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Research progress of combined toxicity induced by organophosphorus

pesticides in fruits
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Abstract: With the continuous improvement of quality of life, people concern nutrition and health more
and more. The proportion of fruits on agricultural production and consumption is gradually increasing for
its rich nutrition. And people has higher requirement for fruit quality and safety. In the process of fruit
tree planting, people often use a variety of pesticides to control the disease, insects and pests. The protec-
tive effect of pesticides on fruit trees is worth affirmation. But pesticides have neurotoxicity, genotoxicity,
immunotoxicity, reproductive and developmental toxicity, and other potential toxicity. Using high dose of
pesticides can produce residue in the environment and fruits. It will enter the body through diet and cause
great threat to human health. The pesticide residue in fruits has always been the focus on fruits quality
and safety. In order to reduce the resistance of pests and achieve better control effect, people usually used
compound pesticides or used different pesticides simultaneously in the process of fruit tree planting. This
leads to that food products such as fruits may simultaneously contain residues of several different pesti-
cides. It was also found in the actual detection that two or more kinds of pesticide residues can be detect-
ed in a fruit sample. As a result, the human body exposure to the complex mixtures of pesticides unavoid-
ably through diet and environment. However current risk assessments of pesticide residues in fruits at
home and abroad are mostly based on single pesticide toxicity evaluation. China has established some pes-

ticide residue detection technologies for citrus, apples and other fruits. But the formulation of the stan-
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dards about maximum residue limits for pesticides is limited to single pesticide. In fact, although a single
pesticide may be limited within a standard, a variety of low dose pesticides exposure at the same time can
bring harm to human body, increasing or decreasing the toxicity of each other and leading to a combined
effect different from the single toxicity. According to the targets and mechanisms of the different compo-
nents in the pesticide mixture, the combined effect mainly includes the following three modes: additive ac-
tion, independent action and interaction. When the several kinds of pesticides in mixture have the same
target and the similar action mechanisms, their combined toxicity effect presents additive action. When
the several kinds of pesticides in mixture have the different targets and action mechanisms, their com-
bined toxicity effect presents independent action. When the several kinds of pesticides in mixture have
the same target and their action mechanisms may influence each other, their combined toxicity effect pres-
ents interaction. And this interaction is called synergism or antagonism respectively as the combined toxic-
ity is stronger or weaker. The combined toxicity of pesticide mixture can be predicted by CA (concentra-
tion addition), IA (independent addition) and CI (combination index) methods. Organophosphorus pesti-
cides are widely used as insecticides on citrus, apple and other fruit trees. It is also the first group of pesti-
cides to carry out joint exposure risk assessment in many countries and organizations. Organophosphorus
pesticides are often used with pyrethroid and carbamate insecticides. Because they are all typical nerve
poisons, having the same target organ and similar toxicity mechanism. Therefore, the combined toxicity of
organophosphorus pesticides includes the joint toxicity effect induced by several organophosphorus pesti-
cides and the joint toxicity effect induced by organophosphorus with pyrethroid or carbamate pesticides.
Consequently, using genomics, proteomics and metabolomics methods to analyze the interaction patterns
and the toxicity mechanisms between different pesticides, and then carrying out research of combined tox-
icity induced by organophosphorus pesticide mixtures in fruits have great important significance. This will
not only provide the toxicological basis for the formulation of the standards about maximum residue limits
for pesticide mixtures and risk assessments of organophosphorus pesticide residue mixtures in fruits in the
future. When evaluating the combined toxicity of pesticide mixtures, in—vivo and in—vitro experiments can
be used. In—vivo experiments commonly use mammals and aquatic animals as experiment models such as
rats and fish. Most of the experimental animals have similar physiology, pathology and pharmacology me-
tabolism to human, the results can be extrapolated to human. So the traditional studies on combined toxici-
ty of organophosphorus pesticide mixtures mostly use living animals as experimental model in vivo. But an-
imal experiments are time—consuming, high—energy and high cost. Cell culture in vitro is rapid, simple
and low cost. And cell models can specifically study the toxic effect of pesticide mixtures to target cells,
ruling out the interference of matrix and other systems. So this method is gradually used for evaluation of
organophosphorus pesticide mixtures safety in recent years. This paper summarized the effects of organo-
phosphorus pesticide on human health, the interaction patterns and evaluation methods of pesticide mix-
tures. It also reviewed the applications and research progress of different experimental models in com-
bined toxicity induced by organophosphorus pesticides, comparing the advantages and disadvantages of
different evaluation methods as well as in vivo and in vitro models. At the same time, it is worth noting that
the current evaluations on the combined toxicity effect of organophosphorus pesticide mixtures have some
problems, and putting forward the development directions in the future, so as to provide relevant reference
about the risk assessment of organophosphorus pesticide residue mixtures in fruits in the future.
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el; Cell model
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Table 1 Epidemiological investigation of chronic toxicity to human body induced by organophosphorus pesticide
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Table 2 In vitro cell models in the combined toxicity of common pesticides
e
itk 125 L4 S At KA
. .. I Combined
Toxicity Pesticide Cell model Source Toxicity index
effect
e REPEI A T KBS HANMR AN KRRV B IREERT Ca™ R JIZ AR
Neurotoxicity ~ Chlopyrifos+cypermethrin =~ PC12 Rat adrenal medulla Ca™ concentration Addition
REAL+ R HUA IR VAN RS 2111 ubw ) AN e s 1 O CL B PN R E v BipIF]
Chlopyrifos+pyrethrin N2a Mouse neuroblastoma Neurite growth—promoting factor Synergism
P HHACAR B NP BN AP RN SRS AL T NG A £ A I3[
Endosulfan+zineb SH-SYSY Human T FIRAE Synergism
neuroblastoma Early and late cell apoptosis
and necrosis
AL+ A IR AR AN AP R AT {1
Chlopyrifos+cypermethrin -~ SH-SYS5Y Human neuroblastoma  Cell apoptosis Synergism
i fRErE N U aThE) e N i L 24 A PN VENIRid DNA 545 G (O PRI 2 BirIF]
Genotoxicity Moncrotophos+carbofuran ~ PBL Human DNA damage, chromosome Synergism
peripheral blood aberration
LR e SR N it ] NEHFETRAIE R A0 07 AR T caspase=3.  AfN
Malathion+isomalathion ~ HepaRG EA ST C A A CYP3A4 .CYP2B6 Fl1CYP1A2{H 1 Addition
Human liver precursor Cell viability, cell apoptosis,
cell line terminal differen-caspase 3, CYP3A4, CYP2B6
tiation of liver tissue and CYPIA2 activity
FHBEXT R+ o A AR AR K i UNLI TS A HIHEEE AR N ROS | G
Parathion—methyl+ HaCaT Human skin DNA #6547 Synergism
carbofuran Cell proliferation, intracellular
ROS, DNA damage
B 5 25 Hh G B B S 400 Hh G LR AR TR0 AR Y ROS G
Glyphosate + atrazine CHO-K1 Chinese hamster Micronucleus effect, Synergism
ovary intracellular ROS
I, EL b+ R i 2 PNIREEI TS NI EER DNA it A% RO IR0 FhBT
Imidacloprid+sulfentrazone HepG2 Human liver tissue DNA damage, micronucleus effect, Antagonism
mutagenic effect
G REE e ENATRT SR e (AN Y 1)) /N AR FEE  AHIEE 57  DNA Wi AR
Immunotoxicity Malathion, lindane, Mouse Splenocytes Mouse spleen 24 M T SRS | s T Addition
piperonyl butoxide Cytotoxicity, cell morphology, DNA
breakage, cell apoptosis and necrosis,
immune phenotype
P IR A NGRS AN A SRR LDIDRE B
Lindane, malathion, C57BL/6 Murine thymus Jilti: AIE A DNAWIZS M Synergism
permethrin AR BT
Cell toxicity, lactate dehydrogenase
(LDH) , cell morphology, DNA
breakage , thymus cell subpopulations
() A WIS EA N R NG AN AFUIR R MEFR 2 MR (ER) IR R AR RG]
Endocrine 14 Ffi" Il B BT B4 A [N = 51/l MR (AR) T 7 A Addition or
disruption Propiconazole, PN BT SR Human breast, Estrogen receptor (ER), androgen synergism
cypermethrin, MVLN, CHO-K1, Chinese hamster receptor (AR) activity, aromatase
ete. 14 JEG-3 ovary, human activity
chorionic
T HE AURRSR BT pNTE LS PNE LN HURIRECR (TH)DIRE D5/ ke AR
L3 GH3 Rat pituitary A (ARR) T E Addition
Terbuthylazine, Thyroid hormone (TH) function, aro
mancozeb, etc. 13 matic hydrocarbon receptor (AhR)
activity
R M MRS 10 R N Bl B UNEAS 3251 R R i KA
Pyrimethanil, MR Human adrenal Estrogen production Addition mostly
tebuconazole, etc. 10 H295R
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