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Abstract

Chlorpyrifos, a broad-spectrum insecticide categorized within the organophosphate family, is recognized for its potent inhibition of the enzyme Acetylcholinesterase
(AChE), resulting in the manifestation of cholinergic syndrome in humans. Beyond its well-established toxicity in the central nervous system, recent studies have explored
additional pathways through which this pesticide may adversely impact human health.

Breast cancer, characterized by the uncontrolled proliferation of epithelial cells in the mammary gland, stands as the most diagnosed cancer in women and is a leading
global cause of female cancer-related deaths.

Chlorpyrifos, extensively employed worldwide for pest control in agriculture, domestic settings, and industries, has notably faced recent bans in the European Union,
marking a significant regulatory shift. This bibliographical review aims to unravel the intricate mechanisms by which chlorpyrifos may contribute to the development of
breast cancer.

Collating findings from human studies, as well as in vitro and in vivo research spanning the past decade, the review sheds light on chlorpyrifos as a potent endocrine
disruptor. It influences female sex hormones, exhibits estrogenic effects on breast cancer cells, and induces alterations in breast tissue. Additionally, chlorpyrifos acts as
an agonist of Estrogen Receptor a(ERa) and Aryl hydrocarbon Receptor (AhR), contributing to cell proliferation, oxidative stress, and engaging epigenetic and angiogenic
mechanisms.

This comprehensive review underscores the compelling association between chlorpyrifos exposure and mammary cancer. It emphasizes the urgent need for further
research on pesticide usage to mitigate potential adverse health consequences.
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Introduction

Chlorpyrifos is globally used as a broad-spectrum pesticide,
both for industrial and household, as well as agricultural
purposes. In households, it is employed for controlling
cockroaches, fleas, and termites. It is also present in anti-
flea and anti-tick collars for pets and is utilized in livestock
to combat ticks. In crop cultivation, it is applied directly to the
soil or leaves through sprayings [1].

For instance, it is effective against pests such as aphids,
beetles, caterpillars, cicadas, and scale insects, among others,
and is applied in crops like citrus fruits, nuts, cereals such as
corn and wheat, and various fruits and vegetables [2]. Exposure
to chlorpyrifos can occur directly through its handling or
indirectly through the fumigation of crops, food items, or
objects containing residues, or through contaminated drinking
water [3].

In recent years, the regulation of chlorpyrifos in the
European Union has changed. At the end of 2019, during the
meeting of the Standing Committee on Plants, Animals, Food,
and Feed (PAFF Committee), Member States voted on two draft
Implementation Regulations proposing not to renew approvals
for chlorpyrifos. In July 2020, a Regulation was approved,
reducing Maximum Residue Limits (MRLs) in different food
products to 0.01 mg/kg [4]. Although the use of chlorpyrifos is
now banned in the European Union, it cannot be ruled out that
it may still be imported or used in other countries. Therefore,
recently, on April 7, 2021, the decision was made by the
Council of the European Union to include this plant protection
compound in Annex A of the Stockholm.

Convention on Persistent Organic Pollutants for elimination,
both in production and use [5].

Chlorpyrifos, whose IUPAC name is 0,0-diethyl-O-
(3,5,6-trichloro-2-pyridyl) phosphorothioate (Figure 1), is
an insecticide belonging to the organophosphorus family. It
appears as a crystalline solid, ranging in color from white to
colorless, with a strong odor. It is soluble in organic solvents
and insoluble in water. Chlorpyrifos is the active ingredient
in a large number of commercially available products, with
Dursban® and Lorsban® being among the most well-

Figure 1: Representation of the chemical structure of chlorpyrifos.
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known. The mechanism of action of chlorpyrifos begins with
oral, inhalation, or dermal exposure. By the first metabolic
pathway, this compound is bioactivated in the liver via
cytochrome P450 by a chlorpyrifos-oxon is hydrolyzed by type
A esterases, giving rise to the compounds Diethylphosphate
(DEP) and 3,5,6-Trichloropyridinol (TCP). On the other hand,
by the second metabolic pathway, chlorpyrifos by dearylation,
also mediated by cytochrome P450, forms the compounds
Diethylthiophosphate (DETP) and TCP. TCP is the dominant
non-toxic metabolite of chlorpyrifos in humans and is
therefore used in urine as a biomarker after exposure to this
insecticide [6]. The risk of toxicity may be modified depending
on the cytochrome P450 isoform that metabolizes chlorpyrifos
[71.

Chlorpyrifos is recognized for its potent inhibition of
the enzyme Acetylcholinesterase (AChE), resulting in the
manifestation of cholinergic syndrome in humans. Beyond its
well-established toxicity in the central nervous system, recent
studies have explored additional pathways through which this
pesticide may adversely impact human health. Chlorpyrifos
has been detected in local air monitoring at levels that raise
concerns for residents living in the agricultural regions where
it is used [8].

The Aryl Hydrocarbon Receptor (AHR) is a ligand-activated
transcription factor that influences tumor growth. It can affect
both the cancerous characteristics of tumor cells and the
immune system’s response to them. AHR can make tumors
grow faster, but it can also slow them down depending on the
kind and stage of the tumor. The aryl hydrocarbon receptor
(AhR) interacts with different types of ligands that range
from environmental pollutants such as chlorpyrifos to AhR-
responsive drugs and beneficial plant compounds [9].

Breast cancer is the uncontrolled proliferation of epithelial
cells that line the ducts or lobules of the mammary gland [10].
It is the most diagnosed cancer in women, accounting for 24%
of all female cancers, and is the leading cause of female cancer-
related deaths worldwide [11].

Endocrine-disrupting chemicals are compounds that can
mimic or modulate hormones in the endocrine systems of
humans and animals. The natural estrogens include Estrone
(E1) and 17p-Estradiol (E2), which are either produced
endogenously by animals or used as pharmaceutical products
in both human and veterinary medicine. Diethylstilbestrol
(DES) is a synthetic nonsteroidal estrogen that has been widely
used not only in livestock production to promote growth but
also as a treatment for estrogen deficiency [12].

This bibliographical review aims to unravel the intricate
mechanisms by which chlorpyrifos may contribute to the
development of breast cancer.

Methodology

A bibliographic review was made of articles from the last
10 years, in English and Spanish, from high-impact index
journals, in Google Scholar, PubMed, Scielo, the Complutense
Library Cisne Catalog, and Eur-Lex.
(=]
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Fifty-eight articles were selected according to the reading
of their abstracts and the language of publication (English and
Spanish). Once the abstracts were read, the original articles
were searched and finally, 40 articles were used according to
the criteria of relevance and length. Among them, we found
clinical cases (cohorts and case controls), in vitro and in vivo
studies, reviews, and legislation.

The keywords used were: “Clorpirifos”, “Chlorpyrifos”,
“Chlorpyrifos AND Breast Cancer”, “Chlorpyrifos AND
Cancer”, “Chlorpyrifos AND Carcinogenesis”, “Endocrine
Disruptor”, “Organophosphate”, “Aryl hydrocarbon receptor”,
“Estrogen”.

Significant clinical research
A. Studies in vitro

Chlorpyrifos (CPF) acts as an endocrine disruptor, inducing
proliferation in breast cancer cells. Chlorpyrifos interferes with
the natural hormonal response by binding to sex hormones
[12] and acting as an estrogen o-receptor agonist [13,14]. In
addition, this organophosphate promotes cell proliferation
[13,14] or decreases it [13-15] causing cell cycle arrest in the S
and G2/M phases [13] and increasing oxidative stress [16,17].

As we have previously advanced, endocrine-disrupting
chemicals are compounds that can mimic or modulate hormones
in the endocrine systems of humans and animals. Endocrine
disruptors can activate or inhibit Estrogen Receptors (ER) or
Androgen Receptors (AR) directly. They can also stimulate the
Aryl Hydrocarbon Receptor (AhR) pathway, which produces an
anti-estrogenic effect without direct action on the ER receptor.
The binding of chemical substances to the above-mentioned
receptors test their ability as endocrine disruptors [18].

Recent prospective studies have provided strong evidence
that high serum levels of estrogens, low levels of sex hormone-
binding globulin, and, hence, high circulating levels of free
steroid sex hormones increase the risk of developing breast
cancer in postmenopausal women. Animal studies show that
injections of some pesticides can stimulate the development
of breast cancers in male mice normally resistant to breast
cancer. In a study, the interaction of chlorpyrifos with three
sex hormones was studied in vitro using HS-SPME to measure
the freely available concentration of pesticide and the lowering
of the concentration due to binding to hormones. The results
confirmed a high cohesion between chlorpyrifos and the
hormones estrone and 17-Bestradiol, whereas significantly
less binding was found with the hormone diethylstilbestrol
[12]. As expected, 17-f estradiol promotes cell proliferation in
the MCF-7 line as it is estrogen-dependent. In contrast, the
1000 nM concentration of this hormone significantly decreased
the viability of the MDAMB-231 and MCF-10A cell line, as
the latter cell line is also not estrogen-dependent and are
normal mammary epithelial cell. Similarly, in another study
[15], no effect was associated with these last two cell lines in
contact with chlorpyrifos. However, alterations were observed
in MCF-7 cells. They found that at the 10pM concentration
of the pesticide cell viability was reduced by 37%, although

https://www.peertechzpublications.org/journals/journal-of-clinical-microbiology-and-biochemical-technology 8

these results were not statistically significant. Therefore, they
deduced that estrogen receptors played an important role in
these results.

According to several studies, the organophosphates
chlorpyrifos and glyphosate, as well as the neonicotinoid
imidacloprid, are among the most widely used pesticides that
can alter mammary gland development. Chlorpyrifos may
act as a weak estrogenic compound affecting ER expression,
also displaying anti-androgenic, thyroid, and AhR agonistic
activities. In in vitro studies, chlorpyrifos induced -cell
proliferation in MCF-7 and MDA-MB-231 human breast cell
lines by a mechanism involving ER activation, at least in ER-
responsive cells [19].

Vascular Endothelial Growth Factor-A (VEGF-A),
Cyclooxygenase-2 (COX-2), and Nitric Oxide (NO) are
associated with angiogenesis. In a study, the action of CPF, a
molecule that selectively binds to the aromatic hydrocarbon
receptor, was evaluated in angiogenesis in cellular models of
breast cancer, using in vivo models with MCF-7 cells. In MCF-
7 cells 50 pM CFP induces invasion in cells. In addition, 0.05
PM and 50 pM CPF increases migration in cell lines [20]. At
low doses, CPF increased the expression of VEGF-A and COX-2,
accompanied by elevated levels of nitric oxide synthases (NOS)
and NO release in MCF-7, and at high doses, it intensified the
levels of VEGF-A and COX-2 [21].

Cell proliferation is associated with low concentrations of
the pesticide (0.05 pM), mediated by the stimulation of ERa
[13], AhR, enzymes such as KIAA1363 and CYP1A [14,22], or the
PCNA protein. The latter, studied in rats, shows an increase
in cell concentration at doses of 1 mg/kg/day (p < 0.01) [23].
At high doses (10 pM to 100 pM), it induces a decrease in cell
viability [14] due to the expression of the AChE-S variant [17]
and may even halt the cell cycle [13], characterizing chlorpyrifos
as cytotoxic at these concentrations. Oxidative stress is also a
significant mechanism. At high concentrations of chlorpyrifos
(10 pM to 100 pM), the production of ROS is promoted [14,17].
Moyano, et al. [17] also observed that chlorpyrifos-induced cell
proliferation at concentrations of 0.1 pM to 1 uM, this increase
is significantly greater in the MDAMB- 231 cell line than in
MCF-7. However, it decreased cell viability at concentrations of
10 pM and 100 pM. They studied what could be the mechanism
causing cell proliferation triggered by 1 pM chlorpyrifos. The
results showed that at this concentration of chlorpyrifos, cell
development was partially reversed after treatment with the
antioxidant N-acetylcysteine or atropine, or after silencing of
B-catenin and AChE in both cancer cell lines. Also, they looked
at the level of oxidative stress generated by chlorpyrifos.
They demonstrated the increase of ROS at concentrations of
10 pM and 100 pM, so there is a decrease in the expression
of antioxidant enzymes NRF2 and HO-1. On the contrary,
these enzymes increase when the cell lines are exposed to
concentrations of 0.1 pM and 1 pM. Next, chlorpyrifos treatment
with N-acetylcysteine was studied by reversing the expression
of antioxidant enzymes. Thus, it was demonstrated that ROS
induces the expression of NRF2 and HO-1. Furthermore, this
study [17] shows that the biocide induces the Wnt/ B-catenin
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signaling pathway at low concentrations (0.1 pM and 1 pM),
producing an increase in the expression of -catenin, c-Myc,
and cyclin D1, while decreasing GSK-3p activity. In contrast,
at high concentrations (10 ntM and 100 pM) these processes
reverse.

Inhibition of GSK-3p was seen to increase the expression
of NRF2 and HO-1 enzymes. Therefore, it was deduced that
the effect on the NRF2 pathway could be through the action
of chlorpyrifos on the Wnt/ B-catenin signaling pathway by
downregulation of GSK3p. Similarly, it was suggested that the
inhibition of GSK-3p could be by the production of ROS. ROS
was reported to inactivate PI3K, inducing GSK-3p activity.

Also, the S and R variants of the AChE enzyme were
studied. AChE-R was overexpressed at concentrations of
0.1 uM chlorpyrifos, inducing cell proliferation. In contrast,
at concentrations of 10 pM and 100 uM, when cell viability
decreased, the AChE-S variant was expressed.

Therefore, this recent study demonstrates that chlorpyrifos
at low concentrations promotes cell proliferation through
the Wnt/ B-catenin pathway, AChE-R expression, and ROS
production.

Oxidative stress produced by chlorpyrifos is associated with
alterations in the antioxidant defense system. Ventura, et al.
[16] concluded that 50 pM chlorpyrifos significantly increased
ERK1/2 phosphorylation in both MCF-7 and MDA-MB-231 cell
lines and thereby inhibited cell proliferation. Among the ROS,
Hydrogen Peroxide (H,0,) was analyzed in this study. To make
sure, the cells were grown in the presence and absence of the
MEK1 inhibitor PD98059 for 24 hours. They found that the
inhibitor could not suppress the increase in ROS. Ultimately,
they concluded that chlorpyrifos caused an increase in H202,
which led to phosphorylation of the ERK1/2 pathway and thus
inhibition of cell proliferation in both cancer cell lines.

Chlorpyrifos led to the increased production of Reactive
Oxygen Species (ROS) accompanied by a decrease in the level of
reduced glutathione [24].

In summary, chlorpyrifos affects intracellular pathways that
regulate various cellular processes, including cell proliferation
and survival. At the level of the Wnt/p-catenin pathway, it is
a signalling pathway that plays a fundamental role in cellular
development and homeostasis. Regarding the inhibition of
GSK-3B, this inhibition may be linked to the production of
Reactive Oxygen Species (ROS) induced by chlorpyrifos.

B. Studies in vivo

CPF induces the proliferation of breast cancer cells both
in vivo and in vitro. The main mechanism of the pesticide,
according to Ventura, et al. [23], would be through cellular
proliferation and alterations in mammary cells, considering
it as an endocrine disruptor. The pesticide increases the
number of ducts and alveolar structures in the mammary
gland of rats that were chronically exposed to low doses, and
it raises the incidence of proliferative benign lesions in the
mammary gland in these animals. In addition, chlorpyrifos
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decreases circulating steroid hormones and gonadotropin
levels. No significant signs of intoxication were found in rats
chronically exposed to chlorpyrifos at 0.01 and 1 mg/kg/day. It
alters the morphology of mammary tissue and the hormonal
balance in rats, indicating the susceptibility of the gland to
this pesticide. The mammary glands of male and female rats
and mice have been shown to be susceptible to exposure to
various pesticides, including non-organochlorine pesticides
such as vinclozolin, atrazine, glyphosate, and chlorpyrifos,
as well as organochlorine pesticides including endosulfan,
methoxychlor, and hexachlorobenzene. In experimental
models, these compounds have demonstrated a range of
effects, from alterations in mammary development to changes
in cell proliferation, steroid receptor expression, and signaling,
and an increase in malignant cellular transformation, tumor
development, and angiogenesis. These findings suggest that
agrochemical pesticides have the capacity to induce or promote
significant changes in the development, differentiation, and
possibly malignant transformation of the mammary gland [8].

In a conducted study, two groups were treated with oral
doses of CPF in vegetable oil (0.1 and 2.5 mg/kg/day), and the
third group received vegetable oil for 8 weeks. Whole mounts
of the mammary glands revealed a significant increase (p <
0.05-0.0001) in ductal thickness, number of branches, alveoli,
and terminal end buds, as well as the diameter of terminal
end buds. The results indicated that subchronic exposure
to CPF induces oxidative stress and negative effects on the
reproductive organs of rats, suggesting an increase in cancer
incidence [25].

Since epigenetics is essential for gene expression,
alterations in epigenetic mechanisms leading to breast cancer
have been studied in rats [26]. These changes included DNA
methylation, in genes such as BRCA1, and histone acetylation
and deacetylation, which are very important in gene expression.
Histone acetylation is regulated by the enzyme histone
acetyltransferase, while histone deacetylation is regulated by
Histone Deacetylase Enzymes (HDACs). The results of this
study were negative for alterations in DNA methylation after
exposure to chlorpyrifos. However, they analyzed histone
acetylation in the mammary gland in rats through HDAC1
mRNA levels. These animals treated with chlorpyrifos (0.01
mg/kg/day) had a 55% increase in expression of the enzyme
in mammary tissue (p < 0.001), acting on ERo expression by
decreasing it. They also examined that there was a decrease
in the tumor latency period and an increase in the number
of tumors per rat, but no relationship was found between
the decrease in the latency period and the increase in tumor
growth. They also analyzed the effect of chronic exposure to
low doses of chlorpyrifos on CDKN1B and BRCA1 methylation.
Both genes are involved in breast cancer, CDKN1B being a gene
that regulates cell cycle progression. However, they found that
chlorpyrifos does not significantly alter them.

Therefore, in this study they concluded that chlorpyrifos
does affect the initiation of mammary tumorogenesis,
accelerating the process, but not the subsequent proliferation;
they demonstrated an increase in tumor incidence in animals
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exposed to the pesticide. In addition, it causes an overexpression
of HDAC1 in mammary glands in animals leading to decreased
ERo expressivity.

Exposure to AhR agonists stimulates pathways that promote
the development of breast cancer and may contribute to tumor
progression. Given the widespread use of industrial and
agricultural chemicals, continuous evaluation of their effects
in laboratory assays and preclinical studies in breast cancer at
environmentally relevant doses is considered essential [27].

Despite previous evidence designating it as an endocrine
disruptor, it is imperative to underscore that Chlorpyrifos
(CPF) remains extensively utilized in diverse nations. A recent
investigation meticulously assessed the thyroid-disrupting
proclivities of CPF through a regimen of low-dose oral
exposure administered to female rats, subdivided into groups
(n = 8/group). These groups were subjected to oral gavage
treatments with a vehicle (control) and varying concentrations
of chlorpyrifos (0.01, 0.1, 1, and 10 mg/kg) over a span of 5
days. Comprehensive blood analyses were conducted to
meticulously scrutinize thyroid hormones, hepatic enzymes,
bilirubin levels, and estradiol concentrations. The findings
of this study culminated in a noteworthy escalation in total
Triiodothyronine (T3) levels, even at infinitesimal doses,
thereby emphasizing the thyroid-disrupting propensities of
CPF at remarkably low concentrations. Of particular note, the
highest administered dose elicited considerable morphological
alterations in the thyroid gland. This observation underscores
that brief exposure to CPF at low concentrations precipitates
consequential disruptions in thyroid function in female rats
[28].

Another study compared the toxicological effects of
chlorpyrifos and other pesticides at real exposure concentrations
occurring in children, as detected in urine samples in
biomonitoring studies, in two human mammary gland cell
lines (MCF-7 and MCF-12A). To assess the toxicological
effects, a battery of tests was performed, including assessment
of cell vitality and proliferation, apoptosis and necrosis,
reactive oxygen species (ROS) and ATP intracellular amount,
17p-estradiol secretion, and gene expression of nuclear
receptors involved in mammary gland development [19].

Chlorpyrifos acts as an endocrine disruptor, inducing
cellular proliferation in vivo and in vitro models. Chronic
exposure to low doses alters the morphology of mammary cells
and decreases steroid hormones. Additionally, it increases the
incidence of benign lesions. Subchronic exposure to Chlorpyrifos
in rats results in significant changes in mammary glands,
indicating oxidative stress and negative effects on reproductive
organs. This suggests a potential increase in breast cancer
incidence. Another confirmed aspect from various studies is
that Chlorpyrifos affects epigenetic processes, such as HDAC1
expression, accelerating the initiation of mammary tumors and
reducing ERa expression. These findings suggest a significant
impact on the development and malignant transformation of
mammary glands.
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C. Studies in humans

Studies in humans demonstrate that women exposed to the
pesticide are more likely (OR = 3.22, 95% CI = 1.38-7.53 [29],
HR = 1.4, 95% CI: 1.0-2.0 [4], and RR = 2.26, 95% CI: 1.07-4.75
[30]) to develop breast carcinoma compared to those who are
not exposed. Specifically, it would increase the risk of cancer
in premenopausal women (HR = 1.9; 95% CI: 1.0-3.8 [31].
Tumor incidence would also increase in rats after exposure to
the organophosphate [26]. The increase of the TCP metabolite
in urine (p < 0.01) after spraying with chlorpyrifos would
demonstrate in a human study that the insecticide enters the
human body, remaining in it for several days [32].

Following the literature search, four human studies of
interest were found. In 2016, Wang, et al. [32] published a
case-control study with the aim to determine the concentration
of chlorpyrifos metabolites in urine in the adult Chinese
population and to evaluate the effects after spraying of this
insecticide. A total of 120 urine samples were collected from
20 farmers, including both sexes, three days before spraying
their crops and three days after spraying. At the same time, 45
urinary samples were collected from 15 adults, also male and
female, living 25 km from the crop fields for three days. Urine
creatinine was used to adjust the chlorpyrifos concentration
and thus, the results were obtained through the geometric
mean creatinine concentration. It was concluded that farmers
significantly (p < 0.01) increased urinary TCP metabolite levels
three days after spraying with chlorpyrifos compared to adults
living in urban areas. However, no significant urinary TCP
results were found between controls and cases before spraying
the fields with the pesticide. In addition, in this study, the
biomarker 8-OHdG of increased DNA oxidative stress in urine
was found in farmers after spraying chlorpyrifos on crops.

In 2019, a study [33] investigated the relationship between
pesticide exposure and the occurrence of breast cancer through
a case-control study in the cities of Fresno, Tulare, and Kern
in the state of California, USA. Cases (n = 155) were recruited
through the Central California Cancer Registry and controls (n
= 150) were taken from a database of another previous study
living in the same geographic area. The results they obtained
were that breast cancer was three times more likely among
women exposed to chlorpyrifos compared to those who were
not (OR = 3.22; 95% CI = 1.38-7.53).

From a prospective cohort study in the states of Iowa and
North Carolina in the United States, the Agricultural Health
Study [29] gave way to two new studies. Among them is the
one conducted by Engel, et al. [4] in 2017, where he observed
among exposed women (n = 30,594), slightly significant
associations between breast cancer risk and chlorpyrifos
insecticide use (HR = 1.4; CI95%:1.0-2.0). In the other study
[34], significant associations between an increased risk of
estrogen and progesterone receptor-negative breast cancer
were found (RR = 2.26; CI95%: 1.07-4.75). But, the results
among postmenopausal women were nonsignificant (RR =
1.53; CI195%: 0.96- 2.44) for breast cancer risk and chlorpyrifos

exposure.
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A longitudinal prospective study examined the association
between prenatal exposure to chlorpyrifos and deficits in
inhibitory control in children. Measurements of prenatal
exposure to chlorpyrifos and assessments of inhibitory
control were conducted in a cohort of children. The results
indicated a significant association between prenatal exposure
to chlorpyrifos and deficits in inhibitory control, suggesting
potential neurotoxic effects [35].

In summary, various studies in humans demonstrate that
women exposed to the pesticide chlorpyrifos have a higher
likelihood of developing breast carcinoma, with risk rates
(OR) ranging between 2.26 and 3.22. This risk is particularly
notable in cases of premenopausal women. Tumor incidence
also increases in rats after exposure to the organophosphate.
Women exposed to chlorpyrifos had three times higher odds
of developing breast cancer compared to those not exposed.
There is sufficient evidence to determine a clear relationship
with neurotoxic issues related to the use of pesticides Table 1.

Discussion

After pooling all the selected articles, our review has
revealed that the mechanisms of action by which chlorpyrifos
causes the development of breast cancer may be due to its joint
action through several pathways.

Most studies, both in vitro and in vivo, mention that
chlorpyrifos acts as a potent endocrine disruptor, altering
circulating levels (23] and bioavailability of sex hormones, such
as E1or E2 [12] and acting as an agonist of ERa [13] Ventura [23]
shows that there is an increase of mammary ducts in rats when
they are exposed to 0.1 mg/kg/day of the pesticide (p < 0.01)
and at this same concentration also increases the appearance
of lobular adenosis (p < 0.05), while at a higher concentration
of 1 mg/kg/day, the rats suffer duct hyperplasia (p < 0.05).

At low concentrations of the pesticide (0.05 pM) cell
proliferation is associated with stimulation of ERa [25], AhR,
enzymes such as KIAA1363 and CYP1A [26], or PCNA protein.
This last protein studied in rats demonstrates cellular increase
at concentrations of 1mg/kg/day (p < 0.01) [23]. In addition, it
has recently been studied that this cellular increase could be

Table 1: Significant Adverse Effects of Chlorpyrifos on Health.

Health Impact Possible Effects

Neurotoxic effects, including alterations in brain development,
could impact cognitive and behavioral performance, especially
in fetuses and young children [30].

Irritation of the respiratory tract, coughing, difficulty breathing,
Respiratory Issues  and other respiratory symptoms in cases of acute exposure

[36].
Gastrointestinal Nausea, vomiting, diarrhea, and other gastrointestinal disorders
Problems in cases of acute exposure [37].
Dermatological Skin irritation, rashes, and other dermatological problems in
Issues cases of direct contact or dermal exposure [38]
Ocular irritation, blurred vision, and other eye symptoms in
cases of direct exposure or inhalation of vapours. [39].
Acute symptoms such as headaches, dizziness, weakness,
tremors, and in severe cases, seizures and loss of
consciousness, in situations of high exposure or acute
intoxication [40].

Neurological
Development

Ocular Effects

Acute Effects
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due to the Wnt/ B-catenin signaling pathway that induces the
expression of p-catenin, c-Myc, and cyclin D1, and decreases the
activity of GSK-3p. The expression of the AChE-R variant would
also participate in this proliferative process [17]. However, at
high doses (10 pM to 100 pM) it produces a decrease in cell
viability [12,15] by the expression of the AChE-S variant [17]
and even stopping the cell cycle [13] considering chlorpyrifos
as cytotoxic at these concentrations.

Oxidative stress is also an important mechanism. At
high concentrations of chlorpyrifos (10 pM to 100 pM) ROS
production is promoted [14,17] H202 promotes ERK1/2
phosphorylation thereby inhibiting cell proliferation [16]. In
addition, the oxidative stress biomarker 8-OHdG was found in
the urine after spraying with chlorpyrifos [32],

Other processes such as the epithelial-mesenchymal
transition of cells cause a morphological change [20] the
increase of VEGF-A, COX2, and nitric oxide factors cause
angiogenesis [22] a decrease in the tumor latency period and
an increase in tumor promotion [26].

Regarding epigenetic mechanisms, animals treated with
chlorpyrifos presented an increase of HDAC1 in mammary
tissue (p < 0.001), decreasing the expressivity of ERo [26].

Metabolite levels increase in the urine of farmers after
spraying with chlorpyrifos, and this would show that the
insecticide enters and remains in the human body for a few
days [32]. In addition, studies in humans show that women
exposed to the pesticide are more likely to develop mammary
carcinoma compared to those who are not exposed to the
pesticide [34].

In summary, chlorpyrifos acts as an endocrine disruptor,
inducing cellular proliferation in vivo and in vitro models.
Chronic exposure to low doses alters the morphology of
mammary cells and decreases steroid hormones. Additionally,
it increases the incidence of benign lesions. Various studies
in humans demonstrate that women exposed to the pesticide
chlorpyrifos have a higher likelihood of developing breast
carcinoma. These findings suggest a significant impact on
the development and malignant transformation of mammary
glands.

Conclusion

Chlorpyrifos is a potent endocrine disruptor. This
compound induces cell proliferation and oxidative stress,
leads to cell cycle arrest and morphological changes in cells,
and promotes biomarkers associated with epigenetic and
angiogenic mechanisms.

Thanks to the findings from these studies and the
collaboration with regulatory agencies, the European Union
has taken a significant step by banning this recognized
carcinogenic active substance. The next crucial advancement
would be to implement international measures for its complete
eradication. This underscores the importance of continuously
monitoring all types of insecticides to identify those that are
least harmful to health.
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