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Introduction: Why Neurosteroid Restoration Must Be Comprehensive 

The human brain does not depend upon a single hormone for optimal function. Rather, it operates 

within an interconnected neurosteroid network in which pregnenolone, DHEA, progesterone, 

allopregnanolone, testosterone, free testosterone, dihydrotestosterone (DHT), estradiol, and other 

neuroactive steroids work collectively to regulate cognition, mood, motivation, sleep, stress 

resilience, sexual function, mitochondrial activity, neuroprotection, and inflammatory control. 

When this network becomes disrupted, replacing only one component may improve laboratory 

values without fully restoring neurological function. 

An important initiator of this disruption is neurotrauma. Neurotrauma encompasses injury to the 

brain and nervous system resulting from mechanical forces, including recognized traumatic brain 

injury as well as repetitive subconcussive exposures that may occur without loss of consciousness 

or obvious abnormalities on conventional imaging. At the cellular level, mechanical forces such 

as acceleration, deceleration, rotation, compression, and tissue deformation are converted into 

biochemical signals through mechanotransduction. This process can alter neuronal and glial 

membranes, ion channels, cytoskeletal structures, mitochondrial function, and cellular signaling, 

initiating an inflammatory response within the nervous system. Thus, the biological sequence may 

begin with neurotrauma → mechanotransduction → neuroinflammation. 

Once established, neuroinflammation can extend the consequences of the original mechanical 

event by disrupting neuroendocrine regulation. Inflammatory signaling may interfere with 

hypothalamic and pituitary function, gonadal and adrenal steroidogenesis, mitochondrial 

cholesterol transport, steroidogenic enzyme activity, peripheral hormone availability, and 

potentially local synthesis and metabolism of neurosteroids within the brain. The resulting 

disturbance is therefore not necessarily a deficiency of one hormone, but a multilevel disruption 

of the neurosteroid network. 

This concept may help explain why some patients experience an incomplete or transient response 

to conventional hormone replacement. Testosterone replacement, for example, may correct 

circulating testosterone while abnormalities in pregnenolone, DHEA, estradiol, DHT, 

progesterone-derived neurosteroids, or allopregnanolone remain unresolved. Because these 

compounds exert distinct yet complementary effects upon GABAergic, glutamatergic, 

dopaminergic, serotonergic, mitochondrial, and neuroimmune systems, normalization of one 

hormone cannot be assumed to restore the entire network. 

A more comprehensive approach therefore asks not simply whether a hormone is “low,” but 

whether the neuroinflammatory process has been addressed and the neurosteroid system has been 

functionally restored. 

Neurotrauma initiates the injury. Mechanotransduction translates mechanical force into cellular 

signaling. Neuroinflammation can perpetuate the biological disruption. Comprehensive 

neurosteroid restoration seeks to restore the biochemical environment necessary for optimal brain 

function. 
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  Primary Neurofunctional Roles 
Symptoms Associated 

With Deficiency 

Neuroinflammatory 

Mechanism of Suppression 

Pregnenolone 

Foundational neurosteroid precursor 

supporting synaptic plasticity, 

memory, attention, mitochondrial 

function, neuronal resilience, and 

downstream steroid synthesis. 

Brain fog; impaired 

memory/concentration; 

fatigue; reduced cognitive 

endurance; mood changes; 

sleep disturbance; poor stress 

tolerance. 

Inflammatory cytokines and 
oxidative/mitochondrial stress can 

impair cholesterol transport into 

mitochondria and steroidogenic 
enzyme activity, potentially reducing 

conversion of cholesterol → 

pregnenolone and limiting the substrate 
available for downstream 

neurosteroids. 

Pregnenolone 

Sulfate 

Modulates NMDA/glutamate, 

GABA-A and cholinergic signaling; 

supports learning, memory, attention, 

and synaptic plasticity. 

Cognitive slowing; impaired 

learning/memory; reduced 

attention; decreased 

processing efficiency and 

cognitive resilience. 

Reduced pregnenolone availability can 

decrease substrate for sulfated 
metabolites. Neuroinflammation may 

also alter sulfotransferase/sulfatase 

activity and neuronal/glial steroid 
metabolism, potentially changing local 

CNS pregnenolone-sulfate availability. 

DHEA 

Neuroprotective/neurotrophic; 

supports mood, motivation, cognition, 

energy, neuronal survival, immune 

regulation, stress resilience, and 

androgen/estrogen synthesis. 

Fatigue; low motivation; 

depressed mood; anxiety; 

cognitive slowing; decreased 

libido; reduced stress 

tolerance and vitality. 

Chronic inflammatory/HPA-axis 

signaling can alter adrenal 
steroidogenesis and shift steroidogenic 

resources toward glucocorticoid 

pathways. Cytokine, oxidative, and 
mitochondrial effects may further 

impair steroidogenic enzyme activity 

and DHEA production. 

DHEA-S 

Circulating reservoir for DHEA; 

supports cognition, memory, neuronal 

resilience, neuroimmune regulation, 

and stress adaptation. 

Fatigue; impaired 

concentration/memory; low 

motivation; mood 

disturbance; decreased libido 

and stress resilience. 

Reduced DHEA production limits 
DHEA-S substrate. Inflammation may 

additionally influence adrenal 

steroidogenesis and 
sulfation/desulfation pathways, altering 

the balance between DHEA and 

DHEA-S. 

Progesterone 

Neuroprotective; supports myelin 

formation/repair, mitochondrial 

function, neuronal survival, anti-

inflammatory signaling, sleep, and 

synthesis of allopregnanolone. 

Anxiety; irritability; 

insomnia; mood instability; 

cognitive complaints; poor 

stress tolerance and 

potentially impaired neural 

recovery. 

Cytokine-mediated disruption of 
hypothalamic–pituitary–gonadal 

signaling can suppress GnRH → 

LH/FSH signaling and gonadal 
steroidogenesis. 

Oxidative/mitochondrial stress may 
additionally interfere with 

steroidogenic conversion pathways. 

Allopregnanolone 

Powerful positive allosteric 

modulator of GABA-A receptors; 

promotes inhibitory tone, calmness, 

sleep, emotional stability, stress 

recovery, and control of neuronal 

excitability. 

Anxiety; panic; irritability; 

insomnia; fragmented sleep; 

hyperarousal; exaggerated 

stress response; emotional 

instability; depressive 

symptoms. 

Inflammation can reduce progesterone 

availability and may alter 5α-

reductase and 3α-HSD-dependent 

metabolism, potentially decreasing 

progesterone → allopregnanolone 
conversion. Neuroinflammation may 

also alter GABA-A receptor 

composition and neurosteroid 
sensitivity. 

THDOC 

GABA-A-modulating neurosteroid 

regulating neuronal inhibition, 

anxiety, stress response, sleep, and 

CNS excitability. 

Anxiety; hyperarousal; 

irritability; sleep disruption; 

increased neuronal 

excitability; reduced stress 

tolerance. 

Chronic inflammatory/HPA-axis 

dysregulation may alter adrenal 

precursor production and downstream 

5α-reductase/3α-HSD metabolism 

required for THDOC formation, 

potentially weakening neurosteroid-
mediated inhibitory signaling. 

Free Testosterone 

Biologically available testosterone 

fraction accessible to tissues for 

androgen-receptor signaling and local 

conversion to DHT and estradiol; 

supports motivation, cognition, mood, 

libido, energy, muscle function, and 

neuroplasticity. 

Low drive; fatigue; 

depressed/flattened mood; 

brain fog; reduced 

concentration; decreased 

libido; sexual dysfunction; 

reduced strength, recovery, 

confidence, and vitality. 

Inflammation may lower testosterone 

production through GnRH/LH 
suppression and can alter SHBG 

concentrations, changing the 

relationship between total and free 
testosterone. Thus free testosterone can 

be disproportionately reduced even 
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  Primary Neurofunctional Roles 
Symptoms Associated 

With Deficiency 

Neuroinflammatory 

Mechanism of Suppression 

when total testosterone appears less 

abnormal. 

DHT 

Potent non-aromatizable androgen 

formed from testosterone by 5α-

reductase; strongly activates 

androgen receptors and contributes to 

sexual function, motivation, reward 

signaling, neuronal differentiation, 

and androgen-dependent CNS 

activity. 

Reduced libido/sexual 

function; diminished drive 

and motivation; fatigue; 

reduced vitality; potentially 

altered mood and cognition. 

Reduced testosterone limits substrate 

for DHT production. Inflammatory and 

metabolic changes may also influence 
5α-reductase activity, potentially 

altering testosterone → DHT 

conversion and tissue-level androgen 
signaling. 

Estradiol (E2) 

Major neuroprotective estrogen in 

men and women; supports synaptic 

plasticity, cerebral blood flow, 

mitochondrial function, glucose 

utilization, serotonin/dopamine 

signaling, memory, mood, and 

neuronal survival. 

Brain fog; memory/word-

retrieval difficulty; anxiety; 

depression; irritability; sleep 

disruption; fatigue; reduced 

libido and cognitive 

resilience. 

HPG-axis suppression can reduce 
ovarian estrogen production in women 

and testosterone substrate for 

aromatization in men. Inflammatory 

signaling may also alter aromatase 

activity and local estrogen 

metabolism, producing tissue-specific 
changes in estradiol availability. 

Estrone (E1) 

Contributes to overall estrogenic 

signaling and serves as an 

interconvertible reservoir with 

estradiol, particularly after 

menopause. 

Cognitive complaints; mood 

changes; sleep disruption; 

reduced libido and 

diminished well-being. 

Inflammation may alter precursor 

availability, aromatase activity, and 

17β-HSD-mediated E1 ↔ E2 

interconversion, changing the balance 

of estrogenic signaling. 

Estriol (E3) 

Weaker estrogen with estrogen-

receptor activity and possible 

neuroimmune/anti-inflammatory 

effects; most physiologically 

prominent during pregnancy. 

No well-defined isolated 

neurological deficiency 

syndrome; reduced estrogenic 

activity may contribute to 

cognitive, mood, sleep, and 

neuroimmune changes. 

Reduced upstream estrogen precursors 

and altered hepatic/peripheral steroid 
metabolism during systemic 

inflammation can affect estriol 

production; direct neuroinflammatory 
suppression of E3 is less well 

established. 

Androstenedione 
Steroidogenic intermediate providing 

substrate for testosterone and 

estrogen synthesis. 

No specific isolated 

neurologic deficiency 

syndrome; inadequate 

availability may contribute 

indirectly to fatigue, low 

libido, mood changes, and 

reduced vitality through 

downstream sex-steroid 

deficiency. 

Inflammation-associated disruption of 
adrenal/gonadal steroidogenesis can 

reduce upstream precursor production 

and alter steroidogenic enzyme 
activity, decreasing androstenedione 

and downstream testosterone/estrogen 

availability. 

Cortisol 

Regulates alertness, energy 

mobilization, vascular tone, immune 

activity, memory, circadian rhythm, 

and physiological adaptation to stress. 

Fatigue; weakness; poor 

stress tolerance; cognitive 

slowing; apathy; impaired 

concentration; 

hypotension/dizziness and 

reduced physiological 

resilience. 

Acute inflammation commonly 

increases HPA-axis activity and 

cortisol, rather than suppressing it. 
With chronic disease, glucocorticoid 

signaling, circadian regulation, receptor 

sensitivity, and HPA dynamics may 
become dysregulated. True cortisol 

deficiency requires evaluation for 

adrenal or central adrenal insufficiency 

rather than being attributed to 

neuroinflammation alone. 

1. Neuroinflammation → Cytokine Signaling → Hypothalamic/Pituitary Disruption → Reduced Trophic Hormone 

Signaling → Altered Gonadal/Adrenal Steroidogenesis → Altered Neurosteroid Availability → Changes in 

Brain Function 

2. Neuroinflammation → Oxidative/Mitochondrial Stress → Altered Steroidogenic Enzymes → Impaired 

Neurosteroid Conversion → Altered GABA / Glutamate / Dopamine / Serotonin Signaling → Neuropsychiatric 

Symptoms.  

 


