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Table 1. Rat mortality associated with single or combined exposure to hexaconazole and
difenoconazole pesticides, as determined through repeated dose 28-day oral toxicity

studies

Dose level (me/kg body weight) Death No. / Treatment No. Monallity
Male Female Total (%)"

Blank Control 0/5 0/5 0/10 0
Chlorothalonil (C) 200 1/5 1/5 2/10 20
Imidacloprid (I) 75 0/5 0/5 0/10

Hexaconazole (H) 150 0/5 0/5 0/10

C200+175 0/5 2/5 2/10 20
C200+H 150 1/5 /5 2/10 20
175+ H 150 0/5 0/5 0/10 0
C200+175+H150 1/5 0/5 1/10 10

l)Mortality (%) = Death No. / Treatment No. x 100%.
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Fig. 1. (A) Effects of chlorothalonil, hexaconazole and imidacloprid on the ratio of rat liver/body
weight; (B) Effects of chlorothalonil, hexaconazole and imidacloprid on rat body weight.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different from each other at a level of P < 0.05 according to

Fisher’s LSD test.

AST [ Z 380 (P > 0.05) » (3) 1f > gamma-
GTEEZERH b M R RE
A% (2.0 £ 0.8 mg/dL) IETEF] (2.0 £ 0.7 mg/
dL) BEL¥HERZH (1.0 = 0.0 mg/dL) MHEIT B 5
BN gamma-GT [ ZX 3£ H (P < 0.05) > & [E]
R & 3 R EE 2 5U5n4H (4.5 + 1.3 mg/dL)
G h0E B VS RN I e A e BRdE 2
gamma-GT % Z 7} (P < 0.05) - {H[E] R
G2 R s X EEIE TR &Y
FERHRE (1.5 + 0.6 mg/dL) ~ FERHPE &

ZERZ (1.4 £ 0.5 mg/dL) BlaniEHrR S IIE R
g (14 £ 0.6 mg/dL) sBasln A GHNEE
— PSSR I s At . gamma-GT
B L7 (P> 0.05) 5 [ e BT A sl B i
¥f gamma-GT B R REVIHEEL (P> 0.05) °
# 3 BR AL ALT ~ AST B gamma-GT 3514
FEIERE Z e — ~ = RVUFTR -

U~ BRAHSR RS 2 R BT AH AN
HE W] B E I MR S albat sy
FFall B Z2 AL 2 BT R B SRR 2 - 9



male female
80 . oS .
l ° T
[ - b
b b
60
E) _ 25 T T l
£ ab >
=
: I s
I 40 a = a a
< a
ab ab 15 a
20 Ib 10
S
0 0
B C H 1 CHH C+l  +H CHHH B C H | C+H C+# I+H C+i+H

B— - AREENRARANER ALT BRI EER -
Fig. 2. Effects of chlorothalonil, hexaconazole and imidacloprid on serum ALT levels in rats.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different at a level of P < 0.05 according to Fisher’s LSD test.
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Fig. 3. Effects of chlorothalonil, hexaconazole and imidacloprid on serum AST levels in rats.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different at a level of P < 0.05 according to Fisher’s LSD test.
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Fig. 4. Effects of chlorothalonil, hexaconazole and imidacloprid on serum gamma-GT levels in

rats.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different at a level of P < 0.05 according to Fisher’s LSD test.
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Fig. 5. Pathologic findings showing the effects of chlorothalonil, hexaconazole and imidacloprid
on rat livers (H & E stain; 100X). C: Chlorothalonil, H: Hexaconazole, and I: Imidacloprid.
Arrows denote the lesions of hepatocyte vacuolation (fatty changes).
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Fig. 6. Results of Oil Red O staining tests showing the effects of chlorothalonil, hexaconazole and

imidacloprid on rat livers (Oil Red O stain; 100X). C: Chlorothalonil, H: Hexaconazole,

and I: Imidacloprid. Arrows denote the lesions of hepatocyte vacuolation (fatty changes).



Blank Centrol

Hexaconazole 150 mg/kg BW | 175+ H 150 mg/kg BW

C 200 + H 150 mg/kg BW

Imidacloprid 75 mg/kg BW

RS EHEAHEE 11

Chlorothalonil 200 mg/kg BW

C 200 + I 75 mg/kg BW

C200+175+H 150

Bt - SRS B RE A gamma-GT RERIPFELER (gamma-GT; 100X) © H
FR C £k Chlorothalonil #8% * H f{Zk Hexaconazole #5% * 1M I {3 Imidacloprid #8%3 °

Fig. 7. Gamma-GT stain results showing the effects of chlorothalonil, hexaconazole and
imidacloprid on rat livers (gamma-GT stain; 100X). C: Chlorothalonil, H: Hexaconazole,
and I: Imidacloprid. Arrows denote gamma-GT positive lesions.
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Fig. 8. (A) Effects of chlorothalonil, hexaconazole and imidacloprid on the ratio of kidney weight to body
weight in rats. (B) Effects of chlorothalonil, hexaconazole and imidacloprid on rat body weight.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different at a level of P < 0.05 according to Fisher’s LSD test.
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Fig. 9. Effects of chlorothalonil, hexaconazole and imidacloprid on serum BUN levels in rats.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with the
same letter (shown above bars) are not significantly different at a level of P > 0.05 according to Fisher’s LSD test.
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Fig. 10. Effects of chlorothalonil, hexaconazole and imidacloprid on serum Creatinine levels in rats.

v

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different at a level of P < 0.05 according to Fisher’s LSD test.
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Fig. 11. Pathologic findings showing the effects of chlorothalonil, hexaconazole and imidacloprid

on rat kidneys. (H & E stain; 100X). C: Chlorothalonil, H: Hexaconazole, and I:

Imidacloprid.
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Fig. 12. Effects of chlorothalonil, hexaconazole and imidacloprid on serum acetylcholinesterase

levels in rats.

B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with
different letters (shown above bars) are significantly different at a level of P < 0.05 according to Fisher’s LSD test.
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B: Blank, C: Chlorothalonil (200 mg/kg), H: Hexaconazole (150 mg/kg), I: Imidacloprid (75 mg/kg). Means with the
same letter (shown above bars) are not significantly different at a level of P > 0.05 according to Fisher’s LSD test.
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Evaluation of Imidacloprid, Hexaconazole and
Chlorothalonil Three Pesticides Mixture Toxicity
Effects

Chun-Hung Yang'*, Tian-Yu Lin', Wei-Ren Tsai'

Abstract

Yang, C. H., Lin, T. Y., and Tsai, W. R. 2016. Evaluation of imidacloprid, hexaconazole and chlorothalonil
three pesticides mixture toxicity effects. Taiwan Pestic. Sci. 1: 1-23.

Pesticides are indispensable to agriculture as they protect plants from disease and improve
agricultural production. However, pesticides are associated with cumulative or mixture risks
when excessive amounts of mixed pesticide residues are ingested (typically from consuming
fruits and vegetables). Therefore, comprehensive risk assessments of pesticide mixtures are
critically important. Previous studies have shown that imidacloprid, hexaconazole, and
chlorothalonil pesticides can induce neurotoxic, hepatotoxic, and nephrotoxic reactions,
respectively. The present study addresses the mixed neurotoxic, hepatotoxic, and nephrotoxic
effects of imidacloprid, hexaconazole, and chlorothalonil by combining these three pesticides
(which act independently and have different toxicity modes of action) in a 28-day oral subacute
toxicity assay. Treating rats with a combination of 75 mg/kg/day imidacloprid (about 1,250
fold of ADI), 150 mg/kg/day hexaconazole (about 30,000 fold of ADI), and 200 mg/kg/day
chlorothalonil (about 6,700 fold of ADI) induced simultaneous clinical sign of convulsions,
hepatocyte vacuolations (fatty changes), and reductions in ALT levels. However, there is no
evidence that exposure to the combination of these three pesticides can aggravate clinical
convulsions, hepatocyte vacuolations, or ALT level hepatotoxicity caused by exposure to a
single pesticide or different combinations of two pesticides. Our findings demonstrate that the
combination of imidacloprid, hexaconazole, and chlorothalonil pesticides do not have dose

additive (cumulative) or synergistic effects in rats.

Key words: interaction, synergy, mixtures, dose additivity, accumulation risk assessment,

antagonism.
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