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Ecotoxic Responses of Earthworm Eisenia fetida Exposed to Cypermethrin

KAI Jian-rong'?, SONG Yu—fang'", CAO Xiu—feng'?, YANG Xiao—xia'"?, YIN Yong—chao'?, CHEN Lang'?

(1.Key Laboratory of Pollution Ecology and Environmental Engineering, Institute of Applied Ecology, Chinese Academy of Sciences,
Shenyang 110016, China; 2.Graduate University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract: Pyrethroid is widely used around the world, and contributed greatly to the agricultural development. But a large portion of
pyrethroid used in agriculture ends up as residuals in the soil, making soil —dwelling organisms more vulnerable to pesticide intoxication.

Earthworm is one of the most common soil oragnisms in most environments, and plays an important role in the functioning of soil ecosystems.

The analyzing of P450 enzyme activity in earthworm is a newly developed practice for soil pollution risk assessment. The toxicology of cyper—
methrin on the earthworm Eisenia fetida was evaluated by measurements of the acute response, growth, reproduction and CYP3A4 activity of
the earthworm incubated on filter paper and in soil. The acute response test showed that 48 h—LCs, and 72 h—LCs, by the filter paper contact—

ing method were 445.5 pg*em™and 212.1 pg* em™, respectively, and 7 d=1.Cy, and 14 d-1.Cy, by the soil incubation method were 121.6 mg*

kg™ and 80.2 mg*kg™, respectively. A low dose of cypermethrin induced the growth of the earthworm and the cocoon production in short time
but restrained the incubation of juveniles. The CYP3A4 activity of the earthworm on filter paper was induced by cypermethrin at 21.5 ng*cm™
and inhibited at 214.8 ng*cm™. A 3-day exposure of cypermethrin at 10 mg kg™ significantly induced the CYP3A4 activity of the earthworm
in the soil, and the inducting effect remained but tended to be weaker with the prolonging of the exposure time. The low toxicity of cyperme—
thrin on the earthworm was revealed by the LCs, growth rate and cocoon production rate, with the sensitivity being in an order of enzymatic
activity >growth and reproduction indicator>acute toxicity. However, the significant inverse U type dose—response relationship observed be—
tween the CYP3A4 activity and the concentration of cypermethrin reflected its endocrine disruption effect on the earthworm. This experiment
also demonstrated CYP3A4 could be used as a potential biomarker to assess the ecological risk of pyrethroid pollution in soil.
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eV B g AR S B R ST AL A0, A B A
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1.1 ks

273850 - NADPH | ] 4 4 —6 - 1R ) 4 bl —6—
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BEIR — S R R A IR TR T AR
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M - 058 B A R B e R AR BE L W AR
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+(1~50 wm)64% K1 (<1 wm)14%, L FEREEF
SRy, FiRAMET T, Wt 20 BifiE &
F, AR R T DL 1,
1.2 R &G

IR 3 5O HL(H A7 CP-80MX), Y6 IR K F2 4
(M ZRIBE HPG-280BX) , A3 e BT (B UV -
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1.3 HEE[EEFR
1.3.1 SWMERENE A KA A S0 bl

IEAGIRIS R OECD!ME Fg kA T, 7E1E IR0 2 /1
Je AT B RYE IR 2 (0.1.1.10.100 . 1000 .10 000
pgrem ) TRACES . AR FSE IR 25 1 | IE =000 ik i
WE N 1 976.6.988.3.494.2.247.1.123.5.61.8.30.9
pg*em?o TR (d=2.4 cm) KMIEE(1S cmx5 em )53 5]
A U AR A BE AR H AT N 2 miL 0SS ER PN R
P e A P T IR v o 73 fef P e 5 4 4
KIGHE 2 mL KB TR S IfEsE 4l b, 76 1
ARZ8 24 h 23 [ I M ] 25 B 1K e T O TR 4R
PET AR S5 RN o Bt LA EH LI 2
AR T B (2022) CREFRA R 7%, B4k

1 X ER B SR

Table 1 Physical and chemical properties of test soil

TR HHLR/g kg 2Rz kg /g kg FH #5738 4tk /emol - kg™ TR /g kg pH
) F 17.15 1.61 0.28 12.3 ND 6.20

ND: Ak
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VE R 2 PO B SERAE R R] |
1.3.2 Bl CYP3A4 TP X S U4 TR 5 1 i B Bl 25
FL

MR PG UE AR Sk B M I A I A5 A, U
ARALfmARt, SR ERBOIR B E ol 2.1.21.5.
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Mg - A PR e 4h R, R iR 3 AR
FATRAR T 0.5.1.5.10.20.30 mg-kg™', YLEf
R FR R HOK A E PRR] 1.3.1 HP R RS T
R ZA TR 3.7.10.14.21.28 d F3 I Uk 5], 54k
T A L | e B 2 S S A B I R B BeA b 4k T
20 °C 4557 24 h 25 W, 42 BEGK AR S0 Ty ik, fff ) e
| B2 BT A M S RORLAR B T . AR 3 AP AT
[ s} L2 PSS ) b BB e 1 0 B
1.4 CYP3A4 EEETERINZE

CYP3A4 i 35 1 1) 0 72 2 B8 Sonderfan %5 21

Zhang 520 I CAMGHE . DLSERRAE R 254
RBF=H10 6B-FR L2 . W E AR (200 wWL) 45
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il , 3.3 mmol * L™ MgCl,,0.2~0.5 mg* mL™ SRR 1T,
3.3 mmol - L' & Wi -6-WEMR 1 0.4 U-mL" H%5 05—
6T IR I U 25 FAREAS INBoR LA SR 1 IR A AR 30
CHFFHPHIRT 5 min J5 A 20 wL NADPH (12
nmol * L) JE B R, IS Z R 515, T 30
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BEZ L SOV, FH IR ERR 5 #5151, FE A 48 4000 remin™
B0 15 min, B 100 WL EIEWAFN . CYP3A4 il 1
B % SR HPLC 35, DL H B/ 4K (50750, V:VOAE
R BAR R A 254 nm, M 1.5 mLmin™,
6B— RIS [ A P8 B 1A] A 2 mino
1.5 EiBOH

SIS i A B 1 GE 13k SPSS 16.0 #4174k
B, i Probit /T iE 4 2 vk dE ka4 1 vk
PEIRGE L5, DATS Y 2 58 55 i Ay PR, ol e 5]
B 7 AR A ARRE JETT BRI 2R T 22 53T [One—
way ANOVE, Dunnett’S t-test (2—sided )], FI| H Z & [t
BT BTN AL FRLE ) S A 725 7 i VA B

2 HREHM

2.1 HEHSIXY S FEL AT 2 1 N S
2.1.1 YRS

M7 5| 57 0.5 h 5 ,494.2 pgrem™ LA Rk
J3E A2 B H S 4 e M5V e B RE T i) st 11 JE A £ P51
WG Y E ,988.3 .1 976.6 g+ em™ b I (1) e 1]
7 B B A B R R A St i S E AR 56 h )
247.1 pgeem™ LUTT v AL B2 1) i 45 228 B 7 e b BE
1,988.3.1976.6 pg* cm™ ZbFRL M| (A | R B0
ARG, 3 KR FOE 24 h )5 ,30.9.61.8 pgrem™ Ab
A, AR B P EERE IR, 123.5.247.1.494.2 pg-
em™ A FRZH M |05 B3R %, A BOR P ER R AR 5] 4
HHEORARS H,988.3.1 976.6 g cm™ ZbFEL (1
M| AT Je A, M S BB ootk 2 e B, 5l
ASERIE NI AL BERS , A B IR AS I AT
48 h J7,30.9 pg*em™ AL FRAL M 5| L E 72 h JOETS,
61.8.123.5 g+ em™ A7 EH I ERAT MR BE £ g B
% ,494.2.988.31 wg-cm™ Ab PR AL b 5] KR4 FE T,
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14 d FIRBE TR b, DR A 3T R v ke 05 A7 07
R 47530 mg kg™ AL (M5 B 2 14 d (RFRIBIHEA
ek, WA TEEREIR 560 .90 mg- kg AFRZH H 5| 7
d AR/ R ER G2, HE 14 d A/ FU B 5ET;
120 mg kg™ AbFRLL A M5 7 d B IR DR, IAFRAR
G, IGSIRE I B, HE 14 d PR iR EIAE
T75150 mg kg™ AL FRZH (Y bl 15 9 A Y s 25 s s
FIAENERHL, 7 d I RFR W BB T, R BE T 5]
TR 00, B /AR s, e | FRA i K, L 14 d
PRI ASEIEE AL (R 3) R« GRS R ] b |
7d 114 d B LCs, 47 3124 121.6 mg kg™ F1 80.2 mg*
kg FFE (I A A2 PR 2 A PEAN S50 v U ) (Rl 7
RZTKE P, 2004) PHEHALIREARE (7d5K 14 d
LCs>10.0 mg-kg™ )=,
2.1.3 AR A B AR

H1 8 4 A UL PR A R rh i ] X6 2% 57 i 4H SR
ERa AN . AR 6 JHJE , AR IR AL A
LURLGE e el SO EERTAS S DO R IR £ 2 T E R ]
Tl 2 8 o M 5 A TR 4R R IR A VR D, S A6 TR

N1 mg-kg™ I, AEHEVE TR B 24 S B
ARZET} g I, M) A ER R AB HTRRAIR

HIZR 5 AL, SURUA R B8 2 5% 4 8, 25 0
S T A SR 2 i 7 R A TN R, R R 6 R L 1
mg kg™ ] 10 mg- kg™ AbIL rh e 5] doiE B I =
XTHRZH , 5 mg-kg™ S 20 mg-kg™" AL FRLH AR T X REZH
&% 4 JHJE, BR 0.5 mg kg™ Fl 5 mg kg™ AbHELH Hr4))
B TP RRZEAN, AR A FRZE Y WY AR T30 R
Bi% 6 i )5, AR AL BRAL P AR BARXTT 4 R4 B
T, fHER 5 mg-kg™ AFRLH AN A5 SR S8 lR b FR A
Hr A B/ IN T B, I ELIE A SR 3 R ok R
R WIRBCZE R/ o TR e AR 4 SRR AN 10
H TR A G, B S B R A R . L
PRB SR , RS TRS YL i 15 SAH e 1) o i
LIS A SR R0, , T e ] A0 A 8 98 7 A
e
2.2 SLEH BE XA B A CYP3A4 B A B 2 MR R
ES
2.2.1 UBLRELE

& 1AL, 2.1 ng em™ ZbBRZ], CYP3A4 T

2 RARKENZE RS A EEX IR Z B 2SR

Table 2 Acute toxicity of cypermethrin on Eisenia fetida by using filter paper contacting method

bR SRR I [i] EICIEF:N LCsy LCs TH 95% E A7 X [i] AR ZREL
SRR 48 h y=2.029x-5.375 445.5 pgrem™ 287.1~751.7 mg kg™ 0.959
72 h y=1.418x-3.299 212.1 pgrem? 115.0~386.1 mg kg 0.929
F 3 RATEENENSSHEX R FEMEN TIESEE Y
Table 3 Acute toxicity of cypermethrin on Eisenia fetida by using natural soil method
15y SRR ] = VIEIEE. LCs LCs fH 95% {5 X [F] LEPSE S ae
AR 7d y=7.804x-16.271 121.6 mg kg™ 111.9~133.7 mg kg 0917
14d y=4.342x-8.267 80.2 mg-kg™ 42.1~128.2 mg-kg™ 0.986
F* 4 SEFEEXT AL E R0
Table 4 Summary of results from the growth response test
SURAIREE E g kg A AT g A L3 T /%
0 6 )il
o e 295.1+1.8 300.5+0.04 1.8¢
0.5 277.9£10.2 291.7£10.0 6.9hc
1 250.4+6.3 289.3+12.3 15.5a
5 253.8+2.9 280.024.7 10.3ab
10 264.2+4.7 286.5+12.8 8.4b
20 269.2+23.3 294.4x12.1 9.4b
30 288.7+32.1 311.5+35.8 7.9b

TE: RIS R NG R R AN R A R 22 57 B35 (P<0.05) o Tl
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Table 5 Summary of results from the reproductive response test

LR GRS YRaT s = e | gl AR i R
SR BRI /mg - ke
i g kg ] 48 6 Jl

X HE 1.0£0.0 3.7+1.5a 8.0+£3.6 11.7+3.5bc
0.5 2.3+1.5 3.7+2.1a 9.3£3.2 10.7+4.2bc
1 1.3+£2.3 4.7+3.2a 5.7+1.2 10.3+2.5ab

5 2.7+2.1 3.1+1.5a 12.0+0.0 14.0+£3.5¢

10 4.3+1.5 4.7+3.5a 5.7+0.6 8.3+3.5ab

20 3.0x1.7 3.0x1.7a 3.3x1.2 7.3+2.9a

30 3.3+1.2 3.7+4.0a 4.0+1.0 8.0+2.0a

T 5% BEOEAAH Y, MR RN 21.5 ng-
em™ B, CYP3A4 3% 7 B0 0 FHisy, beXT BB T
80.9%, PADNZE 722004 R s Ak B2 135 9%
I WIS, A SR IR BE 1S R, CYP3A4 igG )%
WA, A S BRI B 107.4 ng* em™ B, CYP3A4
B 1% 77 181 2 %5 BEAH K-, CYP3A4 [ 16 71 7E 214.8.
644.5ng* em™ B REAR 24T HE 1Y) 209 2247, 40l £ FH BH
. CYP3A4 [T 77 5 S F G BRI B2 ] S BLAR 3) U Y
R AR

1200f
= 10000
$00-
00l

400

CYP3A4 i§1G 11/
nmol *mg™' protein * min

(; 2.I1 21I.5 10I7.4 21I4,8 64I4.5
STAE IR g om™
el /N R R AN AR B ] 22 57 2 (P<0.05)
Error bars indicated standard errors(n=3). The same below
B 1 RIS R CYP3A4 BE S
S B BRE T B9 0E Rz
Figure 1 CYP3A4 enzyme activity in adult Eisenia fetida exposed
to control filter paper and cypermethrin contaminated filter paper

with five concentrations levels for 48 hours
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Al 2 AT 0L, -3 e S A N CYP3A4 15
5 R R R B 2 [0) 1) S A 5 500 (R B S ke |
R 3 d A, B SR ERR BRI 0.5 mg kg™ 3
% 10 mg-kg™, MR CYP3A4 BT 7 au g fin,
AR IEZHG 1.2.1.5.1.8.2.5 15, Horr, &2
10 mg kg™ AbFRAL, CYP3A4 TG S1ik Bl e KMH 11.5

nmol *mg ™" protein *min™', Y5 F RN . 5 2 R AG R
WS TS, CYP3A4 WG Jimg A F R, (R4 F
X HEZH, 20 ) J o B ZE A 1.7 1.2 3%, G 4 i e e 201
WRIAE TR . Ik FE,CYP3A4 BHG 15 1
v GRS TR T R ) SR B R () U R -k

W i i S48 TR A B 3 L CYP3A4 TS )R
Rofe, BN I R s 1) S , 35 R0, AR R ka3 7
d J5 ,CYP3A4 B IS PEfR RME 3 d #EERFIY 11.5
nmol *mg ™! protein*min™ T &% 8.5 nmol *mg™' protein*
min, AN e KRB 3 d B 10 mg-kg T
FEZ 5 mg-kg's CYP3A4 BTG 7 5 SR A Bk B 22 ]
ARSEARFRE] U R AL

14 d J& , 2 A0 PRAL ke AR N Y CYP3A4 B )
SRR, BP0 521 d J5,0.5~5
mg kg™ ALFLZ CYP3A4 BFTE 15 14 d HEAHH Y,
{H 10 mg- kg™ AbFHLH CYP3A4 BEHE /1 H Bl K AE ; )t
Je it SR A R BE S 5 CYP3A4 BTG S TR, 4Nk
5V U 1Bl 9 PR S B U B AR 528 d )
CYP3A4 e RAERTFS & 0.5 mg-kg™ AbFEL

A TR] — Kb B 3 AN (] 2% R I 1E) (3.7 .14..21 .28
DBV S R T WL, CYP3A4 B§E J1BR T4 0.5
mg kg™ Bl AR R I [A) 4K SR RS, HAb kb HE
Y1 CYP3A4 Tl 16 7 359 Fifl 22 8 B[] 4B 4 52 740 387 T e
o MR B AR 5 S, v B A 1 S
HR R, BIEETE 0.5 mg- kg™ BRI R , SR 46T
BAR I () ) SRR R AT A — (O HEPE , TTE 1.0~30
mg kg FIVRIEIEEIN, SRSEHRNT CYP3A4 15 177
Az B B A 2508 (P<0.05) -

3 g

TE2MEREMATE (3R 2.3 3) MLBIFE TR 5
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TRRESRE, % T A TS R 0

12+

CYP3A4 FHE 1/
nmol *mg™ protein *min™'
o

A =

3

7h cK [00.5mg ke 1 mg kg

5mg kg
AN ING FERR ] — I TR AS 7] 42b PR ) 2 5 83 (P<0.05)
2 HIESLIG RS CYP3A4 FEA R |BAELR E T R A5 5 55 i i8] T M Bz

Figure 2 CYP3A4 enzyme activity in adult Eisenia fetida exposed to control soil and cypermethrin contaminated soil with

E10 mg kg™ 20 mg-kg™ 130 mg kg™

six concentrations levels for 4 weeks

AT BE 2 ) 5t AT A2 5 & o AT AE B
A DAAS H G2 TG A e (0 e I AR F K (3 4), %)
| ) BEAE e R AT, AR RIARON; %
M| AR I 7 = A MR (3% 5) . BRI, e 5] )
FET- 2% A KA BA TR bR (R E R 77 i i
T ED AT LIt 3ok 24 SR B FR k1 1 &
FAER A Dbk o

DL b SEgerat R T, SRS R b ] EL A B Y
ARTM . X450 S HADFEERAHLIP, Zhou
S0 PR IS 7R VR N 5.10.20.40.60 mg kg™ [
TR TR R EE 8 JHJE , SR A BRG] Ak 3
ZH(5~20 mg kg e PEM IS IR T3 | B39 i 41 (40~
60 mg kg™ ) B S S0 ] e s A B M | BEGE RE T B h
AR KB o Elbetieha S5 AR HENE R AR
0.8571.17 14334 286 mg- L™ WS F A BR A 12 A
J5i 857117 143 mg- 1L~ Kb FRAL et K S FE A
AH ST 8, fE B A 2 R

ST AT R M| g A K R F AR R
PHIVERT (36 5). X AT RE M IS A AR 522 r
B, AR 3 v ST A TR B i o R A T, LS| A K
R[] Ak 5% B3 1 U TR AN AT BE A =4 v fif |
HUYIE G B Z B TP X T B R SR R
WP R IS, HAR R R R R

M) CYP3A4 %oF G 744 T 25 M 1) 3l 2 i 1 512
AT DU BLCE 1.8 2), SRS B 60 N ] 3
MUY CYP3A4 BTGV & TR, CYP3A4 TS
P AT AG e e ML AR N G4BT CYP3A4 11
KigRik, XUEW] 125 — B P450 765548
BRI R 2R, [RIBHER] 1 DL P450 WE

it SRy AT ABBURRA R 738 SRS R TS e | 1Y) A8
o 3 5 HA 2 E AR AR R 220, R RS Y s &
T P450 MWERFRT LA AR BRI, LAY
XHGYYIMENE . Husoy 25T & B 24 K RUR#2 T
Z ALK (CEs)IF, HJHIEH CYP2ET MRA R R
R, Horh — S SRR A o . B K EPILL 100
200 mg kg™ FE, 1 U -d, EEE 3 d X/ RIS 5
g, SLue g5 R R W] U 2 R AT s BT
CYP1A1.2B1.3A MJEPE.

CYP3A4 5% 48 h A1 3 d J 8 X G050 26 B e
FET B E-ROCR, AN 3t A A SO
40 mg kg™ FURAGERALHL T 15 d LI H A9 RS 1E
Ko A HEVER B E SRR AEBEINE T 3 d MR IO
A7 d T EAEIER , CYP3A4 B30 4 -k A iE
T CYP3A4 WIS R TS e BT R VE T

TE CYP3A4 Xt G505 1 85 M 1% 3l 2 e 17 1) -+ 48
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