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Abstract: Objective Exploring the neurotoxic effects of combined exposure to commonly detected pesticide residues
in citrus, including profenofos (PFF) , avermectin (ABM) , difenoconazole (DIF) , bifenthrin (BIF), and imidacloprid
(IMI) , respectively, on Caenorhabditis elegans. Methods ~ Wild type N2 and transgenic EG1285 (unc—47: : GFP) C.
elegans were exposed to mycotoxins in the liquid environment for 24-72 h, and the body length inhibition rates of five
pesticides were measured. Based on the single toxic effect, low, medium and high (1/10 EC,,, 1/2 EC,,, ECS[,) dose

groups were designed to investigate the effects of PFF mixed with four other pesticides, respectively. On the motility
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behavior of C. elegans, followed by using Chou-Talalay model to analyze the type of combined toxicity. Finally, a
combined neurotoxicity study was conducted on the PFF-ABM mixture which showing the significantly synergistic effects to
further explore its effects on the chemotaxis, predation rate, ATP and GABA levels and GABAergic neurons. Results The
toxic effects of the five pesticides on the body length of nematodes (24 h) were in the order of ABM (EC,=0.015 wg/mL)>
PFF (EC,=0.458 pg/mL) >DIF (EC,=10.585 pg/mL) >IMI (EC;,=39.981 pg/mL) >BIF (EC,=46. 623 pg/mL). The
results of the combined toxicity effects of pesticide mixtures showed that all pesticide combination treatment groups had
inhibitory effects on the motility behavior of C. elegans. The combined toxic effects of PFF-DIF, PFF-BIF and PFF-IMI
were synergistic at low concentrations whereas antagonistic at high concentrations. However, the combined toxic effect of
PFF-ABM was synergistic at all the tested concentration. The ATP and GABA levels of C. elegans in the medium and high-
dose groups of PFF-ABM were significantly lower than those in the PFF and ABM groups alone (P<0.05). In the
experiment of neuronal developmental damage, the fluorescence intensity of GABAergic neurons in transgenic C.
elegans in the high-dose group of PFF-ABM decreased by 43. 38% and 33. 20%, respectively, compared to the PFF and
ABM alone groups. Conclusion The combined neurotoxic effects of PFF and ABM mixture was synergistic and the

combined neurotoxic effects of the mixtures with the other three pesticides showed a trend of shifting from synergistic to
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antagonistic effects with the increasing exposure concentration. PFF-ABM combined exposure induced synergistic

effects by reducing the ATP and GABA levels and damaging GABAergic neurons in nematodes.
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Head swing frequency (a) and body bending frequency (b) of C. elegans after combined exposure to PFF, ABM, DIF, BIF, and IMI
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Table 2 Combined toxicity analysis of the combined exposure to

PFF and ABM, DIF, BIF, and IMI on C. elegans motor behavior
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TE : CI<1 KRR B A %00 B RAE T, Cl=1 R I RE 1T, CI>1 0%
PR R (A
2.3 PFF 5 ABM i 15 %% 5% X0F BF /4= 4 N2 26 2 )
fiE 1 19 5 )

wE 2 iR, bl 2 5 W I N, PFF+ABM 41
L AR XS NaCl IE 17 #a ), £ W% 2544 NaCl 5
PUHR IR R ROk Y 2 B R IEAE W D . 5 OPFF A
ABM ol 4b BRZH A H, PRF+ABM 20 28 Hh (1) 4 1)
F6 8 W E 1N (P<0. 05) , R EL & & 5 X4 dukafe
e Be S A R B E X — g ) 53k 2
1 45 SR AR o

04r O i 4
B 4L
S AL
03} s
o i
o ™ hiid X
! S\
< :
0
0.0 ; z

Control PFF A]l’»M PFF—%—IABM
T A #2351 327 5 X0 B A 25 4L PFF R ABM S0 21 LAY
3 25 5 0 i AAA 7R P<0.001,** AN FIR P<0.01,* #,
A IR P<0.05
B2 PFF AT ABM I & 52 5 2k HUR flor o 1 1 45 2K
Figure 2 Chemical tendency index of C. elegans exposed to

PFF and ABM

2.4 PFF Fl ABM R 15 % i X WF A5 8 N2 2 iU 2
15 0 B 5 i

WE 3 fros , W& 2 58 W R3S, SRk AR S
LR ER I ETRES., FEEMEY 2h
Ml 4 h J5 ,PFF+ABM Bk & Ab 3120 76K | b i 32 i 2
AU R ABM Sl 4 b, 25 5% G eE B (P>
0.05). A, fE#EfMTY) 8 h 1 24 h 5 ,PFF+ABM
ZH 2% U B R B PFF I ABM BAh 4 i 3% T &, 22

SA G E X (P<0.05),
2.5 PFF+ABM Xf %7 A= B N2 28 it fig AR 7K 7 19
A

ATP (AL G 40 i 25 Zobr 4 ™= AE | 2 26 L 2 5 b
ZICIEH A TG S B AR O IE . Y AMIE Y B
13 £ A 85 ¥ R BE IS, £ LA Y ATP 1 & BOKE
ZHNsZm . Kb, 38 2k 2 AR N ATP KPR LA
S B 2 R AA (4 ) RE 5 R AL A (9 B = AR K
WA 4 firoR Bl B B 2% 88 R BE I N, 2k R Y
ATP ZKP A28 F A W R (P<0. 001) o 5 X5 1 ik
FE (%) PFF Al ABM Bl 4b BEZH A L, PFF+ABM BE &
Aib 3 20 7 e 390 £ B 4 B R AR 29. 53% 1 38. 01%.
2.6 PFF+ABM X B A= B N2 28 it #4836 it GABA
{14 5% i

P22 366 ST P 22 R GE AL 25 A5 FE 2 T ML
TR Z ) 3 A5 5, I L 22 368 o % 5 ] DAYRE A DA
LRMMARG R GZBAEY I Em, s
i, Hof A B2 5 25 (A A Y R B 25 R (P<
0.05). [AIAF, PFF+ABM 204k 1 GABA % &% PFF Ail
ABM Hpl b B ZH 14 8 S B AIG , 25 S A et eE i L (P<
0.001) . o, &0 & 16 G b BHLZH 55 %) 7 79 PFE Al
ABM Ll Ab BEZH 4355 R BT 33.22% F1 29. 78% o
2.7 PFF+ABM Xf % 3 K EG1285 £k Bt GABA fig #f
28 TC I 5

I FH & 00 5 6 B b e 1Y) B 35 PR 2 U eT B0
AN M i R A M L T A B IRS . W
I, AR EG1285 2 (GABA BE I 400 h 4% ia
EEREY unc—47: :GFP Tk, Z MW A ITC R G145
WL IE Bl T R A 2] SR AT kb R P AR O A
FHO VAL T B A b BEXT 2R Bt GABA RE B 48 50 1Y 5%
M, 25 R 6 s . 5 FAM LG, PFF Al ABM
Bk kb B AGA  rb ) 2 4R L GABA BE R & LUt
Tk 22 5 G E R L (P>0.05) 1 = ) = 4
LB TOER B EREK, 2 R A g1t & L (P<
0.05) . 5 PFF Fl ABM #. 7l 4b B8 40 4 L , PFF+
ABM HX A5 4b B 41 AE v ) 5 I 4R L GABA BB 45 0T
BT B Ay BIRRAR 43. 38% F1 33.20%, 22 A 4
TF2E 3 X (P<0.001) , XF 4k L GABA fEMI &L A E
W= R EAVER . R K 6 iR BR EG1285 £
H R R 28 T Y 5 B B D 55 8O0 SRR Db, R
W7 7E 1 28 T B AR 4 /N Rk 28 ST i R S A 10

3 iFig

22 Mg 24 S (6] % B T[] — 20 i o 1 3 4 A
FE B AT AR WA B TR RON 2 % N S 7= AR
[FIFEE R fEE . PRFAE M T AP 224 A A 26



S REERE e SP/

—120—

CHINESE JOURNAL OF FOOD HYGIENE

2025445 37 455 2 W

(a) 18

I 18/

i B /h

(b

18

I 1A/

—=— Control
—e— PFF

—a— ABM
—v— PFF+ABM

T A #3500 B 9 25 1 21 PR AL ABM A A AT B 38 02 5 Ca) ISR AL 205 (b) PRI 25 (o) iRl b L 3 it AAA 2R P<
0.001,** ## AA FIR P<0.01,* #,A K P<0.05
3 PFF I ABM I 5 %2 77 £k dUA £ 5
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