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R o 07 P e 20 L A R B 4 R e Pl D S A 5 T TR e A% R W L JDR R B B MRS Ak Sk S 0 M R 1 4 L DNA 119
PAVE R o ORI 2, SRR W . 6 0 B PR AN AU e B A FH T T vk i 20 R Ak 30 5 % R AL A LU AR AE A W 3B M 25 5% (P<
0.01) ; B PR 254 B T , 4 BRI 4 2 48 m , ELAATE W S A0 30 e 000 G 2R WE MR DKok 132 5 2 5 ek Sk o 748 o, &4 L s %
RVEFTEN V=3, 192X+8. 129 (r=0.954) JEH N Y=3.206X+12. 829 (r=0.932) ; F55C WUk B 5 52 5900k Sk it 340 1 40 o A A%
HLMEITFE N Y=0. 443X+6. 833 (r=0.993) JEHRAH Y=0.524X+12.214 (r=0.986) , 40 [EIEERE d iR I DR FE 45 SR 00 . 7
PR A 247 (3t e J32 T T P, %o R 50 ik K i 56 R S 32 400475 4 ML 43 R 0 DNA ST B4 B2 15 % UM LU 77 A A Wb 35 1k 22 = (P<
0.01) , HLIBE A Ve KE R A HH B e 5 0/ N 28 Al 34 s (E R A 24 %ok B2 5k il 400 e 1T 4% K% T4 LA B0 % S i BE AR AE W B 1Y
TR AR S 2R, W R PR 5 B Sk Sk B L M A DNA 5 M R R . Y=6. 856X+99. 377 (r=0.984) ,JE&#RA Y=9. 039X+
100. 795 (r=0.983) ; BEFEMVEK B 5 L 54 ik Sk J6g 50 i 40 i DNA B4 45 4 Mk 2 0 . Y =0. 308X +98. 315 (r=0.981) ,I#RA Y=
0.241X+100.762 (r=0.966) , FFR0EE RS R 7L R Fh g 245750 [ — i BEAE T, X 2 500 I 348 if 40 JES 6501% % Fn DNA 451 3
TR T R

SRR  E UK FE SR 5 SR 5 Jrl AR 5 SO 5 A AL I Pl T ( % B R IR )

Studies of hemocytes DNA damage by two pesticides acetamiprid and chlorpyrifos

in predaceous spiders of Pardosa astrigera Koch

LI Rui, LI Shengcai”, LIU Jia,
College of Agronomy, Shanxi Agricultural University, Taigu 030801, China

Abstract; Spiders are among the most abundant predators of insects and other invertebrates in agroecosystems and forest
ecosystems, and they can play an important ecological role by regulating invertebrate population abundance. Biological
control using spiders may represent a sustainable method of controlling the abundance of agricultural pest species and
reducing the amount of damage inflicted to crops. However, application of pesticides to agricultural crops may directly or
indirectly impact on the foraging spiders in the crop. In particular, pesticides may have mutagenic effects on spiders, which
negatively affect the spider population abundance and importantly these effects can be transferred to the next generation of
spiders. The study of the genetic toxicity of pesticides to spiders should be therefore as one element of the safety evaluation
of pesticides.

In this study, we used both the micronucleus test and the single cell gel electrophoresis assay (the comet assay) to
assess the effects of two pesticides (acetamiprid and chlorpyrifos) on the DNA of the wolf spider, Pardosa astrigera Koch.
The objective of the study was to achieve a more comprehensive understanding of the effects and potential risks of using
these pesticides on spider populations. The results of the micronucleus test showed that there were significant differences in

the frequencies of micronuclei in spiders exposed to different concentrations of acetamiprid and chlorpyrifos ( P<0.01)
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compared with the control spiders that were not exposed to pesticides. There was an effect of increasing the concentration of
the pesticides. The linear regression equations between the frequencies of micronuclei in cephalothorax hemocytes and
abdomen hemocytes and the concentration of acetamiprid were y=3. 192x+8. 129 (r=0.954) and y=3.206x+12. 829 (r=
0.932) and those with the concentration of chlorpyrifos were y=0. 443x+6.833 (r=0.993) and y=0. 524x+12.214 (r=
0.986). The results of the comet assay showed that there were significant differences in the proportion of cells with DNA
tails and tail length of nuclear DNA between different concentrations of acetamiprid and chlorpyrifos. The linear regression
equations between the frequencies of damage (degree Il and Il ) in the cephalothorax and abdomen hemocytes and the
concentration of acetamiprid were y=6. 856x+99.377 (r=0.984), and y=9.039x+100.795 (r=0.983) and those with
the concentration of chlorpyrifos were y = 0. 308x+98. 315 (r=0.981), and y=0.241x+100. 762 (r=0.966). The
frequencies of micronuclei and DNA damage in the abdomen hemocytes of P. astrigera were higher than the damage in the
cephalothorax hemocytes.

The findings of this study provide valuable information on the potential risks of pesticide-use to spiders, which are
natural enemies of agricultural pests. The sensitivity of the single cell gel electrophoresis assay is higher than the
micronucleus test as it can detect chemicals on the damaged DNA single-strand and the DNA damage repair capacity. The
single cell gel electrophoresis assay therefore provides a sensitive and reliable detection method to reveal the potential
hazards of pesticides. Evaluation of the mutagenicity of pesticides and other chemicals to non-target organisms is important

to ensure their safe use in agricultural ecosystems.

Key Words: acetamiprid; chlorpyrifos; Pardosa asirigera; predators; spiders; micronuclei test; single cell gel

electrophoresis assay (comet assay)

PR RS R B EE B R R — X TAMA R R A F AWM AE S AR &2
FH2 A R i R A A 24 2 T T4 X e e o5 o, 2 1) A 24 1 B2 A B A L S i Lk 14 A= 5%
ﬂ]ﬁ? By, M HAE 2 A= RS2, PRI, R 50 4R 24 ) WAL 1) 35 4 2 P T DA g R 24 22 A PR VP A 1Y 22
WZS, BA EEAREE L

IR (Micronuclei test)1’E7§l AL SR RGPy e G AR AR 1) 0, L2 B T i 2 IR
?E%v)ﬁﬁ,ﬁbj,\l‘ﬁﬂ@\ RO IC R, T T AR AT A B2 W 0 LA K v —%—@fIVEE"JHF

o PAYINHEEEIL FL YK (single cell gel electrophoresis assay, SCGE) X ARE: B4, & H Ostling 55 B K2, IF
?F'Jﬁﬁl?ﬁﬂiftlj MESAE TR x SRS R DNA XUEEWTI 24 Singh SF AT 1 S 40 U BE IS L VKB AR | 1%
FORAALAT LA DNA B RU5E W 284 38 7T P A Ao 0 4 AS 2 2 67 i DNA A2 B LA 56 42 DI BR A& 2 07 1
GER 55 DNA 5K 5 4 L, SCOE HA iR M | 2 5% | R, JF JETe UM HEARIC | r e 40 e 20 46
Peri A5G TR SNSRI S S22 A SR DNA B4 (RIFY . ok o A 4 B e e i vk e e R
TEREIN AL 2 B ()35 A5 F 1 D7 T R A1 2000, Tz O T T st (G e B A Y . 2R B A i r 1 LY A0 1 vk
1 2 AR AZ 6 R B A3 P T W 1 40 DNA $3495 (45 SR 3R 00 J0k T i SRR 2 % ik DNA 451443 1)
TR A R 3 i T A o R AT

BEA R REAR 2 (HY el K Mo ) ROBE T, Wt KRN B2 B 0 ok T EAE S R0 B R 2 k™
AP AR AL BOR), HEAT RAFA A AR (RIS 2 M 4 Wk 19 53 7 AR S R 2R T
I A WLAE ZKI?RFH?%MZ&E@%H%EW%?‘E@?%%E%*ﬂﬁ%%ﬁ%ﬂ%éﬂiﬂ@E‘JTJMJWEFH,ﬁ%ﬂﬂ?ﬁﬂﬁﬁ
HEMRL Ay BRAE P SRR 7 AR
1 #R57E=%

1.1 Ak
Bk N B ) Wk ( Pardosa astrigera Koch ) , >R F LLPG AR R 23 40 H 5 A4 2458 2 39% WE HL K FL 3
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(Acetaniprid) , TLIVE & N TG RE A BR A E]) A2 7 ;48 % 73 LI L1 ( Chlorpyrifos) , 38 IE KA 256 T A
FRA AR
1.2 FEAES S

B0 A BVIE TR K T A (It T R KRR A ) DY Y-TT7B B A (AL mt i 7S — X)) AR

BOHL(SIGMA) |, BX51 A5 i il 5% (OLYMPUS A H)) , 1E 45 s B Ie M (NMA ) |, {45 2 BB 0 ( LMA) | N-
+ A L BR AN , Triton-X- 100, 7R4L Z5E (EB) o Heefb2AaR 30 0 =2 A 4
1.3 £k

1.3.1 SRR A &
FEHERESS 10 SIE AR IR 75% R09HS bt 3 UG TTHBEAL I, SR IS OB AN B 0% L Sk M Fn i 358 4
B E A VBT AR A A i 100 WL PBS (pH {H =7.5) S wh iR vk I BT S | W5 51 38 T A T8 B9 5 04
H1,4000 r/min #5010 min, BUOITYE A M0 PBS 28 0P 250> (4000 r/min, 10 min) ¥E¥% 3 WK, FFEIFET 1
mL PBS VR, VA0 2R BE R 4x 10° A 41 A/ mlL , W HR /D 0 40 B2 T, FH 25 W 5 HE % 1 A0 40 i A7 05 R 5k
95% L) I,
1.3.2 Jemphbrg
WE HUPKE DNA BrR/E R K 40 BB 426 T 6 32 1.5 mL BB LA ARUOMA LR E R 1.5,
3.0.4.5.6.0.7.5 mg/L MNE HBKIE W, R —FAPEXTIRAL, 6 LB O B TEE T, Y45 30 min, HE
3K,
FEAEMIE DNA Wi24/EH B A B 4325 T 6 30 1.5 mL BB KK A LR 0 24 48
72 .96 120 mg/1. FFFFEMATR , [RIAF e —BIMEXT B4, 6 OB B TR T, %% 30 min, & 3 K,
1.4 GzRE ik
TE 40100 1 B2 W G0 T WSSk 20 L v\, B 9K IR i BEBILWLEE 4000 2647 1Y 40 JfL , 48 1% 5
B R R,
1.5 FRANAEER BTk T ik
Y20 95 R P UK SIS B SR A TG, SR AR TR I ZE AR I kAT
1.6 SEERBHRNSETTH b
DNA $# iIES 506 B K Sk DNA B KJE DNA BEWi2or 3 9, [ 4, HREK/HE LK<,
I 1<ERRK/ R K<, % HEREREK/ HELK=2,
TR (%o) = 7178 U ) 20 LR/ O 2 40 i 50 < 1000 %0
ZITHIE (% )= A0 I AL LA A0 i S < 100%
PR (% )= 11 3z 35045 10 240 b 2+ T 2532 461493 1 40 i %
DNA i (AU) : U= Y, i xn, ,n 055 i SARGANMEEL, 2 —Fh i DNA SEBUIFEEE (A 207, 2R
[ B LA Ge 1, 75 3] DNA $i455 10 SR K-,
R ERH CCD 18, 7 1 CASP £ 2 EUR T8 (WWW. casp. of. pl) H 25347 .
Siitsorir N XK IA I T 25 5 B E MR,
2 ZEREHH
2.1 HPROR 7 AT 5 54 ek 1 200 AR SR R )
WE DR RN B ST T AL B0k 1 40 A A% s R A5 SR L3R 1,
FH % 1 A4 70 e HPKRN 35 P8 A5 (e FEAE FH T, ok Mgk 1 200 it i 26 5 ) R 4 R b A A W 8 5 v 22
S (P<0.01) ; H Rl PR 24 B2, i 20 AR 0% 23t 22 16 , EL A7 A Wl ) 300 280 0 O 3R, I fL R ok
55 R AR S B 0T 4 A R M T R R Y =3, 192X +8. 129, r=0. 954, %N V=3. 206X +12. 829, r =
0. 932 ; F FUIAAR & 55 B 5% Mok Sk i 350 ot 200 0 A R R T R R Y = 0. 443X +6. 833,r=0. 993, JIEH h ¥V =
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0.524X+12. 214 ,r=0. 986 ; K& HLPKFIE: SE W Fh A 245 7 [ B A 24 [] — W BEVE T, 22 20 ik A2 30 ot &40 e Al A %
LA R TS S 5 R A A 24 7 e vk B s AL ek 1) 40 AR R i, 3 3 B TE XU PN 22 % A i 3 &2 |
EERDE o a3 e N

R 1 BEHRBRFD L AR R 2 54 i 1 48 B R4 2 B 2R B 30

Table 1 Effects of acetamiprid and chlorpyrifos on micronuclei frequency in cephalothorax and abdomen hemocytes of Pardosa astrigera

) 3 g Cephalothora JZ 3% Abdomen
Zitty o R I e WA R
Chemicals Dosage/ (mg/L) o 3 umber of eells Micronu.cleus Number of cells Micmnu_cleus
frequencies/%o observed frequencies/ %o
%t #& Control 20 12435 5.620.6 12075 8.9+1.11
WE HL JpK 1.5 20 12242 13.7+4.6** 12132 18.4+5.4%*
Acetamiprid 3.0 20 12216 20.6%7.6*" 12070 25.127.4*"
4.5 20 12037 21.2+6.8*" 12127 30.6+4.8 "
6.0 20 12291 30.7+7.3* 12135 34.0+10.2*
7.5 20 12257 28.8+2.8*" 12059 32.125.4*"
REALIR 24 20 12084 20.9+4.9 " 12186 23.0+2.0**
Chlorpyrifos 48 20 12150 27.826.3*" 12148 44.5+9.7%*
72 20 12119 36.4212.5* 12109 52.327.6""
96 20 12153 47.5+7.9%* 12177 60.1210.3 **
120 20 12214 62.4215.4*" 12130 73.1£13.5*"

* % P<0.01, 5% RALHH b

2.2 WE HOPRORN B ARG Ak i A0 DNA $453 195 1
2.2.1  WEHRPRFIEEFEMNT B AR M A L DNA B 455800

A P A L 11 Sk 50 AR ) P P B A 3 5K R, ARk B FREALEESE 100 I, Go it R 4
WO Z W 40 M 42, IRl Dt B R K 1030 DNA PR R K I H ok A2 S8 50 AL 5% ik Sk il
HIR TS 0.0 e DNA #3480 25 % W3 2.,

F2 BEHRERFIEIELRRT B S8k S K AR B AR M 2R A DNA #5345 345

Table 2 Damaging effects of acetamiprid and chlorpyrifos on cephalothorax and abdomen hemocytes of Pardosa astrigera

3k R Cephalothorax JEER Abdomen
B 2 o : —"
. mi s O e e DNAIEBSKIE EBUGARAAK DNAIEBKE
Chemicals Dosage Animal of cells Percent of cells Tail length of Percent of cells Tail length of
) /(mg/L) number ohsgr;z«; q with DNA tails nuclear DNA with DNA tails nuclear DNA
o /% /um /% /um
Xif H Control 20 300 19.00+6.24 45.21+3.55 20.67+15.04 49.45+22.27
WE bk 1.5 20 300 27.00+2.65 60.20x4. 65 21.33x3.21 70.06=9. 12
Acetamiprid 3.0 20 300 29.33+2.52 63.67+7.49 19.00+5.57 77.23+12.78
4.5 20 300 63.33+2.72%"  114.96+30.57 " 30.33+4.04 " 150.52+49.93 **
6.0 20 300 66.67+25. 14 138.24+88.82"* 52.67+1.53"" 202.62+42. 15"
7.5 20 300 35.04+11.90 56.35+19.89 24.00+11.53 112.69+52.60 **
i 24 20 300 18.18+5.25 30.96+4.45 23.68+18.9 45.00+29.90
Chlorpyrifos 48 20 300 60.92+33.49 " 118.51£95.21"* 56.56+7.63"" 95.64+12.42*"
72 20 300 67.82+5.26""  240.83+18.86"" 61.62+1.74"" 112.82+12.81""
96 20 300 29.33+4.62 53.24+9.43 32.67+3.79 68.81+6.53 "
120 20 300 21.47+4.64 40.26+9.60 24.29+9.93 58.20+20.22 "

H1 6 2 W AG, W H PR 75 SE MR Ao 30 FT A o B 5 ok Sk i 8 00 0 1t 400 7™ A — R A A A5 4
FH, 5 6F BEAH HUARAE 35 (P<0. 05 ) Sibl 35 25 5% (P<0.01) M IE H PRI FE S8 WAV B2 AR AT, f it e Sk g 357
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JiE 0 A0 40 6 2 53 4 40 L T 43 SR DNA SRS K RZ i A, L e UBRIR B K 6. 0 mg/ L FEFEMEVER FE Ol 72
mgy/ L BT A2 547k S M0 AR 40 0 448 32 3 40 A L 7 5338 R DNA SRS B 38 B A 5 L o vl B - v i 4
VEFHZ /NN, U B B HUPKRN 25 S0 M50 A 2 78 (a0 BV B Y, DNA B 284 52 45349 41 i 71 43 % F1 DNA 1285
R 3 i A VA 0 R B S R 0 N P 72 Ak e g R R 2 ol 10V B 3 B4 B DNA BT3RS ViR BT 440
DNA KA 388k Ff o Z i A as 21iE 2
2.2.2  WBEHRPRFIEESEIENT B AR ML A0 DNA #3405 88 B 432

AWFFER DNA #EWIZ45 0 3 9, T 9% 1 — % DNA SR, o T 905238 DNA S ; T 2%
FPHT-HY DNA BEWTZE R AR /N B ALk KM R B R R (R — 4 K mr . AR 2 br v W H B R 7
FEMGNT S B Sk BB R AN DNA B3R BE A T 0, B s R 3,

F3 IEHBRANFILIEN B Sk L MIER AR AR ML 4R AR DNA 55 R
Table 3 Damaging degrees of acetamiprid and chlorpyrifos on cephalothorax and abdomen hemocytes of Pardosa astrigera
3k B3R Cephalothora/ %

o .
ijiu D%%jf;yL> I 1% % B % w
Damage Percentage
it HE Control 98.68+7.8 0.66+0.1 0.66+0.1 1.32 101.98
I ot R 1.5 90.32 +12.3 8.39+1.2 1.29+£0.4 9.68** 110.97
Acetamiprid 3.0 89.05+4.5 8.75+3.2 2.20+0.6 10.95 ** 113.15
4.5 76.43 +6.4 15.52+0.5 8.05+0.9 23.57"* 131.62
6.0 69.83 6.1 20.48 + 1.4 9.69+1.5 30.17** 139. 86
7.5 58.09 +8.9 30.88+1.6 11.03 1.5 41.91* 152.94
AL 24 96.97 +3.2 3.03+0.7 0+0 3.03** 103. 03
Chlorpyrifos 48 90.52+7.8 6.44+5.1 3.04£0.1 9.48 " 112.52
72 85.86+ 1.2 9.92+4.4 4.22+0.8 14.14** 118.36
96 80.16 +4.3 13.20 9.2 6.64=1.1 19.84 " 126.48
120 72.13+0.9 17.18 +3.1 10.69+1.3 27.87** 138.56
Y 5 J53 Abdomen/ % _
Chemicals Dosage/ ( mg/L) 12 s 2 B/ % AU
Damage Percentage
%t A8 Control 99.46 +10.5 0.54+0.1 0+0 0.54 100. 54
IWE Ht Jpk 1.5 86.80+9.7 10.61 2.8 2.59+0.2 13.20 ** 115.79
Acetamiprid 3.0 83.27 +15.4 11.59 +3.4 5.14+0.8 16.73** 121.87
4.5 65.96 +4.5 22.60+4.6 11.44+1.6 34.04 " 145.48
6.0 57.22+7.8 24.89 +8.9 17.89 + 1.2 42.78** 160. 67
7.5 53.60 +8.6 29.00 2.7 17.40£1.5 46.40 163. 80
TEIEI 24 93.53+£6.2 4.88+2.6 1.59+0.7 6.47%* 108. 06
Chlorpyrifos 48 89.57+4.8 5.22+4.1 5.21+0.9 10.43 ** 115. 64
72 86.44 5.0 6.78 2.7 6.78 +2.4 13.56 120.34
96 83.67 4.5 13.00 +3.2 3.33+1.3 16.33 119. 66
120 69.85 = 13.4 27.14 5.2 3.01+3.7 30.15** 133.16

# % P<0.01 (F X*H58)

F1E 3 ATAS 0 PR AN RE SEIA% e FEE P4 X B 5400k S g 30 0 S0 2L S L 200 D DNA 7 A — 7 PR A 3405
VEHT, 5% BEAH FUAF e B35 22 57 (P<0. O1) 5 LI 25 v JBE 1Ry 98 AT Sk 350 o0 30 2E 20 ot 40 e s i 0 49 J% T 4%
DUE B RBH K, 7 [RhA 26 R — e BEAE T T, Wb e 24 %ok S22 4k i 0 2E 4, 40 e e o 10 8 B 1 4% LA |
L IESTE N N R SIUE AL IR
2.2.3 I HUBKRITE SR AL AR I 4 DNA $5405 50 800 6 R

W b BT T B 5k i 2 1T 2% 0% 11 41 1 DNA $ 45705200 R I 1 K 2,
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