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Abstract

Polychlorinated biphenyls (PCBs), a class of persistent endocrine-disrupting chemicals, continue to
pose significant risks to human and environmental health due to their widespread distribution,
lipophilicity, and ability to bioaccumulate. Of particular concern is exposure during critical periods
of neurodevelopment, which has been associated with long-lasting effects on sensory systems,
including auditory processing. This review elaborates findings from both human epidemiological
studies and animal models to examine the effects of PCBs on auditory function across the peripheral
and central auditory pathways. Evidence indicates that PCB exposure during gestation and early
postnatal life can lead to permanent auditory deficits. At the level of the auditory periphery,
reductions in distortion-product otoacoustic emissions (DPOAEs) and auditory brainstem responses
(ABRs) suggest cochlear outer hair cell dysfunction, potentially mediated by oxidative stress.
Centrally, alterations in the primary auditory cortex and inferior colliculus have been observed,
including disrupted tonotopic organization, excitation-inhibition imbalance, and impaired
neuroplasticity. Notably, such central neural changes can occur out of proportion to abnormalities in
ABRs, pointing to central auditory vulnerabilities. Epidemiological data in humans further support
these findings, with certain PCB congeners linked to a significantly elevated risk of hearing
impairment in children. PCB exposure coupled with loud noise exposure, which is growing in
prevalence, leads to cumulative deficits in auditory processing. Together, these findings highlight the
multi-level impact of PCB exposure on the auditory system and highlight the need for further
investigation into the molecular and circuit-level mechanisms underlying these -effects.
Understanding the actions of PCB congeners on the auditory system in various human population
cohorts is important to inform risk assessment and guide future public health policies.
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Introduction:

Polychlorinated biphenyls (PCBs) are synthetic organic chlorinated compounds used in
industries for decades until their ban in 1979. PCBs were originally developed in the late 1800’s, and
began to be used more widely commercially in the 1930’s (Markowitz, 2018). Their beneficial
industrial properties, such as low water solubility, low ability to conduct current, low flammability,
and very high chemical stability, made them ideal components of electrical insulators and
plasticizers. PCBs were found in a large proportion of electrical transformers across the U.S. and
contributed to the expansion of the U.S. electrical grid. Because of their low flammability, they have
been incorporated into many building materials, particularly in schools and were heavily used
during school building booms during the 1960s (Thomas, 2012). Most schools in the U.S. were built
during the period of heavy use of PCBs in building materials (Rowand, 1999).
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Concerns about human toxicity of environmental exposures to PCBs emerged in the 1960s. Two
major epidemics of PCB poisoning due to the consumption of contaminated rice-bran cooking oil
have been documented. The first occurred in Japan in 1968, affecting approximately 1,700
individuals, and is known as the "Yusho" incident (Kuratsune et al., 1972). A second, similar outbreak
occurred in Taiwan between 1978 and 1979, with over 2,000 reported cases, referred to as the "Yu-
Cheng" (oil disease) incident (Chen et al., 1980). In addition, accumulating reports of PCBs acting as
carcinogens, endocrine disrupters, and causing neurodevelopmental and reproductive disorders led
the Environmental Protection Agency (EPA) to ban their production in 1979 under the Toxic
Substances Control Act (TSCA). Unfortunately, given their very high chemical stability (half life in
sediment of aquatic ecosystems can be many decades) PCBs persist in the environment and their high
lipid solubility has made them difficult to contain leading to their continued presence in air, soil,
water and continued incorporation into the food chain (Beyer and Biziuk, 2009; Hens and Hens, 2017).

209 individual chemical congeners of PCBs exist, each composed of two linked benzene rings
with varying numbers and positions of chlorine atoms. These congeners are broadly classified based
on their structural and toxicological properties into dioxin-like (DL) and non-dioxin-like (NDL) PCBs.
Dioxin-like PCBs bind the aryl hydrocarbon receptor (AhR), thereby triggering a cascade of gene
regulatory events that can lead to oxidative stress, immunotoxicity, and neurotoxicity (Jin et al., 2020;
Shen et al., 2016; Zhang et al., 2012). Dioxin-like activity is typically associated with a coplanar
configuration. In contrast, non-dioxin-like PCBs are in a noncoplanar conformation, reducing AhR
binding. These two classes of PCBs likely have different mechanisms of toxicity, though many toxic
exposures involve a blend of congeners, therefore involving a mixture of both classes of PCBs
(Imamoglu and Christensen, 2002; Jursa et al., 2006).

A major route of human exposure to PCBs is via fish consumption as PCBs make their way into
aquatic ecosystems. PCBs bio-accumulate, and larger predator fish often consumed by humans
contain higher concentrations of PCBs (Porte and Albaigés, 1994). The fetus and neonate are
especially susceptible to the toxic effects of these compounds due to exposure during critical
windows of nervous system development. PCBs readily cross the placenta, resulting in fetal exposure
during gestation, while PCBs are additionally transferred to the neonate through breastfeeding
(Aliyu et al., 2010; Rogan et al., 1986a; Rogan et al., 1986b). Their lipid solubility leads them to reach
the brain leading to an impact on nervous system development. A more recently-recognized form of
exposure to PCBs is the airborne route. PCBs are often spontaneously produced as byproducts during
the synthesis of pigments that are still in wide use in paints. Thus, in addition to legacy industrial
PCBs that continue to persist in the environment, there is continued production and release of PCBs
from certain organic pigments, and high levels continue to be found in schools (Herrick et al., 2011;
Marek et al., 2017). Therefore, PCB exposure continues to be an ongoing health issue.

This review is focused on the effects of PCBs on hearing. We provide a comprehensive
examination of how PCBs affect the auditory system, encompassing both the peripheral components
(cochlea and auditory nerve) and central auditory pathways (brainstem and auditory cortex). We
discuss the possible mechanisms of PCB ototoxicity, behavioral and functional outcomes of PCB
exposure on hearing. We present key findings from animal models and human studies.

Evidence for neuro- and oto-toxicity of PCBs.

Developmental PCB exposure has been associated with numerous disorders of human nervous
system development. For example, children prenatally exposed to PCBs during the Taiwan incident
in 1978-1979 had lower full-scale IQ scores when tested between the ages of 9 and 10 (Chen and Hsu,
1994). Jacobson and Jacobson in 1996 reported lowered IQ scores in children exposed to PCBs via
maternal consumption of contaminated fish (Jacobson and Jacobson, 1996). In addition, Patandin et
al. in 1999 reported across-the-board cognitive impairments in children with in utero and lactational
exposures to PCBs (Patandin et al., 1999). A review of the available literature in 2008 suggested that
the cognitive domain most severely affected after prenatal PCB exposure was executive function
(Boucher et al., 2009; Eubig et al., 2010). There is also evidence that PCB exposure is associated with
the development of autistic-like (Lyall et al., 2017; Panesar et al., 2020) and attention-deficit-
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hyperactivity-like phenotypes (Aguiar et al., 2010; Sagiv et al., 2012). The preclinical literature also
reflects broad cognitive impairment after PCB exposure, particularly in domains requiring the frontal
cortex, reviewed in (Bullert et al., 2021). Thus, epidemiological and animal model data suggest that
developmental exposure to PCBs negatively impacts both cognitive and behavioral development.

The auditory system appears to be particularly vulnerable to PCB exposures. For example, a
landmark study from Trnovec et al. examined peripheral auditory function in over 400 children
environmentally exposed to PCBs in Eastern Slovakia. PCB levels measured in the serum of 8 and 9-
year-old children were associated with elevated hearing threshold, most consistently in the lower
frequencies. Importantly, PCB exposure was also associated with diminishment in transient
otoacoustic emissions, which are thought to be generated by outer hair cells in the cochlea, suggesting
that outer hair cells may be a locus of pathology. In addition, there was no association with thyroid
size or hormone production and PCB exposure in these subjects (Trnovec et al., 2008). Similarly, a
later study demonstrated that postnatal exposure to PCBs was associated with diminished childhood
distortion-product otoacoustic emissions (DPOAEs), which are generated by outer hair cells (Jusko
et al., 2014). There is evidence from the U.S. that hearing dysfunction observed after developmental
PCB exposure can persist into adulthood (Min et al., 2014). These studies point to persistent outer
hair cell pathology as responsible for hearing loss after developmental PCB exposure. Note that outer
hair cells are responsible for cochlear amplification, so it would be expected that their dysfunction
would be associated with elevated hearing thresholds as well as diminished otoacoustic emissions.
In addition, a study conducted in the Faroe Islands, a group of North Atlantic islands where high
levels of PCB environmental contamination have been described, observed elevated hearing
thresholds associated with PCB exposure. Interestingly, late-wave auditory brainstem abnormalities
were also found (Grandjean et al., 2001), suggesting central auditory processing deficits, which is a
topic to be addressed below.

Animal models have confirmed the human epidemiological findings that outer hair cell
dysfunction likely plays a significant role in the loss of peripheral auditory function after
developmental PCB exposure. Multiple studies in rats and mice have confirmed elevated auditory
brainstem response thresholds after developmental PCB exposure, generally in the lower frequencies
and more commonly in males (Crofton, K. et al., 2000; Crofton and Rice, 1999; Goldey et al., 1995;
Ibrahim et al., 2023; Lee et al., 2021; Meerts et al., 2004; Powers et al., 2006; Sadowski et al., 2016).
Similar to humans, DPOAEs are also impaired after PCB exposure (Lasky et al., 2002; Powers et al.,
2006), also suggesting pathology involving outer hair cells. Loss of outer hair cells, and not inner hair
cells or spiral ganglion neurons, was confirmed histologically by Crofton et al. (Crofton, K.M. et al.,
2000), and this loss was seen in the low-frequency part of the cochlea, see Figure 1. Thus, there is
broad consistency across human and rodent studies that indicate that developmental PCB exposure
targets outer hair cells, primarily at the mid- and apical-regions of the basilar membrane (where lower
frequencies are represented), leading to loss of cochlear amplification in these frequencies and thus
loss of peripheral hearing.

Evidence for central auditory dysfunction after developmental PCB exposure:

Early studies in humans suggested that both central and peripheral auditory processing were
impaired after developmental PCB exposure. Auditory event-related potentials, particularly the P300
component, have shown promise as non-invasive biomarkers for assessing cognitive function in
children. For example, reductions in P300 amplitude have been linked to neurodevelopmental
disorders such as attention-deficit disorder and reading disability (Holcomb et al., 1986), while
prolonged P300 latency has been observed in children with cognitive impairments compared to
typically developing peers (EI-Shimy et al., 2023; Gupta et al., 2020; Tao et al., 2024).

In the context of environmental neurotoxicology, P300 has been utilized to evaluate the long-
term cognitive effects of prenatal exposure to polychlorinated biphenyls (PCBs). For example, in an
auditory oddball paradigm, prenatal exposure to PCBs was associated with lengthening of P300
latencies in children at the age of 9 (Vreugdenhil et al., 2004). Similar oddball responses were

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0687.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 August 2025 d0i:10.20944/preprints202508.0687.v1

4 of 14

diminished in children who were PCB-exposed and had limited breastfeeding, suggesting that there
may be interactions between PCB exposure and nutritional status (Boucher et al., 2010).
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Figure 1. Example illustrating selective loss of low-frequency outer hair cells after developmental PCB exposure.
Light micrographs from the cochlea of rats showing outer hair cells (top of each image — large bracket) and inner
hair cells (bottom of each image — small bracket). Tissue is from a control rat from the apical turn (A), a PCB-
exposed rat from the apical turn (B), a control rat from the basal turn (C) and a control rat from the apical turn.
Note that there is only loss of outer hair cells and that the loss is seen in the apical turn (B) which is the site of

low-frequency tuning of the basilar membrane. Scale bar = 250 mm. Image from Crofton et al. 2000, with
permission from publisher.

Animal studies have confirmed the presence of central auditory dysfunction after PCB exposure.
Auditory brainstem responses, typically used to measure peripheral auditory function, can also
provide a readout of central function when measuring the later waves. For example, Lilienthal et al.
reported delays in wave IV in the auditory brainstem responses, primarily in males and at low sound
frequencies (Lilienthal et al., 2011). Wave IV is thought to derive from the superior olivary complex
and lateral lemniscus (Henry, 1979). Substantially more data exist regarding the effects of PCBs at the
level of the auditory midbrain, or inferior colliculus. Rats treated with PCBs during development
develop audiogenic seizures (Poon et al., 2015), which are epileptic seizures that are induced by loud
sounds. These types of seizures are rare in humans, but when they occur, they are thought to be
related to dysfunction at the level of the auditory midbrain (Faingold, 2002; Garcia-Cairasco, 2002;
Ribak and Morin, 1995). Consistent with this idea, rats treated with PCBs were found to have a
diminishment in the level of glutamic acid decarboxylase, the enzyme that produces the inhibitory
neurotransmitter GABA, in the inferior colliculus (Bandara et al.,, 2016). In a recent study using
multiphoton imaging to examine PCB effects on the inferior colliculus, exposed mice showed
disruption of the normal tonotopic organization present on the surface of the inferior colliculus,
showed altered excitatory/inhibitory balance across neurons in the inferior colliculus and evidence
for elevated indicators of oxidative stress in the IC (Ibrahim et al., 2023).

Several studies have also examined PCB-related changes at the level of the auditory cortex. For
example, Kenet et al. observed that rats treated with PCBs during early development displayed gross
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disorganization of the tonotopic map of the primary auditory cortex. In addition, similar to what was
seen in the inferior colliculus, there was a disruption of the excitatory/inhibitory balance in the
auditory cortex, particularly for sound frequencies that were distant from a neuron’s best frequency,
altering its tuning function. Finally, there was an inability for maps to demonstrate normal
experience-dependent plasticity, consistent with deficits in learning and memory seen in human
studies (Kenet et al, 2007). Additional studies in rats have confirmed alterations of
excitatory/inhibitory balance in the auditory cortex of PCB-treated rats (Lee et al., 2021; Sadowski et
al., 2016). For example, developmental PCB exposure in rats led to an increased sensitivity to
GABAergic antagonism in flavoprotein autofluoresence-based assay of auditory cortex in brain slices
(Figure 2). It is important to note that peripheral hearing loss on its own can induce significant
reorganization of central circuits, in particular declines in inhibitory neurotransmission (Ibrahim and
Llano, 2019; Milbrandt et al., 2000). Therefore, it is important to note that the changes in inhibition
observed in the auditory cortex do not appear to be correlated with peripheral hearing loss (Lee et
al., 2021). These findings suggest that changes seen in the auditory cortex are not simply a
consequence of loss of peripheral hearing sensitivity, but rather are likely related to effects occurring
at the level of the central auditory system.
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Figure 2. Example of increased sensitivity to GABAergic blockade at the level of the auditory cortex after
developmental PCB exposure. A) Experimental design. Rat dams were treated with PCB or oil vehicle for 28
days prior to breeding, throughout gestation and 21 days after birth. Rats were assessed at ages P480-P540. B)
Brain slice flavoprotein autofluoresence imaging was done after stimulation of auditory thalamocortical
afferents under normal artificial cerebrospinal fluid (aCSF) conditions and after blocking GABAergic
transmission with SR95531. C) Ratio of the response under SR95531 to normal aCSF is elevated across most
amplitudes, indicating an increased sensitivity to GABAergic blockade. Modified from Sadowski et al. 2016.

Permission obtained from publisher.

Potential mechanisms of PCB effects on the developing auditory system

Multiple mechanisms have been proposed to explain the effects of PCBs on the auditory system.
PCBs are hydrophobic and typically act on intracellular targets. Many of the PCBs, particularly those
with dioxin-like structures, will bind to the aryl hydrocarbon receptor, an intracellular receptor which
acts as a transcription factor, and thus can modify the expression of a large number of genes. PCBs
also structurally resemble thyroid hormone and can thus interfere with the production of thyroid
hormone at several steps of thyroid hormone synthesis, as well as increasing hepatic clearance of
thyroid hormones. Deficiencies in thyroid hormone have been documented after developmental PCB
exposure (Crofton, K. et al., 2000; Little et al., 2022; Meerts et al., 2004; Mohammadparast-Tabas et al.,
2024) and thyroid hormone is needed for normal development of the brain and cochlea (Bernal, 2007;
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Farahvar et al.,, 2007; Forrest et al., 1996; Knipper et al., 2000; Ng et al., 2013). Replacement of thyroid
hormone can partially mitigate the impact of prenatal PCB exposure on peripheral auditory function
(Goldey and Crofton, 1998), suggesting that thyroid dysfunction, as well as additional mechanisms,
may be involved. No work has been done to our knowledge to determine if replacement of thyroid
hormone can mitigate the central auditory system effects of PCB exposure. The aryl hydrocarbon
receptor has been described throughout the brain (Kimura and Tohyama, 2017; Petersen et al., 2000),
suggesting that direct effects outside of thyroid hormone abnormalities may be responsible for
negative developmental effects.

PCBs, particularly non-dioxin-like forms, also bind to the ryanodine receptor (RyR), which is an
intracellular calcium channel in the endoplasmic reticulum membrane. PCBs stabilize the RyR in the
open state, leading to increases in cytosolic calcium levels. These increases in intracellular calcium
can trigger a series of secondary events that influence neuronal function, including inducing
abnormal structural plasticity in some classes of neurons while leading to excitotoxicity in others
(Howard et al., 2003; Roegge et al., 2006). RyRs are also present in the cochlea, with evidence of their
expression in supporting cells, spiral ganglion cells, inner hair cells and outer hair cells, including
during development (Liang et al., 2009; Morton-Jones et al., 2006), though outer hair cell expression
was higher than other cell types (Grant et al., 2006), which may explain the predilection of PCBs to
impact outer hair cell development described above.

PCBs may also impact the auditory system through their effects on the developing vascular
system. Multiple studies have revealed PCB-related pathology on the vasculature (Bell, 1983; Das and
Felty, 2014; Selvakumar et al., 2013) and recent findings suggest that developmental PCB expression
may lead to diminished vascularity of the mouse inferior colliculus (N et al., 2024). Aryl hydrocarbon
receptors are found at high levels on endothelial and other vascular cells (Guerra-Ojeda et al., 2023).
Activation of these receptors leads to oxidative stress and this increase in reactive oxygen metabolites
may deplete nitric oxide or angiotensin II responsiveness, leading to abnormal vasoconstriction
(Agbor et al., 2011; Nakagawa et al., 2021). PCBs can also induce inflammatory responses in the
vascular system and subsequent upregulation of cell adhesion molecules (Choi et al., 2003; Petriello
et al., 2018; Zhang et al., 2015). Indeed, PCB exposure has been linked to chronic cardiovascular
disease, in part related to their direct effects on the vasculature (Perkins, J. T. et al., 2016; Perkins,
Jordan T et al., 2016).

In addition to the mechanisms outlined above, other mechanisms of PCB-induced toxicity of the
cochlea and brain have been described. PCBs alter levels of several key neuromodulators in the brain,
such as dopamine and acetylcholine (Choksi et al., 1997; Donahue et al., 2004), both of which have
substantial effects on neural circuit development. PCBs are endocrine-disruptors and therefore may
alter levels of circulating sex steroids (Dickerson et al., 2011; Lilienthal et al., 2006), which also have
significant effects on the developing brain and cochlea (Peper and Koolschijn, 2012). PCBs may
damage the placenta (Backlin et al., 1998; Tsuji et al., 2013), leading to metabolic dysregulation of the
fetus. It is likely that multiple mechanisms converge to lead to the auditory (and other) toxic effects
of PCBs.

The relative roles of dioxin-like vs. non-dioxin-lik PCBs in auditory toxicity is not yet known.
Several studies have observed effects on the peripheral and central auditory systems after exposure
to non-dioxin-like PCBs (Kenet et al., 2007; Lilienthal et al., 2011) or non-dioxin-like PCBs (Crofton
and Rice, 1999). However, most other studies that assessed ototoxicity used complex mixtures of
PCBs. Thus, it is likely that several mechanisms may contribute to the effects of PCBs on the auditory
system. Future work will clarify the individual contributions of different types of PCB exposures.

PCB Interactions with other ototoxicants

Developmental PCB exposure can lead to lifelong elevation in hearing thresholds as well as
pathological alterations in central processing of acoustic stimuli. PCBs also often co-exist in the
environment along with other toxicants and outside of the auditory system can lead to cumulative
pathology when combined with other environmental toxicants (Pellacani et al., 2014; Roegge et al.,
2004; Smith et al., 1995). A key question is whether developmental PCB exposure increases the

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202508.0687.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 August 2025 d0i:10.20944/preprints202508.0687.v1

7 of 14

vulnerability of the auditory system to other ototoxicants. It is possible that by diminishing the
number of outer hair cells, early PCB exposure may limit the capacity for auditory "reserve" that
would normally permit functional resistance to later ototoxicant exposure. Many common
ototoxicants, such as iatrogenic ones (aminglycosides, platinum-containing chemotherapeutics,
certain diuretics), heavy metal exposure and noise exposure, lead to elevations in oxidative stress at
the level of the cochlea (Desa et al., 2018; Henderson et al., 2006; Ramkumar et al., 2021; Roth and
Salvi, 2016). PCB exposure also leads to an elevation in oxidative stress (Liu et al., 2020). Given the
limited capacity of outer hair cells to combat oxidative stress (Baker and Staecker, 2012; Qi et al,,
2025), depletion of normal compensatory mechanisms may increase the vulnerability of remaining
hair cells.

Our group recently observed that developmental PCB exposure significantly worsens the
auditory outcomes after a later noise exposure occurring during adulthood (Ibrahim et al., 2023). In
this study, mice were exposed in utero to a PCB mixture and then, as adults, subjected to acute
acoustic trauma for 45 minutes, designed to cause a reversible acoustic threshold shift. The findings
revealed a nonlinear interaction: the PCB-exposed mice failed to recover their hearing after the noise
exposure, whereas vehicle-treated (non-PCB) mice showed partial recovery over the following days.
In other words, prenatal PCB exposure created a long-lasting vulnerability such that a noise-induced
hearing loss became permanent when it would have been temporary in the absence of PCB exposure.
A key additional finding was that mice with poorer endogenous antioxidant capacity (glutathione-
related mechanisms) experienced the greatest hearing damage and central changes, implicating
oxidative stress as a major driver. This finding aligns with broader observations that enhancement of
antioxidant defenses can hasten recovery from noise injury (Kopke et al., 2005; Pisani et al., 2023),
and any factor that weakens those defenses (such as PCB-induced chronic oxidative stress or reduced
glutathione levels) can convert what would be a temporary insult into a permanent one.

A limited number of studies have examined the impact of PCBs in combination with other
environmental toxicants on the auditory system. For example, exposure to PCBs in combination with
polybrominated diphenyl ethers produced cumulative pathological effects on cochlear function
(Poon et al., 2011). In contrast, PCB effects in the auditory system may be partially attenuated by co-
exposure to methylmercury, though the mechanism for this interaction has not yet been established
(Powers et al., 2009). Given the high rates of combined exposure to PCBs with other potential
ototoxicants, more work is needed in this area to clarify the nature of the interactions.

Conclusions and future directions:

PCBs exert toxic effects on both peripheral and central components of the auditory system, most
likely through multiple mechanisms. Although banned decades ago, PCBs persist in the environment
due to their chemical stability, presence in air, soil, water, and bioaccumulation in the food chain.
Human exposure remains ongoing, especially among vulnerable populations such as those living
near contaminated sites or consuming tainted fish. Emerging evidence reveals that certain PCB
congeners continue to form spontaneously from modern products like paints and sealants, indicating
that PCB exposure is not merely historical but also contemporary and evolving.

Developmental PCB exposure impairs outer hair cell function and disrupts auditory brainstem
circuit maturation, resulting in long-lasting deficits. Central nervous system studies show that PCBs
alter excitatory-inhibitory balance and reduce synaptic plasticity in key auditory centers like the
inferior colliculus and cortex. Furthermore, combined exposures (e.g., with noise or ototoxic drugs)
suggest that PCBs may sensitize the auditory system, leading to disproportionate deficits after dual
insults. These effects are troubling given the importance of auditory processing for language,
learning, and cognitive function, where even small deficits in auditory function can lead to
substantial educational delays (Sharma et al, 2023). Mechanistically, PCB-induced auditory
dysfunction likely involves endocrine disruption, oxidative stress, vascular impairment,
inflammation, and neurotransmitter imbalances. These same pathways are implicated in cognitive
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decline and neurodegeneration, positioning PCBs as potential environmental contributors to diseases
like Alzheimer’s Disease.

Future investigations should focus on identifying the molecular underpinnings of PCB
ototoxicity, including roles for thyroid hormone signaling, oxidative damage, RyR and aryl
hydrocarbon receptor activation. Longitudinal studies using prenatal and early postnatal exposure
models can clarify critical windows of vulnerability and help determine whether effects are
permanent or reversible. Equally important is understanding how PCB exposure interacts with other
ototoxicants, such as aminoglycosides, solvents, or excessive noise, to produce additive or synergistic
auditory damage. These interactions may better reflect real-world exposure scenarios.

Therapeutic strategies deserve attention as well. Interventions such as antioxidant therapy,
thyroid hormone supplementation, RyR or aryl hydrocarbon receptor antagonists may offer
protective or restorative benefits. Additionally, research should examine whether auditory cortex
reorganization following PCB exposure is a direct neurotoxic effect or secondary to reduced cochlear
input. Finally, genetic and sex-based factors—including polymorphisms in detoxification enzymes
or hormone receptors—may modulate susceptibility to PCB-induced hearing loss and should be
systematically evaluated. In sum, PCBs pose an ongoing threat to auditory health. By deepening our
understanding of their mechanisms of action and identifying protective strategies, we can develop
effective public health interventions and policies to safeguard auditory and cognitive function across
the lifespan.
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