
Title: Mechanisms of Auditory Reversal: 
A Comprehensive Analysis of Connexin 
43, FOXG1, and Cortical Plasticity in the 
Restoration of Hearing 
1. The Paradigm Shift: From Cochlear Permanence to 
Molecular Plasticity 
For over a century, the central dogma of auditory neuroscience was defined by the concept of 
"permanence." Unlike the avian or reptilian basilar papilla, which possesses a robust capacity 
for spontaneous regeneration following trauma, the mammalian cochlea was viewed as a 
terminal organ. The death of a hair cell or the senescence of a spiral ganglion neuron was 
considered an irreversible endpoint, a finality dictated by the rigid evolutionary trade-off for 
high-frequency acuity. This perspective framed sensorineural hearing loss (SNHL)—whether 
induced by noise, ototoxicity, or the inexorable progression of age (presbycusis)—as a 
condition to be managed prosthetically rather than cured biologically. 

However, a convergent wave of research spanning the years 2020 to 2025 has begun to 
dismantle this dogma. The emerging paradigm suggests that the "dead" or "senescent" state 
of auditory tissues is not merely a necrotic wasteland but a regulated, metabolic stasis that 
can be modulated. This report provides an exhaustive analysis of three primary molecular and 
cellular vectors that are driving this shift toward reversal: 

1.​ The Vascular-Metabolic Vector: The upregulation of Connexin 43 (Cx43) in the Spiral 
Modiolar Artery (SMA) to reverse cellular senescence, mediated by peptides derived from 
bovine atria. 

2.​ The Autophagic-Genetic Vector: The activation of the transcription factor FOXG1 via 
low-dose salicylates (derived from willow bark) to restore mitochondrial autophagy and 
arrest apoptosis. 

3.​ The Cortical-Network Vector: The restoration of Cortical Plasticity and the reversal of 
hyperacusis through 40 Hz gamma entrainment and the modulation of Parvalbumin 
(PV) interneurons. 

Furthermore, this report investigates the critical "human element" of these discoveries—the 
history and modern practice of self-experimentation. From the "human guinea pigs" of the 
early 20th century to the neuro-pioneers of the 21st, we explore how scientists have bypassed 
regulatory bottlenecks by using their own bodies to advance the frontier of sensory 
restoration. 



2. The Vascular Vector: Connexin 43 and the Reversal 
of Arterial Senescence 
2.1 The Spiral Modiolar Artery: The Metabolic Lifeline 
To understand the reversal of hearing loss, one must first address the metabolic supply lines. 
The cochlea is an energetic outlier; the stria vascularis consumes oxygen and glucose at rates 
comparable to the most active regions of the brain to maintain the endocochlear potential 
(EP). This demand is met exclusively by the Spiral Modiolar Artery (SMA). 

In the pathology of presbycusis (age-related hearing loss), the SMA undergoes a distinct 
process of senescence. This is not simple "wear and tear" but a programmed transition into a 
senescent phenotype. Smooth muscle cells (VSMCs) within the arterial wall cease dividing 
and adopt a secretory, pro-inflammatory state known as the Senescence-Associated 
Secretory Phenotype (SASP). This transition is marked by the accumulation of specific 
cell-cycle arrest proteins, notably P16 (INK4a) and P21 (Cip1/Waf1).1 

The consequence of this vascular aging is a reduction in cochlear perfusion, leading to 
localized ischemia. Hair cells, starved of nutrients and unable to maintain their 
electrochemical gradients, enter a state of metabolic dysfunction that precedes cell death. 
Therefore, the reversal of SMA senescence is a foundational step in auditory restoration. 

2.2 Connexin 43: The Molecular Gatekeeper 
The protein at the center of this vascular reversal is Connexin 43 (Cx43). Connexins are the 
structural subunits of gap junctions—intercellular channels that allow the direct passage of 
ions, metabolites, and signaling molecules (such as ATP, Ca2+, and IP3) between adjacent 
cells. In the vasculature, Cx43 coordinates the constriction and dilation of smooth muscle 
cells, ensuring that blood flow is matched to metabolic demand. 

2.2.1 The Downregulation Mechanism 

Research utilizing D-galactose (D-gal) induced aging models in guinea pigs has demonstrated 
a direct inverse relationship between Cx43 expression and cellular senescence. In the aging 
SMA, Cx43 expression is significantly downregulated. This loss of intercellular communication 
exacerbates oxidative stress; without the ability to share antioxidant defenses (like 
glutathione) across the gap junction network, individual cells succumb to Reactive Oxygen 
Species (ROS) damage, triggering the upregulation of P16 and P21.1 

2.2.2 The Mechanism of Reversal 

The breakthrough finding in recent years is that upregulating Cx43 does not merely restore 
communication; it actively reverses the expression of senescence markers. When Cx43 is 



pharmacologically or genetically activated in senescent SMA cells: 

●​ P16 and P21 levels decline: The cells exit the deep senescent state.1 

●​ SASP is suppressed: The secretion of pro-inflammatory cytokines is reduced. 
●​ Function is restored: The vascular smooth muscle regains its contractile 

responsiveness. 

This suggests that Cx43 acts as a "youth factor" for the cochlear vasculature. The restoration 
of gap junction coupling allows the tissue to buffer oxidative stress collectively, effectively 
turning back the biological clock of the artery. 

2.3 The Ingredient: AAP10 (Antiarrhythmic Peptide 10) 
How does one achieve this upregulation pharmacologically? The primary agent identified in 
the literature for activating Cx43 is AAP10. To satisfy the requirement of outlining ingredient 
origins, we must look beyond the chemical catalog to the biological source. 

2.3.1 Origin: The Bovine Atria 

AAP10 is not a synthetic invention of the modern combinatory chemistry lab but a derivative 
of a biological entity found in nature. 

●​ Source: Bovine Atria (the upper heart chambers of cows). 
●​ Discovery: In 1980, researchers isolated a "naturally occurring antiarrhythmic peptide" 

(AAP) from bovine atrial tissue.5 The discovery was driven by the observation that certain 
biological fractions could prevent cardiac arrhythmias by normalizing conduction 
velocity. 

●​ Sequence: The native peptide was unstable, leading to the synthesis of the analog 
AAP10, a hexapeptide with the sequence Gly-Ala-Gly-Hyp-Pro-Tyr (where Hyp is 
hydroxyproline).7 

2.3.2 Mechanism of Action 

AAP10 functions as a gap junction agonist. Unlike traditional drugs that block channels 
(antagonists), AAP10 enhances their function. 

1.​ Protein Kinase C (PKC) Modulation: AAP10 modulates the phosphorylation state of 
Cx43, specifically facilitating the conformational change that opens the channel pore.5 

2.​ Stabilization: It stabilizes the Cx43 protein at the plasma membrane, preventing its 
internalization and degradation by the proteasome. This results in a higher density of 
functional channels on the cell surface.9 

2.3.3 The Human Application and Analogs 

While AAP10 proved the concept, its half-life in the human body is short. This led to the 
development of stable analogs such as Rotigaptide (ZP123) and Danegaptide. These 
compounds preserve the mechanism of the bovine-derived peptide but offer improved oral 



bioavailability and stability.10 In the context of the ear, local delivery of these peptides to the 
round window could theoretically rejuvenate the SMA, improving blood flow and facilitating 
the repair of downstream neural tissue. 

 

Compound Biological 
Origin 

Target Protein Mechanism Therapeutic 
Effect 

AAP10 Bovine Atria 
(Cow Heart) 

Connexin 43 Increases 
open 
probability; 
stabilizes 
membrane 
localization 

Reverses SMA 
senescence; 
downregulates 
P16/P21 1 

Rotigaptide Synthetic 
Analog 

Connexin 43 Gap Junction 
Agonist 

Prevents 
ischemia-indu
ced 
uncoupling 11 

3. The Autophagic Vector: FOXG1 and the Aspirin 
Paradox 
While Cx43 secures the vascular supply, the survival of the sensory hair cells themselves 
depends on their internal maintenance machinery. This brings us to the second vector of 
reversal: the transcription factor FOXG1 and its unexpected modulation by salicylates. 

3.1 FOXG1: The Master Regulator of Cochlear Autophagy 
FOXG1 (Forkhead Box G1) is a transcription factor critical for the embryonic development of 
the inner ear and the telencephalon. In the mature cochlea, its role shifts from morphogenesis 
to homeostasis, specifically regulating autophagy.12 

Autophagy is the cellular "waste disposal" system. It identifies damaged organelles—primarily 
mitochondria that are leaking ROS—and envelops them in autophagosomes for recycling. In 
Age-Related Hearing Loss (AHL) and presbycusis, the expression of FOXG1 declines. 

●​ The Cascade of Failure: Reduced FOXG1 expression leads to a downregulation of 
autophagy genes (such as Beclin1 and LC3). 

●​ Mitochondrial Accumulation: Damaged mitochondria accumulate in the hair cell 
cytoplasm. 

●​ ROS Explosion: These "leaky" mitochondria release massive amounts of Reactive 



Oxygen Species. 
●​ Apoptosis: The oxidative stress triggers the release of Cytochrome c, activating 

caspases and executing the cell death program.12 

Therefore, "reversing" hearing loss in this context means reactivating FOXG1 to restart the 
autophagic pump and clear the cellular debris before apoptosis occurs. 

3.2 The Ingredient: Salicylates (Aspirin) 
The search for a FOXG1 activator identified a compound with a rich and paradoxical history in 
audiology: Aspirin (Acetylsalicylic Acid). 

3.2.1 Derivation: The Willow and The Meadowsweet 

To outline the derivation of this ingredient, we must trace its lineage back thousands of years. 

●​ Sources: 
○​ White Willow (Salix alba): The bark of the willow tree contains salicin, the glucoside 

precursor to salicylic acid. 
○​ Meadowsweet (Filipendula ulmaria): A flowering herb that also contains high 

concentrations of salicylates.15 

●​ Historical Usage: 
○​ Ancient Era: The Sumerians and Egyptians (c. 3000-1500 BC) used willow for pain 

relief. Hippocrates (c. 400 BC) prescribed willow leaf tea to ease the pain of 
childbirth.15 

○​ The Enlightenment: In 1763, the Reverend Edward Stone presented a report to the 
Royal Society on the efficacy of dried willow bark powder for curing fevers, effectively 
rediscovering the ancient knowledge.15 

○​ Industrial Era: In 1897, Felix Hoffmann at Bayer acetylated salicylic acid to create 
Aspirin, reducing the gastric irritation caused by pure salicylic acid.17 

3.2.2 The Aspirin Paradox: Toxicity vs. Hormesis 

The relationship between aspirin and hearing is complex. It is widely known that high doses 
of aspirin are ototoxic; they cause tinnitus and temporary hearing loss. This occurs because 
high concentrations of salicylate anions competitively bind to Prestin, the motor protein in 
Outer Hair Cells (OHCs), dampening their electromotility and reducing cochlear gain.19 

However, the reversal mechanism relies on a low-dose hormetic effect. 

●​ The Mechanism: At low doses, aspirin acts as a transcriptional activator. It upregulates 
the expression of FOXG1.12 

●​ The Outcome: This upregulation restores autophagic flux. The cell begins to clear the 
accumulated damaged mitochondria, ROS levels drop, and the apoptotic caspase 
cascade is inhibited. 

●​ Evidence: In "mimetic aging" models (using D-galactose to induce aging in auditory 



cells), treatment with low-dose aspirin significantly reduced hair cell death and preserved 
hearing function, effectively reversing the cellular trajectory from death to survival.12 

3.3 The 2025 Frontier: Senolytics (Dasatinib + Quercetin) 
Building on the concept of removing cellular debris, research published in 2025 has 
introduced a more aggressive form of reversal: Senolytics.21 Rather than trying to repair every 
cell, senolytics aim to selectively kill the "zombie" senescent cells that are poisoning the 
cochlea. 

3.3.1 The Ingredients 

1.​ Dasatinib: A synthetic tyrosine kinase inhibitor (originally for leukemia). 
2.​ Quercetin: A natural flavonoid. 

○​ Derivation: Found abundantly in Capers (Capparis spinosa), Red Onions, Kale, and 
Apples.21 

3.3.2 The Mechanism 

The combination of Dasatinib and Quercetin (D+Q) targets Senescent Cell Anti-Apoptotic 
Pathways (SCAPs). Senescent cells survive by upregulating these pathways to resist their own 
inflammatory environment. D+Q disables these defenses, forcing the senescent cells—and 
only the senescent cells—to undergo apoptosis. 

●​ 2025 Study Results: Systemic administration of D+Q in aging mice significantly delayed 
the progression of Age-Related Hearing Loss, reduced the atrophy of the stria vascularis, 
and lowered the levels of inflammatory cytokines (SASP) in the cochlea.21 This represents 
a "structural reversal," clearing the biological clutter to allow healthy tissue to function. 

4. The Cortical Vector: Plasticity, Parvalbumin, and the 
"Volume Knob" 
Reversal is not limited to the peripheral machinery of the ear. The brain's central auditory 
processing centers possess a remarkable capacity for reconfiguration. This is particularly 
relevant for conditions like Hyperacusis (painful sensitivity to sound) and Tinnitus, which are 
often maladaptive plastic responses to peripheral damage. 

4.1 The Mechanism: Parvalbumin (PV) Interneurons and Gain Control 
The Auditory Cortex (ACtx) maintains stability through a precise balance of Excitation and 
Inhibition (E/I balance). Parvalbumin-positive (PV+) interneurons are the primary source of 
inhibition. They function as the brain's "volume knob," releasing GABA to dampen the firing of 
excitatory pyramidal neurons.24 



Following noise trauma or sensorineural hearing loss, the brain attempts to compensate for 
the reduced input by "turning up the gain." This involves the downregulation of PV+ inhibition. 
However, this process often overshoots, leading to runaway cortical hyperactivity. The 
"volume knob" breaks in the "max" position, resulting in the perception of phantom sounds 
(tinnitus) or intolerance to normal sounds (hyperacusis).26 

4.2 The Reversal: 40 Hz Gamma Entrainment 
Research led by teams at MIT and others has demonstrated that this cortical state is 
reversible through sensory entrainment. 

4.2.1 The Ingredient: 40 Hz Sound 

●​ Derivation: Digital Synthesis. This "drug" is a specific pattern of air pressure waves, 
amplitude-modulated at a frequency of 40 Hz (Gamma band). 

●​ Mechanism: PV+ interneurons are naturally tuned to resonate at gamma frequencies 
(30-80 Hz). When the auditory system is driven by a 40 Hz stimulus, it forces the cortical 
networks to oscillate at this rate.28 

●​ Cellular Outcome: This resonant driving reactivates the dormant PV+ neurons. The 
sustained firing restores their inhibitory tone, effectively "resetting" the gain control of 
the auditory cortex. 

●​ Study Evidence: In mouse models of noise-induced hyperacusis, 40 Hz stimulation 
"sustainably dampened ACtx hyperactivity and restored normal loudness sensitivity for 1 
week" after treatment.24 Crucially, this intervention did not fix the ear (the peripheral 
damage remained), but it reversed the perceptual disorder by rewiring the brain. 

5. The Human Guinea Pig: Self-Experimentation in 
Auditory Science 
The transition from molecular theory to human application is often slow and fraught with 
regulatory hurdles. Consequently, the history of auditory science is punctuated by instances 
of self-experimentation, where scientists have acted as their own "human guinea pigs" to 
prove a concept or bypass bureaucracy. 

5.1 The Philosophy of the N=1 
Self-experimentation is a time-honored tradition in physiology. From J.B.S. Haldane, who 
routinely ruptured his own eardrums in decompression chambers to study deep-sea 
physiology (famously noting that a perforated eardrum was convenient for blowing smoke out 
of one's ear) 31, to Hallowell Davis, who exposed himself to 140 dB noise to establish safety 
standards 33, the willingness to risk one's own senses has been a prerequisite for progress. 



5.2 The "Jonathan Flakes" Confusion and the Reality of Biohacking 
The user query references a "Jonathan Flakes." Extensive analysis of the research snippets 
suggests this name is likely a conflation. Jonathan Frakes is the host of "Beyond Belief: Fact 
or Fiction" 34, and Jonathan Wolf is the host of the ZOE Science podcast which discusses 
hearing loss.35 There is no record of a "Jonathan Flakes" in primary auditory literature. 

However, the spirit of this inquiry—an individual testing a scientific hypothesis on 
themselves—is perfectly embodied by Josiah Zayner, a former NASA scientist and biohacker. 
Zayner famously injected himself with CRISPR-Cas9 at a biotechnology conference to 
demonstrate the accessibility of gene editing.36 While his target was muscle growth 
(myostatin), his actions catalyzed a movement of "DIY" science that now sees individuals 
self-administering peptides (like AAP10 analogs) and senolytics to test theories of 
rejuvenation before clinical trials are complete. 

5.3 The Definitive Case: Phil Kennedy and the Cortical Implant 
The most profound instance of a scientist acting as a human guinea pig in the context of 
Cortical Plasticity (the third vector of this report) is Dr. Phil Kennedy. 

Dr. Kennedy is a neurologist and the inventor of the "neurotrophic electrode," a device 
designed to allow "locked-in" patients to communicate via a brain-computer interface (BCI). 
After losing funding and FDA approval for further human trials, Kennedy feared his life's work 
would stall. He needed data on how the human cortex encodes speech—data he could no 
longer legally obtain from patients. 

The Experiment: 
In 2014, at the age of 67, Kennedy traveled to Belize (to bypass US regulations). There, he paid 
a neurosurgeon to implant his own glass-and-wire electrodes directly into his motor cortex, 
specifically the area responsible for speech production.37 
The Procedure: 
The surgery was invasive. The electrodes were designed to encourage neurites (brain cell 
projections) to grow into the hollow glass cone of the electrode, creating a permanent, 
intimate connection with the brain tissue. This required Kennedy to wait weeks after surgery 
for the integration to occur before recordings could begin. 
The Consequence and Reversal: 
The experiment was physically devastating. Post-surgery, Kennedy suffered from cerebral 
edema (brain swelling) that caused temporary paralysis and, ironically, the loss of his own 
speech (aphasia). He had induced the very condition he sought to cure. However, as the 
swelling subsided, his faculties returned—a testament to the brain's plasticity. 
The Data: 
For several weeks, Kennedy recorded his own cortical activity while thinking about specific 
phonemes and words. He acted as both the Primary Investigator and the Subject (Subject PK). 
The data collected provided unprecedented resolution on the neural ensemble firing patterns 



of speech, directly informing the "decoding" algorithms used in modern Cortical Plasticity 
research.38 He proved that the cortex maintains specific, map-like representations of sound 
production that can be tapped for restoration. 
5.4 Other Notable "Human Guinea Pigs" in Hearing 
●​ Alessandro Volta (1790): The inventor of the battery inserted metal rods into his own 

ears and connected them to a 50-volt circuit. He described the sensation as a "boom" 
followed by a sound like "thick boiling soup." This was the first crude ancestor of the 
Cochlear Implant.40 

●​ John Paul Stapp: A US Air Force officer who strapped himself into a rocket sled to test 
the limits of human deceleration. He subjected himself to 45 Gs, resulting in retinal 
hemorrhages, broken ribs, and temporary hearing and vestibular damage. His work 
defined the tolerance limits for ejection seats.41 

●​ Cesare Bertagnini (1855): An Italian chemist who consumed massive doses of 
salicylates to prove their physiological effects, becoming the first to document the 
transient tinnitus and hearing loss (ototoxicity) associated with the drug—the very 
mechanism that, at low doses, is now being used for FOXG1 activation.42 

6. Synthesis: The Future of Multimodal Reversal 
The evidence presented in this report suggests that the future of hearing restoration lies not 
in a single "magic bullet" but in a multimodal approach that addresses the vascular, cellular, 
and network deficits simultaneously. 

6.1 The Unified Reversal Protocol 
A theoretical "Reversal Protocol" based on the 2020-2025 literature would likely involve: 

1.​ Step 1: Senolysis (The Clean-Up): A pulsed course of Dasatinib + Quercetin to clear 
the burden of senescent cells from the stria vascularis and organ of Corti. 

2.​ Step 2: Vascular Rejuvenation (The Supply): Local administration of AAP10 (or 
Rotigaptide) to the round window to upregulate Connexin 43, restoring gap junction 
coupling and blood flow. 

3.​ Step 3: Cellular Repair (The Rescue): Daily low-dose Aspirin (Salicylate) therapy to 
activate FOXG1, boosting mitochondrial autophagy in the remaining hair cells. 

4.​ Step 4: Network Reset (The Tuning): Daily sessions of 40 Hz Gamma Entrainment 
(auditory or audiovisual) to recalibrate the Parvalbumin "volume knob" in the auditory 
cortex, eliminating hyperacusis and tinnitus. 

6.2 Comparison of Vectors 
 



Vector Molecular 
Target 

"Ingredient" 
Source 

Mechanism of 
Reversal 

Primary 
Outcome 

Vascular Connexin 43 AAP10 (Bovine 
Atria) 

Gap Junction 
Agonist; 
P16/P21 
downregulatio
n 

Restores 
metabolic 
supply; 
Reverses 
arterial aging 1 

Genetic FOXG1 Aspirin 
(Willow Bark) 

Transcriptional 
Activation; 
Autophagy 
induction 

Clears 
damaged 
mitochondria; 
Arrests 
apoptosis 12 

Cellular Senescent 
Cells 

Quercetin 
(Capers/Onion
s) 

SCAP 
Inhibition 
(Senolysis) 

Removes 
"zombie" cells; 
Reduces 
inflammation 22 

Network PV 
Interneurons 

40 Hz Sound 
(Digital) 

Neural 
Entrainment 

Resets Cortical 
Gain; Reverses 
Hyperacusis 24 

7. Conclusion 
The exploration of "Molecular and Cellular Reversal" in the ear reveals a landscape that is far 
more plastic than previously imagined. We have moved from a model of inevitable decline to 
one of potential restoration. The ingredients for this reversal are diverse: peptides from the 
hearts of cows (AAP10), extracts from the bark of willows (Aspirin), flavonoids from our diet 
(Quercetin), and the rhythmic pulses of sound itself (40 Hz). 

The realization of these therapies owes a debt to the human guinea pigs—figures like Phil 
Kennedy and Hallowell Davis—who risked their own sensory and cognitive integrity to map 
the unknown territories of the brain and ear. As we advance through 2025, the convergence of 
these molecular, genetic, and cortical insights promises to transform the treatment of hearing 
loss from a passive reliance on amplification to an active, biological biological restoration of 
the senses. 
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