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(LU REAAMBREZABE, IR YT 2760005 2. H AV BLA BEAEY) PR DEIET , R L5 A 2 B 5K
S A, ARt 1001935 3. Al SR BRI #5UA FAE IR A WS G, NS BARit 4R 026000)

WE . A K B3 2 s % 2 Oedaleus asiaticus 09 £ R % , K% FTE AN T E T BT JA
B AR 4 A AL AL A A IR S B s T 2 3 A2 W 0 T B VL BAK N E B E (reactive ox-
ygen species, ROS) iR & 3 #+ #f B fo 3 AP R P BEGG H M, BRI F T TR AW 5 55
32 )5, e N B e 3 ke w69 B E R R A 43.63%.62.65% .25.91% F7 16.62% , T )N F 22 3 ¥
2 3R 19 ROS IR JE 4 % 4 263.56.186.94.351.62 2 392.13 pg/g, #2 A AL AL B (superoxide dis-
mutase, SOD) &M 4 5| 4 562.19.362.63.679.36.659.23 U/g, it A AL £ B4 (catalase, CAT) #& M 4 7
4 236.27.189.25.295.36 #» 315.66 U/g, it A AL 4 B (peroxidase , POD) & M 5 % 4 326.89.296.97 .
392.16 47 386.29 Ulg, 28}, &, % P450 (cytochrome P450, CYP450) % 14 4 51 % 359.23.367.16.382.79
#= 435.65 Ulg, & bt H Ak A% %% #% B4 (glutathione S-transferases, GST) #& M 4 %] 4 196.63 . 136.68 .
278.37 #= 327.16 Ulg, #: B B5 B (carboxylesterases, CarE) & £ 4~ 3| 4 413.62.,365.37.395.27 #=
469.30 U/g; 4 NP2 7% & ROS IR E (CAT #1& . POD Z1& .CYP450 &M F» CarE & M3 5 4F BR
Z 8] £ B3 BB Ae T R EIRR, P T AR TIRRZ . RV X AFALY RACE 4 TN
NERGEGERAEMRAET R T @A AR

KEIR: Fobse Sk MRS BER, Madh; £HREA

Effects of four plant-derived compounds on the survival rate and activities of
detoxification enzymes and protective enzymes in the grasshopper Oedaleus asiaticus

Huang Xunbing"” Li Hui' Tu Xiongbing® Zhang Zehua*™
(1. College of Agriculture and Forestry Science, Linyi University, Linyi 276000, Shandong Province, China; 2. State Key
Laboratory of Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of Agricultural
Sciences, Beijing 100193, China; 3. Scientific Observation and Experimental Station of Pests in Xilin Gol Rangeland,
Xilinhot 026000, Inner Mongolia Autonomous Region, China)

Abstract: To develop biopesticides for controlling the grasshopper Oedaleus asiaticus, the effects of
four plant-derived compounds on the survival rate, reactive oxygen species (ROS) concentration and the
activities of three detoxification enzymes and three protective enzymes were explored in the 3rd instar
nymphs of O. asiaticus. The results showed that the survival rates of O. asiaticus treated by rutin, tan-
nin, nicotine and matrine were 43.63%, 62.65%, 25.91% and 16.62%, respectively; the concentrations
of ROS were 263.56, 186.94, 351.62 and 392.13 pg/g, respectively; the enzyme activities of superoxide
dismutase (SOD) were 562.19, 362.63, 679.36 and 659.23 U/g, respectively; the enzyme activities of
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catalase (CAT) were 236.27, 189.25, 295.36 and 315.66 U/g, respectively; the enzyme activities of per-
oxidase (POD) were 326.89, 296.97, 392.16 and 386.29 U/g, respectively; the enzyme activities of cyto-
chrome P450 (CYP450) were 359.23, 367.16, 382.79 and 435.65 U/g, respectively; the enzyme activi-
ties of glutathione S-transferase (GST) were 196.63, 136.68, 278.37 and 327.16 U/g, respectively, and
the enzyme activities of carboxylesterase (CarE) were 413.62, 365.37, 395.27 and 469.30 U/g, respec-

tively. These four plant-derived compounds exhibited better effects on O. asiaticus than the control.

Among these four plant-derived compounds, nicotine and matrine showed the strongest toxicity, fol-

lowed by rutin and tannin. The detrimental effects of these four plant-derived compounds offer a new

option for the development of biopesticides and potential application to biological control of grasshop-

pers.

Key words: grasshopper; plant-derived compound; survival rate; detoxification enzyme; biopesticide

EIN/INTERE Oedaleus asiaticus & L H B g
B, SR TR b Ty FH 28 7% R 3 B DL e, A
S E AR IA 10 77 hm?, KA AR A& A i 7™ EE il R AR
WOl A= 7 FRE b A S PR (R BT 45, 2013 5 5K A
54,2013 I 5E,2015) o HAT, F1XT P /N 405
B EEAT MBS 2 AR 25 0 2 78 & LA A B
BN BIMEGEAL AR ZGTELO AR 7 A O
i RS AR AL A G RS
WAL R B BT 2R AR (Rl B, 3 1T 52
) A= 25 22 4t (Senthil-Nathan, 2013) . 35 JLT4FE3E A
H— FAWT FHRAREE AT REAE AIRE% BA A AR %
(Jallow et al.,2017) . HL¥IRYT Y FAA Eidky
BT AR BRI R SR B 5 (Despreés et al.
2007 X048 KA, 2011) o PRk, A AVH TR 4
L Y/b & SN EREAH R A7 VA N S H S S 1 Y

SRS L R Bl A B i, A SR AT Y
THYIRERS A KA A YR B B 3 (Nyman &
Julkunen-Tiitto, 2000; Simmonds, 2003; Després et
al.,2007) . A LAY A B A P aT LA B RO
TR AR R B AR, 2 XA
H 2 # & 1F H (Senthil-Nathan, 2013; Roy et al.,
2016) , WHEATRR T S5 ER2AS) SORI G826 5
WY i 4% LS AR 82 B Helicoverpa armigera .3t
& B XM Papilio polyxenes . W ¥ B\ Bemisia tabaci .
FA 7 K8 B Wk Spodoptera eridania F1 K £ 55 H
Pectinophora gossypiella % % R IEFAE K EF
(Taggar & Gill, 2006; fifi iz 5 45 , 2015 ; Chen et al.,
2017) 5 AT SEAE Y HE AR AL S T n] L 5 175
T B PEECAF AR PR R EOR () 42247 1 35 1, AR o i 28
W) KR Pyrausta nubilalis 5TER S, exigua
S U [a) 4242 1 VE FH (Poreddy et al.,2015; Ziist &
Agrawal,2017) . FEPIR A=A A 5T R Ha i) 2 B¢

AHLIR F2 B AR Sy B0 1 5040 ] £ AR R 1 L £
T FOEL i 7 A R B P S 1 2 R R S TR
P GAHH , BT Na'/K S Ca® Sl 18 , #0011 P A
FHFNP e 32 A& ZR 50 SO, st K i 3R sl AR 2l =
A (AR €A, 2011) o 5 4h AR ZAE AL G n
EIBR 236 7T L 5] B HUUAR P B 3% M S (reactive
oxygen species, ROS) % & , S E B B Ak #i0; , if
T 2 B IE 5 & & (Aucoin et al., 1991 ; Huang
etal.,2013), Zeid KIWIEAL, B i i g 2 ARk
o3 A ) IR AL S ) DL R - e (Elzinga &
Jander, 2013) 5l # 3 o B U8 BRI S5G mfn
A3 A2 it €5, 2% P450 (cytochrome P450, CYP450) .4
JE H WK% % 7% i ( glutathione S-transferase, GST) \J&
1 I 1 ( carboxylesterase, CarE) (Simon et al., 2015)
S5 R 2 fifk B W SR AR A 465 W) (Pauchet et al.,
2008) ., [F]i}, B Huid w] D4y Wbt % A P it ( peroxi-
dase, POD) . i & fb & i (catalase, CAT) H & ALYy
7 {1k B (superoxide dismutase, SOD) (Roy et al.,
2016) S5 VT Z ORI R 22 ROS 22 & 5| &k 18 Ak
Yo BHARN ROS & it K it 2 g R4 B AR fL AT DA
TR IR G Y 07 T LA B O B 3 ik
IV, BEAE S AR IR AL 5 5 B S EAE AL
FOT BT IR S A R R LAY
EALE Y, AT K& R = SO U5 2 ORI S 224
Ho BRI, MR S AR 25 2 T 5L
Hu b BB TR (R 15 A4S, 20105 PVF S, 2015) , 17
TP T RN T i FH T B 4 0 e A8 A SR R L
18 o AMFFE I o 5 RIS T R TR A
FFE S8 4 FPAE IR AL G P A P25 S0 /N 22 05 3 8%
WEL R 7795 2R AN ROS e J8 | 3 il it 2 1l 1 3 £
PP P, BB X 4 FhAE ) R Ak 060 U /N2 i
FEIE S B B AR I B0 20, LA A s e A ) B
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Ak — 20T S SR R R AR i
1 MR 5F=E
1.1 w8t

M HOJERIRE Y : 2019 4F 6 H T Z T AIAIX
By RS B P 1318 (116°5035.8" E,44°29'38" N, g
1036 m) BFHP I HLUR R AR A A /N4 05 3
s, AR, I H B AN R AR BB i v [P
Stipa krylovii i)W, Lh £ 5 B85

TR S AR - 4 B 34>98% WA M IRk &
T TR MR S, RS R R A TR
O] 1-540-2,4- A 35 7 (1-chloro-2, 4-dinitroben-
zene, CDNB) | & 2 -1- %5 i (@ -naphthyl acetate ,
a-NA) Xt il 328 H i (B-nitro anisole, f-NA) . 7-Z.
S FEA 5 2 (7-ethoxycoumarin ) M HA 5 FHILF , 3¢
[ Sigma 2 ] 5 B BTG P S8 Tl EBG 4 58 W ¥ (en-
zyme-linked immunosorbent assay , ELISA ) K {5
& RIRAEABH A RA A . EAR 40 eon AYFH LM,
s B2 30 em AYARS il 28, A i s LIZ80A ST fif
B At e AR A R A PR F] 5 3K 1S B v R 5
L, 18 [ Sigma 23 ] s H,O,-PRO HIR 4 JB I, 441
5 A= YR AT RS T 5 VERSA max B BEARY , 36 [
Molecular Devices /A A ; Thermo S1368 KR VKA
FEER R GRS A IR A A
1.2 7
1.2.1 T2 ) F 2238502 0k 7 & ey 2

B PR 4 >98% Y7 T BT R M
Bl 25 AT P IR AL S 1 3 S T B R 0.01%
AT TR B L SR . BEAL S R A
SRAE ALY/ N AR 3 i 452 500 3k, IUERAL R 12 h s
BEALECA 25 R RE, FR &K 30 em %220 cm.,
10 em, BN IR LA 20 3k s ARG IR AL T
Ji 28°C AHXHRIE 709% GBI 14 L 10 D BOGHR
FrFsam i R ik ¥ 0.01% T .0.01% )
M2 .0.01% HAHK .0.01% ¥ S 2 85 17K (O4f i)
5AbH g A PR IR 100 mL, 35 55 T
100 g fif v [REF 2 b B H B 1SR du g
PR, B E R SR, AR 08: 00 5%
EPH /N REAETEAG TR FE T AR St B, -5
HroH A b B 0 v CCAT 2, I iR S 95 3 B B %
FAS B WA 2 R FET AN P28 7 dJs il sk 3 1%
WL P A7 R T, IS R R b IR AT Y 3
BT RAE A T W AUV O, A -80 °C R I
VKFADRATE , T IR SEBE s PRI A o THEAFIE R AF

TGR=A0T T d i WS s A A L S < 1 00% o
1.2.2 T/~ 2239522 kg Ak MROSIKJE 69 ) €.

AR AR I VKA T IRCHE 25 b BEAE AR 4 BT
1 mL B ER 22 v b T ki Hh219% 12 000 r/min
50 10 min 5703 IS, T ROS W B2 Ffil 5 &
WE o SEPH/INGE R 3 A B A P RO'S ¥ I i R FH
ELISA I8 AT AR— 2 Je 0o, Pers e HE B Ui 1
U ELISA Fa ) G vl I F kA 7 44 o
T AR () A A T L AR R I AR M i R i L B
MR 2 AL Wy il (horseradish peroxidase, HRP) #Ric
RrHCAAR IR F IF B s S I H IR (tetra-
methyl benzidine, TMB) i, {4, TMB 7E 1 A AL ¥ 1)
PEAL T AL B (0, IR R AR T e e fb i s
5 FHEEFRACAE 450 nm 4T 0 52 B O B
FR AR v i R A RE L 9 ROS W, B Ab HLA:= 9
FEE S EARTREL 3K,
1.2.3 i /) R 2 32 i Ak AR 3P B R M 0 ) ST

SOD I Ml 5 - >R FH A% B 2 L A7k , 2 I Beau-
champ & Fridovich (1971) 7572 5 % K 560 nm 4k
MG REAE , AR P br i it 2 1155 SOD 1 4

CAT 753 2 : 2 1 Chance & Maehly(1955) 77
25, LLKMnO, % & H,0,, M & # 1 240 nm &kt
FEAE AR PEhRvE I 15 CAT 1 1

POD 75 14l %€ : 2 I8 Simon et al. (1974) J7 ¥,
DLAR AU BE R R S, I D4 470 nm Ak 7 I
FEHEAE , MR E I 26 1155 POD 16
1.2.4 T/ A2 30 IR N AR -A B 06 PR 0 )

CYP450 15 5E : %18 Anderson & Zhu(2004)
T3 i AT 7- A R G MR AR
PRI L5 CYP450 15

GST i £ %2 : LA CDNB “HJEY) , 2 18 Zhu et
al.(2000) 77 B 5E P 340 nm Ab ARG LR, AR I
PrifEh 24 GST i

CarE {GE I E « DA a-NA Fll B-NA MKW, 18
Zhu & He(2000) 77 273 AR A 600 nm (a-NA) il
560 nm(B-NA) A W S B A, AR Pabr o th 21155
CarE 114,
1.3 BiRSH

K SAS 8.0 #R AR X 56 Bt HEA T ST
IV FH Turkey K 3672 151722 55 g B ARG 56

2 BERE5HM

2.1 AFEIRL &Y LN FE e T A RS0
TR T AR S AL B /N
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WAL 3y WL IR 75 SR 40 ) K 62.65% . 43.63% .25.91%
H116.62% , 57T A T AEFRA 3 % W 0 77 715 R 4
1R, 105 2 1 T AR R S Ak B 3 R M A
K (P<0.05), H.4/AbHRAY 3 I Wi £7 15 5 1 251K
FHFIR(P<0.05, K 1-A) .
2.2 4FEYIREX SYITROSIK BRI R0
TS A T AR T R AN RS S P /INEE
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X ETR MT OER EHSWH

CK Tannin Rutin Nicotine Matrine

FiER
Survival rate/%

ROSIREE

ROS concentration/

B3 % WL {4 N ROS V& B 43 531 Ry 392.13,351.62
263.56 1 186.94 pg/g, MRBE A 2 6 A0 B i) 3 % i
IR (A P ROS VR FE A vy , 34 0 35 v T 1 T R T iR Ak
FH ) 3 1% W05 A Y ROS ¢ i (P<0.05) , H. 44 Ab 3
1) 3 IS W R P ROS ¥ B 1 Wk 2 2 T 0 B (P<0.05,
K 1-B).
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EWIEALEY Plant-derived compound

E1 REEWIEEN ST NS 3 277 E % (A) F1 ROS IR (B) IS4
Fig. 1 Effects of different plant-derived compounds on the survival rate (A) and ROS concentration (B)

in the 3rd instar nymphs of Oedaleus asiaticus
[ F s P B E 22 . AR RING FRER IR Turkey A6 50 LK B0 7E P<0.05 7K V-4 57 8.3 . Data are mean+SD. Dif-

ferent lowercase letters indicate significant difference at P<0.05 level by Turkey test.

2.3 4FPAEWITRAL &N 3R RN EEE M B 2200
HABE 5 S0 T R T RRAL S | S /NAE

L3 9 L iy A P SOD ¥ 4 43 il 4 679.36.,659.23 .

562.19 F1362.63 U/g, 1 T JHBH A7 S AL BE) 3 1%
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(=)
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(=1

SODJE

SOD activity/(U/g)
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CATHE M
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(=}
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X BT ST R ESR

CK Tannin Rutin Nicotine Matrine

X BATER AT OER ESWH

CK Tannin Rutin Nicotine Matrine

MR N SOD IEPER fm, = H Z MR AR (1
T 5 35 5 T BT R AL B AT R 1) 3 iR Y SOD
TG (P<0.05) , {HL PR i A B 5 60 HE ) 3 % e i
PN SOD it 2 [H] 22 5 AN i 2 (&1 2-A) o

a

a

POD#E
POD activity/(U/g)

X BRTER T R ESH

CK Tannin Rutin Nicotine Matrine

FEYVRAEY Plant-derived compound
B2 AREWEELSYIT /NG 3 2 SOD(A), CAT(B)F POD(C)iE RIS
Fig. 2 Effects of different plant-derived compounds on the activities of SOD (A), CAT (B) and POD (C)
in the 3rd instar nymphs of Oedaleus asiaticus
[ F B s RSP B E 22 . AR AVING FRER IR Turkey A6 50 EE K B0 7E P<0.05 7K V-2 57 % . Data are mean+SD. Dif-

ferent lowercase letters indicate significant difference at P<0.05 level by Turkey test.

TS ARG T AT ERAN PR, I/
L3 i WL (A P CAT 1 P 43 1 315.66.,295.36
236.27 F1189.25 U/g, MRk 7S A1 = T AbHLAY 3 i
MR N CAT WG tER s, = F 2 M Z R A%, H
P S TR (P<0.05) , 2 T AT FRAL B 3 i
PRIIR Y CAT Wt Z M 22 5N B 3% (A B & &+
X HE (P<0.05,F2-B)

HHB, 5 S0 T R T AN S | YN /INAE

L3 % LI 1A PN POD 3 4 43 il R 392.16,386.29 .
326.89 F11296.97 U/g, 4 AL BEHY 3 i 16 i {4 A POD
WP Z R 22 5548 3 (H 35 8 25 5 X HR (P<0.05,
K 2-C).
2.4 ATHEYIREN Y33 MR SEE A2
TSR ARG T ER A T AR FR S /N
B8 3 A BRI ) CYP450 16 144300 435.65.382.79 .
367.16 F1359.23 U/g, MUE Z M 22 7 AN 3, (R34 i
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FE THR(P<0.05,K3-A) .

TS ARG T AT ERAN RS N7
L3 i WL (A Y GST 1 P 43 31 327.16.,278.37 .
196.63 F1136.68 U/g, HHBHFN5Z (g Ab BRI 3 #5 e i
RN GST G PER & , 25 1 TR T IR A BRI XS R 1Y
3 gAY GST 3 14 (P<0.05) , % T 5 B iR kb
PHAY 3 W IE i R Y GST 16 P 2 (1) 22 AN 3, (H A
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835 5 T B (P<0.05) |, 177 5 i b B 5 %o B 2 (1]
ZRANEE(E3-B).,

TSR T R T R AN R I N2
3 %y W i 1 P CarE 76 P 43 51 4 469.30,413.62.
395.27 1365.37 U/g, IU# Z [0 25 55 A b 3 (H I3 i
F T (P<0.05,813-C).,
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HEYENAY) Plant-derived compound
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Fig. 3 Effects of different plant-derived compounds on the activities of CYP450 (A), GST (B) and CarE (C)
in the 3rd instar nymphs of Oedaleus asiaticus
B P8 A bR e 2 . N EINE R R IR 4 Turkey K B0 75 A B0 7 P<0.05 /K F-22 5+ 3% . Data are mean+SD. Dif-

ferent lowercase letters indicate significant difference at P<0.05 level by Turkey test.

3 it

T AE R WL 1) N e, 2 Hi AR AR ) 54
EE/p 3 SURIESEAdyEAL T SR G REAR | P E]
HEMG , 2020 B4 48465, 2020) . ABFTE KI5 T B
TR HHBBURT o 20 2 A 1 S /N A 3
WL PR A7 35 25, Ul X 4 B ) U4 G ) o) it il 1)
BATEHEM, B RA TN EYIR 5T T, LU
BRI S R B R, T R TR

A TG WS I8 8 R A WA N
ROS Y& & Tt w1 , 51 A& A3 , T B M A e v A
T~ (Apel & Hirt, 2004 ; Matsumura et al., 2017) ,
1 ROS ¥ B = I RE 8 B IS HILAAR JT 32 114 P 455 iy 3
o ARG & I 4 P PR A P A S S /N2
W5 3 L A P ROS e B2 349 10 25 Ty, ELAR RO 7
ZOMAL B S B ROS VR I N dc 2 . B H 4l 9 7%
PR =4 57 %k 32225 SOD . POD Fll CAT —# P
P . YIRS B WA ROS W T I
AT LA 5 B HOAA A 3 3 b R i 5 o 1 T PRI
Ree R TG M A T T = A T — VR B2 Y Bl 2 A
R, DL4ERE R BOE % £ K & & (Krishnan & Ko-
drik,2006; Després et al.,2007; Senthil-Nathan,2013) .
IR R 24 TR A P 1) 48 J1] 1% Setora postornata FIZEH)

W Pieris rapae , YT AL A B o- = WEW AR A TR (1
JEBL Culex pipiens pallens VA FiT4E R 2= AL PRAG ) F
il - 1% ¥ 48 U R Malacosoma neustria testacea F5E
ek Lymantria dispar, FoPR N SOD |, CAT #1 POD /)
T M 38 8 T IR AL (9 75 B 55, 2003 5 7 4 % 5
2016) . [RIFE, ABFFEALK I, 2T FATRR H G AN
TS0 4 P BRI IR AL A DAL TS /N0 3 iy
WL 14 P SOD ,POD I CAT A& P+ . il L,
X 3 A ORI AR NI U A R &
SR A E T A T EEAEH

RN, B REASEAESYE RN
CYP450 . GST il CarE f) 335 FIAHE AL 15 123 i 2 T
=, AR B EE i s aa , e AR R B A7
(Birnbaum et al.,2017) . 4157 fig 4b S ¥ A 48 1,
it B 2% R A SR AL PR RSO bk S. litura, 1€
PR R AL PR 2 NS B H. zea VL S HRBR A 2 1) 4
FLRMR Manduca sexta , AR CYP450 .GST Fl CarE
R P 5 g TR B (B XA 55, 2003 5 Li et al.,
2004; E5i o % ,2012) . AR T T
PR ARk T 5 2 Bl Ak 3L ST 9 /)N 2 2 3 % i g 2 P
T 3 i QA B R P 28 0 TR, R 3 Bl B
B S PN U Y IR AL & 5 3 ka2 3%
HEEEM. 550, R CHE — 1 mfERe 2,
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7N L Ao 5 T 2 ) TP v SRR AR X 4 R A 4
IEALA P R rh A EEEFE R AR &, IR T
IEEAK,

AWFFRAETRYIST TR RS S8 4 Fh
FEYDIRAL A Wy A BRSSP /N G L 3 4 e el £ 7 37 R o
L RN ROS M B OR-AP Bl 16 M A 22 B s 1T
IXFP RGBT 6 K () 3~ HE ) 2 AL A 5 i ik 4 =
AR AR5 . AR &P
HHMA A Y —FERENS ) B R B SR R
ik, AR B U i 5 S e A IEE % (Roy et al.,
2016; Birnbaum et al.,2017) , A fF it — 0155 . 5
Hh AT SEALRI 2L 4 b 13X 4 FhAE W IR AL & W 1
0.01% He FE 2544 X H /N R ELAE 35 232 DR 47 il R
FRFERRE T R, R — 2D NS vk B Bt
i RN ESE P TR TERAIFSR
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