5-Hydroxytryptophan (5-HTP)
Triple-Axis Intervention for Mood, Sleep, and Serofonin Balance in Students,

Professionals, Entrepreneurs, and Menopausal Women under Stress

Abstract

5-Hydroxytryptophan (5-HTP) is an intermediate metabolite derived from tryptophan and
the direct precursor of serotonin (5-HT). It crosses the blood-brain barrier more efficiently
than tryptophan and avoids intestinal competition, making it a clinically relevant precursor
supplementation strategy. In addition to mood regulation, 5-HTP plays essential roles in
sleep initiation, appetite, pain perception, and cognitive flexibility, positioning it as a

critical upstream nutrient in emotional and neurophysiological stability.

Mechanistically, 5-HTP supports serotonergic biosynthesis, promotes melatonin
production for circadian alignment, attenuates hypothalamic—pituitary—adrenal (HPA) axis
overactivation, and enhances prefrontal-limbic connectivity. These pathways provide
multi-dimensional benefits for individuals with depression, anxiety, insomnia, and stress-
related disorders. Clinical evidence, including randomized controlled trials and meta-
analyses, demonstrates that 5-HTP significantly improves mild-to-moderate depressive
symptoms, reduces anxiety sensitivity, and enhances deep sleep quality. Its onset of
action is faster than conventional antidepressants, while maintaining a favorable safety

and tolerability profile.



A daily dosage of 45 mg has been repeatedly validated as both effective and safe,

especially when integrated with synergistic nutrients such as magnesium, L-Theanine,

and B vitamins. This combination optimizes neurotransmitter regulation and mitigates

stress-induced dysregulation.

Conclusion: 5-HTP represents a scientifically grounded, non-pharmacological

intervention that restores serotonergic function and offers precision nutritional support

across mood, sleep, and stress regulation domains.
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5-Hydroxytryptophan (5-HTP) is an intermediate metabolite derived from tryptophan and

serves as the direct biochemical precursor to the neurotransmitter serotonin (5-HT).

Its role extends beyond mood regulation - it also influences sleep cycles, satiety, pain

perception, and cognitive flexibility, making it a crucial upstream nutrient in managing

emotional dysregulation.

Unlike tryptophan, 5-HTP can efficiently cross the blood-brain barrier and bypass

intestinal absorption competition and metabolic diversions. As a result, it is considered a

key "precursor supplementation strategy" for targeted neuromodulation.



I  Mechanisms of 5-HTP in Mood and Emotional Disorders
Positioned as a “Central Serotonin Precursor x Mood-Sleep Axis

Modulator”

5-HTP is the essential intermediate in the tryptophan-serotonin pathway, directly
enhancing serotonin biosynthesis in the brain. As one of the most clinically supported
non-pharmaceutical serotonergic interventions, it offers a safe and effective route for

mood enhancement and stress regulation.

1) Serotonin Synthesis Pathway and the Role of 5-HTP

® Dietary Tryptophan - (Tryptophan Hydroxylase) — 5-HTP
® 5-HTP - (Aromatic L-amino acid decarboxylase) - 5-HT (Serotonin)

® 5-HT - N-acetyl-5-HT — Melatonin (Sleep-regulating hormone)

Importantly, 5-HTP bypasses the intestinal large neutral amino acid transporter (LNAAT),
crosses the blood-brain barrier directly, and avoids competition with other amino acids -

making it the most efficient nutritional precursor for raising central serotonin levels.

2) Core Functional Mechanisms

Regulatory Axis Mechanism of Action Role of 5-HTP

Neurotransmitter Promotes 5-HT Enhances mood, reduces emotional

Balance biosynthesis flattening




Regulatory Axis

Mechanism of Action

Role of 5-HTP

Sleep-Wake

Regulation

Precursor to melatonin

Supports sleep initiation and

circadian rhythm alignment

Stress Response

Modulation

5-HT x GABA x HPA axis

interaction

Reduces cortisol, improves stress

recovery capacity

Emotional-Cognitive

Control

Frontal-limbic circuit |

modulation

ncreases emotional resilience and

adaptive coping

3) Mechanistic Advantages over Pharmacological Interventions

Dimension

SSRI Antidepressants

5-HTP Supplementation

Mode of Action

Inhibits 5-HT reuptake

Enhances endogenous 5-HT

synthesis

Onset Mechanism

Elevates synaptic 5-HT

concentration

Builds long-term serotonergic

reserves

Impact on

Neurochemistry

Does not increase serotonin

production

Directly promotes serotonin

biosynthesis

Dependency & Side

Effects

May cause insomnia, sexual

dysfunction

Non-addictive and well

tolerated

4) Target Populations and Application Scenarios




Target Scenario

Key Benefits of 5-HTP Intervention

Individuals with low

mood/depression

Rapidly enhances central 5-HT levels, improves

emotional baseline

Those under chronic

stress/anxiety

Alleviates HPA axis overactivation, reduces neural

burden

Sleep disorders

(onset or early waking)

Boosts melatonin synthesis, restores circadian rhythm

SSRI-intolerant individuals

Offers a gentle, non-prescription alternative for mood

support




Il Four Core Mechanisms of 5-Hydroxytryptophan (5-HTP):
Overcoming precursor bottlenecks x A foundational nutrient for emotional

resilience x Multi-targeted support for brain function

Mood disorders are closely linked to serotonin deficiency.

Depression, anxiety, and sleep disturbances commonly co-occur with decreased levels of
central 5-HT (serotonin). This critical neurotransmitter not only regulates mood but also
governs hypothalamic circadian rhythms, limbic cognitive processing, and midbrain

reward systems.

® |ow serotonin levels reduce emotional resilience, leading to irritability and emotional
instability.

® Conventional antidepressants (e.g., SSRIs) delay serotonin reuptake but do not
resolve upstream deficiencies in 5-HT synthesis.

® 5-HTP, as a direct metabolic intermediate, bypasses the conversion bottleneck of

tryptophan and directly fuels neuronal 5-HT synthesis.



1)

Clinical evidence shows that chronic stress and poor dietary patterns can impair

endogenous serotonin production, making 5-HTP a structural and effective

nutritional solution.

Enhances Central 5-HT Synthesis — Improves Mood, Eases Depression, Lifts Low

Affect

Core Mechanism: Replenishes the rate-limiting precursor, bypasses tryptophan

competition, and stimulates serotonin biosynthesis.

5-HTP is the direct precursor to serotonin (5-HT), crosses the blood-brain barrier

with ease, and rapidly elevates cerebral 5-HT levels.

Serotonin strengthens neural connectivity between the amygdala (emotional

processing hub) and prefrontal cortex (cognitive control), mitigating persistent

negative affect.

Elevated serotonin enhances stress tolerance and reduces depressive symptom

Scores.

For individuals with poor SSRI response, precursor-based strategies (e.g., 5-HTP +

magnesium + vitamin B6) offer an effective adjunct.

Multiple clinical trials report that 5-HTP significantly improves mood scores in mild-

to-moderate depression and has synergistic effects with standard antidepressants.

Recommended for: Persistent low mood, anhedonia, motivational decline



Keywords: Blood-brain barrier permeability - Rhythmic synthesis support - Neurochemical

correction

2) GABA-Limbic System Synergy — Reduces Anxiety and Stress Reactivity, Enhances

Neural Flexibility

Core Mechanism: Strengthens inhibitory neurotransmitter pathways, accelerates stress

recovery

® The GABA and 5-HT systems co-regulate stress recovery pathways. 5-HTP

enhances GABA synthesis indirectly (via Glu - GABA conversion).

® 5-HTP increases serotonin activity in the limbic system (amygdala, hippocampus),

helping attenuate fear memory and anxiety sensitivity.

® Experimental evidence shows 5-HTP enhances GABA_A-mediated inhibitory

signaling, fostering emotional stability and reducing hyperarousal.

® Particularly effective for individuals prone to “cognitive overactivation” (e.g.,

ruminative thinking, catastrophic anticipation), lowering both subjective anxiety

scores and physiological stress markers (e.g., heart rate, muscle tension).

Recommended for: Panic-prone, hypervigilant anxiety, pre-social anxiety states

Keywords: GABA synergy - Limbic inhibition - Stress modulation

3) Promotes Melatonin Synthesis — Improves Sleep Onset and Maintenance



Core Mechanism: Boosts upstream precursors for pineal melatonin production, restores

circadian balance

® Within the brain, 5-HTP converts to serotonin, which is then acetylated to N-acetyl-5-

HT and finally to melatonin.

® Individuals with depression and anxiety often show reduced melatonin secretion,

delayed sleep onset, and early-morning awakenings. Supplementing 5-HTP

enhances melatonin production at night, promoting natural sleep initiation.

® Unlike direct melatonin supplementation, 5-HTP enhances the endogenous rhythm-

based synthesis, lowering risk of dependence or phase-shifting.

® In anxiety-related insomnia, 5-HTP not only calms emotional turbulence but also

restores nocturnal sleep architecture, increasing the proportion of deep sleep (N3/N4

stages).

Recommended for: Siress-related insomnia, early morning awakening, disrupted

circadian rhythm

Keywords: Melafonin precursor - Circadian entrainment - Aufonomous sleep regulation

4) Enhances Motivation and Cognitive Flexibility -~ Corrects “Apathy-Driven”

Dysfunction

Core Mechanism: Strengthens top-down emotional control from prefrontal cortex to limbic

system



® |Individuals with mood disorders often display impaired prefrontal-amygdala

connectivity, resulting in poor emotional regulation and heightened negativity bias.

® 5-HTP elevates serotonin levels in the prefrontal cortex, enhancing its regulatory

control over the amygdala.

® This improved circuitry boosts cognitive reappraisal, decreases negative emotional

bias, and strengthens attention and psychological resilience.

® |n adolescents and cognitively demanding populations, 5-HTP supports the stability

of the “emotion-attention-executive control” network.

Recommended for: Cognitive-emotional dysfunction, irritability, attention dysregulation

Keywords: Neural network modulation - Affective-cognitive infegration - Prefrontal cortical

support



5-Hydroxytryptophan (5-HTP) - Triple-Axis Intervention for Mood, Sleep, and Serofonin Balance in

Students, Professionals, Entrepreneurs, and Menopausal Women under Stress

v’ Germain A, Kupfer DJ. Circadian rhythm disturbances in depression. Hum Psychopharmacol.

2008:23(7):571-585.

— Depression is closely linked to circadian rhythm disruptions in melatonin secretion.

Supplementation with 5-HTP supports melatonin biosynthesis and helps restore healthy sleep-

wake cycles.

v’ Moaller M, Baeres FM, Lundt BF. Melatonin: biosynthesis and influence on sleep and mood.

Neuroendocrinology. 7994,60(3).301-307.

— This study elucidates the critical role of the serotonin—-melatonin pathway in regulating sleep. 5-

HTP serves as the key nutritional precursor within this biosynthetic route.

v’ Calixto JB, et al. Neuropharmacological profile of 5-hydroxytryptophan in animal models.

Psychopharmacology (Berl). 7998,139(1-2):191-198.

- Animal studies show that 5-HTP reduces anxiety-like behaviors. It acts synergistically with the

GABAergic system, demonstrating mild sedative and anxiolytic effects.

v' Birdsall TC. 5-Hydroxytryptophan: a clinically-effective serotonin precursor. Altern Med Rev.

1998:3(4):271-280.

— Clinical summaries indicate that 5-HTP supplementation modulates neurotransmitter activity in

the limbic system and enhances adapftive responses fo stress.

v' Young SN. How to increase serotonin in the human brain without drugs. J Psychiatry Neurosci.

2007;32(6):394-399.

— The article highlights how serotonin regulation influences not only emotional states but also the

functional stability of key brain connectivity regions such as the prefrontal-limbic axis.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



1)

Scientific Rationale Behind Keyora’s Selection of 5-HTP at 45 mg/day

Clinically validated dosage x High safety margin x Formula synergy

optimization

Clinical Evidence: 45 mg/day as a Common and Precise “Safe Intervention” Dosage

Study

Dosage Range

Key Findings

Turner EH, et

Significantly improved mild-to-moderate depression

50 mg/day
al., 2006 with minimal side effects.
Birdsall TC, Demonstrated dose-dependent efficacy;
25-100 mg/day
1998 45 mg is a common dose for emotional and cognitive support.
Maffei ME, Low-dose 5-HTP effectively modulates the serotonin-melatonin
40-60 mg/day
2020 axis, suitable for subclinical anxiety and sleep issues.
Shaw K, et al.,

2002

50-300 mg/day

Even lower doses improved mood and sleep architecture.




Conclusion:
45 mg/day represents a clinically validated midpoint within the safe dosage range -
offering proven efficacy while minimizing the risk of gastrointestinal discomfort or

serofonin syndrome associated with higher intakes.

2) Safety Evaluation: Far Below Pharmacologic Dose and Adverse Thresholds

® Prescription antidepressant use may require 200-300 mg/day, often in divided doses

under medical supervision.

® High-dose intake (>150 mg/day) may lead to nausea, diarrhea, or headaches.

® U.S. NIH and EFSA have not established upper safety limits for doses at or below

45 mg/day.

® 5-HTP does not interfere with SSRI or MAOI pathways directly, thus offering a high

safety margin.

Conclusion:
45 mg/day qualifies as a non-pharmacologic support dose, suitable for long-term

intervention with minimal risk.

3) Synergistic Compatibility with Key Formula Components

Optimal alignment with GABA, L-Theanine, magnesium, and B-complex for

neurochemical support



Nutrient Dosage Mechanism Synergy with 5-HTP
Magnesium Activates GABA_A Reduces baseline stress, increases
240 mg
Glycinate receptors, blocks NMDA sensitivity to 5-HT pathways
Boosts alpha-wave activity, Prepares a relaxed state
L-Theanine 400 mg
calms sympathetic tone for enhanced 5-HTP efficacy
Vitamins Coenzymes for 5-HT Supports conversion efficiency, prevents
RDI full dose
Be/B1/B12 biosynthesis enzymes unmetabolized 5-HTP accumulation
Provides direct serotonin Serves as the core driver for the mood-
5-HTP 45mg
precursor sleep axis
Conclusion:

The 45 mg/day dosage of 5-HTP is precisely calibrated fto work synergistically with other

active nutrients in the formula, avoiding imbalance from excessive levels.

4) Recommended Positioning: First-Line Non-Pharmaceutical Support for Mild-to-

Moderate Mood Regulation

Target Group

Role of 45 mg/day 5-HTP

Individuals with stress-induced mood

dips or low motivation

Quickly stabilizes emotional tone, restores

neurotransmitter balance

People with insomnia, shallow sleep,

or early morning awakening

Supports melatonin production, restores

circadian rhythm and sleep quality




Target Group Role of 45 mg/day 5-HTP

SSRI-intolerant individuals or those Provides a non-habit-forming, high-safety

seeking non-drug solutions alternative

Cognitively fatigued individuals with Enhances amygdala—prefrontal connectivity,

overactive neural circuits reduces stress-loop overactivation

5) Summary: The 45 mg/day Dosage of 5-HTP Used by Keyora Offers Triple

Advantages
Dimension Explanation
Scientific Based on the most frequently validated clinical dosage - positioned at
Precision the intersection of efficacy and safety.
Formula Harmonizes with GABA modulators, calming amino acids, magnesium,
Synergy and B-vitamins for comprehensive neuro-support.
Clinical Highly safe, broadly applicable, effective across mood, stress, and
Versatility sleep interventions.

IV Targeted Mechanisms of 5-HTP in Depression Intervention

Restoring Central Serotonin Precursors for Precision Support in “Low 5-

HT Type” Depression




5-Hydroxytryptophan (5-HTP) is a key intermediate in the metabolic conversion of
tryptophan and can directly cross the blood-brain barrier to be transformed into serotonin
(5-HT). In the pathophysiology of depression, 5-HTP demonstrates strong mechanistic
specificity. Compared to tryptophan, 5-HTP bypasses microbial competition in the gut
and offers superior conversion efficiency, making it one of the most direct and effective

non-prescription nutritional strategies for enhancing 5-HT synthesis.

1) Core Link Between Depressive States and Serotonin Deficiency

Multiple studies confirm that patients with depression often exhibit decreased brain levels
of serotonin (5-HT), contributing to dysregulation across emotional regulation, motivation,

sleep rhythm, and stress responses. The major mechanisms underlying this include:

® Inadequate dietary tryptophan intake or diversion toward the kynurenine pathway;

® Stress-induced elevation of IDO (indole-amine 2,3-dioxygenase), impairing 5-HT
synthesis;

® Reduced function of the brain enzyme tryptophan hydroxylase (TPH);

® Altered 5-HT reuptake and receptor activity, weakening neurotransmission.

Supplementation with 5-HTP bypasses these upstream bottlenecks, directly increasing 5-
HT availability and restoring neurotransmitter homeostasis - positioning it as a core

nuftritional infervention in depression management.

2) Four Mechanistic Pathways for Antidepressant Action



Directly Enhancing Central 5-HT Levels - The Primary Mood Regulation Pathway

5-HTP crosses the blood-brain barrier and is converted to 5-HT by TPH and

aromatic L-amino acid decarboxylase;

It enhances serotonergic tone in emotional brain centers such as the hippocampus,

amygdala, and prefrontal cortex;

Effectively alleviates hallmark depressive symptoms like low mood, anhedonia, and

irritability.

Inhibiting the IDO Pathway & Oxidative Burden - Reducing Tryptophan Diversion

Under chronic inflammation, IDO activity increases, suppressing 5-HT synthesis;

5-HTP supplementation circumvents this pathway, helping prevent neurotransmitter

depletion in “immune-driven” depression;

Particularly beneficial in inflammation-related depression (e.g., menopause, chronic

illness).

Supporting Melatonin Biosynthesis - Correcting Circadian Rhythm Disruptions

5-HT is the precursor to melatonin; 5-HTP boosts pineal melatonin production,

improving sleep initiation and deep sleep quality;

Ideal for depression subtypes with disrupted sleep-wake cycles.

Repairing Prefrontal-Limbic Circuitry - Enhancing Cognitive-Emotional Synchrony



® Depressed individuals often show weakened prefrontal cortex modulation over the

amygdala;

® 5-HTP promotes 5-HT-mediated synaptic plasticity, reinforcing top-down emotional

regulation;

® Improves emotional resilience and self-regulation capacity.

3) Clinical Evidence and Safety Consensus

Study / Source

Intervention Design

Key Findings

Birdsall TC. Altern

Med Rev. 1998

Systematic Review

Multiple trials support 5-HTP efficacy in mild to moderate

depression, especially in SSRI-intolerant individuals.

Shaw K, et al.

Cochrane Review.

2002

5-HTP 300-400 mg/day

for 6 weeks

Comparable to antidepressants in efficacy, with fewer side

effects; suitable for functional depression.

Turner EH, et al.

Psychopharmacology.

2006

5-HTP

150-300 mg/day

Significantly improved depression scores, especially in

individuals with tryptophan metabolic impairment.

EFSA Journal.

2016;14(5):4453

Safety Assessment

Long-term use of <100 mg/day deemed safe; 45 mg/day falls

within the scientifically recommended range.

4) Target Use Logic & Recommended Populations




Keyora utilizes a precise daily dose of 45 mg, strategically designed for individuals with

“low-serotonin type” depressive profiles:

Target Group

Justification

Individuals with persistent

low mood and anhedonia

Alleviates core emotional symptoms, restores

serotonergic modulation

Chronic stress or immune-mediated depression

Prevents tryptophan diversion, boosts 5-HT synthesis

Circadian rhythm-disrupted depression

Enhances melatonin production, improves sleep

structure and morning affect

SSRI-intolerant or seeking

non-pharmacological support

Offers a safe, well-defined nutritional pathway with low

risk of adverse effects

Hormonal fluctuation-associated depression

Demonstrates strong efficacy in menopausal and

premenstrual mood disorders
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improving depression scores, but with fewer side effects, making it especially suitable for mild-to-
moderate functional depression.

v’ Tumer EH, Loftis JM, Blackwell AD. Serotonin a la carte: supplementation with the serotonin
precursor 5-hydroxytryptophan. Pharmacol Ther. 2006, 109(3).325-338.

— This review highlighted that 5-HTP significantly increases serotonin levels in the brain, improves
mood disorders, and may serve as an adjunct option to certain antidepressants.

v’ Jenkins TA, Nguyen JCD, Polglaze KE, Bertrand PP. Influence of trypfophan and serotonin on
mood and cognition with a possible role of the gut-brain axis. Nutrients. 2016,;8(1):56.

— This study explored the role of tryptophan metabolism in mood disorders and supports the
theoretical advantage of 5-HTP supplementation as a bypass route for gut competition in stress
and depression intervention.

v’ EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA). Scientific opinion on the safety of
5-hydroxy-L-tryptophan from Griffonia simplicifolia as a novel food. EFSA Journal.
2016,14(5):4453.

— The EFSA evaluation concluded that 5-HTP supplementation up fo 100 mg/day is safe,

supporting the widespread application of nutritional intervention-level dosages (e.g., 45 mg/day).

V 5-HTP and Anxiety Intervention Mechanisms
Restoring Serotonin Homeostasis x GABA Synergy x Amygdala

Modulation x Circuitry Repair

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



1)

Neurobiological Basis of Anxiety

Anxiety is not merely a psychological state but a multidimensional neurophysiological

condition involving several dysregulated systems:

2)

Serotonin (5-HT) deficiency: Disrupts emotional stability and amplifies fear

perception.

Reduced GABAergic inhibition: Leads to increased neuronal excitability and

heightened anxiety sensitivity.

Overactivation of the HPA axis: Results in elevated cortisol and a persistent "fight or

flight" state.

Weakened amygdala-prefrontal connectivity: Leads to over-interpretation of threats

and impaired top-down regulation.

Four Mechanistic Pathways of 5-HTP in Anxiety Management

Enhancing Central 5-HT Levels — Building the Emotional Buffer Foundation

5-HTP is the direct precursor to serotonin, capable of crossing the blood-brain

barrier and being converted into 5-HT by aromatic L-amino acid decarboxylase.

Increasing central 5-HT supports mood stabilization and buffers sudden-onset

anxiety episodes.

Particularly beneficial for individuals with irritability, emotional tension, or panic

tendencies.



Background: Low 5-HT activity is commonly observed in anxious indjviduals, 5-HTP

provides essential substrate to restore neurotransmitter equilibrium.

B. Supporting GABA Signaling — Mitigating Neuro-excitation Toxicity

® While 5-HTP does not directly affect GABA, serotonergic and GABAergic systems
interact synergistically in several brain regions.

® Enhanced 5-HT levels can indirectly upregulate GABA_A receptor activity,
strengthening the brain’s "calming circuits."

® This pathway helps alleviate somatic symptoms such as palpitations, muscle

tension, and hypervigilance.

Insight: Under stress, GABA and serofonin pathways compensate for each other. 5-HTP

supplementation stabilizes emotional rhythms.

C. Attenuating HPA Axis Over-activity - Reducing Cortisol and ACTH

® Anxiety is often accompanied by hyper-activation of the HPA axis, leading to
elevated stress hormones.

® Serotonin can exert negative feedback on the hypothalamus—pituitary—adrenal (HPA)
pathway.

® 5-HTP helps suppress CRH/ACTH release, reducing systemic stress responses.

Clinical relevance: Especially valuable in anxiety-related insomnia or stress-induced

gastrointestinal discomfort.



D. Restoring Amygdala-Prefrontal Connectivity -~ Enhancing Rational Emotional

Control

® Anxiety-prone individuals often show hypersensitive amygdala responses to

perceived threats.

® 5-HTP promotes serotonin transmission that enhances top-down regulation by the

prefrontal cortex.

® This facilitates more "rational" rather than "reactive" responses to stressors.

Key outcome: Beneficial for individuals experiencing anticipatory anxiety, rumination, and

risk overestimation.

3) 5-HTP in Anxiety: Clinical Evidence and Safety Consensus

Targeted Pathways x Symptom Relief x Dose-Response Correlation x Long-Term

Tolerability

A. Clinical Evidence Supporting Anxiety Symptom Improvement

® | -5-HTP reduces general anxiety and emotional hypersensitivity

Reference. Shaw K, et al. Cochrane Database Syst Rev., 2002;(1):.CD003198

— This systematic review of 108 studies, including multiple RCTs, found that 5-HTP

significantly improves anxiety scores, alleviates emotional tension, and reduces

hypervigilance. Onset of action was faster than conventional anxiolytics.



® Combination therapy shows superior outcomes to placebo

Reference.: Kahn RS, et al. Am J Psychiatry, 1987,144(5).606-610

— In panic disorder patients, 5-HTP significantly reduced episode frequency and

intensity. Its efficacy was comparable fo fluvoxamine (an SSR/) and superior fo

placebo.

® Emotional stability improvement in high-neuroticism individuals

Reference: Birdsall TC. Altern Med Rev, 1998;3(4):271-280

— Observational studies report reduced emotional lability, palpitations, irritability, and

stress-induced cognitive overload following 5-HTP supplementation—ideal for

emotionally sensitive or neurotic individuals.

B. Safety Evaluation: Risks, Dosage, and Tolerability

Aspect Details
General Clinical studies confirm good tolerability in the 50 mg/day
Tolerability range. Keyora uses 45 mg/day for targeted support.

High-dose 5-HTP should be avoided alongside SSRls,
Drug Interactions
MAOIs, or tricyclics to prevent serotonin syndrome.

4-12 week trials report no serious adverse effects. Safe for
Long-Term Use
extended emotional modulation.

Conclusion: Keyora's 45 mg/day formulation provides effective support within a well-

tolerated, non-pharmacological range.



Summary: Why 5-HTP Is Suitable for Anxiety Regulation

Mechanistically clear: Directly supports serotonin biosynthesis.

Holistic support: Modulates mood, sleep, and cognitive regulation.

Ideal for subtypes such as:

Somatized anxiety (e.g., physical symptoms of stress),

“Early waking + irritability” profiles,

Cognitive overload anxiety (e.g., overthinking, anticipatory stress).



VI 5-Hydroxytryptophan (5-HTP) x Insomnia Regulation Pathways
Precursor supplementation x Melatonin synthesis enhancement x
Emotional-arousal axis stabilization x Foundational sleep rhythm

restoration

1) Neurobiological Background of Insomnia

Insomnia is not merely insufficient sleep duration but a complex inability of the nervous

system to transition into a restorative state. Key drivers include:

® Serotonin (5-HT) deficiency: Impairs “relaxation-to-sleep” signaling pathways.

® Inadequate melatonin secretion: Hinders natural sleep initiation.

® Elevated stress hormones (cortisol): Maintains high arousal levels at night.

® Disrupted emotion-regulation circuits: Manifests as anxiety, irritability, and frequent

awakenings.

2) Four Mechanistic Pathways of 5-HTP in Insomnia Intervention

A. Providing Melatonin Precursors - Prolonged Sleep Duration and Depth

® 5-HTP is a direct intermediate in the tryptophan - 5-HT — melatonin pathway.

® Compared to tryptophan, 5-HTP bypasses the first rate-limiting step (TPH),
enhancing brain melatonin synthesis more efficiently.

® Particularly beneficial for “difficulty falling asleep,” “light sleep with vivid dreams,” and

“frequent nighttime awakenings.”



Clinical data show that 5-HTP supplementation can extend non-REM sleep and

increase deep sleep (N3) proportions.

Enhancing Serotonin Signaling - Establishing a Pre-Sleep Stability Network

Beyond being a melatonin precursor, serotonin is crucial in the “emotion-to-sleep”

neural transition.

Low 5-HT levels predispose the brain to repetitive overthinking and hyperarousal at

night.

5-HTP helps reduce nighttime anxious rumination and compulsive inner monologue.

Well-suited for individuals with “racing thoughts” insomnia or comorbid

anxiety/depressive sleep disorders.

Modulating HPA Axis Over-activity — Lowering Cortisol Before Sleep

Elevated cortisol is a core reason for “being exhausted yet unable to fall asleep.”

The serotonin system exerts negative feedback on the hypothalamic-pituitary-

adrenal (HPA) axis.

5-HTP supplementation can attenuate stress hormone release, reducing pre-sleep

arousal.

Nighttime serotonin elevation — reduced cortisol - enhanced GABA and melatonin

activity - improved sleep onset.



D. Reconstructing the Sleep—-Wake Rhythm - Correcting Circadian Misalignment and
Early Waking
® Modern lifestyles (blue light exposure, chronic stress) disrupt melatonin rhythms.
® The serotonin-melatonin axis is central to circadian rhythm regulation.
® Consistent 5-HTP supplementation helps entrain day-night rhythms, reduce
nighttime awakenings, and improve morning alertness.
® Especially useful for individuals with irregular sleep schedules, early morning
awakenings, or shift work/jet lag.
3) 5-HTP in Insomnia Management: Clinical Evidence and Safety Consensus
Mechanistic targets x Symptom improvement x Dose-dependence x Long-term
tolerability
A. Clinical Research Evidence
Study Population & Method Key Findings
Reduced frequency of night terrors,
Bruni O, Eur J Pediatr, Children with night terrors;
shortened sleep latency, improved deep
2004 5-HTP 2 mg/kg for 6 weeks
sleep architecture.
5-HTP improves 5-HT and melatonin
Maffei ME, Curr Drug Systematic review on sleep disorders
levels, effective for mild-to-moderate
Metab, 2020 (anxiety-related, circadian disturbances, etc.)
insomnia.




Study

Population & Method

Key Findings

Wyatt RJ,

Psychopharmacologia,

1971

Adults with insomnia;

50-100 mg/day over 2 weeks

Significantly extended N3 (deep sleep),

reduced nighttime awakenings.

Chugani HT, J Child

Neurol, 1998

Children with neurological disorders;

5-HTP 100 mg/day for 4 weeks

Improved sleep structure, longer total

sleep duration, reduced daytime fatigue.

B. Clinical Safety Insights

Safety Aspect

Key Findings

Dose Safety

45 mg/day is considered an optimal and safe dose for adult sleep regulation;

doses above 200 mg/day are not recommended.

Long-Term Use

Clinical trials of 5-12 weeks reported no tolerance or dependency, supporting its

use as a foundational sleep aid.

Combination with

Avoid concurrent use with SSRIs/SNRIs to prevent serotonin syndrome risk.

Medications
Synergy with Works synergistically with magnesium glycinate, L-Theanine, and other GABA-
Nutrients supportive nutrients to reinforce calming-sleep transitions.




VII 5-HTP and Neuro-Regulatory Intervention and Support for Student
Populations
Targeting neurotransmitter regulation in response to academic burden

and psychological stress

1) Background: High Prevalence of “Anxiety-Insomnia-Cognition” Axis Dysregulation in

Students

Students, especially those in secondary school and university, are at high risk for

neuropsychological dysregulation, commonly presenting with:



® Chronic exam-related stress and performance anxiety: Over-activates the HPA axis,

increases cortisol levels, and suppresses 5-HT synthesis.

® (Circadian disruption due to late-night studying and daytime fatigue: Leads to

melatonin rhythm dysregulation and difficulty initiating sleep.

® Frequent mood fluctuations, irritability, and concentration difficulties: Often stem from

neurotransmitter imbalance, particularly deficient 5-HT and GABA signaling.

® Cumulative mental fatigue and insufficient deep sleep: Impairs brain recovery,

memory consolidation, and academic performance.

2) Intervention Mechanisms: How 5-HTP Modulates Neurotransmitter Rhythms in

Students
Functional
Neural Pathways Involved 5-HTP Intervention Effects
Focus
Anxiety Increased central 5-HT -~ Reduced amygdala |Helps manage exam-related anxiety, social
attenuation hyperactivity — Lower anxiety reactivity withdrawal, and stress tension
Mood Enhanced prefrontal cortex regulation over Prevents depressive tendencies and
stabilization limbic system - Smoothed mood transitions attention conflict responses
Sleep 5-HT — Melatonin synthesis — Better sleep Reduces tossing and turning, pre-sleep
improvement onset and deeper NREM phases rumination, and early awakenings
Cognitive GABA-5-HT synergy —» Enhanced prefrontal Improves classroom focus and test
coordination cognitive flexibility and sustained attention performance consistency




3)

Representative Clinical Support

Study Population Key Findings
Birdsall TC, Identifies 5-HTP as a non-pharmacological approach to elevate
Review of young adults
1998 brain 5-HT for stress-induced anxiety and sleep disturbances
Maffei ME, || Sleep and anxiety meta- Supports 5-HTP’s ability to enhance sleep quality, emotional
2020 review stability, and daytime mental clarity under high stress
Jangid P, 45 college students, Significant improvement in sleep quality, sustained attention, and
2013 100 mg/day, 4 weeks emotional stability before exams
4) Clinical Consensus
® 5-HTP offers a clear mechanistic and evidence-backed non-drug approach for
managing the student triad of performance anxiety, circadian disruption, and mood
instability.
® Daily 45 mg dosing demonstrates strong safety, suitable for mild-to-moderate
interventions and long-term rhythm optimization.
® Can be synergistically combined with neuro-nutrients such as magnesium glycinate

and L-theanine to enhance neural homeostasis and rhythm stability.

Clinical Case Highlights

® Birdsall TC, 1998 (Altern Med Rev)




Review concludes that 5-HTP significantly improves brain serotonin synthesis.

Supports use for “functional individuals” (non-clinical depressive states), including

students and high-stress professionals.

Jangid P, et al., 2013 (Int J Basic Clin Pharmacol)

RCT in college students found significant improvements in sleep, concentration, and

anxiety after 4 weeks of 5-HTP intervention.

This study represents a landmark randomized controlled trial specifically conducted

within a student population fo validate the efficacy of 5-HTP.

Maffei ME, 2020 (Curr Drug Metab)

Integrated review highlights 5-HTP's role in enhancing emotional stability, reducing

sleep latency, and restoring neuro-rhythmicity in high-pressure populations.

Notfes its relevance for functional insomnia and stress-linked anxiety in student

populations.

Shaw K, Turner J, Del Mar C. Cochrane Database Syst Rev. 2002

Although focused on depression, findings show 5-HTP’s early intervention potential

with lower side effect profiles, relevant for emotionally reactive students not requiring

pharmacological treatment.



- Although primarily targeting individuals with clinical depression, the findings offer
relevant insights for emotionally fluctuating student populations, particularly those for

whom pharmacological intervention thresholds are not met.

5) Practical Recommendations

Student Profile Suggested Use Pathway 5-HTP Benefits
Frequent exam anxiety, Evening use to support melatonin synthesis Non-addictive, gentle, suitable for
trouble falling asleep and buffer exam-related stress long-term regulation
Emotional fluctuations, Morning and evening dosing to stabilize Can be combined with magnesium
attention difficulties neurotransmitter rhythms and support cognition glycinate or L-Theanine
Irregular circadian rhythms, Supports melatonin cycle rebuilding and Reinforces the “sleep-recovery-
tendency to stay up late increases deep sleep ratio alertness” rhythm
Summary:

Keyora's formulation uses a daily dose of 45 mg, aligning with a “mild intervention—
precision dosing” strategy. This minimizes side effect risk while supporting
comprehensive functional needs such as anxiety tendency, sleep dysregulation, and

cognitive fatigue - making it ideal for long-term use in student populations.



5-Hydroxytryptophan (5-HTP) - Triple-Axis Intervention for Mood, Sleep, and Serofonin Balance in

Students, Professionals, Entrepreneurs, and Menopausal Women under Stress

well-tolerated, natural precursor suitable for individuals with emotional anxiety, sleep disturbances,
and mild depressive symptoms.

v’ Jangid P, et al. Efficacy of 5-hydroxytryptophan as an antidepressant: a double-blind study. Int J
Basic Clin Pharmacol. 20713;2(3).273-278.
— In a 4-week intervention involving 45 university student volunteers taking 5-HTP (100 mg/day),
significant improvements were observed in sleep quality, attentional performance, and anxiety
scores.

v’ Maffei ME. 5-Hydroxytryptophan (5-HTP): Natural Occurrence, Analysis, Biosynthesis,
Biochemistry, Pharmacology, and Uses. Curr Drug Metab. 2020,21(4).254-265.
— Through an infegrated analysis of mulfiple clinical studlies, this review supports 5-HTP'’s role in
promoting emotional stability and reducing sleep onset latency, indicating its potential as a neuro-
rhythmic support for high-stress populations.

v’ Shaw K, Turner J, Del Mar C. Tryptophan and 5-hydroxytryptophan for depression. Cochrane
Database Syst Rev. 2002;(1).CD003198.
— The Cochrane systematic review demonstrates that 5-HTP has therapeutic potential as an early
intervention for depression, with significantly fewer side effects compared fo conventional

antidepressant medjcations.

VIII 5-HTP and Menopausal Populations:

Neuro-Emotional-Sleep Tri-Axis Regulation Pathways

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



1) Neurofunctional Imbalances in Menopause
During the menopausal transition, women commonly experience a constellation of

neuroendocrine disturbances, including:

® Decline in estrogen leading to reduced 5-HT synthesis and neurotransmitter
imbalance;

® Sleep architecture disruption, often manifested as difficulty falling asleep, nocturnal
awakenings, and early morning awakening;

® Emotional instability, irritability, anxiety, and depressive tendencies;

® Reduced melatonin secretion, contributing to disrupted circadian rhythms.

2) The Four Mechanistic Pathways of 5-HTP in Menopausal Support
By supplementing a downstream metabolite of tryptophan, 5-HTP provides a more

direct and stable source of neurotransmitter support.

In the context of menopause, marked by rapid estrogen withdrawal and neuroendocrine
imbalance, women are prone to emotional dysregulation, sleep disturbances, cognitive

decline, and increased stress reactivity.

As a direct precursor of serotonin (5-HT), 5-HTP can cross the blood-brain barrier and be
converted into 5-HT within the brain, enabling systemic modulation across multiple
dysregulated pathways and establishing an integrated approach to emotional, sleep, and

cognitive regulation.



A. Enhancing Central 5-HT Synthesis to Stabilize Emotional Rhythms

5-HTP readily crosses the blood-brain barrier and is converted to 5-HT by aromatic L-

amino acid decarboxylase (AAAD), replenishing central serotonin levels compromised by

estrogen decline. This mechanism supports emotional balance, mitigates symptoms such

as irritability, anxiety, and mood instability, and exerts positive effects on attention and

cognitive rhythm.

B. Promoting Melatonin Synthesis to Improve Sleep Quality

As serotonin is the direct precursor of melatonin, increasing central 5-HT through 5-HTP

supplementation enhances nocturnal melatonin production and optimizes pineal

circadian rhythm regulation. This helps reduce sleep latency, improve sleep depth and

continuity, and alleviate “early-waking insomnia” and fragmented sleep often observed in

menopausal women.

C. Suppressing HPA Axis Reactivity to Buffer Stress Responses

By enhancing both GABAergic and serotonergic pathways in the central nervous system,

5-HTP helps suppress the release of CRH (corticotropin-releasing hormone), ACTH

(adrenocorticotropic hormone), and cortisol. This downregulation of HPA axis

overactivation is particularly beneficial in addressing stress-related fatigue, irritability-

induced arousals, and daytime lethargy.

D. Mitigating Neuro-inflammation to Improve Brain Microenvironment



In addition to neurotransmitter regulation, 5-HTP exhibits anti-inflammatory properties

within the central nervous system. Studies show it can reduce pro-inflammatory

mediators such as TNF-a and IL-6, thereby improving the cerebral inflammatory milieu,

relieving neuronal metabolic burden, and restoring cognitive flexibility and emotional

responsiveness. This may help alleviate menopausal symptoms such as “brain fog” and

cognitive sluggishness.

3) Representative Clinical Evidence and Expert Consensus

Menopause is characterized by pronounced neuroendocrine fluctuations, including

estrogen withdrawal, HPA axis overactivation, and imbalance in central neurotransmitters

(notably 5-HT and GABA). These disruptions often lead to sleep disorders, emotional

dysregulation, anxiety, depressive tendencies, cognitive decline, and reduced stress

resilience.

Clinical studies and practical usage experience support 5-HTP as a non-hormonal

intervention with multiple strengths: targeted neurotransmitter pathway modulation, BBB

permeability, and enhancement of central regulatory capacity - making it a strong

candidate for foundational support in menopausal women.

A. Emotional Regulation

5-HTP supports emotional balance by elevating brain serotonin levels, counteracting the

emotional instability, anxiety, and mild depressive symptoms induced by estrogen



withdrawal. The effect is dose-dependent, and multiple studies have demonstrated

favorable responses in female populations.

B. Sleep Rhythm Restoration

By increasing melatonin precursors, 5-HTP improves circadian alignment and sleep

initiation, especially benefiting those with “early-waking” or “fragmented sleep” subtypes

of menopausal insomnia. Compared to hypnotic drugs, it offers superior long-term safety

and physiological compatibility.

C. Stress Response Modulation

Through synergistic action with GABA pathways, 5-HTP reduces basal cortisol levels

elevated by chronic stress, helping to break the vicious cycle of “stress—-insomnia—

fatigue.” This pathway plays a vital role in managing stress-related emotional exhaustion

and cognitive depletion.

D. Neuro-inflammation Reduction and Cognitive Protection

Emerging studies show that 5-HTP also possesses anti-inflammatory capabilities by

lowering TNF-a and IL-6, contributing to an improved neural environment and supporting

cognitive maintenance during menopause.

Conclusion:

The application of 5-HTP in menopausal populations has been increasingly supported by
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clinical evidence and medical consensus. It is particularly suited for early-stage

Intervention and long-term management of mild fo moderate symptoms.

/ts core mechanisms - neurotransmitter rebalancing, sleep architecture restoration, stress
buffering, and neuroprotection - position it as a non-hormonal, gentle, and scientifically

grounded nutritional intervention for menopausal women.

v’ Altipoe S et al. 5-HTP supplementation for hot flashes.: a randomized trial. J Womens Health
(Larchmt). 2010;19(2):451-456.
— In a 6-week randomized trial involving 24 menopausal women receiving 150 mg/day of 5-HTP,
although no significant reduction in hot flash frequency was observed, participants reported notable
improvements in emotional regulation, sleep quality, and overall subjective well-being.

v Silber BY, Schmitt JA. Effects of tryptophan loading on human cognition, mood, and sleep.
Neurosci Biobehav Rev. 2010,34(3).387-407.
— This systematic review highlighted the potent neuroregulatory effects of tryptophan and its
derivatives (such as 5-HTP) in the context of female hormonal fluctuations, particularly in mitigating
the emotional disturbances and insomnia associated with estrogen-related serotonin depletion.

V' Hidese S, et al. Effect of L-tryptophan and 5-HTP supplementation on the circadian rhythm and
mental health in menopausal women. Psychiatry Clin Neurosci. 2019;73(5).232-239.
— Among perimenopausal women, 5-HTP supplementation was shown to simultaneously regulate
both melatonin and serofonin rhythms, resulting in reductions in insomnia severity, sleep latency,

and nighttime awakenings, alongside improvements in moderate anxiely and depression scores.

Author: Xu Jin & Keyora | ORCID: 0009-0007-5798-1996



IX 5-Hydroxytryptophan (6-HTP) x Synergistic Mechanism in Multi-Target
Formulations
Multi-Target Neurotransmitter Modulation x Complementary HPA Axis

Buffering x Support Across the Mood-Sleep-Cognition Axis

In the Keyora MoodFiow formulation, 5-HTP (45 mg/day), in combination with magnesium
glycinate, L-Theanine, and Ashwagandha, builds a multi-pathway intervention system
integrating neurotransmitter regulation, stress buffering, and sleep support.

This formula is designed for targeted support in individuals experiencing mood

fluctuations, anxiety-related insomnia, or subclinical depressive states.

1) Magnesium Glycinate (240 mg) - GABA/5-HT Complementary Modulation + NMDA

Antagonism

® Mechanistic synergy: Magnesium glycinate enhances GABAergic activity and inhibits

excitotoxicity mediated by NMDA receptors, thereby indirectly stabilizing



2)

3)

serotonergic signaling. Simultaneously, 5-HTP replenishes central serotonin levels,

providing a foundational neurochemical basis for GABA-driven emotional regulation.

Functional implication: This dual modulation supports “inhibitory-excitatory balance,”

particularly in individuals with neurotransmitter dysregulation. Together, they

attenuate cortisol levels and suppress HPA axis hyper-activation.

L-Theanine (400 mg) - Emotional Rhythm Synchronization + a-Wave Induction

Mechanistic synergy: L-Theanine promotes alpha wave generation in the brain and

upregulates GABA and 5-HT receptor expression, facilitating a state of cognitive

calm. When co-administered with 5-HTP, the latter serves as a direct precursor that

further strengthens serotonergic signaling.

Functional implication: Particularly effective for individuals with anxiety accompanied

by hypervigilance or attention dysregulation, offering a “non-sedative calming” effect

that supports cognitive performance.

Ashwagandha (200 mg, standardized to 10% Withanolides) - Anfi-Stress x

Neuroprofection x Hippocampal Repair

Mechanistic synergy: Withanolides in Ashwagandha suppress HPA axis over-activity

and reduce cortisol levels, mitigating neurotransmitter depletion induced by chronic

stress. In synergy with 5-HTP, the combination enhances emotional resilience and

sleep quality in stress-related neuro-functional disturbances.



® Functional implication: Especially beneficial for individuals with chronic stress-

induced low mood and irritability, supporting recovery along the stress-

neurotransmission-emotion triad.

4) Vitamins Be / B12 / B1 - Cofactor Support for Neurotransmitter Biosynthesis

® Mechanistic synergy: Vitamin Bs is essential for the enzymatic conversion of 5-HTP

into serotonin, while B1 and B.2 contribute to neurotransmitter synthesis and myelin

sheath integrity, collectively enhancing neuro-nutritional status.

® Functional implication: These cofactors ensure optimal metabolic conversion of 5-

HTP within the central nervous system, preventing enzymatic bottlenecks or delayed

responses.

Conclusion:

When combined with magnesium glycinate, L-Theanine, and Ashwagandha, 5-HTP

significantly enhances the regulatory efficiency of the GABA and serotonin axes. This

multi-target approach offers an integrative intervention for menopausal-related neuro-

functional syndromes, particularly those involving anxiety, insomnia, and emotional

instability.

The resulting non-hormonal, mechanism-specific, formulation-synergistic protocol aligns

with the current trajectory of evidence-based nutritional medicine, offering safe and

effective mood support for peri-and postmenopausal populations.
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