
Brainstem and 
Midbrain activation 

Excessive Ca2+ 
influx and 

Glutamate release 

PVN

Hyperexcitation 
(cochlear nerve) 

Cutaneous 
mechano-receptors 

(head&face) 

Brainstem (cochlear 
nucleus) 

Piezo2 channel 
(head&face) 

MGB (auditory 
thalamus) 

CN V

Auditory 
cortex 

Spinal nucleus 
(trigeminal) 

Amygdala

Auricular skin

Sympathetic 
nerve activation 

ABVN

Adrenaline 
increase 

Binaural beat 
generation (freq 

diff=40Hz) 

NTS

HPA axis 
activation 

Binaural integration 
(MSO) 

DMV

Cortisol 
increase 

Phase-locked 
auditory encoding 

(CN VIII) 

DRN

A1 auditory 
cortex 

LC

MGB (auditory 
thalamus) 

Vagal efferent 
peripheral (PNS) 

IHC (inner 
hair cells) 

Cardiac PSN 
activation 

Motion sickness-like 
response 

HRV 
increase 

Subthreshold 
auditory signal 

Serotonin

OHC (outer 
hair cells) 

Noradrenaline

NTS

HPA axis 
regulation 

Visceral afferent 
nerves 

ANS 
regulation 

Thoracic 
resonance 

40Hz acoustic 
sound 

Sensory mismatch

Pacinian 
corpuscle 

Vestibular nucleus

Thalamus VPL

Vestibular nerve

S1 somatosensory 
cortex 

Vestibular organ 
(otolith organs) 

PV interneuron

Middle ear

Cortical gamma 
oscillation (40Hz) 

Infrasound 
(<20Hz) 

Microglia 
activation 

HyperSonicSound 
( >32kHz ) 

Glymphatic 
system increase 

Cutaneous 
mechano-receptors 

(body) 

A Beta 
clearance 
increase 

Piezo2 channel 
(body) 

E/I balance 
optimization 

A beta mechanosensory 
afferents 

Acute 
loud noise 

Spinal dorsal 
horn 

Cochlea

Brainstem reticular 
formation 

MET channel
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SCG(PNS)

Peripheral clock 
gene 

synchronization 

Rod/Cone 
photoreceptors 

Circadian 
rhythm 

entrainment 

Arousal
Melatonin 
synthesis 

(nighttime) 

Orexin release VTA

Lateral 
hypothalamus 

DRN

Circadian rhythm 
disruption 

Pineal gland Chronic 
exposure 

Lateral habenula

IGLSCN vLGN

ipRGC

PER1/CRY induction 
(cutaneous) 

5000-6500K all day

Melanocytes

Melanopsin
Epidermal 

keratinocytes 

5000-6500K daytime / 
< 3500K evening 

UVB exposure 
(280–315 nm) 

Core clock gene oscillation 
(BMAL1/CLOCK – 
PER1/PER2/CRYs) 

Chronic cortisol 
elevation 

Sleep architecture 
disruption 

Cortisol rhythm 
disruption 

Hyperexcitable 
state 

Retinohypothalamic 
tract 

Hyperexcitable 
state 

Dopamine reward 
signaling 

dysregulation 

Serotonin 
decrease 

Circadian rhythm 
disruption 

Melatonin 
suppression 
(nighttime) 

Anti-neuroinflammation 
(NF-B suppression) 

Stress 
reduction 

Neurotrophin 
upregulation 
(BDNF/GDNF) 

Amygdala

Serotonin 
synthesis 

enhancement 

Dopamine 
regulation 

TPH2 
upregulation 

Noradrenaline 
increase 

Vitamin D3 
synthesis 

LC

VDR

Serotonin release 
increase 

GABAergic 
projection 

Cortisol 
regulation 

HPA axis 
(CRH/ACTH 

cascade) 

PVN

Physiological Responses

Central Nerves System

Peripheral Nerves System

Sensory Receptors
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PFC
Parietal lobe

VTA

Amygdala

HPA axis regulation Dopamine release

ACC

Insular cortex

Symptom 
attenuation 

Cortisol 
regulation 

Hippocampus

E/I balance 
stabilization 

Nocebo 
information 

BNST

CRH release

GABAergic 
inhibition decrease 

E/I balance 
destabilization 

Hypothalamus

Sympathetic 
shift 

Cortisol 
increase 

Visual cortex Auditory cortex

Positive 
interoceptive 

prediction 

GABAergic tone 
enhancement 

Brainstem 
sympathetic 

center 

HPA axis 
activation 

Defense 
response 
activation 

Negative 
interoceptive 

prediction 

PAG

Symptom 
amplification 

Placebo 
information 

Interoceptive signal 
integration 

Retina Cochlea

Temporal 
association cortex 

Physiological Response

Environmental Factors

Central Nerves System

Sensory Receptors
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