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Research progress on the stereoselective bioactivity and

toxicity of chiral pesticides

GUO Haoming, WEI Yimu, LIU Xueke, LIU Donghui, WANG Peng’, ZHOU Zhigiang
(Innovation Center of Pesticide Research, College of Science, China Agricultural University, Beijing 100193, China)

Abstract: Chiral pesticides have attracted much attention due to enantiomeric differences in biological
activity, toxicity and environmental behavior. It is significant to understand the stereoselectivity of
enantiomers for developing highly active pesticides and reducing dosage. This review focus on the
stereoselective effects of enantiomers of chiral pesticides, thoroughly investigated the enantioselective
biological activitiy and toxicity selectivity, and sort it out, the bioactivity, toxicity and environmental
risk of enantiomers of chiral pesticides were reviewed. This review described the chronic toxicity of
chiral pesticides to non-target organisms, such as oxidative stress and endocrine disruption, and pay
attention to the rules and mechanisms of stereoselectivity, in order to provide reference for the
development of environmentally friendly and efficient chiral pesticides, the risk assessment and
management of chiral pesticides, and the stereoselectivity mechanism of chiral pesticides.
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Uz RV, WOk EYE. FEIEERR R, M
TN AXFRERREE. B arRE S e 7k
KAL) 270 B, LT 40%, FEHIX—LH—H
2 EFHREAU, TR 250 Rl 2 A A
[N RE S/ Py B 2 S NN N1 ¥
B CABE A G B L2 ) dh, — e H ok 24 b A
e O A Al AR T kAT AR e Bl B
MAER, R, MPER. KBER
R KB B FR A5 BRAEDIETESL,
KERIWF TR, TP AR 25060 WA 78 PR 858 T
BEVERR TR 2 AR R, W T
BEE. AETHBRPEAI MR BRSO,

WARTFHERAMEZREZEF T FHKZY
IAEEAT A BRI G S, T IR T A 244
VIE R B ARE R ER R RS HRIE. A
CERIARE T IEFEF ARG CHT T, X H AT
] P 470 R 247 110 2 5 1 2 ) 9 i R B 1 A0 )
WUt e R P i id, B HE T a2, &
TENTF ARG IR B IR AT N i3k — 20 i 5 LA &
TR A BRI RO 5 4l AR A 245 1 T
RN AR AP0 A4

1 FHRGEWEMEILFEENE

A T VP AR 2 24 2 ) B B R AR
WEFERH, TR AR 24 0 Ak 2 i) A 3 1 0 22
FE Iy A TR 1) U — xR B
P, HAROV TR BUR A 2) X WA 22 8] 3 1
ZEgt 10 5 LA 3) X i ik 22 [a] 36 1R 5 W B
SR 4) XWARTE TSR, LU S a5 T
P2 BRI 3% T R BAR B 71 Xk #E A A 4 R 0 kA
TEVEZE S
L1 FHRSBF YRS SRR

H AT B T TR AGRZ) 110 A, 2R 1
HI ST — BB oK BRI A B VRS S . SRR
R RAA HUBESAR 2 A By 1%, Rk
XS AR SLAA B FEAE OB TR XL o B HILIE

KK, S RXTH# A\ Nilaparvata lugens
AL Chilo suppressalis 1] LCso 57 514
341 F18.63 mg/L, T1fi R MAXSIX P Fh 3 H1 (1) LCs 1E
43 H1°4 1000 A1 500 mg/L, 583 S-7K BB il o b
R U HOE PRS2 R AR 2,980 57.9 £,
[FIFE, Di S5 R KHEHRBE S T BRAA X A b i i
Tetranychus cinnabarinus R 755 2 Mythimna
separata~ Wi SN} Aphis craccivora /N
Plutella xylostella W17 HIG L) 2 R-7K B % (1)
13.2~55.6 151 S-/KREHRRBEXT 82 IR Locust (113 1k
F& R-K IR 1) 130 £51 7 7K Gt gt ot -1 i 2 H
MEEH FRAEBLFR H S A R4 E
BRI A ERAE, BABORIE ST R &
FARAR 2 . PR AR RAR 25 T BRI K R R
SRR R AR 2, AR, (S.S)-
FR A T X {8 =] /N Blattella germanica i G
YRR (R,S)-TRIKAITE T 50 51, HATEL (5,8)-FU%
FWEG A AR AT R . dhAh, WEUGEER. W
AR CBAME. BRRS . N DOR
TS TR 5 25 DL TR AR A ROS 2R 4T T AL
BT, IRBLME PSR TR A T
o CHiE. mAUES, HE BRIy iE s
B TIRGFRIAT TS, T HURE S 0wk, Hod R-
THEX N R RVR . B E R AN R
LCso {4358 0.36+ 1.37. 0.95 A1 0.46 mg/L,
HOR RIS PER S- T HEH 1.9~5.1 f500; Z duig
H—DFHEHL,  R-CHFX S EF R Macrosiphum
pisi R QR G L7370 2 S- 2 R ) 4.26 50
2.43 A5, IREEMEMESR TR R 0 R OS2
A, HOA AR TANE V2 R A7 10 f5 LA . Hith
FHIRITF- AR 25 2% R4 fluralaners fluxametamide
CMHEME BT R A N AR T AR ) i 2 SR AE
10 5 A B, Fodr S-Bfi g e oy Rk, WA
P R-f U 1000 A5 LAY, H Al T Bl dUs
JRZrh S-efi b 5 R-efi g EL 207 3 1.

®1 FHRAFINREFEELEER

Table 1 Enantiomer bioactivity difference of chiral insecticides

RE LR

Pesticide name

HbRED)

Target organism

value/[LCs¢/(mg/L), LDso/(mg/kg)]  Differential multiple o

XA LCso 3 LD 18 X WA ZE AT At
Enantiomer LCs; or LDy ZERAEE ) N
References

enantiomer biological
R N activity

S 900 Unaspis yanonensis (Kuwana)

Mk Pk pyriproxyfen
M@ A B\# . Diaphorina citri nymphs

LCs0 1.95 6.61 3.33

[22]
LCs, 4.82 114 2.38
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Table 1 (Continued)
XA LCso B LDs i xﬁﬂﬂ%ﬂ;ﬁ;ﬁ%ﬁi
b 4 - Enantiomer LCs, or LDs, S PR
Z??jﬁ*ff\ %Eh:ﬁ?%. value/[LCsy/(mg/L), LDso/(mg/kg)]  Differential multiple of 53k
Pesticide name Target organism : PR References
enantiomer biological
R S activity
Z AU Chilo suppressalis LDs, 9.80 0.290 33.8
fluralaner ) [23]
K KHE\ Laodelphax striatellus LDs,3.20 0.0820 39.0
#5 K\ Nilaparvata lugens LCsy 5.84 16.0 2.78
T B fenobucarb . . [24]
KA Culex pipiens pallens LCs 0.540 0.990 1.82
RS Tetranychus cinnabarinus LCsy>500 16.8 29.7
Zh X Mythimna separata LCs,>500 9.00 55.6
FK B 1% isocarbophos WF Aphis craccivora LCsy>500 13.0 38.5 [16-17]
/INSEIR, Plutella xylostella LCsy>500 37.8 13.2
“KIE Locusta migratoria manilensis LDy, 79.4 0.609 130
8 K E\ Nilaparvata lugens LCs,22.4 6.09 3.67
FF L S SRy . .
isoferjlllohosfmethyl SKEUF Macrosiphum pisi LCs4 50.5 227 22.3 [25]
M TIRGE LR BB Meloidogyne incognita LCs,>200 13.8 14.5
/NE Plutella xylostella LCs,34.2 0.620 55.1
FHETK Spodoptera exigua LCs, 67.7 0.460 147
fluxametamide [26]
KW Aphis gossypi LCs,32.8 0.630 52.1
RWS U Tetranychus cinnabarinus LCs, 104 0.340 304
/NZEWK Plutella xylostella LCs, 0.360 0.660 1.82
#5 KB\ Nilaparvata lugens LCs, 0.460 1.28 2.78
T HuJfE flufiprole [18]
Z . Mythimna separata LCsy 1.37 3.06 2.22
Wi KA W Acyrthosiphon pisum LCs 0.950 4.88 5.26
. Wik Aphis gossypii LCsp1.21 0.375 3.20
Bk H1fi% dinotefuran [27]
ZEE % Apolygus lucorum LCs59.7 18.3 3.30
% B Mythimna separata LDs, 0.150 52.6 333
L H 441 tefluthrin 2K Spodoptera exigua LDy, 1.27 3.82 3.01 [28]
Faw gk Spodoptera litura F. LDs; 2.99 >200 6.67
) F W Musca domestica L. LCs 1.08 30.7 0.350
A% bifenthrin ] [29]
2T W, Pieris rapae L. LCs, 0.850 >300 357
. A Tetranychus urticae LCs, 1.27 0.0760 16.7
LM etoxazole N [30]
RWP I Tetanychus cinnabarinus LCs, 0.837 0.034 24.6
/NZRWK Plutella xylostella LDs; 2.80 2.00 1.40
WR4Ligs Dysdercus cingulatus LDy, 0.550 0.560 1.02
S AU fipronil . [31-32]
KW Musca domestica LDs, 15.0 18.0 1.20
K% Sitophilus granarius LDs 0.630 0.740 1.18
/NE Plutella xylostella LCs, 404 3.52 115
Efi )3 indoxacarb . [21]
R BB Chrysoperla sinica LCs >2000 1.16 1724
Wi G WF . Macrosiphum pisi LCs; 0.249 1.06 4.27
Z.HuJf§ ethiprole i [19]
# K E\ Nilaparvata lugens LCs, 1.75 4.26 243
. KU Musca domestica L. LDs, (+) 1.1 ()32 2.94
i epn [33]
ZALEE Chilo suppressalis LDs, (+) 2.9 -)11.7 4.17
RSB salithion KUWE Musca domestica L. LDs, 0.400 0.050 8.00 [34]
KU Musca domestica L. LDy, (+) 23.0 (-) 6.00 3.83
P profenofos MY &Rk Trichoplusia LDs, (+) 56 )13 431 [35]
¥ X Culicidae LDs, (+) 270 (-)22 12.3
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Table 1 (Continued)

XA LCso B LDs i ﬁw%iﬂiaﬁ;i%‘izﬁlri
b 4 - Enantiomer LCs, or LDs, S PR
Zg?jﬁ% %Eh:ﬁ?%_ value/[LCsy/(mg/L), LDso/(mg/kg)]  Differential multiple of 53k
Pesticide name Target organism ) P References
enantiomer biological
R S activity
FHUK K fenvalerate 1 & /N Blattella germanica (RS) LDs; 0.300 (8S) 0.006 50 [20]
. g . . LDsy IRcis82  1Scis 155.9 189 .
K ermethrin W Musca domestica L. 6
P LDs, 1R tras16.7 18 tras 161 9.71 Bl
N LDsy IR cisd1.6 1S cis 496.2 11.9
F W Musca domestica L. [36]
ZXBE45 T phenothrin epno LDs 1R tras 29.2 1S tras 424 145
F W8 Musca domestica L. LDs (+) 0.097 (-)0.16 1.64 [37]
) FK W Musca domestica L. LDy, (+) 1.32 (-)3.61 2.70
KM% cyanofenphos [38]
ZALYE Chilo suppressalis LDjj (+) 2.92 (-)>73 25.0
) FK I Musca domestica L. LDy, (+) 2.40 (-)15.0 6.25
FH %% methamidophos [39]
15[ /N Blattella germanica LDs (+) 2.40 (-)2.30 1.04
- KUWE Musca domestica L. LDs, (+) 3.00 (-) 15.0 5.00
LT H 8% acephate } [39]
15[ /N Blattella germanica LDs, (+) 4.2 (-) 45 11.08
LB fenamiphos ZIBE AR Acetylcholin esterase LCs (+) 0.008 (-)0.15 18.9 [40]
M SRR fonofos ZBERETEEEEE Acetylcholin esterase ICs, (+) >0.406 (-)0.176 231 [41]
KW Musca domestica L. LDs; 6.30 25.0 3.97
Hb H7% chlorethoxyfos X [42]
BT Culicidae LDs, 25.0 45.0 1.79
L #: i crotoxyphos LT AETRAR RS Acetylcholin esterase ICs4 (+) 0.0290 (-)>0.318 11.0 [41]
F W Musca domestica L. LDs, D: 0.0540 L:0.0280 1.93
3 W Culicidae LDs, D: 0.0760 L:0.0300 2.53
FE=F 8 phenthoate [42]
ZALUE Chilo suppressalis LDsy D: 0.0220 L:0.109 4.98
/NS Plutella xylostella LDs, D: 37.0 L: 66.0 1.79
) SHRBIRN 96%, R RPNy 8%
I B fi% methoprene JHEE Rk Manduca sexta The control effect of S body was 96%, and that of [43]

R body was 8%

E: B () AR ZL GO A e, (o) R ZLEMHOEIE ek

Note: In the table, (+) means that the optical activity of the compound is dextro isomer, and (—) means that the optical activity of the compound is laevo

isomer.

12 FHREFEMEE SRR

e S B R T TR R A
60 i, 2 2 FRBIZE TGy T AR T X R A iR
PEAEYIETER Z R IGO0 . B AT LGS al A 5 i
Tk 2% B R AT RS R R ARS8 A R, BB
R Ry w8 RO BEAT B 5 R o 30 20 % T 70 0 gt
ARG L2 AL 100 f LA E, WpImRE M. &
SR BT IR KT A L OUJR T R AT S A I 2
S, P R-XOUBRIE B RZ (K R IS 1R A S AR 232~
592 51, BEIRR B FIR RAAR o U — SR AR R
AARWENE, 57— XA R B Rk,
i I TR B BLAT BORIE 10T RO 0 e A AR AR
2. UL, I P A R X AR R AN R EE A 4 AR
PEZRBOR, WIBTA SR 2% E I, 3 R R IE
i& SR 178 %, BRI I H 2 74X

NAE] 4 £, (5 R AR IH N R AR, EAmE R
ARHAFHA L, PXTIBUE, Tang Z0& T H
PR 4 AN X B A 53 5 5 8 B 25 f8 Curvularia
lunata FNRFHEE Colletotrichum musae W) 7% 5 W
M, SHFRASME, HISHEIT A 2R45)-FH
I > (28,4R)-FHERIE > (25,48)-PI3F 1 > (2R, 4R)-TH
g, T R A, HIETEE Y (2R,4S8)-T4
IR > (2R, AR)-TN A > (28,48)-TH IR > (25,4R)-
[SEZ N
1.3 FHREFEYESE S AOEEMN

L H a7 OBl T ERRE R 4 70 Fh A
AFHLEN, HZEA—NFHh0r. %3751
XT3 T A ) o I A T e o O 2
Z R E AN R R, 005 AR R N IR ISR
B MERUOREER . RER., HFMLRFER ., MR
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Table 2 Differences in enantiomer bioactivity of chiral fungicides
XA ECso {8 3 B
i s . WBEZE R oo
REGHIR AN Enantiomer ECso value/(mg/L) o o e e ence 2 % 3Lk
Pesticide name Target organism . References
R B multiple
» J& B RTIW Fusarium solani 1.24 314 250
PR M prothioconazole ) [46]
LT Sclerotinia sclerotiorum 0.65 23.4 333
‘ JEFRIE T Colletotrichum gloeosporioides 491 1.72 2.85
S B ™ penconazole B [47]
RIBE TV Fusarium oxysporum 452 2.36 1.92
KA W Sclerotinia sclerotiorum 0.0240 2.00 100
S5k B 1 mefentrifluconazole  JRAUHR T Fusarium oxysporum 0.0350 11.6 333 [48]
B U Botrytis cinerea 0.0280 4.10 146
F B Fulvia fulva 0.544 0.0990 5.49
25 imazalil FAFIENT 1A Alternaria solani 0.718 0.109 6.59 [49]
Wi 1 Phytophthora infestans 2.75 0.915 3.00
AL £ A% Rhizoctonia solani 0.006 0.2619 50.0
R E Fusarium verticillioide 0.0335 2.78 83.0
KM triticonazole e [50]
B U (F.%E) Botrytis cinerea (strawberry) 0.119 1.38 11.6
KRBRTIW Fusarium graminearum 19.5 83.3 4.27
SLFG L2 TR Rhizoctonia solani 0.280 49.9 178
WEM B R famoxadone n [44]
RGBTV Fusarium oxysporum 8.78 31.3 3.56
ML EE W Phytophthora capsici 0.170 0.660 3.88
JRMEMENE Z ] oxathiapiprolin T NFEBE W Phytophthora melonis 0.450 1.12 2.49 [51]
A FEIERE 1 Peronophythora litchi 0.270 1.23 4.56
B B Phytophthora capsici 8.98 0.0170 528
XUBRF B % mandipropamid KIGZIEFW Phytophthora sojae 1.63 0.007 233 [7]
W JNE B B Phytophthora melonis 6.52 0.011 592
e LR Sclerotinia sclerotiorum 0.0029 2.31 797
L TE BRI pydiflumetofen o [52]
KRBTV Fusarium graminearum 0.025 24.0 960
SLAE 2 A% Rhizoctonia solani 0.130 0.810 6.23
K MEEE flutriafol » [53]
A R Alternaria solani 0.650 3.69 5.68
. s RIQHR T Fusarium oxysporum 85.6 46.8 1.83
TRPL 2K 1% penflufen . [54]
FERBE I Fusarium moniliforme 68.5 412 1.66
ML EE W Phytophthora capsici 0.120 4.14 345
BRI zoxamide FAFIENT 1A Alternaria solani 5.39 64.2 11.9 [55]
B U Botrytis cinerea 0.126 17.6 140
SRR tebuconazole W% R Botrytis cinerea 9.10 0.208 43.7 [4]
SR 22 A% 1M Rhizoctonia solan 4.44 2.92 1.52
IR FiE bromothalonil KRR TIH Fusarium graminearum 6.65 5.83 1.14 [6]
i % {5 Botrytis cinerea 4.13 3.20 1.29
1 1% Rhizoctonia cerealis 0.540 0.802 1.49
At : tetraconazole o [56]
INEFRBEIRW Fusahum graminearum 0.382 0.756 1.98
EEMSTRIE Alternaria alternate 1.40 0.780 1.79
‘ U Botryosphaeria berengeriana 1.37 0.310 442
JX M penconazole ) o [47]
IZFIRIE B Colletotrichum gloeosporioides 491 1.72 2.85
R TIH Fusarium oxysporum 4.52 2.36 1.92
INZIEJEIR B Pseudocercosporella herpotrichoides 0.250 2.00 8.00
FATEME tetraconazole SeEHTE Septoria nodorum 0.100 0.400 4.00 [57]
B /IMEZT Sclerotium cepivorum 0.150 1.90 12.7
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Table 2 (Continued)
XF A ECs {5 g o g
I s multiple

& B 1 myclobutanil I Fusarium spp. (+) 0.425 (-)0.578 1.36 [58]
76 R metalaxyl T EEE W Phytophthora drechsleri 0.129 (Rac) 0.427 — [59]

MRS IRIEG Colletotrichum gloeosporioides Penz (+)3.17 (—) 0.287 11.0
CLMeEE hexaconazole SBUR I Alternaria solani (+)10.1 (-)0.751 13.5 [60]

W59 B Monilinia fructicola (+) 0.411 () 0.032 12.8

AT S SR Diaporthe citri 0.029 1.40 48.3
J#ERE diniconazole TREEH Gibberella fujikuroi 0.460 24.0 522 [61]

KR RHE Gibberella zeae 0.420 420 100

E: B () RRZL GO A ERE, (o) R ZLEDHOETE Tk

Note: In the table, (+) means that the optical activity of the compound is dextro isomer, and (—) means that the optical activity of the compound is laevo isomer.

R PEMORELR . FURCEES . R AU R
5, RAKEINEIEME AR, HFRRER AR
K, HTF Al 2 Al i M A 2 R R R
Miidk, 22 b R R DL — i M AR N R
AL, ks 2 H 4 |INBR . K 2,4-THINTR . K
RER., HBHEARER. BERR. AlitEas
P FRELEE . RS S T A U B IR A

EH ATV R, X LR Tk 2% A
TS 22 R AR RUIAT K gt S5 R 1A
e I 50% T PEAR 2 AE P E VE 2 SR AE 10 fiF
DATR, K AR [ 1 22 S AN K5 1 ) AR A 4 7
PR 10 F5 TR L & EE 208 35.72%~42.86%
ISR 24 ok AR ()9 1 22 S Aok, L B g
fluxametamide. M BEFENG . DU EE F e . &
ST B e L b R R SRR AR T I R S o B (1]
AEDEE 2 R 100 £, R TR AH—
AN K WA AR R O B, B BRI 1T R
FHEHE AR A2

% B S UF B TP AR 245 508 AR ) 2L A I B 1
A D P ) 3 R T AR 2 0 A S B bR AL
MEEMZES . TR Bl s F R 24
WO IE B A YISV B BB, i, JKAZER
Tk 388 3 0 1) £ B H BB T8 (acetylcholinesterase,
AchE) 3k & % 2% HEPE®, Kong 253 i 7] Y5 2 A
FGYF XM T 7K RGBT Ak 15 08 Bt AchE 2
W45 A IR 17, R S-KIERi S AchE 45
HReE AT ROKIEHBE, MWIARRE 1 S-7K Bt i ot
R R R M T AR AU Tian S5 A5E40L L 6 55
T8 GABAR W3, ffifH R/S-T HEHHAT 737 XF
B, @R ER, R-T HiEre i i fH It GABAR

HHEE e, ST R AR R PR
I T T oS AR 5 0 5 B B A 4 6 A s R AT TR
FEARN 43 1 X B2 5 B, RIS- 2R I R i A1 BE B A3
FURRE SZAR ) JE 844 77 (van der Waals force) %
T 72 T O WA R FEA [R) R BE O ) R
[FIFE 2 fluxametamide X AFAZ X /)N Sk 7= A X6k
TEFEE A YDIE R B FE R R0 R TR Z%)
WA 2 TR A R AR AL A P 5T, (H 3 N BB AR
kG, SEER. EARETHEM KD T
KA ARG B S G, 1T 7 AR e B I AR S
PE o R IR EILIE I A4 0 5 7K T Bk 5o B A4 of 2R IE.
K2 Locusta migratoria AchE [FiEYER I, S-/Ki%
B EXT AchE B4 G 42 R-/KFZBR B 10 £,
E AR BT AchE B4 25 AR, JIf H S-/K
¥ B T mT 40 ) R B2 IR B (carboxylic acid lipase,
CarE) W13 1%, T CarE {E N —M AR EENE, TS
AN PR AR, K, YR AN R
Pl 0 T 1 A 24 o B A PR A S M TRl T A 0
TR G B A YE R IR R 2 — o BT AR
245068 BR AR SR BR A ) 7= AR e M A i 1 ) L A
AT AP R T M AR 24 0 B b A A 1 17 28 4 e ) DL
fife 5 R, ] g B R 0 A Al B A AR 24 1)
RARMEER BRI -

2 FUHRAFIEEFRENN SR LK
R

TR K IMEFACE R WAL, A2
P24 358 75 B 1] 751 52 S8R BR 22 BIF TN B A SR .
FHEAR NI G, XA 55
WL EAREEMRY TRAER LSS, i
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Table 3 Enantioselective bioactivities of chiral herbicides
REGZHER ZREY of WA A A 22 2 CHR
Pesticide name Test organism Difference in enantiomer biological activity References
wE
2. AT R Chenopodium album L. R 1k EAT T i i By o
dichlorprop-p [ e The R body has higher weed control activity [63]
Viola arvensis
2HF AR PNy R PREE I T v 1) B i 64
mecoprop-p Arabidopsis thaliana The R body has higher weed control activity [64]
FHIE R R R RAFHE R B RGE SR 6 i 65
haloxyfop Grassy weed The efficacy of R body was 6 times that of S body [65]
EXN
R Zea mays L. T TP T S e e ) 2.7 % 66-67
glufosinate NG The activity of the dextral body was 2.7 times that of the left-handed body [66-67]
Triticum aestivum L.
E MR F R Lig R L 68
fenoxaprop-ethyl Avena fatua L. R body efficient [68]
AR R S R AR 69-70
quizalofop-ethyl Zea mays L. R body efficient [69-70]
e AR B R RAFIEE R RBREIE LR S R[¥ 1000 £ g
fusilade Grassy weed The herbicidal activity of R body was 1000 times that of S body (8]
FRELTiE Ligi®3 RKERL g
clodinafop-propargyl  Avena fatua L. R body efficient (8]
T
Digitaria sanguinalis L.
TR P P R RTTIE 90% LA LB 2% 8
cyhalofop-butyl Echinochloa crusgalli L. R body can reach more than 90% of the control effect (8]
LA
Setaria Viridis L.
RER Mk RAKTEYESy S 179 10 £iF -
diclofop-methyl Avena sativa L. The activity of R bodies was 10 times that of S bodies (71]
A R wH R T .
lactofen Echinochloa crusgalli L. R body efficient [72]
A i i ES/S SRHIE LS R AR 2 £ 73
carfentrazone-ethyl Zea mays L. S body are twice as active as R body (73]
HURL FAREF R AGETER SR 53 £ 74
napropamide Festuca arundinacea Schreb. R body were 53 times more active than S body [74]
N
Triticum aestivum L.
LR g RS P FE TR 1 3.5 % 75
ethofumesate Sorghum bicolor L. The activity of the dextral body was 3.5 times that of the left-handed body (7]
EVIN
Cucumis sativus L.
T TR KT FH B TEIE 1, 7o ek ECso fE4 0.5 pmol/L
beflubutamid Lepidium sativum Dexracemic was inactive and levoracemic ECs, value was 0.5 pmol/L [76]
54 R R Pk BB PEIRF K N SS > SR> RS > RR 77
metolachlor Echinochloa crusgalli L. The weeding activity was in the following order: SS> SR > RS > RR [77]
R E g () RFWASS Z AR & U (ALS) AL () 14 4 %
: ; . . The inhibitory effect of (+) imazapyr on acetolactate synthase (ALS) was four [78]
imazapyr Arabidopsis thaliana : e
times that of (—)imazapyr
FLRARTR i R RN 78.35%, S 1K 56.58% 7
lactofen Echinochloa crusgalli L. The root inhibition rates of R body and S body were 78.35% and 56.58% respectively [72]
PRI o D {A ECso {84 0.33 mg/L, L & ECso {4 2.86 mg/L
propionamide Digitaria sanguinalis L. D body ECs value was 0.33 mg/L, L body ECs, value was 2.86 mg/L [79]
WKW 2, 10 72 E¥N RAKTEVER S 11 25 £ %0
imazethapyr Zea mays L. R body was 25 times more active than S body [80]
R AEUDK A ESP/S R A ECso fHN 0.229 mg/L, S & ECso {4 1.54 mg/L :
imazamox Zea mays L. R body ECj, value was 0.229 mg/L, S body ECjs, value was 1.54 mg/L (81]
LEENE PAEE RARTEELY R SR 1.64 £% 0
acetochlor Echinochloa crusgalli L. The activity of R bodies was about 1.64 times that of S bodies (82]

E: B () KRz GO e, (o) RGO etk .

Note: In the table, (+) means that the optical activity of the compound is dextro isomer, and (—) means that the optical activity of the compound is laevo

isomer.
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61.29%

12.26% 6.45% 28.57%

A F1E% 7 Chiral insecticide

B FM: A5 Chiral fungicide

100 1% LA _E More than 100 times
10~100 % 10-100 times
10 £ LA No more than 10 times

57.14% 64.29%

14.29% 21.43% 14.29%
C TR Chiral herbicide

e B E S BRI R (B AN RIS P 22 e A5 O o A L
Note: The percentage in the figure represents the percentage of different activity differences between enantiomers.
E1 FHRAWNRAEYEEERGERSH

Fig. 1 Differential fold distribution of enantiomeric bioactivity of chiral pesticides

T 0 R AR A2 038 Foos A4 13 22 S 891 H i
Kbk 2 B FEUE I, TR AR 245 0] AR T AR SRR
AW AR RN A 2 T T, AR S
B EARIEA N W TS .
2.1 FHRGNIMSHYN

AT, F-PEA 2500 R R0 bR A2 0 1 Stk B8 14 2%
AL e SR Y RN e =7 = W S/ P e e
YInPE 4 D. rerio~ /NERFEE C. vulgaris 1734 Lemna
minor LAVKEE Daphnia magna S.5%, T IEEY)
W7 % WEW| Eisenia foetida %5, VLM B H (4n%
W Apis mellifera L.) 5. 3 4 528 T 0 FHAKRZ
T ARRERR AR B RS . S TR
20T EE bR AR ) B v 1 PR R A S T R B AR AR
Y [FIAE B RO B v BRI, T A R B ol A R e
W&, o SR FERR VR G, xR
B ARt 2R 0 R R v PR BRI o 0 0 T I AR 2 T

(LN R UG S /N=RCIE 1D R e | B Y AN sk // RS B R 61
M AR, e s R . P TR K
W REE, HSRAR 25 BUOKIIE 10T RORIR B AT
ROGA A AR R 2y #0 FUEAR 20 i ikoxt T4k
A EYBEERAKR S ELAW), WaEhE. &
M BORERE . RRER . SHUE. MR, i
RAE s T A0 G P . KM FLAROR
T+ T S T R - 9 2 i % T AR 25 36 AR 0 A
FRAEW PR B AR A 18] 0 7 42 2 S UL AE 20 £
BAE, v e T X e 4t B 2 B R 5%
Wl PRI A 8] SRR ZE A5 0 30 95 A 167 1
MR BRAAR £ 7K 1 PR T2 1 A 28 508 A2 8] f) A 52 4T
NABEPERERE, 1T PR 20 AR X A A )
FRITERFE RIS X T B S A 358 A B 2R Dl 2 4 B AR A 2
FREHE,

R4 HBOFUHRAGMIELFEDRFEEEI SN

Table 4 Enantioselective acute toxicity of some chiral pesticides on nontarget organisms

S TP 4 P K B Sk 2 R

REGAR SARE) Enantiomer toxicity data/(mg/L) Enantiomer toxicity EEPEN
Pesticide name Test organism diff . - References
R s ifferential multiple
BT L 41 ) flfi Zebrafish embryos LCs, 0.34 3.63 10.7
TR It F2 % pydiflumetofen B fh %)) f. Zebrafish larvae LCs 0.47 6.92 14.7 [10]
PEE D, rerio LCs,0.72 8.23 11.4
E A/ NEREE Chiorella pyrenoidosa ECs, 2.04 427 2.09
R} Spirodela polyrrhiza L. ECs 5.49 9.66 1.76
FRUEME 2. oxathiapiprolin BE 5 f1 Ry Zebrafish embryos LCs 6.27 10.3 1.64 [87]
P 4 %))t Zebrafish larvae LCs 6.51 12.5 1.93
Bt D. rerio LCsy7.13 15.1 2.11
/NERSBE Chlorella vulgaris ECs,27.48 20.9 1.32
Hepg24liJfl Hepg2 cell ECs 399.16 231 1.73
7T fenobucarb [24]
BE L IRy Zebrafish embryos LCs 12.22 8.87 1.38

B D. rerio

LCs, 14.95 5.00 2.99
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Table 4 (Continued)
X AR T P A LA 25 A 3 T 3
VA ZRAEY Enantiomer toxicity data/(mg/L) R B 2 S A0 5 S R
. . Enantiomer toxicity
Pesticide name Test organism diff . . References
R S ifferential multiple
VUM Scenedesmus quadricauda ECs3.27 7.24 221
/NEREE Chlorella vulgaris ECs 4.58 5.99 1.31
W& Apis mellifera L. LCs3.45 3.38 1.02
SR fipronil B [11, 88]
VEE Lemna minor L. ECs 8.51 10.1 1.19
M IS Anodonta woodiana LCs03.27 0.63 5.19
5T ZWEW| Eisenia foetida LCs 29 pg/em’ 50 pg/cm? 1.72
I epoxiconazole /NERE Chlorella vulgaris ECs (R,S) 19.24 (S.R) 15.4 1.24 [86]
TR HERE % fluxametamide & Apis mellifera L. LCsy >200 6.47 30.9 [26]
B Ly IR Jify Zebrafish embryos LCs 0.753 1.55 2.06
SUSRBKE M mefentrifluconazole  BE D% Zebrafish larvae LCs,0.553 1.19 2.15 [89]
AT BN Eisenia foetida LCsq 4.1 pg/em’ 11.4 pg/em’ 278
By 4 )R )i Zebrafish embryos LCy 13.53 12.61 1.07
) By 1 4)) 1 Zebrafish larvae LCs 6.61 3.5 1.89
XU B % mandipropamid ] 7]
BE L R D. rerio LCs04.58 5.04 1.10
L3 Spirodela polyrrhiza L. ECs,5.18 14.86 2.87
) £ A X ¥ Selenastrum carpricornutum ECs 0.02 0.217 10.8
FKI T I zoxamide [55]
KB43R Daphnia magna S. LCs, 0.246 1.19 5.48
F¥ Lemna minor L. ECs, 5.86 1.13 5.19
KA Daphnia magna S. LCs, 1.43 0.0611 234
BEE £t Danio rerio LCs, 18.1 5.06 3.58
K B M triticonazole [90]
JIHESRHEL Xenopus laevis LCs,>20.0 8.06 >2.48
T %MW Eisenia foetida LCs0 0.116 pg/em® 0,067 1 pg/em? 1.73
%/ NEREE Chlorella pyrenoidosa ECs, 0.853 22.002 25.8
J# 20" uniconazole WDyt Danio rerio LCs, 10.03 11.63 1.16 [91]
K 1% napropamide /NERIEE Chlorella vulgaris ECs(9.72 8.74 1.11 [69]
FFAE R lactofen F T Z S Eisenia foetida LCs) 0.378 pg/em®  17.7 pg/em? 46.8 [92]
H %8 Selenastrum bibraianum ECs 0.222 0.394 1.77
) KA Daphnia magna S. LCs, 0.043 0.276 6.42
TE TR famoxadone [44, 93]
BEH f1 Danio rerio LCs, 0.105 >10 >95.2
T E MW Eisenia foetida LCsp 0.3 pg/em’ 50 pg/cm’ 167
ZKFE R benalaxyl T %MW Eisenia foetida LCs 4.99 pg/em? 6.66 pg/cm’ 1.33 [94]
BEH fit Danio rerio LCs38.6 1.58 24.4
7K B H % isocarbophos H# Oryzias latipes LCsy37.2 1.62 23.0 [15]
{1l Gobiocypris rarus LCs31.1 1.29 24.1
it LR pyraclofos BE Lt Danio rerio LCs)2.23 3.99 1.79 [95]
FA 4K BL 4 imazamox 1F9 Lemna minor L. ECs, 0.035 0.203 5.8 [96]
Z 1l ethiprole /NEREE Chlorella vulgaris ECsy 7.5 8.07 1.076 [971
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Table 4 (Continued)
X AR T P A A S 3 B fr
VST i ZRAEY Enantiomer tox?zity data/(mg/L) R B 22 A1 5 ER PN

Enantiomer toxicity

Pesticide name Test organism 2 S differential multiple References
B EA/NEKEE Chlorella pyrenoidosa ECs 8.7 15.8 1.82
Vel Misgurnus anguillicaudatus LCs00.13 0.16 1.23
T HUi flufiprole R Silver prussian carp LCs, 0.09 0.08 1.13 [98]
BB Pelophylax nigromaculatus LCsy 1.07 1.56 1.46
KAY% Daphnia magna S. LCs,0.74 0.83 1.12
Hepg2#fifl Hepg?2 cell ECs, 68.81 49.14 1.40
Z B[l acetochlor [99]
7T ZNEW| Eisenia foetida LCso 12.28 pg/em® 23,32 pg/em’ 1.90
K& Daphnia magna S. LCs, 2.65 5.91 2.23
IR M prothioconazole /NER$E Chlorella vulgaris ECs, 119.1 89.4 1.33 [100]
F M Lemna minor L. ECs 0.53 0.49 1.08
CUMEE hexaconazole T BN Eisenia foetida LCsp22.35 pg/em®  8.62 pg/em’ 2.59 [101]
% 3 paclobutrazol /NEKBE Chlorella vulgaris ECs 2.4 8.97 3.73 [102]
M CIPE A 2 B cis-bifenthrin N TREELR I} Xenopus laevis LCs 0.041 0.219 5.34 [103]
R4 tefluthrin T BN Eisenia foetida LCsp 5.55 pglem®  1192.1 pg/em? 215 [104]
TR ME tebuconazole T Z MW Eisenia foetida LCs 10.48 pg/em®  10.84 pg/em? 1.03 [4]
JX %M penconazole KA Daphnia magna S. LCs5.96 0.91 6.55 [47]
& Apis mellifera L. LCsy>100 26.32 >3.80
it ik pyriproxyfen 2]
P&y 8 Danio rerio LCsy2.81 1.65 1.70
TR fif bromothalonil T BN Eisenia foetida LCs 17.53 pg/em®*  11.99 pg/em? 1.46 [6]
2fi B indoxacarb B i Jif Zebrafish embryos LCs, 8.67 11.3 1.30 [105]
‘ AT BN Eisenia foetida LCs00.698 pg/em®  0.05 pg/cm? 14.0
Ik d1f# dinotefuran [106-107]
B Apis mellifera L. LCsy 6.42 0.28 229
FT-Z | Eisenia foetida LCso 1.9 pg/em? 1.0 pg/em’ 1.90
B A furalaxyl A [108]
FHEMEE Tetradesmus obliquus ECs, 15.26 13.59 1.12
PE 54 Danio rerio LCs, 4.60 3.66 1.25
KB Daphnia magna S. LCs, 15.24 16.27 1.07
T4 BE G carfentrazone-ethyl [109]
A H 2E3 Selenastrum carpricornutum ECs, 0.44 0.09 4.89
K Zea mays L. ECs,3.93 1.94 2.03

2.2 FHRAIELIRE RN
YY) En, AN SRR EIE A
(reactive oxygen species, ROS), 1 O, , & IR 41y
G TR I TN IR A B R . AR
HA 2 M5 2% B A AR B PL AE A0 R R R 1L
RO AR N R HR A S B R ) — R
RAS, A2 IE RN M T BB ER, DR B ok
VR VEAl S8 5 G ) 3 B34 X AR W) 22 A PR 1Y)
BARARI . DA KE SRR AR 245 20 JEFE AR

A AR LRSI, T AR 2 0t AR
SEFR A B ) A N B B A A B AR R T
JUZ AT, H b T R TR R B R A A RO
W7t 2 ik AR N 3l B4, i Li 50 7 =
SR BUEE LA KRR PCL2 2RISR, &5
RN S-=F0R dUlisw] 2 3 15 T 407 4= ROS,
It H K T S AL EE (superoxide dismutase,
SOD) it S L&A B (catalase, CAT) FI7GPE, ff
ROS MELAERR, &R 7 M E A, HAH
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FEFHEIS A BT R-WR HUE,  S-PR BT 5 Sl
W) 7= A T SR IR A RN, WERE R T AT
JiE 44 P 9 % (malondialdehyde, MDA) )& &
DA 7™ B ¥ DNA 455, ] 1 B il (0 A= A 2
FEUOT, O IAEE A AR AR AR AMIE S e, R
T B AAS T S B AR AR A PR SR AN R R 1 2 52 B
SO o 5 A% 0 4R L R R N 2 I R R-PR Ui
X6} B 1 S A S Y T R TR A P X
TR R R R B RN, S S-amk
BEXS 75 M i 2 1 v T R-CMERE, JF HB S
HH O AR S M AL R, S- COPEEEXT MDA 4]
M 3R P450 AN 8-F83E-2- i S S ¥ & E A B K
T R-CUPREENON S-S B Rl BE B B FE 2 R-
ST SRR 54 1%, HB S ISR R BN B N
FEEI, Ren S5HF SR B, Lk B i) B 1 £
BIEBEPEREVERON, Forp S-Ak g g i v] 5| RSB
= A E AR, R T I T R R,
X BE Ly f R I B R AL, BREL
R A AR 1 75 TR SR AR B A ad R AR,
S- CHE R w ] ) S RV 2 R- S FEE 1.9 £,
I H S-C TR E R SR A E H A (hydroxyl
radical , OHe) % & L /% SOD. CAT. 4iffa s
P450 M3ETENT A PR IR S TR A A
AV Z AT, W R-22 2 BE ) 3 ) 4
R S-2 3mei, I Had &) ROS 2k 4
M, BETTHUBE D i AchE HIVETE, X B ik
FRARG BN, BFRE T R -J W (R BT 1 £ S AL
WABAR A2 S-H R 1.27~1.53 fi5, KW
R 3 2 S 30 18 35 AN R,

TFE A 24 0 R A i 1 S A 2 B R
TBREFFAEY) AR AT, W/ NER T T 4E+F
KEESRGFRaA T EE, Liu SR T 23000
SRR N ER R I B, 45 AR 2 e mT
75T /INBREE P AR AL SRS, R-22 X /N EK
VR 2 L 5 ) R RO AR R 25 T S-2 w7 LA
BT ANEREAE KRS &, kAR, F
A 24 08 i A2 HEL ) B A TR PR 308 9 1 B 1k RRRY
n S-S RS, NEERA Oy B & Al
MDA & B E W E T2 A0, Hrs4 8 b
WO N B8 T Rac- RN W L, HLAMH /N S A R
AT, R-WKME 2, 0 R T 25 S8 N T /N S R AR
ROS & &, T Fe’ BRI, I H R-BKME LM
FR AT BRI E A g b, THOCEIER, G

VI FE L TR 2R M, R AR BT I
A= SR 100 £, {H S- 2K TR M AT /N 22 %)) 1 o A%
Abants, RN ESEAERK, HFHTI T RE
LAY oS A
23 FURAGIELIREINA ST I

AR, — LB AT I e e e 24 B AT P 43 U
FIEENE, FHRAEY IR WEER Wt 5 2R
FRAEDEBEINREZREL . TR Z0 T AW A 43
B R/ SV ks L g AN S o e Y PR Wi
5, RetRIEUE I AR AN RIS I TV, I AR 20
1N S R R s/ 7 (YA NI X NP
2B 25 2 i o Tl (A 6F H2O5R 4T 1 b Ji 7 i i 2%
I3 WA B IR FEVE TR N SR B, S- I IR &
PR R- I IR 4 25 P 1) A [ B B2 b 410 7] H295R 48
J B BRI Ay, L S- IR 4 T
1l 250 B i 124, Hu 251 FH AR Ah 52 36 A SRS
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i X0 AR ] A ML )R8, A5 RS-l
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A, R EAUEIUAERT (1R,58)-M- 1 M 5 HUR IR
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0T LA R B e FROIR I I 2 T 0 S 56 3R
S- L FE R DR R 3% 52 A4 R4 IR i aR 6 I
RKERIH BZERMEN, MET R-2% K, S-
LB BE L 1 FOIR IR A TE 5 A R A 2T &
TG 4 A0 BLARST H295R 4 T s 36 %
W, 1R-cis-a.S- 5053 Ba W] 4100 i R 5 I8 3R S A4
Eh R R AR BRI 2 ARG M, 1 R-trans-aS-
FUFSGR v] M MR AR RIS R 2 s 1, H
AR 2 AR B AR RT3 Rl A ] B I B A DG R ) 3R
IRANER 3 Wb, 2 W U TR 0] LA 73 53] Pl o i
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BE & B TE RN, KB 22 ) IE 4 3R B AR 24
X AR SEAR AE VAR AE 22 07 TH T PRV, o
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X IE R T ()-SR SR T R R A
TNBERREG) Eremias argus 25 11 % 2 i B XS AR 28 d,
S-JG R R FRAIS T i iR E L HLOME I (BE2) &R
fiK, JFHFI TR A B MR ERZE, EY
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JREU29 o S DA R fi ot DR £ A JiR K R E 5 R B
S- ¢ A B Ji AT R B AR K B A R R A
SshB~ cypl7+ 17Bhsd 1l cypl9a WIZRIE, FEUMEME
Bt B2 SR KRG, JF H O 0 A S- 5
PR PP B JH 0t RE 1 N g3 WA AR FH AL A AN [
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24 HFESWMEFEHERAARPIIES

MR EKIE, NEZFRE XA
Mt V2RI RE . H AT AL 2 PR 8 5 2 S AU A
KEHFTAAHMRWH ., A, EaHSTBRRE
JEFZYR AR 50 R AL WD) 22 R PERE R . AE TR
IR R BT, AW SO B O VEIRE IR
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BT LA Ve R A EEREAC . =R IR TG
JIE 107 R A2 W) 6 A A RN TR TR OB B AR S 1. AE
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B, R-IGMERER] SECATAEPERE . 2 AR A VLR
DE RN, BRI S E I E IR R

o S AL 52 R (R AE T2 MR 24 20 i 2 1 2
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S-Wk U 55 75 5% i) AR 10K 43— B0 AH ELA R
X BT A TR IR B R-PR H i B iR, KT A A X R
M 18] A i B R MR F B PR U, B
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Dedicated to the 70th Anniversary of Pesticide
Science in China Agricultural University.
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