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Abstract

Modern agricultural systems and consumer supply chains heavily depend on synthetic compounds, including
plastic packaging, specialized surfactants, and agrochemical formulations. Although acute toxicity risks are
closely monitored, chronic low-dose exposure to endocrine-disrupting chemicals (EDCs) poses significant
challenges to human and animal physiology. These compounds, such as bisphenols, phthalates, per- and
polyfluoroalkyl substances (PFAS), microplastics, and synthetic pesticide residues, can disrupt endogenous
hormonal communication through receptor agonism, antagonism, and non-monotonic dose responses.
Biological systems counteract these disruptions through a three-phase xenobiotic detoxification network:
Cytochrome P450 monooxygenases (Phase 1), transferase conjugations (Phase Il), and ATP-binding cassette
efflux pumps (Phase I11). Nonetheless, factors such as carbon-fluorine bond stability, enterohepatic circulation,
and mixture effects can hinder effective clearance. This article elucidates the mechanisms of EDCs, examines
internal clearance pathways, and identifies actionable mitigation strategies for sustainable food handling and
daily living.
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Introduction: The synthetic chemical industry has
significantly altered contemporary life and
agricultural practices. Polymeric wraps safeguard
post-harvest  produce, synthetic  veterinary
pharmaceuticals maintain herd health, and
agrochemical sprays protect crops from harmful
pest complexes. Nevertheless, this extensive
chemical presence has resulted in an environment
where humans, livestock, and wildlife are
persistently exposed to xenobiotic molecules.
Traditional toxicology has historically adhered to
the Paracelsian principle that "the dose makes the
poison." However, research in environmental health
indicates that endocrine-disrupting chemicals
(EDCs) can modify physiological systems at trace
concentrations, often quantified in parts per billion
or parts per trillion (Gore et al., 2015). Given that

hormones function as systemic regulators of
growth, metabolism, reproduction, and immunity,
exogenous chemicals that mimic, obstruct, or
disrupt hormonal signals present distinct challenges
to living organisms.

The Molecular Basis of Endocrine Disruption:
The endocrine system is dependent on the precise
regulation of circulating hormones, such as
oestrogens, androgens, and thyroid hormones, to
sustain homeostasis. Nuclear receptors, including
oestrogen receptors (ER-alpha and ER-beta),
androgen receptors (AR), and thyroid hormone
receptors (TR), act as ligand-activated transcription
factors. Upon binding with an endogenous ligand,
these receptors undergo conformational changes,
dimerize, and attach to specific hormone response
elements (HRES) on genomic DNA.
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Endocrine disruptors interfere with this
intricate signalling through various
mechanisms:

» Receptor Mimicry (Agonism): Exogenous
molecules with complementary stereochemical
properties fit into ligand-binding pockets,
initiating unauthorized transcriptional
cascades.

» Receptor Blockade (Antagonism): Molecules
occupy the binding pocket without activating

downstream coactivators, thereby
competitively inhibiting native hormones from
binding.

» Non-Monotonic Dose-Response Dynamics:
Numerous endocrine-disrupting  chemicals
(EDCs) display biphasic or U-shaped dose-
response curves. Trace doses can induce
significant receptor-mediated gene
transcription, while higher doses may lead to
receptor desensitization or acute cytotoxicity,
thus challenging conventional linear risk
models.

Environmental Contaminants of Endocrine and

Toxicological Concern:

» Bisphenols: Bisphenols are components in
polycarbonate plastics and epoxy linings used
in food packaging. Despite advocacy reducing
Bisphenol A (BPA), alternatives such as
Bisphenol S (BPS) and Bisphenol F (BPF)
show hormonal activities and receptor
affinities.

» Phthalates: Phthalates act as plasticizers,
increasing flexibility in polyvinyl chloride
(PVC) films and personal care products.
Because they are not chemically bonded to
polymer backbones, phthalates leach into the
environment. Prenatal and subacute exposures
have been associated with anti-androgenic
effects and disrupted steroidogenesis in
reproductive tissues.

» Per- and Polyfluoroalkyl Substances
(PFAS): PFAS are used in coatings, foams, and
waterproof materials. Their carbon-fluorine
bonds resist degradation and enzymatic
cleavage in mammals, causing biological
persistence, serum protein binding, and thyroid
disruption.

» Agrochemical Residues and Soil
Invertebrates: In agriculture, pesticides
introduce organophosphates, pyrethroids, and
pyrazoles into soil and aquatic ecosystems.
Non-target organisms and grazing livestock
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absorb these residues, triggering oxidative
stress and cellular detoxification.

» Microplastics and Nano-plastics: Plastic
polymers degraded by weathering and shearing
infiltrate aquatic food chains. These particles
create gut barriers, act as lipophilic sponges,
concentrate pollutants and plasticizers, and
facilitate direct transport into tissues.

The Biological Shield: Toxicological
Mechanisms of Xenobiotic Detoxification
Pathways: Vertebrate and invertebrate organisms
possess an enzymatic defense system that
neutralizes and eliminates lipophilic xenobiotics.
This biotransformation occurs mainly in the liver,
intestinal enterocytes, and renal proximal tubules
through three phases.
Functionalization Reaction (Phase 1): The
Cytochrome  P450  (CYP450)  superfamily
introduces reactive polar groups (-OH, -COOH, or
-NH2) to hydrophobic parent compounds,
increasing polarity but sometimes producing
reactive oxygen species (ROS) or electrophilic
intermediates that require antioxidants.
Conjugation Reaction (Phase Il): transferase
enzymes attach water-soluble endogenous moieties:
UDP-Glucuronosyltransferases (UGTs) transfer
glucuronic acid, Sulfotransferases (SULTSs) add
sulfate, and Glutathione S-Transferases (GSTS)
conjugate  reduced glutathione (GSH) to
electrophilic centers, reducing oxidative stress and
forming water-soluble mercapturic acids.

Transport and Excretion (Phase III): ATP-

binding cassette (ABC) transporter proteins,

including Multidrug Resistance-Associated

Proteins (MRPs) and P-glycoprotein, actively

transport conjugates into bile for fecal elimination

or blood for renal filtration.

Systemic Bottlenecks: Despite detoxification

machinery, PFAS resist CYP450 oxidation and

circulate for years; gut bacterial B-glucuronidase
can regenerate parent compounds for reabsorption;
lipophilic molecules can sequester in adipocytes
and re-enter circulation; and pesticides and
plasticizers can stress pathways and deplete
intracellular  glutathione  reserves.  Practical

Approaches for Agriculture and Daily Living

Conclusion:  Endocrine  disruptors pose a

multifaceted challenge at the confluence of

contemporary agricultural chemistry, material
engineering, and physiological health. Although the
human and animal bodies have evolved
detoxification systems, the persistence of synthetic
compounds and the accumulation of chemical
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mixtures exert significant pressure on these
metabolic pathways. To address this issue, it is
essential to invest in sustainable green chemistry,
implement thoughtful agricultural pest
management, and adopt practical daily habits that
reduce unnecessary exposures, thereby
safeguarding both environmental health and
individual well-being.
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