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Progress in toxicity of chiral herbicide metolachlor

ZHANG Xuan, YANG Rui-li, LIU Chun-hong,
SUN Yuan-ming, LET Hong-tao

(Guangdong Provincial Key Laboratory of Food Quality and Safety,Research Center of Engineering and
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Abstract; Chiral herbicide metolachlor is widely used for preemergence control of broad-leaved weeds.
This review focused on its enantioselective differences of acute and chronic toxicities to non-target organ-
isms after entering the environment. These differences are closely related to biological absorption and me-
tabolism. The developmental trends of future investigations on chiral toxicology were also discussed.
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Fig.1 Four isomers of metolachlor
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(LD:o) 43512k 2 330 mg/kg F1 3 160 mg/kg™! ,S-5
s TR T B 1 25 00 W A B 18 1 2 11 e 8 Bt
1.1 37 B SRR XT 5h # i X B 4 128 2 14 A9k 158, 0 mg/kg 1 632. 0 mg/kg M UL B},
SN R A A A AR rh R R s X AR AR AR XK EA BRSO . S-S R K A R R
T M B L SN T R M S g R MR B B9 LD, 4 Bk 51. 2 mg/kg™ il 34. 63
T T S S NS AT R A J B ) P 2 i 32 5 vk mg/kg" (£ 1), LK s & T 5 B R R B
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Table 1 Acute toxicity of metolachlor to tested organisms

Z A A R W bR ECeo /LG 2% 3k
Tested organism Type of metolachlor Evaluation index P07 50 Reference
e K B Female rats Rac LD, 2330 (9]
et K B Male rats 3160
S HE Daphni S LD 5Lz [11]
| N -Dso
#r Daphnia magna Rac 69. 4
S- 34.63
iy #5] Earthworms LDso [12]
Rac- 35.68
Wil NER S Chlorella vulgari s ECs0.05 1 o1 (16]
- K Chlorella vulgaris 50,96 h
(=] 3 Lo a vutgaris Rac7 0. 383
S- - 0. 083
BHEM#E Scenedesmus obliquus ECs0,05 1 (16]
Rac- 0. 150
. e . S- EC 0. 068
FEH/NER#EE Chlorella pyrenoidosa #50,96 h [17]
Rac- 0.152
WIS Seened S EC 0 [18]
3 . SIS 50.24 h
# Scenedesmus Rac- 0. 232
EMH A Selenastrum capricornutum Rac- ECso.72n 0.056 [15]
INERE Chlorella Rac- ECs0.96 1 18.926 [13]
£k % Green alga Rac- ECs0.06 1 5.508 [14]
ok M S- EC 755.98 [10]
< aize /50,96 h ¢
N Rac- 782.73
S- - 9. 44
JKAG Rice ECGs0.96 1 19
R Rice Rac- 12. 32 L]

1. ECso 950728 mg/L; 2. LDso 9 547 2 mg/ kg,
Note: 1. The unit of ECs is mg/L;2. The unit of LDs, is mg/kg.
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INER BRI 2 9 B 8 AF Rac- 52 0 H B BE R BE T
96 h, 2 BB KR MWk E (ECs) 43 9l 15 7] 18. 926
mg/L" Al 5. 508 me/LUY, M H FEERET
Rac-5#+ 9 H & i 4 4 F 72 h. EC,, f& & 0. 056
mg/L", S-F1 Rac-$5 74 WY 5 e o 44 A i o L o A%
ZINBR B KRG 9 2 B0 RN ¥R B (ECs0) 777 W
fly 22 5, % T L Rac-53 D9 R 0 e 6 0 ) 75 1k 3k
N LG S-S B R R (3R 1) . X B S N H R

Xt 22 FfA [ AR S b A 2 2 B HO R e vy e g
P

2 5 TN RTINS R A
7
X 5 AT BB 0 6 R BT B 5 % LA
A A T 0 L I OB P A2 169 22 i 2L 2 4
ANV BRIV OF ELAE R 7 A4 e
# A IF 7 B AT M IE 4 R G 2).

x?2 RARERNZXEDHBEESHE

Table 2 Chronic toxicities of metolachlor to tested organisms

A ZIRAEY 5T PR B D A 45R EEPEN
Toxicity Tested organism Type of metolachlor Result Reference
0 0 1 e SOER ]
Zebrafish embryos Lethal and teratogenesis
RE M X R Jif 448 P N 240 it 2550 5 ik [20]
Developmental Chicken embryos Reduce the amount of cells -
toxicity 4 e E
LIS i 41 LA TR 6T
. - . Rac- Increase significantly cell apop- [21]
Murine preimplantation embryos .
tosis rate
NI B A0 Rac- Xt 4 L 5 Sk T R i) r25]
Human lymphocytes Not inhibit cell growth
. . 51 AR T R G A 43 W A AR AL
HEFE R B S- Changes in reproductive endocri- [26]
Male rats nology
Immunotoxicity ﬁ%%"ﬁg%éléﬂﬂﬂ@ Rac 290 0 25 ok ik 2 [24]
Polychromatic erythrocytes Reduce the amount of cells
X A VB 92 A R S T R A A P
VN RN Inhibit humoral immune func- .
. Rac- . [P [23]
Mice tion and nonspecific immune
function
AL Bk INBRA AR Rac- TG [9]
Genetic toxicity Mice None
FRBAEE AR . P o]
Thyrotoxic Japanese medaka Harmless
o Ul 40 8 Hamster lung cells S- . 10
W : ¢ AR5 o]
Lung cancer risk Ry # Rac Harmless [35]
Farmers
Tl 51 i P W2 AR
o Rac [36]
Prostate toxicity Farmers Harmless
BT CBL T e S0 f o)
Rat liver microsomes Carcinogenic effect
Wt R N A 2 K o]
Hepatotoxicity Rats Mild edema of liver cells
NIRRT . T
Human liver (Hep G2) cells Rac Lethal [28]

2.

1 RKEEH

JV i i 4y AF 5 3990 2h W kR — > i R
152 st 3 A0 TR 1 S g A i R B R T B A
FAES NN sl IR S A S @ R LN B R N
TTAEART WA E . 2. 88 ng/mL By S-S5 B &
i B AT 3 e 2 X R B 40 A R0 AR N BRUIR
Ji6 40 M 1% F2 W P A 100 ng/mL Rac-5 N F 21 i
72 hJ5 A TR S T B F 2 B
G 40 B #5d Y . 107 mol/L Y Rac-5 14 HI &
i %ok BXF £ U fify B 3R B0 A WD S 1 BOOE L SO L 0

B R I FLR B — g i B 1) 3R] AR
(£ 2),
2.2 mEBREMH

Rac-5 5 H & e B g 3 M 32 28R B X
AV B 2 N A R S M i 928 ) B 1 00 A4 S B2 i
EL 40 B 35 3 Ry 0 Dy RE R R AR R R, 2.0
pg/mLY Rac-5 75 F 8L e B w) fff /)y BB 6 08 22
CLANM A 22 57 2498 80 3 T FEL 40 pg/mL Y Rac-
S AR i ) R 00 5K F1) 3% 4 B B e b
Rac-5 P FH B2 Jiie 3 R B8 1K /0 BUNEE I 445 L 400 o) 40 i
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TG 1 R AR P AR K ST, 4 Bk B 40 i 2 g L 6/
BRI VR 92 Dy e 2 B SR 4 5 53 A0 s /N BRUME s 1
Wk 210 i 7 i A £ 200 i 3t 50 . & B Rac- 57 79 Y R i
AT /) BRI I 4 A It 3 Y I e A1 LA 7 ) -
N FR/NRAERE R s et R B — o
PE . 3 ng/mL g Rac-5 P Y5 i %o 94k B 400 i
B R . Mathias 27 i 78 & BL. 50 mg/kg
() S-S P9 Y B o T 5 ) A I P K BRIl &R G N 4y i
A5 4k .
2.3 HEH

FER BRI A0 (0 R PASO B RAEAH T, Rac-5
PR R AR o B B0 VR 0 b TR
Jiigt e, JE B AN X S-S P R i I 2 1 AT R R
18 (90 d) 28 1B P0G . 78 48 A Yo 35 1 1], v 7 i
(632 mg/kg) 41290 BRAL L1 K A J BLOK B 40 i
12 P8 K M T At 5 U 28 A AL B AL 0 ) 32 R
it R e A R R IE A — e g . o F7KF b
WF 58 T Pk A 25 1 JFF 35 LR A © 3% i e I F , n DA 9
AL Hep G2 R (R AMEEHY , & B Rac-5 79 H HE Jie fig
Xof R T 240 L JE I B P 2R Ak B e IR L
R OB I T A o 7 |01 i 1
S o LASES 40 M DA 0 L 45 Sk AP 5 A AR ) AR A 1
AR A 3 B2 AU 0 B H 352 e AT S E AT LA
S 2 Y L S B A L AT i L
Xof T ik A ok 00 0y o 5 3 2 RN 1 A T LR A A
B BRI 2R ST Rac- 5 R B
(18 JFFBEBIL AR e S PR YR ) X I o B 25
SRR R W A
2.4 HitsH

WA H AW T LN BASR oK A 3h W Je N
AR F 5E Rac-5 P9 H 0B 1 a5t A% 35 1 L H R
J 25 M i 2 R S B B VR L R B Rac- RN
FH 8 e Sk B R BR A R T 0 B A AR 59 i FE AR L G

Y
3 PN FH e MR e B A Rl A o R A
Ee

3.1 YR XS BRI R

Fo M A 247 08 W A 2 R 1 B2 B R AR S M 1)
A= P W S A A S R 7 A AR Y B — X B A 1Y
5 AR ) s R IER — B o
— X WA 1) R FRAE AR W IR I B2 AR BT, Rac
A S-S R e o kA B S AN A R 7 P 1 52 el

FAEBEREME 22 57, Rac- 57 T H 050 e X6 57 3 A% /N K o
FREA WHEE 8 ECs, .96 h B 43 51102 S- 5 79 H B (1)
2.25 A1 1. 81 £51", Rac-Fl S-S P4 Y Jile b 7 5 >k
FK e 4 AR R 5 o 6 K RN 7K R o 53 3 1k 34 I 2%
B, HOm B 2 FhA 2 He AR L IEAMTOG {5 S-%F
e A b B S () J5 AR 35 1 B 2 K F Rac-Xf B {4 4b
PLST  AE I B H T 5 B 4% ( Transmission elec-
tron microscope, TEM) T M 2% 2 Rac-f1 S-S N H
B A R R N EREE, KB Y o RE
SrEIG IF HAEM Gk R TR Z 38 by L, 7E
Jo H AT — B g S5 /)N A — B8 SR R H N 3 B e
AME R K AL T OR S ER 2 R E
FET B A0 o 3ok 2 0 40 52 45 i A5 5, S-S I P
i b A 1 T A5 AR AL B Ry e X BB ST U P
Rac-F1 S5 N W BE e 34 25 o I8 52 X 2B 9 19 2
L2 Ae 40 M 1y T AR KRR . H Rac- Al
S-HNHE MR LR ZEFE. SRR R
B Xt Z R 0 55 M L Rac-F TR H BB 09 2 MR OF
x.
3.2 HWRBHNBIEEGE

FHEAR 2 A B 5 A8 AR YR R B2 s
I3 A KA o A ATT AR B 22 R R A 7 T HL 2 R
IR HE X W A 3 R P 2 L ARG WD A Sy B AR AE
R o (0 AU DAL 6 A L B SR TP G W TE A Uik
DA P B 718 3 R o) e R 32 R M R R AR L AR R
FEY, Rac- K S5 7 HY B e 7 B OK AR F& o iy AR gt
P e — B BT B OKR AR R g AR R
3 0 MRUR R GBS 4 R R AR I R A P R A
FEM PR L HUAR (IRl 2, a] BB X Rz 14 B A 7= 9 43 il
FHAL BN B 2 (Hydroxymetolachlor) | it & &
B B % (Deschlorometolachlor) 1 75 B% i 4 7
FH 25 Jfiz ( Deschlorometolachlor propanoD)®*, % 3k
H R XKV BE Rac-Hl1 S5 78 B Jie 31 A CRR 38 IR i
FRE i) B b, H S-S 9 W 20 e 09 T i R R T
Rac-52 1 H B B, UL IH 2 Fh R 25 78 55 AR & 11 i
FEAESEARVEFE 22 S PR L (0 BRI B8 A T A 72
R B A 2 RIS 11 I AT BT I ok 2 [ e ) ) 2 7 7Y
15 YLy, IR AT A RN 3 R M AT R R S Ay
Rac-5 P H e Jie 78 R BUAAR P A5 D) A it B A B0 1R
FH G e FETR A frie 1, 3310 B T M ok R R0 S T
B e AR AN [ AE R D9 AR 3 T g B AR R
P
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Fig. 2 Possible metabolic pathway of Rac- and S-metolachlor in maize root™®
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