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Evaluating insecticide bioassay methods using
the Spodoptera frugiperda cell line Sf 9
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Abstract [Objectives] To meet the need for rapid bioassay methods for pesticide development and pest resistance
monitoring, we compared the results obtained from bioassays using insect cells vs whole insects. [Methods] The virulence
of different pesticides to the Spodoptera frugiperda ovary cell line (Sf 9) and sensitive strains of Plutella xylostella was
examined, and the correlation between the inhibition of the cell proliferation rate and insect mortality compared. [Results] Both
bioassay systems ranked the virulence of the three different types of insecticides as avermectin > imidacloprid > beta-
cypermethrin, and the virulence of the five insecticides in the same category (organophosphorus) as > dichlorvos > phoxim >
propionate > trichlorfon. Both bioassay systems also ranked the virulence of three formulations of the same insecticide (5%
avermectin) as micro-emulsionn > emulsifiable concentrate > emulsion. A linear regression model of the relationship between
an 8 h cell bioassay and 48h insect bioassay was constructed. [Conclusion] The results of an 8 h cell bioassay were
consistent with those of a 48 h insect bioassay. Cell bioassays provide a relatively quick way of testing new pesticides.
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Table1l Resultsof virulence determination of three different insecticidal mechanisms of
insecticides against Sf 9 cells and Plutella xylostella

HOL  gsopmfzxia  HINEES

Pkl RAGH AR A HUR HARETE MR
o - . e % Ak
Test Insecticide Insecticide Virulence Correlation HE (}z %ﬁ%ﬁlg:f 1';,;4(
material name type regression equation coefficient (pg/mL) . I.ie.latl.ve
LCs, interval  toxicity index
SFO 4UH FaldEis G/ y=1.007 5x+3.520 1  0.972"" 29.44  16.84-43.66 100
Spodoptera Avermectin Microbial pesticide
frugiperda . .
MH, Ha ik R y=0.727 5x+3.799 0 0.957 4476  23.46-74.74 65.77
Imidacloprid Neonicotinoids
EsEE A R g Rk y=0.908 5x+3.3439  0.968" 66.51  43.76-112.29 44.26
Beta cypermethrin Pyrethroid
NG BTHER R ez y=0.974 8x+4.3550 0.985" 459  2.98-6.14 100
Plutella  Avermectin Microbial pesticide
xyllostella . wox
ITAZERYIN B y=1.315 9x+2.9059 0.947 39.02 9.41-71.10 11.76
Imidacloprid Neonicotinoids
EAESEEE RS g Ek y=0.973 7x+3.2529 0.995" 62.27  45.99-81.94 7.37

Beta cypermethrin Pyrethroid

TR REAE 0.01 AT IR E L K BT R A AR EZ R, AR IR ECR 100,

" means that the correlation coefficient is extremely significant difference at the 0.01 level. Avermectin was used as the

standard drug, and the relative toxicity index was 100.
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22 FE—%E (AHBEK) 5 MFRAFWES
R Bz

HERZGFIXT SE9 A /N Rk 7 I e 45 R
m#F 2 fion, WE 2 iTLLEH, FIH CCK-8 %
TE 5 Fia HLBEIE A 70 8 h I RENE A & il 40
FRLE A, 20 s o EAG DR | = s R A AR
ST 9 4iaxT 5 FhlF]—2 R B 8 h AYEE S K/
5 /NSRS 5 Fh A — 2R ) 48 h EESIR
JNYE B T A > R > o > TR

W>HE B AR AR 45 2R ol SR i
VERPRAEZS ], AHXTEE 98400 100, WISERimk |
FOECE | TBRRE . EOA HZG R AR R
Wk 87.36. 41.95, 21.15, 5.16; ik Hu Al 4E R
Hols Shr B A E bR LS ), AT EE S Fe Ak
100, WSEmifd . SRR . NGLEE . BOA B2
FIFEXTRE I HEE B 71.87 . 44.16. 26.49 .

2.40; UiITEAEIRZG ) rp , At gt A i 8t
T A A SR i, X R R R AR M A X
AR

£ 2 SHHENBAERRFI SO MMANNEBNSHNELER
Table2 Resultsof virulence determination of five species of the same type (or ganophosphor us)
insecticide against Sf 9 cells and Plutella xylostella

ynvrpss A HUR 24 8K TSI H 7 AR MIX RS BOCHWRIE  os%mfFIXm MR %K
Test Insecticide Virulence Correlation  ( pg/mL ) (ug/mL) 95% Relative
material name regression equation coefficient LCs, confidence interval toxicity index

SF9 4l Dhikifs Malathion  y=2.1314x+0.316 5 0.992™" 157.53 133.65-169.16 100
far‘:;?ggs;a HFE 2 Dichlorovos  y=1.835 7x+0.858 6 0.970" 180.32  141.57-241.44 87.36
SER#E Phoxim y=1.169 7x+1.988 4 0.989" 375.56  303.87-473.12 41.95
N Prothiofos y=1.664 2x+0.220 5 0.996" 744.65  645.63-857.22 21.15
#E B Trichlorfon  y=1.794 5x-1.253 3 0.976" 3052.83  2349.49-3 921.62 5.16
/N SHiEEE Malathion  y=1.536 1x+3.163 3 0.978"" 15.69 9.57-24.08 100
E;lxﬁtc?sl;la F#HE Dichlorovos  y=2.205 4x+2.046 8 0.989" 21.83 14.84-28.65 71.87
SE1#E Phoxim y=2.243 1x+1.521 8 0.978" 35.53 26.81-50.55 44.16
N Prothiofos y=1.788 1x+1.830 3 0.981" 59.24 42.56-90.18 26.49
%4 H &t Trichlorfon  y=1.424 5x+0.979 1 0.978" 664.77  405.15-1 583.69 2.40

TIRFAA L RELAE 0.01 KPP . B DRGEBELE AR IEZ ],

AT RE I FE R 100,

" means that the correlation coefficient is extremely significant difference at the 0.01 level. Malathion was used as the

standard drug, and the relative toxicity index was 100.

23 FE—Hh (5% M4EEE) 3 FARERA
B E H R L

BEIXZG 7T SEO Ui, /NSl 75 7 I 25
M 3 Pron, G5RFFIH MTT %HE 3 FioR
Al 7] 8 h N REAE A e i 40 i 4, 21
LR LA PG L RO R AR . SE9 4Nl
XF 3 AR RIFIELA HF] 8 h i 8E 1 K/ /N SR ik
X} 3 FPANE IR di ) 48 h T ) K/NE R
T 5% 2 B 2 LR > 5 %0 b 4 i R 2L I >5%
B e B 2K FLAN R AR A A5 SR el 5%
o] ¢4 B AL AR E 2570, A B AR RN

100, WU 5% 2 2 2L . K LR A AE X 5 13
Bk 31.25, 25.55; A AEZE R AR 5%
BoT 24 B 2 L RIVE Ao 25 70), AR B 1485k
100, M| %P2 7 25 FL3 . AKFLA AR 75 148
By 53.19. 37.25; AL ), It
TR AR A% 5% 2k B 2R LR AU M A
T, R 5% P2 TR R K LA BUR AR X AR

2.4  A[E)R B 40 R A T At B AR R B oS Bk
S

XA A 8 h A= DU R 48 h AR
SRR HEAT IR A 0 A, A RANA 1 Broke M
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x3 3WMARFIE (5%MAEREE ) KRBT SFOMMEA/NRFEHZHNEL R
Table3 Resultsof virulence determination of three different dosage forms (5% aver mectin)
insecticide on Sf 9 cells and Plutella xylostella

PR AR BT FR HAEER MR BOETWRIE 95 B FX A AR S
Test Insecticide Virulence Correlation ( pg/mL ) (ng/mL) 95% Relative

material name regression equation coefficient LCs, confidence interval toxicity index
SFo 4 #FLF Micro-emulsionn y=7.702 3x-4.2724  0.987" 15.99 15.46-16.52 100
Spodoptera il Emulsifiableconcen-trate y=4.080 6x-1.973 6  0.975"  51.16 46.22-53.96 31.25
frugiperda i 2/ %11 Emulsion y=2.665 9%+0.210 8  0.988"  62.58 57.44-68.24 25.55
JNZE ik #FLF Micro-emulsionnn ~ y=1.371 0x+4.083 5 0.951" 4.66 0.57-8.23 100
Plutella  Z[Jfi Emulsifiableconcen-trate y=1.221 9x+3.848 2 0.906™" 8.76 2.08-12.75 53.19
xyllostella s =1 31 Emulsion y=2.497 6x+2.259 6  0.930"  12.51 1.12-17.46 37.25

TR REAE 0.01 KT TR E L A 5% B R L RIE AR 2, AR R R EC 100,
** means that the correlation coefficient is extremely significant difference at the 0.01 level. 5% avermectin micro-emulsionn
was used as the standard drug, and the relative toxicity index was 100.

S A S B S C
N E -m- [T EZ Avermectin N § —a— TUHIBBE Malathion —e— opionat N § —&— 3L Micro-emulsionn
'é 3 160 - —— syt Imidacloprid é S 300 [ . g Dichlorvos —:';j%ﬁ?;:hlorffn g RS 40 j " Pl Emulsifisbleconcen-tate
E Q’ 20 —a- TR 3GRE Beta-cypermethrin E Q‘ —v— 5% Phoxim // E Q, “ [/ —=— 7K¥L3] Emulsion
~ R r a” ~ R Yava ~ R r /
mﬂé e %EZOO— ’/// mﬂ"g // .S
*T:m L // %m /,r B ’K—:mzo_ / //’
g5 % L =35 =38 1
¥ P & F 10 . B
< 40 s <8 | LT < €10t
% & . - %8 | G % & -
'HE 84 0 P I I ) ‘H'E 8. 0 P I I I I ) 'HE & Y 1 1 |
® g 40 80 120 160 ® ; 500 1000 1500 2000 2500 ® i 20 40 60 80 100
< < <

8 Wi R SOANEHE (pg/mL) 8 Wi RSO (pg/mL) 8 hig RSO (pg/mL)
8 h poisoning Sf9 cells dose 8 h poisoning Sf9 cells dose 8 h poisoning S19 cells dose

B 1 Z[E Sk H 540 e A AN i B AR 7R 2 4E S 4
Fig.1 Correlation analysis of kinds of pesticides biopsy and test insects

A, AFZBHLE 3 R MG B [W—2K8 CAPLBESE ) 5 FRAGR; Co [W—Fh3s (5%BT4ERR ) 3 R ),
A. Three different insecticidal mechanisms of insecticides; B. Five insecticides of the same category (organophosphorus);
C. Three formulation for the same insecticide (5% avermectin).

Bl 1 AT DA 1, ANFER AR RS SE9 4iiffd 8 h r=0.999 [F]—FhZEA [ 551 24 1) 4% He ) v 590 2
FIFIE SN 48 h il EA RIFmZbE BRI RIS R y=2.451 8x-33.409, #H
KR, FEAN A HOMLBR A 2% Ha 7] e By 4 3 28 4 [l K ZR N r=0.9665 5% 24k TR 28 FL i (14 1] A 7 Ay
5 FE R y=0.162 7%-0.118 9, FHEZRE r =  y=0.505x-14.702, HFEZRE r=0.955; 5%B 4k
0.999; it A kg [a1 )7 5 R y=0.142 7x+9.919, ZOKAFIA T TR y=0.211 7%-0.661 3, #H5&
R FREL r=0.922; =S TR 1Y 155 )7 8 28 r=0.999, VLAY HAS B 8 h
y=0.888 5x+1.990 3, AKX FR%L r=0.999, 7¢[H— YO T P ) A 0 5 SR 5 R ) 48 by
A CHAUBEZE ) 18 HUR v By A il 1 8 05 ol N I S e — 3%, 35 BP0t

T2 y=0.2142x-21.438, K FEL r=0.996; ErHE

B EIH T FE R y=0.081 2x+8.310 8, MK R 3 Hik5itit

r=0.998 ; = i @ 09 11 )9 77 F2 A y=0.035 Sx+
18.865, HHICZREL r=0.982; NHLMEAY AT
Hy=0.074 2x+3.102 1, K RZE r=0.999; &HH
WA EIF RN y=0.179 2x-19.714, HXKZ%

ABEFEH ST O 2R AR I A/ N i ot e AR
Z IR R BE AR DG - ANTRIR HOPLBRAY 3 gk ol
TN IR/NME 2 FAZIR R PRI T T 4E
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A28 > I o> 2 A0SR UG TR AR 5 [R) — 28 A
(CAPLBEZE ) S AR A KON RAE T 5
LA Wl > A 2 > 2 o > TR > TS A ) R
s [P (5%BTHER % ) 3 AR B B
FEE RN T T LR >F0 > K FL A
MiAE, BFFTas R, SEO 4 8 h A=A/~
i 48 h A= I & 2 AT RGP AR G R N, PRI,
REME A FH SE9 4 8 h A= 45 5 [ i /NI 48 h
A A N 2

EFAFE (2009 ) #GE MTT 7581 CCK-8
FE VT A0 M ] R 5 vk i 9 7 B ) L 22 5
CCK-8 Jy ik & B [ /bF MTT . AR
FH 2 I 77 vk e AR R0 & B Rl 25T, R
CCK-8 ZxH 544 B[] o B4R | T A4 ) A= A 2 e
D2 HGRI R CB AT, E0FH FAH S A 55 vp
( Stipanovic et al., 1990; JE#H &S, 1996; ik
ABFEAE, 2000 ), BEUASE (2005) AT AR
RIS R E IR ), WE R ZS
W, EE R, 5% B R R B L
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A A B R T R R R v, A A A e
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