit)
(g-kg™)

B

Toxicity ratio

Qb3 A 1E] (h)
Treatment Time
HEARt i 24
Eucalyptol 48

72

o-JR M 24

«-pinene 48

72

BRI 24
Essential oil of V. negundo 48
72

0.9570 +2.5249x
1.3098 +2.6857x
1.8548 +2.7403x

1.4101 +1.7535x
-0.3506 +3.3688x
0.1005 +3.3625x

-0.1958 +2.8584x
0.0259 +3.3527x
0.9539 +3.0399x

39.926 (31.330 -52.664)
23.660 (19.993 -27.991)
14.053 (11.920 -16.568)

111.50 (84.972 -144.24)
38.751 (28.985 -54.538)
28.648 (25.049 -32.764)

65.725 (61.064 -70.923)
30.452 (26.614 -34.843)
21.429 (18.471 -24.860)

1.53

0.74

m P Cassia oil

O # iR Eucalyptol
120 - = HEFHIHEIH Essential oil of Vitex negundo
B o-JEM a-Pinene
100 |
80
60
40

20

FPEEIHIZR Population inhibitory rate (%)

0
0.5 1 2 4

AbFE Y B Treatment concentration (gekg™)
B2 AR A B AR i B P A 3 A
XoF EORG AR AR IR

Fig. 2 Control effect of cassia oil, the essential oil of Vitex negundo

and its two main components on Sitophilus zeamais populations

m ik Eucalyptol
120 - O IS Essential oil of Vitex negundo
B a-JEM a-Pinene
100 +
80 |
60

40

#aiE2R Repellency rate (%)

20

0.5 V 1 V 2 V 4
b 3B B Treatment concentration (gekg™)
3 BURDRE M MO R A
it K G H Y K i 1
Fig. 3 Deterring effects of the essential oil of Vitex negundo

and its main components on Sitophilus zeamais adults
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45t
% 4t —— XF 8 Control
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Fig. 4 The influence of the essential oil of Vitex negundo and its main components at the dosage of

LCs,0n the respiratory capacity of Sitophilus zeamais adults
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2.3 WEXRFEREAZM

S350 FE B FRORS I AR B A -9 s LCso 30 4b
FERG A B )F 1 ~24 h,3 A5 XHK HL I
W 2t S M R I AR — B, AL B SE 5 ~6 h 4%
H R — > I R 7 W, I R 43 53] 2 Ko R Ak B
2.52,2.95 f13.12 £5; 4B )5 7 h,3 AL EE R
IR R T o ZE % BRK P 5 Ab #S 16 b, 3 A2 5]
AL FER P R A T X BRI 4) o EEFRDRE T A AR
A o-JR M X ERGEA THIRFR VER, BHA
AR, B EFRUE Th S L BR R E T E
KRG AR FH ) 5 M AL A )
2.4 IFERSBEXEEEKFIE

TEBRSAET , EIRDRE T AR I AN ou-JiR 45 X
FORG W BENRBEERRGERA MHIAE A, K o- IR M
A I S8Rk, L 1C, 2 2. 8794 mg - mL ™' 2

FIREH 1Cs (4. 4603 mg - mL™") fy 1. 55 £ e fili
I S8/, 1G5, 6.0473 mg - mL ™", {5k
BRI RY 0. 74 £, B IE 1, Z kAR AR R A A2
ARG T SRR 2 R EEAE AR —, B
AR Il ) 22 R AR . BRI o9
X ER G B R A AL S B R A B S i IR A
ICs, A5 2. 6510 F1 4. 5511 mg - mL ™", T A% 4% i
F 1 3 ) AR, IC5, O 61.349 mg - mL™" (LR
KGR 0.04 15 (3£ 4) , RUIBAC HBI XS
Bl P VR FR XA R B FRRE W o

BEIAPRG T ou- TR R REARS G T T K 5 9 7R R
A —E I HIVE A s TEAH R BVR BE T, o-JR s X
R TR TR ol 1) 100 T R A, SR RONG Vel R R AR I o) FR R
T AT 1 R A o I U0 A RN ol S P 2
BT N R GAR R REREG A (R 5) -

F4 FHBHRETERS I EXRSFE R ZEREHE RN ELSENMEER
Table 4 Inhibitory effects of the essential oil of Vitex negundo and its main components on
AChE and CAT activities of Sitophilus zeamais adults in vitro

WG ] EEAHR(y =) LCsy(95% confidence limit) I
Enzyme Inhibitors Regression equation (g-kg™1) Toxicity ratio
Z B G | SRR 2.4539 +3.9209x 4.4603 (3. 9752 —5.0045) 1.00
AChE Essential oil of V. negundo
a-95H a-Pinene 3.5543 +3. 1476x 2.8794(2. 4946 -3.3235) 1.55
BRI Eucalyptol 2.8951 +2.6932x 6.0473 (5. 1140 —7.1509) 0.74
WAL AN | SRR 4.4599 +1.2756x 2.6510(1. 8608 —3.7767) 1.00
CAT Essential oil of V. negundo
a-95H a-Pinene 3.5613 +2. 1861x 4.5511(3.7018 -5.5952) 0.58
BRI Eucalyptol 2.9417 +1.1513x 61.349(41.458 —90.784) 0.04
x5 HHEZHEREIERSIMEXRSRRERESEINEER

Table 5 Effects of the volatile oil of Vitex negundo and its main components o-pinene and eucalyptol on

CarE activities of Sitophilus zeamais adults in vitro

£ K| AR E (mg + mL™") FRABARGLLIE J) CarE Specific activity (% )
Inhibitor Concentration (pmol * mg™"' + 30 min~") Inhibitory rate
EIRE 2 4.07 + 0.17 17.79 + 0.28 ¢
Essential oil of V. negundo 1 4.59 + 0.09 7.30 £ 0.11 e
0.5 4.89 + 0.11 0.24 £ 0.02 f
0 4.95 + 0.16 -
a-JR# a-Pinene 2 4.12 +0.12 26.01 + 0.46 a
1 4.17 = 0.09 25.40 + 0.34 a
0.5 4.50 + 0.07 19.24 + 0.21 b
0 5.57 £ 0.21 -
iR Eucalyptol 2.5 3.90 = 0.17 9.69 +0.28 d
1.25 3.94 + 0.11 8.62 +0.30d
0.5 4.03 +0.13 6.54 + 0.18 ¢
0 4.31+0.15 -

FHEAEZ Duncan KFFERZERL , FFIEHE G AR R FEFRARAE0.05 KF2EF B3, Data in the table were tested by Duncan’ s multiple

range test, and those in the same column followed by different letters show significant difference at the 0. 05 level.
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3 Wit

TG R 2 B IR B, A Sk ) Rl
K EF S BRI LAY , 1V 2 T B o B AR
F, 280 B RIVE R 3 B, BRAE FIMLEE S 24 e
FERARZ B, BOR 5 Fe AR Pt (B S i 2= 303,
2007) » AWFFE R, 28 LB o RoORg vl P LA
88. 80% &k i, AT i A o-UR
B4y 35.97%, 8.21% F10.69% , BAMNAEA K
Y4 LM D 45, FFIRE 4R BUR R 2340 7 8, BR
PrUESE(1999) 38 TR H Z 08 3% FHAY B0 it oA
TS ,99. 14% EREIRIEY B, A A i Aewt
A o-JK M B9 & & 4 9 o9 33.01%, 13. 30% A
3.64% ; 0 A AT P ARKE H B - Bk
WS , (R ARSI KA LSS D, Ui B E 4% & Th
FI RS AL A 22 5 5 o i SR SR ML IR 3R R
FNHEZMARE X, REFEERN> G Z,E
K IR 22 AR K, T RETE TR & A FE Bt AR,
HAR U — B RAI

AR5 UE B B RS vl B L = B A A AR A R
o- TR FOR G B UL il 2% (IR RN B AR TE 4, 9F
X EFP R A A SR R I AE F , B St R K,
ERMEST (1988) RIE T ooV 47 X AT 43+ it i 3 1L
HA B RAE FVRIEKEEVE F 5 A RS (1989) DLk Rt
TH 0. 01% 57| it B 78 AL M B2 F 2 4 L, 24 h BET
3K 100% , T A AR oG 2 A4 it v R B R LS. T
A RS T B E 2 B B A R B D - TR A AR Sk A
HFE R FF R M E K Dayrit 55 (1995 ) #E
T B A e R AR AR A Xt /NS R  H  B  A R
YUYEH] ; Krishnarajah 45 (1985 ) ik B B-JR 4 % %
WA IKRAIE R . IR A B RSN AR EAE
HPUEY T & (R RERSE,2006) , R Al o-98
KPR L5 B RS T R R ORI
b, HR/NEFARK, S ERE R MR &HH
MR RIEEE RS BEF TSR - 05
K5E

TRISER , B IRVRE T A A -9 I R Ak
FORGE TR = A T FE R W), 38 XoF 2, Tk A A s i A
T ST U A B R R A, 2% B 2 Tt REL s
ity 0 SR Ak BT 2 S TRORG T B AR P P AR AR, B
AFREIFRAER . FREAR IR ERZ MR R E
FRF o-TRHKs, M o-TR MK T KRS0 2Bk AR A B A
i S AL SR B ) SR TR A, 18 B A AR i 1

e AR . AR B BR A B AR
B — , BRI o-JH g JHC Y 40 1 2 0 o AR
5 KRS P 0 4 2 0 R, T P BERA ih BE FL A
AT EOR G B R RE ST, B 55 HpTdi k. el e
DEBA , BRI B B A AL R S
RABTTE AT B R BT B A SR AL-E 4, o] Ay S 0 A2
BRI DI PR

EI TR E B AR BHRAE R T E, AR,
Z oA T radr ALTT A A AR IR H T R
AR EA S W BTRIU S, B S Fsg =408 /&
PRSI B AR ISR, B AR W BA TT R I
PIARBEER . PR E BHE IR0 R AR IR BB
3R B RAREGE B 7E R E R 7, R W SRITA,
A BT 52 3 —E B PR .
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