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Abstract

In agriculture, pesticides have been used extensively for more than 50 years. The majority of the thousands of
presently in use, though, have not been fully evaluated for their impact on Parkinson's disease (PD). Additionally,
ZPT exposure changed the way that genes were expressed throughout the early stages of embryonic development,
particularly in relation to morphological abnormalities and metabolic dysfunctions including decreased oxidoreductase
activity. Quantitative analysis of marker genes further revealed that ZPT also induced endoplasmic reticulum (ER) stress
and autophagy. Activities of antioxidants and caspases studies revealed inductions of oxidative stress and apoptosis
by ZPT. As a result, we draw the conclusion that oxidative damage, apoptosis, endoplasmic reticulum (ER) stress, and
autophagy are all involved in ZPT-induced embryonic toxicogenomic responses.
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Introduction

For more than 50 years, pesticides have been used extensively
in agriculture all around the world. During this time, the chemical
industry had rapid growth, which facilitated the launch and
widespread commercial use of numerous goods. For instance, 13,540
pesticide formulations and 1,074 various active chemicals are now
approved for usage in the state of California (California Department
of Pesticide Regulation, 2021). Modern commercial agriculture relies
heavily on pesticides to assist maximise food output. However, because
pesticides are deliberately made to kill living things (such as plants,
fungus, insects, and rodents), they must be adequately evaluated for
any possible negative e ects on human health, especially when used on
a large basis. Toxicology testing for pesticide registration in the United
States [1].

We have created a multi-step agnostic approach to screen hundreds
of agriculturally used pesticides for association with PD keeping two
main issues in mind: the enormous number of individual pesticides
commercially used and the absence of appropriate data on chronic
health e ects for the majority. Our strategy integrates experimental
toxicologic data and database mining of toxicogenomics with
epidemiologic pesticide screening in a population-based investigation.
First, we created a record-based pesticide exposure strategy employing
agricultural pesticide application records and land use data in
California to epidemiologically screen pesticides for association.
In a signi cant population-based PD investigation, this exposure
assessment technique enabled us to calculate proximity-based ambient
exposure to 722 pesticide active components over a 40-year period.
With this knowledge, we carried out an untargeted [2, 3].

Materials and Method

Pesticide selection

A set of 70 targeted pesticides, a set of positive and negative control
pesticides, and a set each were the three sets of pesticides we started
with. In our earlier pesticide-wide association analysis, the 70 speci ¢
chemicals of interest were identi ed by association testing with PD.
In order to conduct this PEWAS, we employed an unbiased approach
to look into every pesticide used on farms close to the homes and
workplaces of 1,653 study participants who resided in three agricultural

counties in Central California (Kern, Fresno, ant Tulare). We were able
to test 288 pesticides separately for association in the PEWAS utilising
a population-based Parkinson's study (Parkinson's Environment and
Genes (PEG) study) based on the prevalence of exposure in the study
population. Overall, as previously described, our analyses implicated

[4].

Given the signi cance of past data associating paraquat and
rotenone to PD through experimental and epidemiologic research,
these two pesticides were chosen as positive controls. We also included
eight negative controls that were su ciently prevalent among study
participants but had not been linked to PD in prior epidemiologic
studies or our PEWAS analysis. In particular, they demonstrated
no correlation (individual ORs per SD: 0.95-1.05) in both study
populations and in both exposure locations (ambient exposure
resulting from applications close to homes or places of employment).
Mefenoxam (metalaxyl-M), cyprodinil, tebuconazole, tebufenozide,
halosulfuron-methyl, spinosad, pyrithiobac-sodium, and potassium
bicarbonate are the eight pesticides in the CTD that meet these
requirements [5].

Comparative toxicogenomics database

A publicly accessible database called the CTD aims to advance
our knowledge of how environmental exposures a ect human health.

e database links information about chemicals, genes, phenotypes,
diseases, and exposures to give contextualised knowledge about
chemical exposures and human health through manual curation of
peer-reviewed scienti c literature. To keep the database complete
and up to date, the CTD incorporates new research once a month.
As of May 2022, the CTD relayed information from 140,475 curated
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references regarding 17,070 chemicals, including about 2.5 million
manually curated chemical-gene interactions, chemical-phenotype,
chemical-disease, and gene-disease interactions. As a result, the CTD
o0 ers a method for combining data from voluminous earlier literature
on relevant compounds [6, 7].

In the supplement, we provide a complete code notebook (R
markdown html report) that includes information on all data retrieval
procedures, analysis, and the output of the ndings reported in this
work. Additional information, along with a complete list of the data

les used for analysis, can be found in our supporting MethodsX
publication. By entering the pesticides by common name into the CTD
querier R package, we were able to link the three sets of pesticides (70
targeted pesticides, 8 negative, and 2 positive controls) to the CTD.
Each input and CTD match was thoroughly evaluated for equivalence
in order to guarantee accurate linkage. If the matched CTD chemical
was the same as the chemical listed in the California Pesticide Use
Report (PUR), we were willing to accept incomplete matches. One
caution, for instance, was given during the connection.

Discussion

According to numerous epidemiologic studies, pesticides are one
of the environmental risk factors that are most consistently linked to
PD. However, given the requirements of commercial agriculture for
variety in agents that are tailored to emerging and reemerging pests and
the vast array of pesticides currently in use, i.e., 1074 active ingredients
alone registered in California, epidemiologic studies and experimental
investigations have not been able to fully evaluate long-term, low dose
exposure related health e ects for the majority of agents. To address
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